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PREFACE

Arizona Department of Transportation (ADOT) Project HPR-PL-1(31), Item
2n2, "Small Sign Support Analysis”, was initiated by the Texas Transportaticn
Institute (TTI) October 1, 1984. Originally, the project consisted of 18
full-scale vehicular crash tests to evaluate ADOT small sign supports. Upon
completion of one-half of the tests it became evident that additional tests
would be needed. The project was modified May 31, 1985 to increase the
number of tests to 23. Also, the modification included a benefit/cost (B/C)
study to develop quidelines for upgrading existing ADOT small sign supports
and for selection of new small sign supports. The project was again modified
in August, 1986 to develop an improved small sign support system. The B/C
study was also modified to include results of the improved support system,

A description of the 23 crash tests and results therefrom are presented
herein,

A description of the study in which an improved sign support system was
developed is presented in a report entitled "Small Sign Support Analysis:
Phase 11 - Development of New Small Sign Support,” (two volumes).

A description of the B/C study and results therefrom are presented in a
report entitled "Small Sign Support Analysis: Phase IIl - Benefit/Cost
Analysis.”
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I. INTRODUCTION

This report describes a series of full-scale vehicuiar crash tests
conducted to evaluate the impact performance of small sign supports used by
the Arizona Department of Transportation (ADOT). The tests were conducted
and evaluated in accordance with the recommendaticns of NCHRP Report 230 (1)*
and AASHTO specifications (2).

Test articles, inciuding sign posts, sign blanks, and fasteners, were
supplied by ADOT. Installation of the test articles, testing, data
acquisition, and data reduction were performed by Texas Transportation
Institute (TTI) personnel at the Texas A&M Research and Extension Center.

High-speed film, still photos and slides, and video were used in
documenting each test. ADOT has been provided a copy of all film, slides,
and video of each test,

A summary of the test program is given in the main text. Details of
each test are given in the appendix. Also given in the appendix are results
of laboratory tests, conducted by a materials lab, to ascertain the physical
and chemical properties of the various sign posts, a description of the soil

at the test site, and data acquisition systems.

*Underscored numbers in parentheses are references listed at the end of the
report.







TABLE 1. CRASH TEST CONDITIONS FOR MINIMUM MATRIX {1)
Impac! Targer Impact
Test VYehicle Speed Angletn Severytylf
Appurtenance Designaton | Type® (mph) ideg) th-lkps) Impact Pointa Evaluation Criterlat™
Longitudinal Barrierte!
Length-of-Need 10 #3005 50 259 97-9. 417 For pout and beam systems, midway AD.EH.i
between posis in span contianing
railing splice
11 22505 ] {50 18-2.+) For post and beam systems, vehicle A DE F(G)LH1
should contact railing splice
[P 18005 &0 |5t 14-1.42 For post and beam system, vehicle AD.E,F(G)LH,I
hould contact railing #plice
Transition i) 43005 £ b1l 91-%. - 17 15 It upstream {rom second sysiem ADEHI
Terminat 40 43005 60 241 g1+ 17 At beginning ol lenth-of -need A.DE R
4i 43005 50 olit [VIRLINY ) Center nose of device C.D.E.F.(G).H.S
42 12805 80 | i 18:2.41 Midway between nose and lenth-of- C.DEFAGHLH, L)
need
41 2250% B0o! oo 270-M. + 47 Offeet 1.25 ft from center nose of C.D.E,F(G}L,HJ
device
7 18008 80 150 14-3.41 Midway between nose and length-of- C,D,EFG)LH.I1,)
need
45 18005 P i e, e Offeet 1.25 ft from center nuse of C.D.EF(GLH,J
device
Crash Cushion'® 50 45005 &0 o S41-30. 40 Center note of device C.D.E.F,(G)LH,)
5 12508 Bne! ok IT0- M.+ 41 Center nose of device C.D.E.E,(GyH,]
52 18005 soiol o 263147 Center nose of device C,D,E,F{G),H,)
A1) 45005 80 b 616411 Alongside, midiength C.D.E.H,1,J
.4 43005 & 10-150 54130 W 0-3 ft offset from center of nose of C.D.E,F(G}H,J}
device
Breakaway or
Yielding Support! 60 22408 20 ] 30 ¢4 Center of bumpere.u B.D.E, F.(Q)H.]
61 22508 [ ] m 270 W+ 47 Al quarier poini of bumpert® B,.D.E.F(C)H.)
62 18005 20 n 24043 Center of bumperi=-» B.D.E.F.(G).H.}
6) 18005 60 n PIT SRR Al gquarter point of bumper® B.D.E,F.(G)H,)
(a) Includes guardrail, bridgerail, median and construction barriers.
(b} Includes devices ruch us water cells, sand containers, stee| drums, etc.
{c)  Inciudes sign, luminaire, and signal box tupports.
(d)  See Table 2 for description.
{e} + 1degrees
(  1S=1/2m(vsin 8} where m is vehicle (31 inertial mass, siugs: v is impact speed, 0. and 8 i3 impact angle for redirectional impacts or 90
deg for {rontal impacts, deg.
(g) Point on appurtenance where initial vehicle contact is made,
(h)  See Table & lor performance evaiuauion {actars. { ) denotes supplementary sstus.
{i)  From centerline of highway.
(i)  From line of symmetry of device.
(k}  Test article sholl be oriented with retpect 1o the vehicle sppromch path 1o = position that will theoretically produce the maximum vehicke
velocily change, the orientation shall be consistent with reasonably expecied traflic situations.
fI}  See Commentary, Chapter 4 Test Conditions {or devices which are not intended to redirect vehicle when impacted on the side of the de-
vice,
(m) For base bending devices, the impact point should be at Lhe quarier point of the bumper.
{n)  For multipie supports, align vehicle ko thar the maximum number of supporrs are contacied assuming the vehicle departs from the high-
way with an engle from 0 to 30 deg.
(0} For devices that produce faitly constant or slowly varying vehicle mccelerntions, an additona! 1est 81 20 mph (32 kph) is recommended for

ataged devices, those devices that produce a sequence of individual vehicle deceleration pulses (i.e. ''lumpy'' device) and/or those devices
comprised of massive components that are dispiaced during dynamic performance (see commentary).




TABLE 2.

SAFETY EVALUATION GUIDELINES (1)

'

Applicable to Minimum

Evaluation Matrix Test Conditions
Factors Evaluation Criteria (sce Table 3)
Structurat Adequacy Test articie shall smoothly redirect the vehicle; the vehicle 10,11, 12,30, 40

shall not penetrate or go over the installation although con-
trolled lateral defiection of the test article is accepiable,

The test article shall readily activate in a predictable map-
ner by breaking away or yielding.

60, 61, 62, 63

Acceptable test article performance may be by redirection,
controlled penetration, or conirolled siopping of the
vehicle

41, 42, 43, 44, 45, 50, 51,
52,53, 54

Detached elements, fragments or other debris from the test
article shall not penctrate of show potential for penetrating
the passenger comparimeni or present unduc hazard to
other traffic.

All

Occupant Risk

The vehicle shall remain upright during and afier collision
although moderate roll, pitching and yawing are accepl-
able. Integrity of the passenger compariment must be
maintained with essentially no deformation or intrusion.

All

Impact velocity of hypothetical front seat passenger against
vehicle interior, calcuiated from vebicle accelerations and
24 in. (0.61lm) forward and 12 in. (0.30m; laleral displace-
ments, shatl be less than:

Occupant Impact Velocity-fps

Loangitudinal Lateral

40/F, 30/F,
and vebicle highest 10 ms average accelerations subsequent
to instapt of hypothetical passenger impact should be less
than:

Occupant Ridedown Accelerations—g’s

Longitudinal Lateral
20/F, 20/F,

where F|, F;, F,, and F, are appropriate acceptance factors
{sec Table 8, Chapter 4 for suggested values).

11, 12, 41,42, 43, 44, 45,
50, 51, 52, 54, 60, 61, 62,
63

(Supplementary) Anthropometric dummy responses shouid
be less than those specified by FMVYSS 208, i.e., resuliant
chest acceleration of 60g, Head Injury Criteria of 1060,
and femur force of 2250 1b (10 kN) and by FMVSS 214,
i.e., resultant chest acceleration of 60 g, Head Injury Crite-
ria of 1000 and occupant lateral impact velocity of 30 fps
(9.1 m?s).

11, 12, 41, 42, 43, 44, 45,
50, 51, 52, 54, 60, 6}, 62,
63

Yehicle Trajectory

After collision, the vehicle trajectory and final stopping po-
sition shall intrude a minimum distance, if at ail, into adja-
cent traffic lanes.

Al

In test where the vehicle is judged to be redirected into or
stopped while in adjacent traffic lanes, vehicle speed
change during test article collision should be less than 15
mph and the exit angle from the test article should be less
than 60 percent of test impact angle, both measured at time
of vehicle loss of contact with test device.

10, 11, 12, 30, 40, 42, 44,
53

Vehicle trajectory behind the test article is acceptable.

41, 42, 43, 44, 45, 50, 51,
53, 54, 60, 61, 62, 63




TABLE 3. RECOMMENDED OCCUPANT RISK VALUES (1)

Impact Directionts® and Occupant/Compartment Occupant Ridedown Acceleration—
Impact Velocity®— g's)
(fps)
Appurtenance Type Flail Space Recommendation | TRC MSpace Recommendation TRC
(AV) e [P (AV)besign 191 (@) e [F (®) pesign 1910

Longitudinal (X) Direction R
Breakaway/Yielding Sup-

ports
* Signs and luminaire 40/2.67 is 11-160 20/1.33 15
* Timber Utility Poles 40/1.33 30 — 20/1.33 15

Vehicle Deceleration Devices

* Crash cushions and
barrier terminals 40/1.33 30 32-394) 20/1.33 ’ 15

Redirectional Barriers

* Longitudinal, transitions
and crash cushion side
impacts 40/1.33 30 25-36 20/1.33 15

Lateral (Y) Direction

Redirectional Barriers

¢ Longitudinal, transitions

and crash cushion side
impacts 30/1.50 20 14-18id 20/1.33 ]

Notes:

(aa) With respect to vehicle axis.

{b) Occupant to windshieid, dash or door impact velocity with occupant propelied by vehicle deceleration puise through 2-ft for-
ward or | ft lateral flail space; multiply fps by 0.305 to convert to m/s.

() Fisacceptance factor to be established by highway agency,

(d) Values calculated from TRC 191 criteria assuming that the highest 50-ms acceleration limits of TRC 191 are constant for the
duration of the event and shown here for reference.

(e)  Flail space accelerations are highest 10 ms averages beginning with occupant impact to completion of pulse; TRC 191 accele-
rations are less severe, highest 50 ms averages or those averaged over vehicle stopping distance. These values are not
comparable.

{(H From TRC 191.




As used in the Specification, "breakaway supports" is a generic term
meant to include all types of sign supports whether the release mechanism is
a slip plane, plastic hinges, fracture elements, or a combination of these.
The Specification states that "Breakaway structures should also be designed
to prevent the structure or its parts from penetrating the vehicle occupant
compartment.”  The Specification also alludes to the unacceptability of
vehicle rollover following impact with the test article.

Use of small cars has increased since the Specification was written
(1975). Hence, the current guidelines (1) recommend that an 1800 Tb vehicle
be used to evaluate small signs. Noretheless, the intent of the
Specification was to limit a vehicle's velocity change during impact to
values implicit in the "“change in momentum” limits. The implied vehicle
velocity change limits are 15.7 ft/sec (10.7 wmph) for the 1100 1b-sec
momentum change and 10.7 ft/sec (7.3 mph} for the 750 1b-sec momentum
change. For an 1800 1b vehicle, the corresponding momentum change limits
would be 878 l1b-sec (for 15.7 ft/sec) and 598 ib-sec (for 10.7 ft/sec).

It should be noted that the NCHRP 230 (1) “occupant/compartment impact
velocity” limiting value of 15 ft/sec approximates the upper vehicle velocity
change limit of 15.7 ft/sec in the Specification. For most sign impacts, the
vehicle's change 1in velocity will approximately equal the occupant/
compartment impact velocity if the latter is computed according to the NCHRP
230 guidelines.

I1-B. Test Results

Shown in Table 4 is a summary of the 23 crash tests. Reference should
Le made to Appendix A for a description of the test vehicles, design and
installation details of the test articles, and a description of the details
of each test.

Four parameters were used to quantify the test results, namely, occupant
impact velocity, occupant ridedown acceleration, change in vehicle momentum,
and change in vehicle velocity. Methods used to calculate these parameters
are discussed in A-3 of Appendix A.

For some tests, "no contact” is listed under "occupant impact velocity"
and "occupant ridedown acceleration”. This means that an occupant, idealized
as a free missile, did not travel a flail space distance of 2 ft during the

“impulse period". In such cases, one can assume the occupant impact velocity
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will equal the vehicle's change in velocity, as given in Table 4. Further
commentary on this matter is given in Section A-3 of Appendix A,

Fach test was evaluated according to the criteria of Table 2. Following
is a discussion of the results, categorized according to the type of sign
support.

II-B-1. Siipbase Sign Support (Tests 1 and 2)

Details of this design are given in Section A-2-1 of Appendix A. It
differs from the conventional siipbase sign support system in that the hinge
is placed at the midheight of the sian panel rather than just below the sign
panel. The purpose of this modification is to minimize improper hinge
activation during strorg winds or during snow removal operations {when snow
is blown against a sign by snow blowers). The system met all safety criteria
in both tests.

11-8-2. Square Steel Tube, Single Post (Tests 3 and 4}

fetails of the design are given in Section A-2-2 of Appendix A. The
system 1is considered to have met all safety criteria in both tests.
However, in test 4 the panel separated from the post at impact, then struck
and broke the windshield. Although it did rot penetrate the windshield, the
potential for doing so exists in such instances.

From Figure A-44 of Appendix A, it can be seen that the washer on the
lower bolt cupped and pulled through the plywood panel. The 0.065 inch thick
flat washer had an outside diameter of 1,25 inches. This problem could be
remedied by increasing the washer's thickness, by increasing its yield
strength, or by using additional bolts to attach the panel to the post.
Further analysis and testing would be required to determine the best
sotution,

As noted in Table 4, the vehicle in test 4 rolled subsequent to impact
with the test article. However, analysis of the test film showed that the
rollover was not attributable to the impact. Rather it was due to vehicle
yawing that resulted from unsymmetrical braking, leading to tire rutting and
the tripping of the vehicle. While the rollover cannot be attributed to the
impact, it does point out the relative instability of the 1800 1b vehicle.
As shown, rollover of this vehicle can occur on relatively flat, traversable,
grassy sod, quite similar to actual roadside conditions.




[1-B-3. Square Steel Tube, Multiple Posts (Tests 5, 6, 19, and 20)

Details of the design evaluated in tests 5, 6, 19, and 20 are given in
Section A-2-3 of Appendix A. Two of the three posts were impacted in test 5,
and al) three posts were hit in test 6. Neither test met the occupant risk
criteria of reference 1 or the vehicle's velocity <change criteria of
reference 2. Also, in test 6, as the sign panel rotated down, it struck and
partially penetrated the windshield.

Tests 19 and 20 involved a two-support system. Test 19 met all safety
criteria, while test 20 did not. In test 20, the cccupant risk criteria and
the vehicle's velocity change criteria were not met, Also, in test 20, as
the panel rotated down it struck and partially penetrated the windshield.
The strength of the fasteners was increased to Grade 5 in tests 19 and 20 to
determine if this would reduce the windshield impact prohlem seen in test 6.
The fasteners in tests 5 and 6 were Grace 1 in strength. A close examination
of the film of tests 6 and 20 shows that the panel remained attached to the
posts in test 20 up to the time of windshield impact, while the posts
detached from the panel! prior to that time in test 6, However, the end
result was essentially the same in that the windshield was partially
penetrated in both cases.

11-B-4. Steel U-Post, Single Support (Tests 7, 8, and 13)

Details of this design are shown in Section A-2-4 of Appendix A, Tests
7 and 8 involved a 3 1b/ft post and test 13 involved a 4 1b/ft post. The
posts were from billet steel having a minimum yield strength of approximately
100 ksi. All safety criteria were met in each test., It is noted that the
vehicle rollover that occurred in test 13 was not attributed to the test
article {see discussion at end of Section II-B-2).

11-B-5. Steel U-Post, Multiple Supports (Tests 9, 10, 11,
12, 14, 15, 16, 17, 18, 21, 22, and 23)

Details of the system tested are given in Section A-2-5 of Appendix A.
Table 5 summarizes the basic details and differences of each of the various
systems.

A review of the results shows that the systems in tests @ and 10, 14 and
15, 16 and 17, and 18 and 2! did not satisfy either the occupant impact
velocity criteria nor the change in the vehicle's velocity criteria. Also,
in test 15, the panel detached from the posts, hit and broke the windshield,

and dented the roof above the front passenger area. A similar event happened




TABLE 5. MULTIPLE U-POST SIGN SUPPORT DETAILS
NO. MINIMUM GRADE
TEST OF POST POST YIELD SPLICE of WASHER | PANEL
NG POSTS SIZE TYPE STRENGTH | LENGTH | BOLTS3] SIZE SIZE
{1b/ft) (kst) (ft) (in.} | (ft)
9%10 3 3 Billet 100 1.0 1 3/8 5x6
11 & 12 2 4 Billet 80 1.0 5 1 1/4 5 x 6
14 & 15 3 3 Ra:l 60 1.0 5 11/4 5x6
16 & 17 3 3 Billet 80 3.0 5 1 1/4 5 x 8
18 & 20 3 3 Billet 20 1.0 5 11/4 5x8
22 & 23 2 3 8illet 80 2.0 5 11/4 4 x 7

aS.A.E. Girades
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in test 21, although the panel remained attached to the posts up to and

during impact with the windshield and roof,

With one exception, the systems in tests 11 and 12 and tests 22 and 23
satisfied all safety criteria. Test 11 did not meet evaluation criteria "D
of NCHRP Report 230 (1). In this test, a broken post stub penetrated
approximately 3 inches into the floor of the test vehicle, In all
probability, such a penetration would not pose a significant hazard to an
occupant. However, the potentiai may exist for these stubs to rupture the
gas tank in a similar impact with an attendant fire risk.

A review and comparison of the multiple U-post tests indicates that the
number of posts in an installation is more significant in terms of impact
performance than any other variable investigated. With the exception of the
partial penetration noted in test 11, both of the two-post systems passed,
and all of the three-post systems failed. Other observations were:

{1) While neither system passed, a comparison of the system in tests 14 and
15 with the system in tests 18 and 21 indicates the 80 ksi hiliet steel
post had a better impact performance than the rail steel post.

(2) A comparison of tests 16 and 17 with tests 18 and 21 indicates that the
splice length had negligible effect on impact performance.

{3) A comparison of test 9 with test 21 (see Figures A-76 and A-138) shows
the 100 ksi post {test 9) performed much better for 60 mph impacts than
did the R0 ksi post (test 21). it is interesting that there are no
appreciable differences in the impact properties of the posts in test 9
with those in test 21 (see Table B-2 of Appendix B8). At 20 mph both
systems performed similarly (tests 10 and 18).

{4) There was a tendency for the 0.065 inch thick, 1.25 inch diameter, flat
washer to cup and pull through the plywood sign panels. This couid be
remedied by a thicker washer, a higher strength washer, additional
post-to-panel fasteners, or a combination of these. Further aralysis
and testing is needed to determine the best solution.

{5) The effect of a higher strength post-to-panel fastener and larger washer
on impact performance could not be conclusively determined from the
limited test results. However, it is the researchers' opinion that in
most instances, impact performance of a small sign support system will
be enhanced if the panel remains attached to the post{s) during the
vehicle/sign impact phase.

N




ITI. CONCLUSIONS

A series of full-scale vehicular crash tests were conducted to evaluate
the impact performance of small sign supports used by ADOT. The tests were
conducted and evaluated in accordance with the recommendations of NCHRP
Report No. 230 and the 1985 AASHTO “Standard Specifications for Structural
Supports for Highway Signs, Luminaires and Traffic Sigrats.” Based on the
test results, some support systems were found to be in compliance with the

recommended safety standards and some were not.

A. Systems in compliance

{1} A slipbase design having two S4 x 7.7 posts with a hirnge at the
midheight of the sign panel. Sign details are given in Ficure A-2.

{2) The ADCT Pl Single Post Design as described in Figure A-4. It is a
square steel tube, telescoping post desian,

(3) A single 3 1b/ft billet steel U-post {100 ksi) as described in
Fiqure A-9.

(4 A two-post system with 3 1b/ft billet steel U-posts (80 ksi) as
described in Fiqure A-71.

B. Systems not in compliance

(1} The &DOT P2 multiple post design as described in Figure A-6, for
both two- and three-post systems. The system is composed of square
steel telescoping tubes.

{2) A two-post system with 4 1b/ft billet steel U-posts (R0 ksi} as
described in Figure A-14, This system was considered unacceptable
since there was partial penetration of the occupant compartment by
the fractured posts {see discussior in Section [1-B-5).

(3} A three-post system with 3 1b/ft bhillet steel U-posts (100 ksi} as
described in Figure A-12,

f4y A three-post system with 3 1b/ft rail steel U-posts (60 ksi) as
described in Figure A-16,

(5 A three-post system with 3 1b/ft billet steel U-post (87 «si) as
described in Figure A-19,

(6) A three-post system with 3 1b/ft billet steel U-post (80 ksi) as
described in Figure A-16.
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Other conclusions and observations made as a result of the test program

were as follows:

c.

There was a tendency for the 0.065 inch thick, 1.25 inch diameter, flat
washer to cup and pull through the plywood sign panels. This could be
remedied by a thicker washer, a higher strength washer, additional
post-to-panel fasteners, or a combination of these. Further analysis
and testing is needed to determine the best solution. (Note: This
problem was investigated in Phase I! of the study. See the Phase 1]
repart for suggested solutiors.)

The effect of a higher strength post-to-panel fastener and larger washer
on impact performance could rot be conclusively determined from the
limited test results. However, it is the researchers' opinion that in
most instances, impact performance of a small sign support system will
be enhanced 1if the panel remains attached to the post{s) during the
vehicle/sign impact phase.

The number of supports in a U-post system is more significant than any
other factor investigated. Both of the two-post systems passed the
safety criteria (with one exception as noted in Section II-B-5), and al}l
three-post systems failed.

The B0 ksi billet steel U-post had a better impact performance than the
rail steel U-post.

The 100 ksi billet steel U-post had a better impact performance at 60
mph than did the 80 ksi billet steel U-post.

The splice length in the U-post designs tested had a negiigible effect
on impact performance.

The 1800 b Honda Civic test vehicle rolled over in two different
tests. The rollover was not attributed to impact with the test
articie. Rather, rollover occurred as a consequence of unsymmetrical
braking that caused the vehicle to yaw, allowing the tires to plow into
the grassy sod, which tripped the vehicle. While the rollover was not
attributed to the impact, it underlines the relative instability of an
1800 1b vehicle. As demonstrated, roliover of this vehicle can occur on
reiatively flat, traversable, grassy sod.
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APPENDIX A. TEST DETAILS
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A. TEST DETAILS

This appendix contains a description of the test vehicle, design details
of the test article, and installation details for each of the 23 tests. Also
presented are results from accelerometer measurements and photographs of
before, during, and after scenes of each test. Appendix B contains physical
and chemical properties of the sign supports. Appendix C contains a
description of the properties of the soil at the test site. Appendix D

contains a description of the data acquisition systems.

A-1. Test Vehicles

The test vehicles <consisted of 1979-80 Honda Civics weighing
approximately 1,800 1b. A 50th percentile male dummy weighing approximately
170 1b was placed in the driver position in each test vehicle in an
unrestrained condition. The dummy was not instrumented. Design differences
between the 1979 and 1980 models were very minor. Figure A-1 contains
typical dimensions of the 1979-80 Hondas used in the crash tests. Photos of
each test car are given in Section A-3 of Appendix A.

Damage to the vehicle after each test is given in subsequent sections of
this appendix. In some cases the same vehicle was used in two tests. This

was done only when the initial test caused minor damage to the vehicle.

A-2. Design and Installation Details of Test Articles

This section describes the as-tested sign support systems. All of the
supports were placed in soil per NCHRP 230 (1) recommendations. Properties
of the soil are given in Appendix C.

A-2-1. Slipbase Sign Support (Tests 1 and 2)

Shown in Figure A-2 {3 sheets) are details of the system evaluated in
tests 1 and 2. Photos of the installation for test 1 are given in Figure A-3
(2 sheets).

An 8 ft wide by 5 ft high extruded aluminum panel was mounted on the two
S4 x 7.7 posts, with the lower edge of the panel approximately 7 ft above
ground. The posts were spaced 5 ft apart. Note that the hinge was placed at
the midheight of the panel as shown on the first sheet of Figure A-2, not as
shown on the second sheet. It should also be noted that the hinge details
differed from those shown on the second sheet. For the installations tested,
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the sign post was not cut completely into as shown. The flange adjacent to
the sign panel and the web was cut but the back flange was not cut. The
"friction fuse piate” was installed as shown byt there was no need for the
"back plate".

The panel was attached t¢ the sign posts with six post clamps and lock
nuts, per post, all of which were above the hinge. Details of the post
clamps are given on the third sheet of Figure A-2.

A-2-2. Square Steel Tube, Single Post (Tests 3 and 4)

Shown in Figure A-4 are details of the system evaluated in tests 3 and
4. Photos of the installation for test 3 are shown in Fiqure A-5.

A 2 ft wide by 2 1/2 ft high by 5/8 inch thick plywood (MDO} panel was
mounted on the 2 inch square sign post, with the lower edge of the panel
approximately 5 ft above ground. Two fasteners were used to attach the panel
to the post. Attachment hardware was as shown on the second sheet of Figure
A-6.

A-2-3. Square Steel Tube, Multiple Posts (Tests 5, 6, 19, and 20)

Shown in Figure A-6 (2 sheets) are details of the system evaluated in
tests 5, 6, 19, and 20. Photos of the installation for test 5 are shown in
Figure A-7. Photos of the installation for tests 19 are shown in Figure A-8,

In tests 5 and 6, a 6 ft wide by 5 ft high by 5/8 inch thick pliywood
(MDO) panel was mounted on three 1 3/4 inch square sign posts, with the lower
edge of the panel approximately 5 ft above ground. Post spacing was 21
inches rather than the 25 inches called for the in the plans (first sheet,
Figure A-6). The smaller spacing was used so that the test vehicle would
strike all three posts {vehicle width was approximately 51 inches). Three
fasteners were used to attach the panel to each of the three posts.
Attachment hardware was as shown on the second sheet of Figure A-6. Hardware
specifications are given in the notes of Figure A-4. It is noted that a bolt
for this specification is equivalent to an SAE Grade 1 bolt.

In tests 19 and 20, a 6 ft wide by 4 ft high by 5/8 inch thick plywood
(MDO) panel was mounted on two 1 3/4 inch square sign posts, with the lower
edge of the panel approximately 5 ft above qround. Post spacing was 40
inches rather than the 43 inches called for in the plans (first sheet, Figure
A-6). The smaller spacing was requested by ADOT. Two fasteners were used to
attach the panel to each post. Attachment hardware was as shown on the
cecond sheet of Figure A-6. In tests 19 and 20, the bolts were SAE Grade 5
and the nuts were Grade 8.
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A-2-4. Steel U-Post, Single Support (Tests 7, 8, and 13}

Shown in Figure A-9 are details of the system evaluated in tests 7, 8,
and 13, Photos of the installation for test 7 are showr in Figure A-10.
Photos of the installation for test 13 are shown in Figure A-17.

Sign panel size ard mounting details were as shown on Figure A-9, The
Tower 7 ft-6 inch post section was driven in the soil to the depth shown. A
3 1b/ft, high carbon, billet steel post was used in tests 7 and 8 and a
4 1b/ft, hign carbon, billet steel post was used in test 13.

A-2-5. Steel U-Post, Multiple Supports (Tests 9, 10, 11, 12,
14, 15, 16, 17, 18, 21, 22, and 23}

The system evaluated in tests 9 and 10 is shown in Figure A-12. Photos
of the installation for test 9 are shown in Figure A-13. A1l posts were 3
1b/ft, high carbon, billet steel.

Details of the system evaluated in tests 11 and 12 are shown in Figure
A-14. Photos of the installation for test 11 are shown in Figure A-15. The
posts were 4 1b/ft, high carbon, billet steel.

The system evaluated in tests 14, 15, 18, and 21 is shown in Figure
A-16, Photos of the installation for tests 14 and 18 are shown in Fiqures
A-17 and A-18, respectively. Posts in tests 14 and 15 were 3 1b/ft rail
steel. Posts in tests 18 and 21 were 3 1b/ft, high carbon, billet steel.

Details of the system evaluated in tests 16 and 17 are shown in Fiqure
A-19, Photos of the installation for test 16 are shown in Figure A-20. The
posts were 3 1b/ft, high carbon, billet steel,

The system evaluated in tests 22 and 23 is shown in Figure A-21. Photes
of the installation for test 22 are shown in Figure A-22, Posts were 3
1b/ft, high carbon, billet steel.

A-3. Test Results

Presented in this section is a description of the test results on a
test-by-test basis. Reference should be made to Chapter 1l for a summary of
the results in terms of current evaluation criteria.

Data acquisition and data reduction procedures were in accordance with
recognized guidelines {1}. Test results consist of data derived from an
accelerometer attached to the vehicle, photos of the impact phase, and photos
of the damage to the sign installation and the vehicle. Details of data
acquisition systems are given in Appendix D.
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Vehicle acceleration data were anzlyzed to obtain three parameters:
{1) change in the vehicle's velocity {and hence change in the vehicle‘s
momentum), (2) occupant impact velocity, and (3} occupant ridedown
acceleration. Following s a discussion of the procedures used in the
analysis.

Change in the vehicle's momentum was obtained by first integrating the
vehicle's deceleration over a given time interval, which gives the change in
the vehicle's velocity during the interval. Change in velocity is then
multiplied by the vehicle’s mass to obtain the change in momentum. Since
change in momentum is time dependent, a time duration must be specified for
its computation. Guidelines for determining this duration, presented in

reference 2, are as follows:
For yielding supports (such as base-bending signs} change

in vehicle momentum to be used in the acceptance criteria of

this section shall be computed on the basis of time inteagration

of the vehicle deceleration signai over a “duration of event".

Tnis duration shall be defined as the Tesser of the following:

(1) time between incipient contact and loss of contact between

the vehicle and the yielding support, or {2) the time for a free

missile to travel a distance of 24 in. starting from rest with

the same magnitude of vehicle deceleration.
Free missile travel is explicitly determined from measured accelerometer
data. “Time between incipient contact and lcss of contact between the
vehicle and the yielding support” is not so explicit. High-speed film would
seem to be the logical means with which this time duration could be
determined. However, it is often difficult to ascertain the time that "loss
of contact" occurs with precision. 1In a low-speed impact, the vehicle may
bend the post down and travel over it, “Apparent contact” can occur over a
relatively large time period, although there may be no appreciable contact
forces. 1In a high-speed impact, the post may wrap around and remain with the
vehicle after it has fractured or pulled from the ground. Again, "apparent
contact" is still being made with no appreciable contact forces. Compounding

the problem is the fact that filtered accelerometer output causes slight

phase shifts in the filtered data.
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To overcome these difficulties with computation of "contact time” for
change in momentum calculations, a simple procedure was adopted in which only
the accelerometer data were used. Contact time, or "impulse period" as used
nerein, was defined as the duration between initiai contact and the time at
which the deceleration essentially returned to and remained at zero.
0Obviously, deceleration does not remain at zero unless the vehicle reaches a
constant velocity or comes to a stop. However, in most tests, contact was
followed by a period where wind drag and rolling resistance were the only
forces on the vehicle. These forces decelerate the vehicle at a level which
is small in comparison with that caused by contact forces. Subseguent to
that period, the brakes were applied.

Computation of occupant impact velocity and occupant ridedown
acceleration is more direct. Vehicle deceleration is double integrated with
respect to time to find the time, T,, for a free nissile ("occupant"} to
travel 2 ft relative to the vehicle, with the missile having a constant
velocity equal to the vehicle's velocity at impact. Occupant impact velocity
equals the vehicle's change in velocity at time T,. Occupant ridedown
acceleration is computed from the vehicle's deceleration and equals the
highest average deceleration computed over any continuous 10 millisecond
period after T,.

In some tests the “occupant" will not travel 2 ft relative to the
vehicie during the "impulse period”. If so, the results oresented herein
indicate "no contact" for the occupant. For these cases, one may assume the
occupant impact velocity equals the vehicle's change in velocity that occurs
during the impulse period. In other words, once an occupant is moving
relative to the vehicle at a velocity, Vg, he will eventually strike the
vehicle's interior at V,, provided the vehicle dces not accelerate or
decelerate.

Damage to the vehicle was assessed in terms of two nationally recognized
rating scales. These were the Vehicle Damage Scale published by the Traffic
Accident Data Project (TAD) (4) and the Collision Deformation Classification
recommended by the Society of Automotive Engineers (SAE)} (5)}.

A1l tests were conducted with the vehicle impacting the sign
instaliation in a head-on, tracking orientation. From the time of impact to
the time of rest, the vehicle was in a free-steering mode (no steer input).

In each test, the brakes were applied once the vehicle cleared the test area.
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A-3-1. Test 1

A 1980 Honda Civic was directed into the sign installation at 19.6 mph.
Test inertia mass of the test vehicle was 1,820 1b and its graoss static mass
was 1,985 1b. Impact point was 15 in, to the left of the vehicle
centerline. Relative positions of the test vehicle and sign installation are
shown in Figure A-23.

Approximately 0.020 sec after impact the breakaway base on the right
support began to stip. At 0.035 sec the right support began to kick up and
by 0.067 sec the support lost contact with the vehicle. At about 0.261 sec
the vehicle regained contact with the support and at 0.348 sec the hinge
activated. As the vehicle continued forward it lost contact with the support
at 0.498 sec and subsequently came to rest 72 ft behind and 18 ft to the left
of the impact point. The sign installation remained standing with the right
support bent back about 4 ft as shown in Figure A-24.

Photographs of the sign installation after the test are shown in Figures
A-24 and A-25,. Damage to the vehicle was minimal as shown in Figure A-26.
The left front quarter was deformed and was crushed 1.0 in. at bumper
height. Sequential photographs of the te.t are shown in Figure A-27.

A summary of test results is provided in Figure A-28. (hange in the

vehicle's velocity during the impulse pericd was 3.4 mph and change 1in

momentum was 282 lb-sec. There was no occupant contact during the impulse
period.






















A-3-2. Test 2

A 1980 Honda Civic, pictured in Figure A-29, was directed into the sign
installation at 59.3 mph. Test inertia mass of the test vehicle was 1,820 1b
and its gross static mass was 1,985 1b. Impact point was 15 in. to the right
of the vehicle centerline. Relative positions of the test vehicle and sign
installation are shown in Figure A-30.

Approximately 0.005 sec after impact the breakaway base of the left
support began to slip and by 0.025 sec the upper hinge activated. At 0.052
sec the support lost contact with the front of the vehicle and continued
moving upward. After the vehicle exited the test area, the c¢lamps attaching
the sign panel to the left support began to release and at 1.160 sec the sign
panel fell from the right support. The vehicle came t2 a relatively safe,
stable stop approximately 240 ft behind and 24 ft to the left of the impact
point,

Photographs of the sign after the test are shown in Figures A-31 and
A-32. The vehicle received minimal damage as shown in Figure A-33., The
right front quarter received 2.0 in. crush at bumper height and 2.0 in. at
hood height. Sequential photographs of the test are shown in Figure A-34,

A summary of test results is provided in Figure A-35. Change in the
vehicle's velocity during the impulse period was 2.1 mph and charge in
momentum was 174 1b-sec, There was no occupant impact during the impulse
period.
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A—3_3c Test 3

The 1979 Honda Civic, shown in Figure A-36, was directed irto the sign
at 20.0 mph. The test inertia mass of the vehicle was 1,770 ib and its gross
static mass was 1,939 1b. Impact was such that the vehicle bumper contacted
the support 15 in. to the right of the vehicle centerline.

Approximately 0.025 sec after impact the support fractured at bumper
height. The vehicle lost contact with the sign installation at 0.110 sec.
Sequential photographs of the test are shown in Figure A-37. The support was
fractured (but not completely separated} at the base and 16 in. above the
ground as shown in Figure A-38, As shown in Figure A-39 the vehicle
sustained minor scrapes to the bumper.

Results of the test are summarized in Figure A-40, Change 1in the
vehicle's velocity was 2.4 mph and change in momentum was 193 1b-sec. There
was no occupant impact during the impulse period.
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A-3-4. Test 4

The 1979 Honda Civic, shown in Figure A-41, was directed toward the sign
at 56.8 mph., The test inertia mass of the vehicle was 1,770 1b and its gross
static mass was 1,933 1b. Impact was such that the vehicle bumper contacted
the support 15 in. to the left of vehicle centerline.

Approximately 0.010 sec after impact the sign panel split at the lower
bolt connection and at G.013 sec the support began to fracture at bumper
height. At $.03% sec the bottom of the sign panel hit the hood and shortly
thereafter {0.043 sec) broke away from the support. The top of the sign
panel ther hit the windshield at 0.050 sec. Loss of contact occurred at
N.148 sec, As the vehicle left the fest site the braxes were applied. The
hrakes locked up and the vehicle yawed in courterclockwise rotation, The
wheels dug into the soft soil causing the vehicle to roll ore and
three-quarter revolutions. The vehicle subseguently came to rest on its
right side. Seguential photographs of the test are shown in Figure A-42.

The support broke away at the base and was deformed as shown in Figures
4-43 and A-44, The vehicle sustgined a maximun crush of 3.0 in. at bumper
height and the hood was scraped and dented. The windshield was cracked but
not penetrated when the sign panel hit it, A1l other damage was due %o
post-test rollover., Photos 0f the vehicle after the test are shown in Figure
A-45.

Results of this test are summarized in Fiqure A-46. Charge in the
vehicie’s velocity was 5.8 mph and change in momentum was 468 1b-sec, There
was no occupant impact during the impulse period.

The vehicie remained upright and stable throughout the impact phase and
up to the time of brake application. Rollover of the vehicle was considered
to be totally due to unsymmetrical brake application in combiration with soft
soil and not induced by impact with the sign,






















A-3-5. Test 5

A 1980 Honda Civic, shown in Figure A-47, was directed into the sign
installation at 19.7 mph, Test inertia mass of the test vehicle was 1,790 1b
and its gross static mass was 1,952 1b., The test was designed so that the
vehicle would impact all three supports. Relative positions of the test
vehicle and sign installation are shown in Figure A-48.

Due to a malfunction in the cable release mechanism of the guidance
system just moments before impact, the vehicle shifted to the left and
impacted the center and left supports only. Approximately 0.027 sec after
impact the center and left supports were bending. At 0.037 sec the dummy was
moving forward and to the right and by 0.090 sec the dummy's head hit the
mirror. As the vehicle moved forward it began to ride up the supports. At
0.144 sec the dummy's head hit the dash and at 0,269 sec the back of the
dummy ‘s head hit the windshield. Shortly thereafter the connections on the
sign panel began to fail and at 0.488 sec the sign panel released from the
right support, fell on the hood of the test vehicle, and bounced away.
Subsequently, the vehicle came to rest over the left and center supports as
shown in Figures A-4% and A-50. The sign came to rest approximately 10 ft
from the front of the vehicle. As shown in Fiqure A-49, the left and center
supports were bent back at the base. The right support was scratched and
bent back slightly.

The front of the vehicle was deformed as shown in Figure A-50. The
right front quarter received 4.0 in. crush at bhumper height. The center was
crushed 2.0 in, at bumper height. The windshield was slightly cracked just
below the mirrcr. Sequential photographs of the test are shown in Figure
A-51.

Test results are shown in Figure A-52. Change in the vehicle's velocity
during the impulse period was 14.1 mph and change in momentum was 1,150
1b-sec. Occupant impact velocity in the longitudinal direction was 21.0 fps
and the highest 0.010-second occupant ridedown acceleration was 0.9 q.






















A-3-6. Test 6

A 1980 Honda Civic, pictured “n Figure A-53, was directed into the sign
installation at 59.3 mph. Test inertia mass of the test vehicle was 1,790 1b
and its gross static mass was 1,952 1h. The test was designed so that the
vehicle would impact all three supports. Relative positions of the test
vehicle and sign installation are shown in Figure A-54.

Almost immediately after dimpact (0.002 sec), the supports began
bending., At 0.022 sec the supports began to fracture and, as the vehicle
continued forward, the supports deformed around the front of the vehicle. At
0.072 sec the sign panel hit the windshield knocking it loose from the upper
molding. At 0.090 sec the dummy's head came through the opening between the
windshield and the roof of the vehicle and by 0.162 sec the dummy's head was
completely out of the vehicle., The vehicle exited the test area carrying tha
sign panel and parts of the supports. The vehicle came to rest approximately
156 ft behind and 18 ft to the right of the impact point.

As shown in Figure A-55, the left and right supports were bent back at
the base. The center support broke at the base and was carried 90 ft with
the vehicle, It was deformed and torn as shown in Figure A-56. The sign
panel and fragments of the supports were scattered along the exit path of the
vehicle.

The front of the vehicle was deformed and the windshield was broken as
shown in Figure A-57., The right front quarter received 4.0 in. crush at
bumper height. The center was crushed 1.0 in. at bumper height and 1.5 in.
at hood height. Sequential photographs of the test are shown in Fiqure A-58.

Test results are shown in Figure A-53. Change in vehicle's velocity
during the impuise period was 17.9 mph and change in momentum was 1,459
1b-sec. Occupant impact wvelocity was 24.9 fps in the Jlongitudinal
direction, The highest 0.010-second occupant ridedown acceleration was 3.3
g.
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A-3-7. Test 7

A 1979 Honda Civic, pictured in Figure A-60, was directed into the sign
installation at 60.5 mph. Test inertia mass of the test vehicle was 1,800 ib
and its gross static mass was 1,965 1b. Impact point was 15 in. to the left
of the vehicle centerline. Relative positions of the test vehicle and sign
installation are shown in Figure A-61.

Aoproximately 0.015 sec after the impact the support began to fracture
at bumper height. At 0.025 sec the support lost contact with the front of
the vehicle and the sign and part of the support began rising upward. The
sign panel then impacted the roof of the vehicle at 0.072 sec. The sign lost
contact with the vehicle at 0.097 sec and subsequently came to rest 72 ft
behind and 16 ft to the left of the impact point. The vehicle came to a stop
aporoximately 228 ft behind and 60 ft to the left of the impact point.

The support was split from ground level to 14 in. above the ground. At
this point the support was fractured as shown in Figure A-62. The vehicle
received a maximum crush of 3.5 in. at bumper height and the left front
corner of the bumper was bent forward. The roof was dented about 2 in. where
the sign impacted. Photographs of the vehicle after the test are shown in
Figure A-63 and seguentials of the crash are presented in Fiqure A-54.

Test results are given in Figure A-65. Change in the vehicle's velocity
during the impulse period was 2.1 mph and change in momentum was 169 ib-sec.
There was no occupant impact during the impulse period.






















A-3-8. Test 8

A 1979 Honda Civic, pictured in Fiqure A-66, was directed into the sign
installation at 19.9 mph. Test inertia mass of the test vehicle was 1,800 1b
and its gress static mass was 1,965 1b., {mpact point was 15 in. to the right
of the vehicle centerline. Relative positions of the test vehicle and sign
installation are shown in Fiqure A-67.

Approximately 0.015 sec after impact the support began to fracture at
bumper height. At 0.095 sec the support lost contact with the front of the
vehicle and the sign and a portion of the support began rising upward. As
the vehicle continued forward the sign panel grazed the right front corner of
the vehicle at roof height (just above and to the right of the windshield)
and bounced away leaving no deformation, The sign panel and support
subsequently came to rest 21 ft behind the impact point as shown in Figure
A-68. The vehicle came to a stop approximately 60 ft directly behind the
impact point.

The support was split from ground level to 16.5 in. above the ground.
At this point the support was fractured as shown in Figure A-68. The vehicle
received a minimal amount of damage. As shown in Figure A-69 there was a
slight indentation in the bumper and the parking light was also broken.
(Damage to the left side was due to the previous test.) Sequentials of the
test are presented in Figure A-70.

Test results are given in Figure A-71. Change in the vehicle's velocity
during the impulse period was 4.1 mph and change in momentum was 339 lb-sec.
There was no occupant impact during the impulse period.






















A-3-9. Test 9

A 1979 Honda Civic, pictured in Figure A-72, was directed into the sign
installation at 59.3 mph. Test inertia mass of the test vehicle was 1,800 1b
and its gross static mass was 1,970 Ib. Impact point was such that the
vehicle impacted all three supports of the installation. Relative positions
of the test vehicle and sign installation are shown in Figure A-73.

Approximately 0.017 sec after impact the lower section of the left
support began to fracture at bumper height and by 0.027 sec the remaining
supports had fractured. At 0.055 sec the supports Tost contact with the
front of the vehicle and the sign panel and supports began rising upward.
The sign subsequently came to rest 6 ft directly behind the impact point.
The vehicle came to a stop approximately 270 ft behind and 30 ft to the left
of the impact point.

The Tower section of the left support was split longitudinally from
ground leveil to 16.5 in. above the ground where it had fractured. The lower
section of the center support was spiit from ground level to its fracture
point of 12 in. As shown in Figure A-74 the right support split from ground
level to 20 in. above the ground where only the right half fractured. The
upper sections were relatively undamaged.

The front of the vehicle was deformed as shown in Figure A-75. The
right fraont quarter received 12.0 in. crush at bumper height. The center was
crushed 6.5 in, at bumper height and 1.5 in. at hood height. Sequential
photographs of the test are shown in Figure A-76.

Test results are given in Figure A-77. Change in the vehicle's velocity
during the impulse period was 7.2 mph and change in momentum was 590 lb-sec.
There was no occupant impact during the impulse period.
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A-3-10. Test 10

A 1979 Honda Civic was directed into the sign installation at 19.4 mph.
Test inertia mass of the test vehicle was 1,800 1b and its gross static mass
was 1,970 1b. Impact point was such that the vehicle impacted all three
supports of the installation. Relative positions of the test vehicle and
sign installation are shown in Figure A-78,

Approximately 0.013 sec after impact the lower sections of the supports
between ground level and the upper connection were bending and causinrg
bending deformations at the upper connection. By 0.028 sec the top bolts in
the connection failed and by 0.038 sec the lower bolts also failed. At 0.108
sec the vehicle began to ride up on the supports. The dummy's head hit the
windshield just below the visor at 0,170 sec and at 0.210 sec the vehicle
impacted the sign parnel which had remained connected to the upper sections of
the supports. Subsequently, the vehicle tilted to the left and came to rest
directly over the Teft and center supports as shown in Figure A-79. The sign
came to rest about 6 ft in front of the vehicle.

The lower section of the left support was split longitudinally from just
below ground ieve! to 24.0 in. above the ground. The lower section of the
center support was split from about 1.5 in. below ground ievel to 16.0 in.
above. The right support was scratched and bent back slightly. The upper
sections were relatively undamaged.

The front of the vehicle was deformed as shown in Figure A-80. The
right front quarter received 6.0 in. crush at bumper height. The center was
crushed 2.0 in. at bumper height. The windshield was slightly cracked just
below the visor and the visor was bent. Sequential photographs of the test
are shown in Figure A-81.

A summary of the test results is given in Figure A-82. Change in the
vehicle's velocity during the impulse period {(0.600 sec) was 16.3 mph and
change in momentum at 0.600 sec was 1,335 lb-sec. Occupant impact velocity
in the longitudinal direction was 19.3 fps and the highest 0.010-second
occupant ridedown acceleration was -1.6 g.

A-97


















A-3-11. Test 11

The 1979 Honda, shown in Figure A-83, was directed into the sign
installation at 20.2 mph., The test inertia mass of the vehicle was 1,770 1b
and its gross static mass was 1,940 1b. [Impact point was such that the
vehicle bumper contacted both supports of the sign installation.

Approximately 0.029 sec after impact the right support fractured, and at
0.044 sec the left support fractured. The vehicle Tost contact with the
upper portion of the sign jnstallation at 0.112 sec. However, the vehicle
came to rest over the lower section of the sign installation. One of the
Tower sections penetrated the floorboard of the vehicle approximately 3 in.
Sequent ial photographs of the test are shown in Figure A-84,

The right support was fractured 19 in. above the ground and the left
support was fractured 20 in. above the ground, as shown in Figure A-BS. As
shown in Figure A-B6, the vehicle was elevated by the fractured supports.
The front of the vehicle sustained minor scrapes and dents.

Results of the test are summarized in Figure A-87. Change in the
vehicle's velocity at 0.500 sec was 8.1 mph and change in momentum was 653
1b-sec. Longitudinal occupant impact velocity was 14.2 fps and the maximum
0.010-second average occupant ridedown acceleration was -1.6 g,
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A-3-12. Test 12

A 1979 Honda Civic, shown in Figure A-88, was directed into the sign at
60.9 mph. Test inertia mass of the vehicle was 1,770 1b and its gross static
mass was 1,940 1b. Impact point was such that the vehicle bumper contacted
both supports of the installation. Relative positions of the test vehicle
and sign installation are shown in Figure A-88.

Approximately 0.010 sec after impact the supports began to fracture. At
0.039 sec the vehicle lost contact with the sign. Shortly thereafter the
upper portion of the sign installation went up and over the vehicle and at
0.183 sec the sign panel struck the rear of the vehicle. Sequential
photographs of the test are presented in Figure A-89.

The lower sections of the left and right supports fractured 17 in. above
the ground. Damage to the sign supports is shown in Figure A-90. The front
of the vehicle was deformed as shown in Figure A-91. The vehicle sustained
minor dents. It remained upright and stable after impact.

Test results are shown in Figure A-92. Change in the vehicle's velocity
was 7.3 mph and change in momentum was 589 lb-sec. Longitudinal occupant

impact velioCity was 10.5 fps and the maximum C.010-second average ridedown
acceieration was -0.5 g.
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A-3-13. Test 13

A 1979 Honda Civic, pictured in Fiqure A-93, was directed intc the sign
instaltation at 61.3 mph. Test inertia mass of the test vehicle was 1,795 1b
and its gross static mass was 1,961 ib. [Impact point was 15 in. to the left
of the vehicle centerline. Relative positions of the test vehicle and sign
installation are shown in Figure A-94,

Approximately 0.015 sec after impact the lower section of the support
began to fracture at bumper height. At 0.040 sec the support lost contact
with the front of the vehicle and the sign panel and part of the support
began rising upward. The sign panel then impacted the left side of the roof
of the vehicle at 0.077 sec. The sign lost contact with the vehicle at 0.125
sec and subsequently came to rest 90 ft behind and 30 ft to the left cof the
impact point, The vehicle left the test area in a stable mode yawing
counterclockwise at 15 deg/sec (8 deg at 0.550 sec). Post-test brake
application caused the vehicle to yaw violently in clockwise rotation and
subsequently rolled ore revolution.

The lower section of the support was fractured 18 in. above the ground
as shown in Figures A-95 and A-96. The vehicle received a maximum crush of
6.0 in. at bumper height and 2 in., at hood height. Photographs of the
vehicle after the test are shown in Figure A-97 and sequentials of the test
are presented in Fiqgure A-93.

Test results are shown in Figure A-9G, Change in the vehicle's velocity
during the impulse period was 4.3 mph and change in momentum was 352 lb-sec.
There was no occupant impact during the impuise period.

The vehicle remained upright and stable throughout the initial test
period. Post-test roll was attributed to unsymmetrical brake application and
subsequent tipping of the vehicle when the tires rutted the grassy sod.
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A-3-14., Test 14

The 1980 Honda Civic, shown in Figure A-100, was directed into the sign
at 20.3 mph. The test inertia mass of the vehicle was 1,800 1b and its gross
static mass was 1,970 1b. Impact point was such that the vehicle bumper
contacted all three supports of the sign installation. Relative positions of
the vehicle and sign installation are shown in Figure A-100.

Aporoximately 0.123 sec after impact the vehicle began to ride up on the
supports, and at 0.128 sec the dummy hit the windshield. The vehicle lost
contact with the sign instaliation at 0.212 sec and began to rebound.
Sequential photographs of the test are shown in Figure A-101.

The sign instaliation was pushed back about 6.5 in, and was scratched
and bent about 16 in. above the ground as shown in Figure A-102. As shown in
Figure A-103, the vehicie sustained minor scrapes to the bumper with a
maximum 1.5 in, crush at bumper height. Also the windshield was cracked.

The results of the test are summarized in Figure A-104, Change in the
vehicle's velocity was 18.8 mph and change in momentum was 1,541 lb-sec.

Longitudinal occupant impact wvelpcity was 26,9 ¢

9 fre and the maximum

0.010-second average occupant ridedown acceleration was -1.6 q.


















A-3-15. Test 15

A 1980 Honda Civic, shown in Figure A-105, was directed into the sign at
62.0 mph. Test inertia mass of the vehicle was 1,800 1b and its gross static
mass was 1,9/0 1b. Impact point was such that the vehicle bumper contacted
all three supports of the installation. Relative positions of the test
vehicle and sign installation are shown in Figure A-105.

Approximately 0.008 sec after impact the supports began to bend. At
0.060 sec the lower section of the left and right supports began to
fracture. Shortly thereafter the dummy hit the windshield and the sign pane!
which had separated from the supports hit the hood and windshield. The sign
panel rode with the vehicle which traveled 105 ft directly behind the impact
point,

The lower sections of the left and right supports fractured 54 in. above
the ground. The center support was pulled completely out of the ground.
Damage to the sign supports is shown in Figure A-106.

The front of the vehicle was deformed as shown in Figure A-107. The
right front quarter received 10.0 in. crush at bumper height. The center was
crushed 3.0 1in, at bumper height and 1.0 in. on the left side. The
windshield was also broken. Sequential! photographs of the test are shown in
Figure A-108.

Test results are given in Figure A-109, Change in the vehicle's
velocity at 0.350 seconds was 23.5 mph and change in momentum was 1,927
1b-sec. Longitudinal occupant impact velocity was 31.2 fps and the maximum
0.010-second average ridedown acceleration was 4.6 g.

AR-129



















A-3-16. Test 16

The 1979 Honda Civic, shown in Figure A-110, was directed into the sign
at 20.0 mph. The test inertia mass of the vehicle was 1,772 1b and its gross
static mass was 1,955 1b. Impact point was such that the vehicle bumper
contacted ali three supports of the sign installation. Relative positions of
the vehicle and sign installation are shown in Figure A-110.

Approximately 0.035 sec after impact the lower section of the right
support fractured at bumper height and at 0.169 sec the dummy hit the visor.
The vehicle lost contact with the sign installation at 0.538 sec. Sequential
photographs of the test are shown in Figure A-111.

The sign installation was pushed to the ground as shown in Figure
A-112. The lower section of the right support was split longitudinally and
was fractured 19 in. above the ground. The lower sections of the center and
Teft supports were split lengitudinally.

The vehicle received minor damage as shown in Figure A-113. There was a
maximum vehicle crush of 4 in, at bumper height.

The results of the test are summarized in Figure A-114, Change in the
vehicle's velocity was 19.0 mph and change in momentum was 1,534 1b-sec.
Longitudinal occupant impact velocity was 22.4 fps and the maximum
0.010-second average occupant ridedown acceleration was -3.6 g.
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A-3-17. Test 17

A 1979 Honda Civic, shown in Figure A-115, was directed into the sign at
62.0 mph. Test inertia mass of the vehicle was 1,800 1b and its gross static
mass was 1,965 1b. Impact point was such that the vehicle bumper contacted
all three supports of the installation. Relative positions of the test
vehicle and sign installation are shown in Figure A-115.

Approximately 0.021 sec after impact, the lower section of the center
and right supports began to fracture. Shortly thereafter the sign panel
which had separated from the left support hit the roof. The left support
pulled out of the ground and rode with the vehicle which traveled 207 ft
directly behind the impact point. Sequential photographs of the test are
presented in Figure A-116.

The lower section of the center support fractured at 17 in. and the
right support fractured 33 in. above the ground. The left support was pulled
completely out of the ground. Damage to the sign supports is shown in Figure
A-117.

The front of the vehicle was deformed as shown in Figure A-118. The
right front quarter received 5.0 in, crush at bumper height. The center was
crushed 5.5 in, at bumper height, and 10.0 in., on the left side.

Test results are shown in Figure A-119. Change in the vehicle's
velocity was 12.9 mph and change in momentum was 1,058 lb-sec. Longitudinal

occupant impact velocity was 12.8 fps and the maximum 0.0l0-second average
ridedown acceleration was -2.0 g.
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A-3-18. Test 18

A 1980 Honda Civic, shown in Figure A-120, was directed into the sign at
19.5 mph. The test inertia mass of the vehicle was 1,800 ib and its gross
static mass was 1,970 1b. Impact was such that the vehicle bumper contacted
all three supports of the installation.

Approximately 0.008 sec after impact the supports began to bend. The
dummy hit the windshield at 0.123 sec and at 0.217 sec the left support
fractured. The vehicle lost contact with the sign installation at 0.262 sec
but snagged on the lower section of the broken support as it rolled back.
Sequential photographs of the test are shown in Figure A-1Z1.

The left support was fractured 19.5 in. above the ground as shown 1n
Figure A-122. The center and right supports were split longitudinally but
did not fracture. As shown in Figure A-123, the vehicle sustained minor
scrapes to the bumper and a broken windshield.

The results of the test are summarized in Figure A-124. Change in the
vehicle's velocity was 17.0 mph and change in momentum was 1,394 1b-sec.
Longitudinal occupant impact velocity was 22.5 fps and the maximum
0.010-second average ridedown acceleration was -1.3 g.
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A-3-19. Test 19

A 1979 Honda Civic, shown in Figure A-125, was directed into the sign at
18.9 mph., The test inertia mass of the vehicle was 1,808 1b and its gross
static mass was 1,980 1b. Impact was such that the vehicle bumper contacted
both supports.

At approximately 0.015 sec after impasct the Jleft support of the
installation began to bend. Shortly thereafter the right support began to
bend and at 0.045 sec the left support fractured. At 0.171 sec the dummy hit
and cracked the windshield. The vehicle continued to roll forward and
subsequently came to rest over the sign as shown in Figure A-126. Sequential
photographs of tne test are shown in Figure A-127.

As shown in Figure A-128, the supports were fractured at the base. The
left support also had a slight fracture about 16.0 in. above the ground. The
vehicle (see Fiqure A-126) received minor scrapes on the bumper with a
maximum crush of 4.5 in. on the right side at bumper height. The windshield
was aiso cracked.

The results of this test are summarized in Figure A-129. Change in the
vehicle's velocity at 0.300 seconds was 10.0 mph and change in momentum was
825 1b-sec. Occupant impact velocity in the longitudinal direction was 14.1
fps and the highest 0.010-second longitudinal occupant ridedown acceleration
was -2.5 g.
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A-3-20, Test 20

A 1979 Honda Civic, shown in Figure A-130, was directed into the sign at
57.5 mph. The test inertia mass of the vehicle was 1,808 1b and its gross
static mass was 1,980 1b. Impact was such that the vehicle bumper contacted
both supports.

The left support of the sign installation fractured at bumper height
approximately 0.010 sec after impact. Both supports thern began to deform
around the front of the vehicle and at 0.045 sec the right support fractured
at hood height. At 0.056 sec the sign panel impacted the windshield., As the
vehicle continued forward, it carried the whole installation with it.
Sequential photographs of the test are shown in Figure A-131,

As shown in Figure A-132 (two sheets), the left support separated about
10 in. above the ground and the right support separated at the base. The
vehicle sustained a maximum crush of 3 in. at bumper height on the right
side. The hood was scraped and dented, and the windshield was knocked out.
Photographs of the vehicle after the test are shown in Figure A-133.

The results from this test are summarized in Figure A-134. The change
in the vehicle's velocity was 12,2 mph and change in momentum was 1,005
ib-sec. Occupant impact velocity in the longitudinal direction was 17.4 fps

and the highest 0.010-second longitudinal occupant ridedown acceleration was
1.7 q.
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A-3-21. Test 21

A 1979 Honda Civic, shown in Fiqure A-135, was directed into the sign at
61.5 mph. Test inertia mass of the vehicle was 1,772 1b and its gross static
mass was 1,955 1b. Impact point was such that the vehicle bumper contacted
all three supports of the installation.

Shortly after impact the supports began to deform around the front of
the vehicle and by 0.033 sec the front wheels left the ground. By 0.089 sec
the supports had bent sufficiently to cause the sign panel tec hit the hood
and windshield. The whole sign installation pulled out of the ground and
rode with the vehicle which traveled 175 ft directly behind the impact point.

The sign installation was pulled out of the ground. The supports were
split and twisted. Damage to the sign supports is shown in Figure A-126.

The front of the vehicle was deformed as shown in Figure A-137. The
left front quarter received 6.0 in. crush at bumper height. The center and
right side was crushed 3.0 in. at bumper height. The windshield also was
broken. Sequential photographs of the test are shown in Figure A-138.

The results are shown in Figure A-139. Change in the vehicle's velocity
at 0.300 seconds was 15.3 mph and change in momentum was 1,235 1b-sec.
Longitudinal occupant impact velocity was 19.0 fps and the maximum

0.010-second ridedown acceleration was -1.9 q.
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A-3-22. Test 22

A 1980 Honda, shown in Fiqure A-140, was directed into the sign at 20.0
mph. The test inertia mass of the vehicle was 1,833 1b and its gross static
mass was 2,003 1b. Impact point was such that the vehicle bumper contacted
both supports of the sign installation.

Approximately 0.054 sec after impact the right support fractured, and at
0.077 sec the left support fractured. The vehicle Tost contact with the sign
installation at 0.197 sec. Shortly thereafter the sign panel fell on the
hood and slid to the ground., Seguential photographs of the test are shown in
Figure A-141.

The right support was fractured 19 in. above the ground and the left
support was fractured 20 in. above the ground as shown in Figure A-142. As
shown in Figure A-143, the vehicle sustained minor scrapes to the bumper and
hood.

The results of the test are summarized in Figure A-144, Change in the
vehicle's velocity was 6.4 mph and change in momentum was 534 lb-sec.
Longitudinal occupant impact velocity was 10.1 fps and the maximum
0.010-second average occupant ridedown acceleration was -1.9 g.
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A-3-23. Test 23

A 1980 Honda, shown in Figure A-145, was directed into the sign at 62.8
mph. Test inertia mass of the vehicle was 1,833 1b and its gross static mass
was 2,003 1b. Impact point was such that the vehicle bumper contacted both
supports of the installation. Relative positions of the test vehicle and
sign instailation are shown in Figure A-145,

Approximately 0.010 sec after impact the supports began to split
Tongitudinally and the sign panel separated from the supports. At 0.045 sec
the lower sections of the supports began to fracture. By 0.096 sec the panel
was on the roof and the supports were riding horizontally on the hood of the
vehicle as shown in Figure A-146. The vehicle continued to travel 198 ft
before coming to a stop.

The lower section of the left support fractured 35 in. above the ground
and the right support fractured 38 in. above the ground. The upper sections
of the supports rode with the vehicle for approximately 145 ft. Damage to
the sign installation is shown in Figure A-147.

The front of the vehicle was deformed as shown in Figure A-148. The
right front quarter received 1.0 in. crush at bumper height and 5.0 in. on
the Teft side. The roof was scratched from the sign panel.

The results of this test are summarized in Figure A-149. Change in the
vehicle's velocity at 0.300 seconds was 8.0 mph and change in momentum was
668 1b-sec. Longitudinal occupant velocity was 11.8 fps and the maximum
0.010-second average ridedown acceleration was -0.8 a.
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APPENDIX B. PROPERTIES OF SIGN POSTS
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B. PROPERTIES OF SIGN POSTS

Tests were conducted by an independent materials laboratory in Houston,
Texas to determine the chemical, physical, and impact properties of each of
the base-bending sign supports, which included supports in tests 3 through
23. A specimen was taken from the above-ground portion of the support system
for analysis. The specimen was taken from an undeformed section. For tests
in which multiple supports were used, the specimen was taken at random from
one of the posts. Chemical and physical properties are given in Table B-1
and impact properties are given in Table B-2.

Charpy tests were conducted at both the ambient temperature at the time
of the full-scale crash test and at 150°F. The latter value was selected as
an "upper temperature limit" for a post in the field. In general, the
fracture energy of a metal post increases as its temperature increases.
Hence, if the post exhibits brittle fracture at 150°F it follows that it
would do so at lcwer temperatures.

For each post evaluated, four Charpy tests were conducted -- two at the
ambient temperature and two at 150°F. The thickness of the specimen cross
section was that of the post, and the depth of the cross section (at the
notch) was held constant at 0.314 -0.000 in. Results of the Charpy tests

were normalized in terms of fracture energy per square inch of cross section
at the notch,
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TAAE B-1.

CHEMICAL AWD MECHANICAL PROPERTIES OF SIGM POSTS

CHEMICAL AMALYSIS MECHANTCAL PROPERTIES

%Sl‘l P(EI’NOT!'PE {PERCENT BY WEIGHT) SI'I%%I‘H LSIT.EETTE L OCATION
N SIE C|m 1 P | S |ST [N Jor [M Jou |A |Ti |2n Jsn [Mg | (psi) {psi) (x)

3 |Square Steel Tube 0.100] 0,35]0,00610.019[ {a) { .01} (a) | {a) | 0.02j0.013) (a) | (a) | (a} | (a) | 55,40 58,100 25

2% x 2" x 0306
4 JSame as Test 3 10,093 0.3610.00610.020| {a) | (a) | (a) | (a) | (a) j0.04 ] (2} | (a) | {a) | (&) | 0,700 57,600 %
5 [Square Steel Tube 011541 0.2510.01200.0217 006} 0.02| 0.03] (a) | 0.06J0.09 | (a} | fa) | {a) ! (a) { 50,000 56,500 £1
13/4" x 1 3/4* x 0,106
6 Sae as Test 5 0.063] 0.25[0.00810.0221 0.06] 0.04] 0.63] (a) } 0.08j0.08 | (a) | (2} | {a) (a) | 45,600 55,00 24
7 Eali]lle/:; Steel U-Post .75 | 0.94|0.00[0.0623) 0.27{ 0.08] 0.16] 001} 0.40}0.02 | (a) | (a) ! 0.03 (a) 12,000 | 62,000 7
o/ft

8 lSae as Test 7 0.74 1 1.021C.019}0.020] 0.38] 0.10Y 0.8} 0.01| 0.9110.03 {(a) | (a) | 603 (a) |i0d,000 | 162000 10

§ lSame as Test 7 075 | 0.9310.018)0.020| 0.26] r.09] 0.17] 0.02} 0.40}0.03 {a) | {a) ] 0.08} (a) 1105000 | 163,000 0
10 [Same as Test 7 0.74 | 0.9510.02210.0301 0.20} 0.11{ 0.15] 0.03} 0.3%0.02 {a) | (a) | 0.02{ (a) {100,000 159,000 9
1 ngzlﬁtsl‘.eel U-Pest (.75 1 0.81j0.011cn28| 0.33) 0.32) 0.16) 0.02) 0. (a) | {a) | (a) | 0027 {a) | 84,100 47 200 1]
12 1Same as Test 1] 0.74 1 0.8110.012]0.03] 0.14] 0.1} 0.16] 0.02) 0.% {a) 1 (a3 | (@) | 0.02 (a) 86,700 1 147,40 12
i3 [Sae as Test 11 0.73 | 0.£1:0.028(0.0% 0.15] ¢.19] 0.35) 0.02] 0.3 0,03 | (a) | (a} | O.02] {a} } ®B.00 | 1% 01 12
H %ail/itteei tPost 0.69 | 0.8410.08]0.015] 0.16} 6.02] 0.01] (a) | 0.18}0.04 @i}~ J{a|72mm 133,20 14
5 |Same ac Test 34 j0.74 | 0.82)0,00610.0201 0.16| 0.07} 0.04 001) 0071006 | (a) | {a) | — {a) { m,300 | 137,80 12
16 [Same as Test 7 0.75 1 0.70j0.006f0.07| 0.8} 0.11] 0.08] o] 0.2 004 1 (a) 1 (a) ]~ | (a) }es, im0 147,300 12
17 [Sawe as Test 7 069 | 0.8310.018j0.021) 0.22| 0.15] 0.14} 0.02| 0.4 (a) | {a) | (a) jo.02 | (a) 83,700 | 146,600 14
18 [Sam as Test 7 0.76 | 0.76]0.008J0.017] 0.10| 0.10] 0.10) 0.02 0310 §{ (a} | (@) | — | (a) | ®8,7m0 146 700 12
19 [Sam as Test 5 0.0%8| 0.4310.0060.015| {a) | 0.0t (a) | (a) { (a) JO.05 (a) { (a) | {a} | (a) | 41,500 49 20 L]
A [Saw as Test 5 0.097} 2.4210.0130.017| (a) | (a) | (a) | {a) { (a) [0.05 | (&) | (&} fa) { {a) { ¥20 ] 49 2m0 43
21 [Sam as Test 7 0.74 | 0.7010.010[0.0D| 0.08{ 0.1} 0.10! 0.03} 0.2510.06 (a) | (@) | — {a} | 87,900 { 149,10 10
2 Sare a5 Test 7 0.75 § 0.73[0.010{0 022} 0.11| 0.10f 0,08} 0.02| 0.24}0.06 Qi@ f— @ |83 180 10
23 [Same a Test 7 j0.75 | 0.71[0.00910 .020] 0.11] 0.1 0.m| 0.03] 0. }0.06 (@) | {a) | - (a) | 86,200 | 147,400 12

(alless than 0.01
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TABLE B-2. IMPACT PROPERTIES OF SIGN POSTS

CHARPY FRACTURE ENERGY
CRASH POST TYPE (in.-1b/in.2) ROCKWELL
TEST AND AMBIENT AT HARDNESS
NO. SIZE TEMP. (°F)2 150°F
3 Square Steel Tube 6560 (85) 6560 74.7b
2" x 2" x 0.105" 6560 (85) 6950 76.1b
76.5b
4 Same as Test 3 6950 (85) 6560 76.4b
6560 (85) 6180 72.6b
74.6b
5 Square Steel Tube 6348 (57) 6732 N/A
1 3/4" x 1 3/4" x 0.105" 6732 (57) 6348
6 Same as Test 5 6348 (72) 6732 N/A
6540 (72) 6348
7 Billet Steel U-Post 768 (65) 576 N/A
3 1b/ft 576 (65) 960
8 Same as Test 7 576 (73) 960 N/A
384 (73) 768
9 Same as Test 7 576 (79) 768 N/A
576 (79) 768
10 Same as Test 7 768 (77} 960 N/A
768 (77) 960
11 Billet Steel U-Post 293 (68) 752 29.3¢
4 1b/ft 586 (68) 732 30.3¢
30.0¢
12 Same as Test 11 290 (72) 436 30.5¢
140 (72) 581 30.5¢
30.5¢
13 Same as Test 11 432 (67) 432 K/A
288 (67) 576
14 Rail Steel U-Post 650 (92) 485 27.0¢
3 1b/ft 810 (92) 650 25.0¢
30,1¢
15 Same as Test 14 440 (94) 730 27.9¢
585 (94) 585 27.8¢
28.0¢

dNumber in parenthesis is temperature in degrees Fahrenheit; PHardness "B":
CHardness "C"
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TABLE B-2, IMPACT PROPERTIES OF SIGN POSTS (concluded)

CHARPY FRACTURE ENERGY
CRASH POST TYPE (in.-1b/in.2) ROCKWELL
TEST AND AMBIENT AT HARDNESS
NO. SIZE TEMP, (°F)a 150°F

16 Same as Test 7 325 (73) 670 29.8C

485 (73) 485 30.1¢€

29,9¢

17 Same as Test 7 488 (59) 976 30,2¢

651 (59) 976 31.2¢

31.3€

18 Same as Test 7 485 (102) 650 29.6¢

485 (102) 650 26 .4¢

25.9¢

19 Same as Test & 10040 (89) 9650 65.4b

9650 {89) 10040 65.1b

69.8b

20 Same as Test 5 9650 (89) 9260 58.3%

9650 (89) 9260 63.5D

55.25

21 Same as Test 7 325 (84) 655 30.3¢

655 (84) 815 30.2¢€

30.4€

22 Same as Test 7 645 (72) 645 29.1¢

645 (72) 645 29.3¢

29.4¢

23 Same as Test 7 655 (85) 655 30.2¢

490 (85) 655 30.2¢

30.5¢

3Number in parenthesis is temperature in degrees Fahrenheit; DPHardness "B";
CHardness "C"
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C. SOIL PROPERTIES AT TEST SITE

With the exception of tests 1 and 2, all sign posts were embedded in a
test pit composed of a crushed limestone base material. The pit was 6 ft
deep, 12 ft Tong, and 15 ft wide. The 12 ft dimension was in a direction
parallel to the direction of the test vehicle's travel at impact. The soil
and test pit dimensions were in accordance with recommended criteria of NCHRP
230 (1). The pit was filled with the “strong soil {S-1)" described in NCHRP
230.

Gradation of the test site soil, determined from previous research (6},
is shown in Figure C-1 together with recommended 1limits. The soil was
compacted and the density was determined by AASHTO T99-70, Method C. The
maximum soil density was 142 1b/ft3 at a moisture content of 7.8%. The
moisture-density curve is shown in Figure C-2. The soil can be seen in
pPhotos presented in Section A-3; for example, see Fiqure A-38.
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FIGURE C-2. COMPACTED UNIT WEIGHT OF TEST SOIL (6)
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D. DATA ACQUISITION SYSTEMS

D-1. Deceleration Measurements

Yehicle acceleration measurements were made by means of two longitudi-
nally and one transversely oriented strain gage linear accelerometers
attached to the floor of the vehicle. Each accelerometer was placed near the
vehicle's center of mass, as shown in Figure A-1. The vertical position of
the accelerometers was approximately 13.5 in. above ground. These accelero-
meters incorporate a balanced, fully active strain gage bridge which features
rugged construction, low response to transverse accelerations, and high over-
load capacity. The particular units used had a measurement range of t50 g's
with a bandwidth of 0 to 250 Hz. The nonlinearity and hysteresis is less
than +1% full scale with infinite resolution.

The accelerometers were physically calibrated by means of a Genisco 1074
precision centrifuge at various input levels. These calibration values were
used to establish an 'R' cal value which was transmitted just prior to a test
as required in final data reduction. Signals from the accelerometers were
transmitted via a telemetry system to the base station for recording on
analog tape.

D.2. High-Speed Cine

Three high-speed, ground mounted cameras were used to record the impact
behavior of the test article and the vehicle. A fourth movie camera was used
for documentary purposes, including real-time behavior of test vehicle and
pre an postimpact scenes. Details of these cameras are given in Figure D-1

and Table D-1. The tests were also record2d on videotape for quick examina-
tion.
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FIGURE D-1. CAMERA POSITIONS
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TABLE D-1.

CAMERA DETAILS

CAMERA TYPE TYPICAL BOUNDARIES
NO. SPEED OF SCENE
(Frames/sec)
1 Redlakes 1000 12 ft before and
Hycam after impact
24 Redlakes 500 10 ft before and
Locam 40 ft after
impact
3d Photosonics 500 15 ft before and
1P after impact
4 Arriflex-M 24 Documentary

A5ee Figure D-1.

D-4

LENS

74 mm
Wollensak

12-120 mm
Zoom
Angeneatix

12-126 mm
Zoom
Angeneaux

17-70 mm
Zoom

Angeneaux
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