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ABSTRACT

Small sign systems include everything from stop signs and delineator posts
to signs up to about 25 square feet. In some cases, multiple small sign support
systems are used to support much larger signs (40 - 50 square feet). This broad
class of sign has been and is currently being used along Texas highways.

To insure the safety of vehicle occupants, there have been a series of
specifications, guidelines and recommendations which define acceptable vehicle
impact performance criteria. Most small sign systems have been tested with
vehicles Targer than the current standard 1800 pound car. As a result, the first
phase of this study was to undertake a series of recertification tests for those
systems currently being used in Texas. An analytical model also was developed
to aid in the evaluation of data from previous crash tests. Although
certification was achieved through crash testing, this analytical model proved
to be an accurate predictor of impact performance with the smaller 1800 pound
vehicle. Crash tests were performed on several small sign support systems,
including U-post, triangular slip base, and 2-1/2 inch standard pipe with
threaded coupler supports. Each of these systems demonstrated satisfactory impact
performance 1in "strong" soil (see test descriptions for specific test
configurations). These systems currently are used extensively and maintained in
Texas. Other systems were not tested because of prior acceptance by FHWA or
obsolescence.

The second phase of this study consisted of the development and testing
of a generic small sign support system. The resulting generic ground anchor
system can be used with any tubular sign post. For single post installations,
this system has proven satisfactory in both "strong" and "weak" soils (as defined
by NCHRP Report 230) both from the standpoint of driveability and impact
performance. Further development and testing could extend the application of
the generic anchor system to dual-post installations.
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DISCLAIMER
The contents of this report reflect the views of the authors who are
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IMPLEMENTATION STATEMENT
Results of this study are available for immediate implementation by the
Texas State Department of Highways and Public Transportation. As a result, the
generic system can be used in any single post app]iéation. With additional
development and testing, the generic system could be extended to include dual
post installations. Other states may want to realize benefits from this study.
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INTRODUCTION

Small sign systems include everything from stop signs and delineator
posts to signs up to about 25 square feet. In some cases, multiple small sign
support systems are used to support much Targer signs (40 - 50 square feet).
This broad class of signs has been and is currently being used all along Texas
highways.

To insure the safety of vehicle occupants, a series of specifications,
guidelines and recommendations have been written that define acceptable
vehicle performance criteria (References 1 & 2). In 1981 the NCHRP Report 230
(Reference 3) became the standard for measuring crash worthiness. The NCHRP
Report with modifications from AASHTO 1985 (Reference 4) is the current
standard with which the state of Texas must comply.

Previously, small sign systems in Texas had been tested and approved
under the TRB specification (Reference 2) using a 2250 1b. vehicle. However,
more recent specifications including NCHRP Report 230 (Reference 3) and AASHTO
1985 (Reference 4) require the use of an 1800 1b. vehicle tested at 20 and 60
mph. These specifications require the Texas State Department of Highways and
Public Transportation (SDHPT) to recertify its sign systems.

This project was funded to complete the necessary recertification
process. This process was conducted with existing crash test data through
analytical means where possible and supplemented with new crash tests when
required. In addition, it was anticipated that the Texas Transportation
Institute (TTI) would develop and test generic sign systems for the state.
Furthermore, the generic system produced as a part of this study should be
applicable for both strong and weak soil installations.



EXISTING SIGN SYSTEMS - PHASE ONE
ANALYSIS

The primary focus of the specifications has been the changes in velocity
during impact and the integrity of the occupant compartment. The current
standard addresses these areas as follows. First, the change in velocity of
an unrestrained occupant should not exceed 15 feet per second (extended to 16
feet per second by Reference 13) during the impact. Second, there can be no
penetration of the occupant compartment. The report includes other test
specifications, but for a given sign system, it 1is generally these two
criteria that determine the acceptability of a sign installation for crash
performance.

The most significant difference between the 1800 1b. and 2250 1b. cars
has been the change in velocities. Vehicle stability and occupant compartment
integrity are also major consideration, but these are usually Tinked to the
change in velocity. Unfortunately, there has been no acceptable method for
comparing or predicting the crash performance of the 1800 1b. car versus the
2250 1b. car. To complicate the problem, many of the previous tests included
cars of weights other than 2250 1b., various impact speeds, different crush
characteristics, and test matrices with multiple posts as well as single post
sign systems.

The first effort in the project was to devise a rational that could
predict impact performance for sign installations that had been tested
previously with a different size and class of vehicles.

DATA COLLECTION
The analysis task began with the compilation of recent crash test data

for sign systems similar to the small sign supports currently used by the
Texas State Department of Highways and Public Transportation. It soon became
obvious the data that could be <classified as recent was very Tlimited in
quantity. Therefore, the data search was expanded to include all previous
crash tests for which the vehicle weight, impact speed and change in velocity
were accurately known; and the sign installation was well defined. The data
collected is Tisted in Table 1 (References 5 - 12) by sign classification.
Each crash test supplied three data points:

(a) The vehicle mass ----- M

(b) The impact velocity --- V1

(c) The change in velocity - AV1
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TABLE 1 - Crash Data
Test Vehicle Impact Change Change1 Change
Number Weight Velocity Velocity Momentum Kin. Energy
(Tb) (mph) (ft/s) (1b-sec) (ft-1b)
3 1b/ft U-Post Ground Splice (Rail Steel Post)
3491-1 2250 22.7 2.7 190 6070
3491-2 2250 59.6 2.5 179 15420
3491-3 2250 17.2 5.2 368 8323
3491-4 2250 16.6 5.1 358 7807
3 1b/ft U-Post High Splice (100 ksi)
-Single Post
7024-7 1800 60.5 3.1 169 14740
7024-8 1800 19.9 6.0 339 8866
Three Posts
7024-9 1800 59.3 10.6 197 16067
7024-10 1800 19.4 23.9 445 7348
3 1b/ft U-Post High Splice (80 ksi)
Three Posts
7024-16 1800 20.0 27.9 511 7983
7024-17 1800 62.0 18.9 353 28732
7024-18 1800 19.5 24.9 465 7496
7024-21 1800 61.5 22.9 412 32585
Two Posts
7024-22 1800 20.0 9.4 267 6557
7024-23 1800 62.8 11.7 334 28768
3 1b/ft U-Post Ground Splice (Three High Carbon Billet Post)
7024-26 1800 21.7 12.6 235 5998
7024-27 1800 61.6 9.1 169 14530
4 1b/ft U-Post High Splice (High Carbon Billet Post)
-Two Posts
7024-11 1800 20.2 12.5 327 7766
7024-12 1800 60.9 10.3 295 24753
-Single Post
7024-13 1800 61.3 6.3 352 30539
NOTE: A11 values for Change in Momentum or Kinetic Energy are

given for a single post and obtained by linear interpolation.
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TABLE 1 - Crash Data (Cont.)

Test Vehicle Impact Change Change Change
Number Weight Velocity Velocity Momentum Kin. Energy
(1b) (mph) (ft/s) (1b-sec) (ft-1b)

4 1b/ft U-Post Ground Splice (Three Rail Steel Post)

7024-24 1800 20.6 28.0 522 8460
7024-25 1800 62.6 13. 246 20962

no

8 1b/ft U-Post

1817-4 3500 37 16.6 1810 30664
1817-25 3600 31.5 16.9 1890 71343
1817-29 3550 24 15.4 1700 46733
1817-31 3900 36 14.9 1810 82043
2466-1 4100 29.3 9.3 1180 45241
2466-2 4100 43.7 12.6 1610 93011
2466-3 4400 43.9 12.4 1700 98883
2466-4 4400 30.4 15.0 2050 76025
2466-5 3880 45.8 14.8 1780 106421
2466-6 3750 49.5 13.5 1570 103399
2466-7 3850 31.7 16.7 2000 76259
2466-8 3850 45.6 18.1 2170 125438
2466-9 3800 47.8 15.0 1770 110815
2-1/2 inch Pipe w/Frangible Connector
3254-14 2250 20.3 11.4 802 19316
3254-15 2250 63.3 5.4 379 34167
3254-16 2250 19.2 9.1 638 15079
0941-3 2270 29.2 7.3 514 20139
2 x 2 inch Square Perforated Steel Tube
-Single Post
7024-3 1800 20.0 3.5 193 5328
7024-4 1800 56.8 8.5 468 37028
-Two Posts
7024-5 1800 19.7 20.7 975 10699
7024-19 1800 18.9 14.7 413 8391
7024-20 1800 57 .5 17.9 503 37860
-Three Posts
7024-6 1800 59.3 26.3 486 35951
3 inch Pipe on Triangular Slip Base
0941-1 2270 60.8 5.5 386 33364
0941-4 2270 45.4 3.0 209 13637
S-8 3970 46.0 1.1 136 9100
S-18 4170 31.3 1.3 168 7603
4



The direct comparison of the changes 1in velocity for a particular sign
installation type showed no apparent trend. The only general tendency was a
decrease in the change in velocity for a corresponding increase in impact
velocity. This data confirmed the observation that the actual failure
mechanism varied for different impact speeds. At this point two different
methods, Conservation of Energy and Impulse and Momentum, were incorporated to
further reduce the data in hope of finding a relationship that overrides the
physical differences.
DATA REDUCTION

In review, the mass (weight) of the vehicle, impact speed, and change in
velocity (aV) during impact are all known for specific tests. However, the

3

challenge is to predict the change in velocity for a vehicle of any mass, Ml,

impacting at any velocity, Vl*, in a future impact.

The first approach is to use the principle of Impulse and Momentum.
Simply stated, the principle on Impulse and Momentum can be expressed as:
(Ml)V1 + (MZ)V2 - [ Fdt = (Ml)Vl’ + (MZ)VZ’

Where M1= mass of automobile, V#= initial velocity (Vi), M2= mass of sign
system, V#’ = final velocity (Vf) and [ F dt = Impulse or impact force.
Assuming M2 is negligible compared to M1 gives:
(M)(V) - [ Fdt = (M)(V) (Eq. 1)

or, [ Fdt = (Mum)*(Av) = change in Momentum. This is the formulation used
to calculate change in Momentum from the AV supplied from the crash test.

Then, for a known change in Momentum with a new car mass and/or a new
impact velocity, the equation can be written:

M,)V) - fFdt = M)

or v, - (1/M1*)[(M1*)Vi* - [ F dt].
This is the formulation that is used to predict final velocity and change in
velocity for a sign system with a known change in Momentum.

The next approach was to enforce Conservation of Energy. The total

(Eq.2)

energy is expressed as the sum of the Kinetic Energy (T) and the Potential
Energy (V). Energy is conserved when the change in the total energy of a
system, represented by the prefix A, is equal to zero. This can be shown as:
AT + AVg + AVe 0. Note the change in Potential Energy 1is subdivided into
gravitational and elastic potential designated by the subscripts g and e,

i

respectively.
Again, assuming the mass of the sign system is negligible compared to the
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automobile’s mass greatly simplifies the energy expression. The only term
contributing an appreciable amount is the change in Kinetic Energy of the car.
This term is written:

aT = 1/2 (M) [vf2 - V] = aKE (Eq. 3)
This equation is used to calculate the change in Kinetic Energy (aKE) from the
crash test data.

Then, for a known change in Kinetic Energy with a new car mass and/or a
new impact velocity, the equation can be written:

Vo= [v.E - 2(ake)m TV (Eq. 4)
Therefore, if the change in Kinetic Energy is known for a particular sign
system, a prediction of the car’s final velocity and its change in velocity
can be made.

As noted in the footnote, many of the tests involved multiple post
installations. Once the change in Momentum or Kinetic Energy was calculated
as described above, the values were divided by the corresponding number of
posts to obtain an extrapolated value for a single post installation.

Momentum -vs- Kinetic Energy

Basic engineering mechanics provides two equations that can be used to
predict the vehicle’s final velocity. The question remains as to what values
for change in either Momentum or Kinetic Energy should be used and if either
equation is appropriate.

Noting the previous trend that the AV seemed to vary with impact
velocity, both the changes in Momentum and Kinetic Energy were plotted versus
velocity. To find a general trend for all breakaway systems, all the data
points were lumped together as shown in Figures 1 and 2. The plot wusing
Momentum showed too much scatter to detect any general trend. On the other
hand, the plot using Kinetic Energy did show a generally increasing trend. To
qualify this trend, a least squares fit for a linear 1ine was done and the
corresponding equation and Tine is Tisted on the graph.

The comparison between the two approaches was then narrowed down to a
single class of small sign support system, the 3 1b/ft U-Post that wused
breakaway mechanisms. Again, a least squares fit was done, Figure 3, and the
results compared with Momentum in Figure 4. The data from a particular system
fit a Tinear line very well. After these two comparisons, it was decided that
the best approach would be the use of Kinetic Energy for prediction of change
in velocities. Although this model neglects many variables (vehicle crush,



etc.), when Tlimited to systems with similar strength and breakaway
characteristics it shows good correlation with experimental data.

The 3 1b/ft nonbreakaway U-Posts, Figure 5, and the sets of 4 1b/ft U-
Posts, Figures 6 & 7 also exhibit similar linear behavior (Note: the diamond
data points were not used in obtaining the "best fit" line shown on Figures 6,
7, 9, 11 and 12) . It was noted that the line for the nonbreakaway posts was
generally steeper than the breakaway systems. This greater slope corresponded
to the greater stiffness of the nonbreakaway systems.

In doing the data search, many data points were found for 8 1b/ft U- Post
systems. Even though this system is no longer used, it was plotted in Figure
8 because of the number of data points and the large variety of impact speeds.
This figure clearly illustrates the Tinear relationship between Impact
Velocity and change in Kinetic Energy. Two additional graphs are included
with linear relationships. The 2-1/2 inch pipe with frangible connectors,
Figure 9, and the 2x2 square perforated steel tube, Figure 10, exhibit good
correlation to a linear relationship.

One other system, 3 inch pipe on triangular slip base, is shown in Figure
11. While this is certainly a breakaway system, it differs from all the others
considered in its failure mechanism. This system uses friction to facilitate
the break-away capability. Such a difference could mean that the relationship
for velocity and Kinetic Energy is not linear but perhaps cubic,as shown in
Figure 12. Considering the Timited number of data points available, it would
be inappropriate to use any "recommended" best fit curve for this system.
Predicting Change in Velocity

Although many things, vehicle crush, post impact stability, size of sign,
mounting height, variability in material properties, etc., influence the

behavior of breakaway sign support systems, a significant feature 1is the
change in kinetic energy of the vehicle. While it is a great simplification
to ignore all other effects, the kinetic energy analyses show good agreement
with experimental data.

The least squares fit of the data (square data points only) as shown on
each of the graphs now provides a value for the change in Kinetic Energy for
any impact velocity. One would expect the curves to tend toward zero, as is
the case in all curves presented. However, these curves are valid oniy for
systems (and impact speeds) for which a breakaway will occur. Obviously, as
the impact speed decreases, at some point there will not be enough energy for



a breakaway to occur. This information taken from previous crash tests can
then be used to estimate the final velocity of a car of any mass and any
impact velocity using Equation 4. The difference in the final velocity and
initial velocity is the change in velocity of the vehicle during impact
provided that a breakaway of the sign support does indeed occur.

This approach can be extended from single post to multiple posts by
assuming linear interpolation. That is, the AKE taken from the graph is
simply multiplied by the number of posts. The product is then plugged into
Equation 4 as the AKE.
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RECOMMENDATIONS FROM ANALYSIS

This analysis was then used to make a recommendation to the state on
which of its existing sign systems should be retested. Since there were no
crash tests to verify the new prediction model, it was felt a worst case

scenario would be appropriate.

The largest vertical error was calculated between the existing crash data
and the best fit Tline for each sign system. This value was used as an offset
for a Tine parallel to each calculated best fit T1ine. Since the offset
represented the largest error, the parallel line was used as an upper bound

estimate for the change in Kinetic Energy.
The expected changes in velocities, including upper bounds, were then
calculated and presented in a technical memorandum to Texas SDHPT and FHWA.

The results appeared as follows:

1. U - channel supports with bolted lap splice at ground level
- FOR A SINGLE 3 LB/FT BILLET OR RAIL STEEL POST (Figure 3)
Test Vehicle: 1800 1b
Impact Speed: 20 and 60 mph
Expected AV: 3.7 and 3.2 fps respectively
Upper Bound aV: 6.1 and 3.9 fps respectively

2. Pipe supports with threaded coupler at ground level
- FOR A SINGLE 2-1/2 INCH OR SMALLER STANDARD STEEL PIPE (Figure 9)
Test Vehicle: 1800 1b
Impact Speed: 20 and 60 mph
Expected AV: 9.4 and 7.6 fps respectively
Upper Bound AV: 16.1 and 9.0 fps respectively

3. Posts on multi-directional (triangular) slip bases
- FOR A SINGLE 3-1/2 INCH OR SMALLER STANDARD STEEL PIPE (Figure 11)
Test Vehicle: 1800 1b
Impact Speed: 20 and 60 mph
Expected aV: 4.6 and 4.7 fps respectively
Upper Bound AV: 13.8 and 7.0 fps respectively

Results for rectangular slip bases also were presented, but they were Tlater
found to be outside the scope of this project.
Using the results Tisted, it was recommended that:
1. Up to three 80 ksi, 3 1b/ft U-channel supports with bolted Tap
splice at ground level would pass (using linear extrapolation).

2. A single standard steel pipe, 2-1/2 inch or smaller schedule 40,
with a threaded coupler at ground level would pass.

3. A steel post 3-1/2 inch or Targer mounted on a multi-directional
slip base should pass, but the breakaway behavior was not clear.
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It was noted that the 20 mph test for the 2-1/2 inch pipe with a threaded
coupler had an upper bound value at the limit; therefore, a crash test may be
justified. In addition to these recommendations, a new list from FHWA of Sign
Support Systems in Compliance with 1985 AASHTO Specifications was included.
This Tist included some of the sign systems in question for the State of
Texas.

After reviewing the technical memorandum and corresponding with FHWA, the
State decided that while the data looked convincing, it would be best if the
sign systems were validated with actual crash tests. These crash tests were
conducted at the TTI Crash Test Facility located at the Riverside Campus of
Texas A&M University.
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CRASH TESTS

The objective of these tests was to determine the impact characteristics
of a variety of current small sign installations when impacted by an 1,800 1b
vehicle at 20.0 and 60.0 mi/h. Standards established in AASHTO "Standard
Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic
Signals" and NCHRP Report 230 were used for analyses and evaluation of this test.
STUDY APPROACH
Description of Crash Test Procedures

The crash test procedures were in accordance with guidelines presented in
NCHRP Report 230. The test vehicle was instrumented with three rate transducers
to measure roll, pitch, and yaw rates and a triaxial accelerometer near the
vehicle center of gravity to measure acceleration levels.

The electronic signals from the accelerometers and transducers were
telemetered to a base station for recording on magnetic tape and for display on
a real-time strip chart. Provision was made for transmission of calibration
signals before and after the test, and accurate time reference signal was
simultaneously recorded with the data. Contact switches on the bumper were
actuated just prior to impact by wooden dowels to indicate the elapsed time over
a known distance to provide a measurement of impact velocity. The initial
contact also produced an "event" mark on the data record to establish the exact
instant of impact.

In accordance with NCHRP 230, an unrestrained, uninstrumented special
purpose 50th percentile anthropomorphic test dummy was positioned in the front
seat of the test vehicle. This dummy was used to evaluate typical unsymmetrical
vehicle mass distribution and its effect on vehicle stability during impact.

Photographic coverage of the tests included two high-speed cameras, one
perpendicular to the sign installation and another Tocated downstream 45 degrees
from the point of impact. The films from these high-speed cameras were used to
observe phenomena occurring during collision and to obtain time-event,
displacement and angular data. A 16-mm movie camera, a 3/4-inch videotape, and
still cameras were also be used for documentary purposes.

Data Analysis Procedures

The analog data from the accelerometers and transducers were digitized,
using a microcomputer, for analysis and evaluation of performance. The digitized
data were then analyzed using a number of computer programs: DIGITIZE, VEHICLE,
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and PLOTANGLE. Brief descriptions on each of these computer programs are
provided as follows.

The DIGITIZE program uses digitized data from vehicle-mounted Tinear
accelerometers to compute occupant/compartment impact velocities, time of
occupant/compartment impact after vehicle impact, final occupant displacement,
highest 0.010-second average. The DIGITIZE program also calculates a vehicle
impact velocity and the change in vehicle velocity at the end of a given impulse
period.

The VEHICLE program also uses digitized data from vehicle-mounted Tinear
accelerometers to compute vehicle accelerations, areas enclosed by
acceleration-time curves, changes in velocity, changes in momentum, instantaneous
forces, average forces, and maximum average accelerations over 0.050-second
intervals in each of three directions. The VEHICLE program plots acceleration
versus time curves for the longitudinal, lateral, and vertical directions.

The PLOTANGLE program uses the digitized data from the yaw, pitch, and roll
rate charts to compute angular displacement in degrees at 0.001-second intervals
and then instructs a plotter to draw a reproducible plot: yaw, pitch, and roll
versus time. It should be noted that these angular displacements are sequence
dependent, with the sequence being yaw-pitch-roll for the data presented in this
report. These displacements are in reference to the vehicle-fixed coordinate
system with the initial position and orientation of the vehicle-fixed coordinate
system being that which existed at initial impact.
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DESCRIPTION OF TEST INSTALLATION FOR 1122-3 & 4

The sign installation used in these tests consisted of a 6 ft-0 in wide
x 5 ft-0 in high plywood sign panel mounted on three Franklin 4.0 1b-ft steel
supports. These supports were attached to three 60 inch stubs which had been
driven into crushed Timestone (NCHRP Report 230 "strong" soil) at 21 inches on
center spacing. The supports were attached to the stubs in a nested splice
(stubs in front of sign supports) with 1/2 inch spacers and 5/16 inch grade 9
bolts, nuts and washers. The bottom of sign mounting height was 5 ft. Details
of the sign installation are shown in Figures 13 and 14.
TEST REPORT 1122-3

VEHICLE: 1980 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,963 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Three Franklin
4.0 1b-ft supports

IMPACT CONDITIONS: 20.3 mi/h
Center (impact all three
legs of sign)

Crash Test Results

A 1980 Honda Civic (shown in Figure 15) impacted the sign installation at
20.3 miles per hour (32.6 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,963 1b (890 kg). The height to the lower edge of the vehicle bumper was
14.0 inches (35.6 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 16.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center Tine of the sign with the center of the vehicle.
Upon impact, the sign supports began to deform and the vehicle started climbing
the sign installation. At approximately 0.138 seconds, the front wheels were
clear of the ground and the sign support bolts had fractured. At approximately
0.188 seconds, the vehicle Tost contact with the sign installation, as the
vehicle ceased forward motion and the sign installation yielded. As the front
of the vehicle came into contact with the ground, the brakes were applied and
the vehicle came to rest over the installation stubs at the point of impact.
Sequential photographs of the test are shown in Figure 17.
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The sign installation stubs were pushed rearward 4.0 in (10.16 cm) and the
three sign supports were bent 19.0 in (48.3 cm) to 23.0 in (54.4 cm) above their
original ground mounting height. In addition, the end of the sign supports came
to rest 22.0 in (55.9 cm) from the front of the vehicle (see Figure 18). The
vehicle sustained minor damage to the bumper and windshield as shown in Figure
19.

A summary of the test results and other information pertinent to this test
are given in Figure 20. The maximum 0.050 second average acceleration
experienced by the vehicle was -8.3 g in the longitudinal direction and -1.0 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
21 and vehicle accelerometer traces are displayed in Figure 22 through 24.
Occupant impact velocity in the Tongitudinal direction was 28.2 feet per second
(8.6 m/s) and no occupant impact velocity existed in the Tateral direction. The
highest 0.10 second occupant ridedown acceleration was -2.1 g (longitudinal).
Change in velocity was 21.8 mi/h (35.0 km/h) and change in momentum was 1785
1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
However, the occupant impact velocity was high (NCHRP Report 230 Timit is 15
ft/s) and change in momentum was over the recommended 1imit of 1100 1b-s. This
sign installation in "strong" soil is not acceptable according to the evaluation
criteria recommended in NCHRP Report 230 and the AASHTO Standards.

TEST REPORT 1122-4

VEHICLE: 1980 Honda Civic
Test Inertia Mass: 1,800 lbs.
Gross Static Mass: 1,963 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Three Franklin
4 1b-ft supports

IMPACT CONDITIONS: 61.7 mi/h
Center (impact all three
legs of sign)

Crash Test Results

A 1980 Honda Civic (shown in Figure 25) impacted the sign installation at
61.7 miles per hour (99.2 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,963 1b (890 kg). The height to the Tower edge of the vehicle bumper was
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14.0 inches (35.6 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 26.

The vehicle was freewheeling and unrestfained just prior to impact. The
point of impact was the center 1ine of the sign with the center of the vehicle.
Upon impact, the sign supports began to deform and by approximately 0.018 second
the sign support bolts had fractured. At approximately 0.173 second, as the sign
installation yielded, the face of the sign slapped the roof of the vehicle. As
the vehicle Tost contact with the sign installation, at approximately 0.228
second, the brakes were applied and the vehicle came to rest approximately 261.0
ft (79.6 m) from the point of impact. Sequential photographs of the test are
shown in Figure 27.

The left sign support stub was pushed rearward 1.0 in (2.5 cm), the center
support 4.0 in (10.2 cm), and the right sign support 2.0 in (5.1 cm). After
impact, the sign installation came to rest 42 ft (12.8 m) from the impact site.
The vehicle sustained minor damage to the bumper and windshield, as shown in

Figure 29.
A summary of the test results and other information pertinent to this test
are given in Figure 30. The maximum 0.050 second average acceleration

experienced by the vehicle was -8.7 g in the longitudinal direction and 1.3 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
31 and vehicle accelerometer traces are displayed in Figure 32 through 34.
Occupant impact velocity in the longitudinal direction was 15.5 feet per second
(4.7 m/s) and no occupant impact velocity existed in the Tateral direction. The
highest 0.10 second occupant ridedown acceleration was -3.4 g (longitudinal).
Change in velocity was 11.8 mi/h (18.9 km/h) and change in momentum was 93 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
The occupant impact velocity was marginally above the recommended NCHRP Report
230 1imit of 15 ft/s. However, the change in momentum was under the recommended
1imit of 1100 1b-s. This sign installation would be acceptable in "strong" soil
according to the evaluation criteria recommended in NCHRP Report 230 and the
AASHTO Standards, however, it failed to meet these criteria at 20 mph.
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Figure 13. Details of sign installation for test 1122-3.
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Figure 14, Sian installation before test 1122-3.
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Figure 15, Vehicle before test 1122-3.



SLC1011257

Odometer: 050548
Belted: _ Radial: ¥

Tire Condition: good
fair ¥
badly worn

Vehicle Geometry - inches

a 62 b _28
c_88 1/4 d*_52

e 281/2 f

g h _31.8
S j 29172
k 16 1/2 o 26
m_19 1/2 n 5

o 14 p 5b31/2
ro 21 s 13 1/4

pate:  /-19-88 Test No.: 1122/3j4 VIN:
Make: Honda Model : Civic Year: 1980
Tire Size: 155 SR-12 Ply Rating: 2 Bias Ply:
//r— Accelerometers
T /7 1S
a p T
l 74 /A
g L
Tire dia - Accelerometers
Wneel dia
N>
) S
J P _ ]
" OVF— lrk rg
< b 1< c >t € 3
. g £ K17“2 .
4-wheel weight
for c.a. det. £&f 578 rf 573 er 312 rr 337

Gross Static

Mass - pounds Curb Test Inertial
M, 1123 1181 1228
M, 617 649 735
My 1740 1800 1963

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Engine Type: 4 cyl

Engine CID:

Transmission Type:
Automatic or

Body Type:

Steering Column Collapse
Mechanism:

__Behind wheel units

__Convoluted tube
Cylindrical mesh units

__Embedded ball

__NOT collapsible

__Other energy absorption

__Unknown

Brakes:
Front: disc_X drum_
Rear: disc__ drumX

Figure 16. Test vehicle properties (1122-3),

31



test 1122-3.
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Figure 17, Sequential photographs for test 1122-3.
(Continued)
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Figure 18, Sign installation after test 1122-3.
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Figure 18. Sign installation after test 1122-3.
(Continued)



Figure 19. Vehicle after test 1122-3.
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SAE
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[U IMPACT

. 1122-3

7/19/88
Sign Installation
Three Franklin

4.0 1b-ft Supports

. 1980 Honda Civic

. 1,800 1b (817 kg)
. . . 1,963 1b (890 kg)
Vehicle Damage C]ass1f1cat1on

12FD1

. 12FDLW1

20,

Summary of results

Impact Speed. . . .
Change in Velocity

Change in Momentum. . . :

Vehicle Accélerations
(Max. 0.050-sec Avg)
Longitudinal. . ..
Lateral

Occupant Iﬁpéct Ve]oc1ty

Longitudinal.
Lateral

0.406 s

20.3 mi/h (32.6 km/h
21.8 mi/h (35.0 km/h
1,785 1b-s

-8.3 ¢g

-1.0 g

28.2 ft/s (8.6 m/s)
None

Occupant R1dedown Acce]erat1ons

Longitudinal
Lateral

for test 1122-3.

-2.14g
No Contact
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Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll

‘_\; -
= IME (SECONDS) Yaw
H_IJD .0 ~ 42 ’/'r__,—_Q‘tROH .I5
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D
L
9
i
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O
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o_l
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(]
0

Figure 21. Vehicle angular displacements for test 1122-3.
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Figure

22,
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Longitudinal accelerometer trace for test 1122-3.
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LATERAL ACCELERATION (G’s)
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1122-3

300 Hz FILTER

Figure 23.
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Lateral accelerometer trace for test 1122-3.
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VERTICAL ACCELERATION (G’'s)

11225

300 Hz FILTER
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0 0.1 0.2 0.3 0.4
TIME (SECONDS)

Figure 24. Vertical accelerometer trace for test 1122-3.
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Figure 25. Vehicle befcre test 1122-4.
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pate: _ 7/19/88 Test No.: 1122/3-4 ke SLC1011257
Make: Honda Model : Civic Year: 1980 Odometer: (5048
Tire Size: 155 SR-12  ply Rating: 2 Bias Ply:  Belted: _  Radial: X
/ Nccelerometers Tire Condition: good
, fair X
badly worn

Ea

a

Vehicle Geometry - inches

l a 62 b _ 28
I c 88 1/4 d* 52
£ ’ e 28 1/2 f
g h 31.8
. ) Accelerometers i i j_291/2
Tire dia L
Wneel dia k 16 1/2 ¢ 26
s
m 19 1/2 n 5
@ .@ I[ /G_\\ 5 ‘9 0 14 p 531/2
(k k r 21 s 13 1/4
h
bl c e € o Engine Type: 4 cyl
: i ID:
) 1 . M2 Eng1ne-C ;
< > Transmission Type:
4-wheel weight Automatic or -
5
for c.a. det. ef 978 rf 573 gy 312 rr_ 337 or‘ RWD or  4HD
. ) Body Type: _Hatch
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
My 1123 1151 1228 Mechanism:
: __Behind wheel units
M, 617 649 735 ~_Convoluted tube
Cylindrical mesh units
My 1740 1800 1963 __Embedded ball
__NOT collapsible

Note any damage to vehicle prior to test:

__Other energy absorption
__Unknown

Brakes:

Front: disc_X drum___

*d = overall height of vehicle

Figure 26, Test vehicle
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Figure 27. Sequential photographs for test 1122-4.
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Figure 27. Sequential photographs for test 1122-4.
(Continued)
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Figure 28. Sign installation after test 1122-4.



Figure 29. Vehicle after test 1122-4.
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0.000 ¢ 0.085 s 0.171 s 0.256 s

IWPACT

Test No. . . . . . . . 1122-4 Impact Speed. . . . . . . 61.7 mi/h (99.2 km/h)
Date . . . . .« . . . 17/19/88 Change in Velocity . . . 11.8 mi/h (18.9 km/h)
Test Art1c1e « « « . . Sign Installation Change in Momentum. . . . 963 1b-s
Support . . . . . . . Three Franklin Vehicle Accelerations
4.0 1b-ft Supports (Max. 0.050-sec Avg)

Vehicle . . . . . . . 1980 Honda Civic Longitudinal. . . . . . -8.7 4
Vehicle We1ght Lateral . . . . 1.34g

Test Inertia . . . . 1,800 1b (817 kg) Occupant Impact Ve10c1ty

Gross Static . . 1,963 1b (890 kg) Longitudinal. . . . . . 15.5 ft/s (4.7 m/s)
Vehicle Damage C]ass1f1cat10n Lateral . . . . . . . . None

TAD . . ... . .. 12FD] Occupant Ridedown Acce]erat1ons

SAE . . . ... . . 12FDEW 1 Longitudinal . . . . . -3.4 g

Lateral . . . . . . . . No Contact

Figure 30. Summary of results for test 1122-4.



Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
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Figure 3T. Vehicle angular displacements for test 1122-4.
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Figure 32, Longitudinal accelerometer trace
for test 1122-4.
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Figure 33, Lateral accelerometer trace
for test 1122-4.
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Figure 34. Vertical accelerometer trace
for test 1122-4.
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DESCRIPTION OF TEST INSTALLATION FOR 1122-5

The sign installation used in this test consisted of a 6 ft-0 in wide x
5 ft-0 in high plywood sign panel mounted on three Marion 3.0 1b-ft steel
supports. These supports were attached to three 60 inch stubs which had been
driven into crushed Timestone (NCHRP Report 230 Strong Soil) at 21 inches on
center spacing. The supports were attached to the stubs in a nested splice
(stubs in front of sign supports) with 1/2 inch spacers and 5/16 inch grade 9
bolts, nuts and washers. The bottom of sign mounting height was 5 ft. Details
of the sign installation are shown in Figures 35 and 36.
TEST REPORT 1122-5

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Three Marion
3 1b-ft supports

IMPACT CONDITIONS: 19.5 mi/h
Center (impact all three
legs of sign)

Crash Test Results

A 1982 Honda Civic (shown in Figure 37) impacted the sign installation at
19.5 miles per hour (31.4 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,970 T1b (894 kg). The height to the lower edge of the vehicle bumper was
13.8 inches (34.9 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 38.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the vehicle.
Upon impact, the sign supports began to deform and by approximately 0.078 second,
the left sign support had fractured at bumper height. The center sign support
had fractured partially prior to the splice joint bolts yielding. At
approximately 0.098 second, the right sign support yielded by fracturing the
splice joint bolts. As the sign installation yielded and the vehicle lost
contact, at approximately 0.349 seconds, the brakes were applied and the rear
of the vehicle came to rest directly behind the point of impact. Sequential
photographs of the test are shown in Figure 39.

53



The left sign support was fractured and the center support partially
fractured 22.0 inches (55.88 cm) above ground level. The right support stub was
pushed rearward 9.0 inches (22.86 cm). After impact, the sign installation came
to rest 21 ft (6.4 m) from the impact site. The vehicle sustained minor damage
to the bumper and windshield as shown in Figure 41.

A summary of the test results and other information pertinent to this test
are given in Figure 42. The maximum 0.050 second average acceleration
experienced by the vehicle was -6.5 g in the longitudinal direction and -0.9 g
in the Tateral direction. Vehicle angular displacements are plotted in Figure
43 and vehicle accelerometer traces are displayed in Figure 44 through 46.
Occupant impact velocity in the longitudinal direction was 21.1 feet per second
(6.4 m/s) and no occupant impact velocity existed in the lateral direction. The
highest 0.10 second occupant ridedown acceleration was -2.7 g (longitudinal).
Change in velocity was 18.4 mi/h (29.6 km/h) and change in momentum was 1,509
1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
The occupant impact velocity was high (NCHRP Report 230 limit is 15 ft/s). In
addition, the change in momentum was over the recommended limit of 1100 1b-s.
This sign installation in "strong" soil 1is unacceptable according to the
evaluation criteria recommended in NCHRP Report 230 and the AASHTO Standards.
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Figure 35. Details of sign installation for test 1122-5.
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Figure 36, Sign installation before test 1122-5.



Figure 37, Vehicle before test 1122-5.



Date: _/-28-88 Test No. 1122-5  VIN:
Make: Honda Model : Civic _ Year: 1982
Tire Size: 155 SR13 Ply Rating: I Bias Ply:

Accelerometers

Tire dia
Wneel dia

JHNMSL5327CS5012650_

k (9
4 4
b
4-wheel weight
for c.a. det. £f 600 rf 532 or 329 rr 339
Mass - pounds Curb Test Inertial Gross Static
M1 1159 1132 1216
M2 639 668 754
My 1798 1800 1970

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Figure 38,
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Odometer: 110097

Belted: _ Radial: _x
Tire Condition: good
fair X _

badly worn

Vehicle Geometry - inches

a_623/4 b _30

c 88 d* 52 3/4
e 28 f 146

g h 32,7

i mmm i 30

k 16 1/2 ¢ 28 1/2

m 19 1/2 n 4
0 13 3/4 p 54
r 21 3/4 s 14 1/4

Engine Type: 4 cyl
Engine CID:
Transmission Type:

Automatic or
@) or RWD or 4HD

Body Type: Hatch

Steering Column Collapse
Mechanism:

Behind wheel units
~_Convoluted tube
Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc X drum___
Rear: disc__ drum_X

Test vehicle properties (1122-5).
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Figure 39. Sequential photographs for test 1122-5.
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Figure 39. Sequential photographs for
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Figure 4l. Vehicle after test 1122-5.
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1122-5
07/28/88

Sign Installation
Three Marion

3.0 1b-ft Supports
1982 Honda

1,800 1b (817 kg)
1,970 1b (894 kg)

C]ass1f1cat1on

.

.

.

42,

12FD1
12FDEWI

0.319 s 0.479 s

IMPACT
Impact Speed. . . . . . . 19.5 mi/h ( km/h)
Change in Velocity . . . 18.4 mi/h (29.6 km/h)
Change in Momentum. . . . 1,509 1b-s

Vehicle Accelerations
(Max. 0.050-sec Avg)

Longitudirnal. . . . -6.5¢
Lateral . . -0.9 g
Occupant Impact Ve]oc1ty
Longitudinal. . . . . 21.1 ft/s (6.4 m/s)
Lateral . . . N/A
Occupant R1dedown Acce]erations
Longitudinal . . . . . -2.7¢
Lateral . . . . . . . . No Contact

Summary of results for test 1122-5.
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DISPLACEMENT
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-2.

~4.

TIME
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Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw

2. Pitch

3. Roll

(SECONDS)
3 .4

Yaw
Pitch
Ro11

Figure 43, Vehicle angular displacements
for test 1122-5.
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LONGITUDINAL ACCELERATION (G's)

1122-3

300 Hz FILTER

0 0.1 0.2 0.3
TIME (SECONDS)

Figure 44, Longitudinal accelerometer trace
- for test 1122-5.
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LATERAL ACCELERATION (G’s)

16
14
12
10

(=T S . T -]

1122-5

300 Hz FILTER
| ﬂ AL WTIHLTY | AA YR
Al | B LA Il "
0 0.1 0.2 0.3

Figure 45,

TIME (SECONDS)

Lateral accelerometer trace
for test 1122-5.
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VERTICAL ACCELERATION (G’s)

1122=5

300 Hz FILTER

Figure 46,

TIME (SECONDS)

Vertical accelerometer trace
for test 1122-5.
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DESCRIPTION OF TEST INSTALLATION FOR 1122-6, 6A & 7

The sign installation used in these tests consisted of a 4 ft-0 in wide
x 6 ft-0 in high plywood sign panel mounted on two Franklin 4.0 1b-ft steel
supports. These supports were attached to two 40 inch stubs which had been
driven into crushed Timestone at 36 inches on center spacing. The supports were
attached to the stubs in a 3.0 inch nested splice (stubs in front of sign
supports) with 1/2 inch spacers and 5/16 inch grade 9 bolts, nuts and washers.
The bottom of sign mounting height was 5 ft. Details of the sign installation
are shown in Figures 47 and 48.
TEST REPORT 1122-6

VEHICLE: 1983 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Two Franklin
4.0 1b-ft supports

IMPACT CONDITIONS: 18.6 mi/h
Center (impact both
legs of sign)

Crash Test Results

A 1983 Honda Civic (shown in Figure 49) impacted the sign installation at
18.6 miles per hour (29.9 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,970 1b (894 kg). The height to the lower edge of the vehicle bumper was
14.5 inches (36.8 cm) and 20.0 inches (50.8 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 50.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the vehicle.
Upon impact, the sign supports began to deform and by 0.100 seconds the splice
joint bolts had fractured. At approximately 0.301 seconds, the vehicle lost
contact with the sign installation, the brakes were applied and the vehicle came
to rest 21 ft (6.4 m) from the point of impact. Sequential photographs of the
test are shown in Figure 51.

The sign installation stubs were pushed rearward 3.0 in (7.6 cm) and the
two sign supports were bent and scraped up to 28.0 in (71.1 cm) above ground
level. In addition, the Tower 15.0 in (38.1 cm) of the right support was
completely detached. The sign installation came to rest 26.0 ft (7.9 m) from the
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point of impact. The vehicle sustained minor damage to the bumper and windshield
as shown in Figure 53

A summary of the test results and other information pertinent to this test
are given in Figure 54. The maximum 0.050 second average acceleration
experienced by the vehicle was -5.8 g in the longitudinal direction and -1.1 g
in the Tateral direction. Vehicle angular displacements are plotted in Figure
55 and vehicle accelerometer traces are displayed in Figure 56 through b58.
Occupant impact velocity in the longitudinal direction was 20.1 feet per second
(6.1 m/s) and no occupant impact velocity existed in the lateral direction. The
highest 0.10 second occupant ridedown acceleration was -0.8 g (longitudinal).
Change in velocity was 14.9 mi/h (23.9 km/h) and change in momentum was 1218
1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
However, the occupant impact velocity and the change in momentum were over the
recommended limits. While not acceptable according to the evaluation criteria
recommended in NCHRP Report 230 and the AASHTO Standards, test conditions did
not represent "strong" soil because of improper compaction.

TEST REPORT 1122-6A

VEHICLE: 1981 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,967 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Two Franklin
4.0 1b-ft supports

IMPACT CONDITIONS: 18.9 mi/h
Center (impact both
legs of sign)

Crash Test Results

A 1981 Honda Civic (shown in Figure 59) impacted the sign installation at
18.9 miles per hour (30.4 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,967 1b (892 kg). The height to the lower edge of the vehicle bumper was
13.5 inches (34.3 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 60.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the vehicle.
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Upon impact, the sign supports began to deform and by 0.023 second the splice
joint bolts had fractured. At approximately 1.33 seconds, as the sign yielded,
the face of the sign struck the roof of the vehicle. Shortly thereafter, the
vehicle lost contact with the installation, the brakes were applied and the
vehicle came to rest 42 ft (12.8 m) from the point of impact. Sequential
photographs of the test are shown in Figure 61.

The sign installation stubs were pushed rearward 1.0 in (2.5 cm) and the
two sign supports were bent and scraped up to 28.0 in (71.1 cm) above ground
level. The sign installation came to rest 36.0 ft (11.0 m) from the point of
impact. The vehicle sustained minor damage to the bumper, hood and right front
fender as shown in Figure 63.

A summary of the test results and other information pertinent to this test
are given in Figure 64. The maximum 0.050 second average acceleration
experienced by the vehicle was -3.6 g in the Tongitudinal direction and -1.0 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
65 and vehicle accelerometer traces are displayed in Figure 66 through 68.
Occupant impact velocity in the longitudinal direction was 10.2 feet per second
(3.1 m/s) and no occupant impact velocity existed in the lateral direction. The
highest 0.10 second occupant ridedown acceleration was -0.6 g (longitudinal).
Change in velocity was 7.2 mi/h (11.6 km/h) and change in momentum was 590 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
The occupant impact velocity was below the NCHRP Report 230 recommended limit
of 15 ft/s. In addition, the change in momentum was also below the recommended
limit of 1100 1b-s. This sign installation in "strong" soil is acceptable
according to the evaluation criteria recommended in NCHRP Report 230 and the
AASHTO Standards.

TEST REPORT 1122-7

VEHICLE: 1983 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Two Franklin
4.0 1b-ft supports

IMPACT CONDITIONS: 60.5 mi/h

Center (impact both
legs of sign)
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Crash Test Results

A 1983 Honda Civic (shown in Figure 69) impacted the sign installation at
60.5 miles per hour (97.3 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,970 1b (894 kg). The height to the Tower edge of the vehicle bumper was
14.5 inches (36.8 cm) and 20.0 inches (50.8 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 70.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the vehicle.
Upon impact, the sign supports began to deform and by 0.013 seconds the splice
joint bolts had fractured. At approximately 0.156 seconds, as the sign yielded
and the test vehicle passed beneath, the face of the sign slapped the roof of
the vehicle. At approximately 0.201 seconds, the vehicle lost contact with the
sign installation, the brakes were applied and the vehicle came to rest 180 ft
(54.9 m) from the point of impact. Sequential photographs of the test are shown

in Figure 71.

The sign installation stubs were pushed rearward 1.0 in (2.5 cm) and the
two sign supports were bent and scraped. In addition, the right support became
completely detached from the sign panel. The sign installation came to rest 27.0
ft (8.2 m) from the point of impact. The vehicle sustained minor damage to the
bumper, hood and roof as shown in Figure 73.

A summary of the test results and other information pertinent to this test
are given in Figure 74. The maximum 0.050 second average acceleration
experienced by the vehicle was -3.1 g in the longitudinal direction and -0.7 g
in the Tateral direction. Vehicle angular displacements are plotted in Figure
75 and vehicle accelerometer traces are displayed in Figure 76 through 78. No
contact by the anthropomorphic dummy was made. Therefore, no occupant impact
velocity or ridedown accelerations were recorded in the longitudinal or lateral
direction. Change in velocity was 5.4 mi/h (8.7 km/h) and change in momentum
was 445 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
No occupant impact velocity or ridedown accelerations were recorded. The change
in momentum was considerably under the recommended 1imit of 1100 1b-s. This sign
installation in "strong" soil is acceptable according to the evaluation criteria
recommended in NCHRP Report 230 and the AASHTO Standards.
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Figure 47. Details of sign installation for test 1122-6.
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Figure 48. Sign installation before test 1122-6.
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Date: 8/9/88 Test No.. 112'_2"6 - - VIN:
Make: _ Honda Model: Civic ~ Year: 1983
Tire Size: P165/80R13 Ply Rating: 3 ‘Bias Ply:

/— Accelerometers

=

T

a

|

Accelerometers

JHMSL5327DS021592

Tire dia r
Wneel dia
s
n
; 7 )
) I e— VAN ]
m O4F"‘ + 1 jKS:;/}L// L lg
Y 4 4 y
L(h—_>l
<—b > c e S
Y i "2

4-wheel weight

for c.a. det. £f 599 rf 568 pgr 308 pr 325

Gross Static

Mass - pounds Curb Test Inertial
M, 1164 1167 1246
M, 640 633 724
My 1804 1800 1970

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: 67360
Belted: Radial: X

Tire Condition: good X
fair
badly worn

Vehicle Geometry - inches

a 62 1/2 b 30

¢ 88 d* 53
e 29 1/2 ¢ 147.5

; h o 30.9
i j 281/2
k 16 3/4 ¢ 28 1/2
m 20 n 4

o 14 1/2 p 53 1/4
. 22 1/2 o 14 1/4

Engine Type: 4 cyl

Engine CID:
Transmission Type:

Automatic or

or RWD or 4WD
Body Type: Hatch

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown

Brakes:
Front: disc_ X drum
Rear: disc__ drum X

Figure 50. Test vehicle properties (1122-6).
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0.070 s

0.140 s

Rl

0.213 s

Figure 51. Sequential photographs for test 1122-6.



0.359 s

0.502 s

Figure 51, Sequential photogrpahs for test 1122-6.
(Continued)
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Figure 52. Sign installation after test 1122-6.



Figure 53, Vehicle after test 1122-6.
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08

0.000 s 0.140 s 0.286 s 0.431 s

ET) =

Test No. . . . . . .. 1122-6 Impact Speed. . . . . . . 18.6 mi/h (29.9 m/h)
Date . . . . . . . .. 08/09/88 Change in Velocity . . . 14.9 mi/h (23.9 km/h)
Test Article . . . . . Sign Installation Change in Momentum. . . . 1,218 1b-s
Support ¢ o = s . s Two Franklin 4 1b-ft Vehicle Accelerations
_ Supports (Max. 0.050-sec Avg)
Vehicle . . . . . .. 1983 Honda Civic Longitudinal. . . . . . -5.8 ¢
Vehicle Weight Lateral . . . . . . .. l.1g
Test Inertia . . . . 1,800 1b (817 kg) Occupant Impact Velocity
Gross Static . . . . 1,970 1b (894 kg) Longitudinal. . . . . . 20.1 ft/s (6.1 m/s)
Vehicle Damage C1a551f1cat1on Lateral « « ¢« & « & « & None
TAD o < ¢ & .« & & 12FD1 Occupant Ridedown Accelerations
SAE . ... 12FDEW1 Longitudinal . . . . . -0.8 ¢
Lateral . . . . . . . . No Contact

Figure 54, Summary of results for test 1122-6.



. -Pitch ji§ Yaw
\\\\\\\ (:;_';:3 o Axes are vehicle fixed.
<§§;;§> = ol Sequence for determining
orientation is:

A0\ 1. Yaw
2. Pitch

— l \ 3. Roll

Ro11

Yaw

2

(SECGNDS)
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.0
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-2.
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Figure 55, Vehicle angular displacements for test 1122-6.

81



LONGITUDINAL ACCELERATION (G’s)

1122-6

300 Hz FILTER

Y

g

Figure 56,

TIME (SECONDS)

Longitudinal accelerometer trace

for test 1122-6.
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LATERAL ACCELERATION (G’s)

1122-6

300 Hz FILTER

0 0.1 0.2
TIME (SECONDS)

Figure 57. Lateral accelerometer trace
for test 1122-6.
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VERTICAL ACCELERATION (G’s)

1122-6

300 Hz FILTER

14

12

10

TIME (SECONDS)

Figure 58. Vertical accelerometer trace
for test 1122-6.
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Figure 59. Vehicle before test 1122-6A.
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2

pate:  8/26/88  T.s. i 1122-6A . JHMSL4312BS027072

Make: Honda Model : Civic Year: 1981 Odometer: 873645
Tire Size: 155/SR12  Ply Rating: 2 ~ 'Bias Ply: X Belted: _  Radial: _ __
Accelerometers Tire Condition: good _
) : fair X
T 1_ 7@ gdly wors _
a p ° Vehicle Geometry - inches
l | 2 62 1/4 p 29 1/4
I > c 88 d* 52
£ e 29 1/2 f
g h 32.7
. . . Accelerometers i e j 30
iire dia <«
Wneel dia — kK 16 1/2 ¢ 26
s
. m 19 1/2 n__ 4 1/2
A I — a i VAo ] o 13172 p 54
1 + A
ny o} ® A - a2 s 1318
. h
PR ¢ Sl €. 5 Engine Type: 4 cyl
Engine CID:
h £ i gine =
e > Transmission Type:
4-wheel weight Automatic or Manual
582 550 330 338
for c.a. det. £f rf Zr rr FWD or RWD or 4WD
' _ Body Type: Hatch
Mass - pounds CUfb Test Inertial Gross Static Steering'Column Collapse
M 1139 1132 1214 Mechanism:
] __Behind wheel units
M, 669 668 153 —_Convoluted tube
__Cylindrical mesh units
My 1808 1800 1967 __Embedded ball
__NOT collapsible
. . . . __Other energy absorption
Note any damage to vehicle prior to test: “Unknown
Brakes:

Front: disc_X drum
Rear: disc__ drum X

*d = overall height of vehicle

Figure 60, Test vehicle properties (1122-6A).
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0.586 s

Figure 61, Sequential photographs for test 1122-6A.
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And s

Figure 6l. Sequential photographs for test 1122-6A.
(Continued)



Figure 62, Sign installation after test 1122-6A.
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Vehicle after test 1122-6A.

63.

Figure
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0.000 s

16

0.391 s

Test No. . . .
Date . . . . .
Test Article .
Support . . .

Vehicle . . .
Vehicle Weight
Test Inertia
Gross Static

Vehicle Damage
TRl <« s « «
SAE . . . .

§=a

.

. 1122-6A

. 08/26/88

. Sign Installation

. Two Franklin 4 1b-ft
Supports

. 1981 Honda Civic

. 1,800 1b (817 kg)
1,967 1b (892 kg)

él&ssi%ication

.

. 12FD1
. 12FDEW1

Figure 64.

0.782 s 1.173 s
4
, < IMPACT
Impact Speed. . . . . . . 18.9 mi/h (30.4 km/h)
Change in Velocity . . . 7.2 mi/h (11.6 km/h)
Change in Momentum. . . . 590 1b-s
Vehicle Accelerations
(Max. 0.050-sec:Avg)
Longitudinal. . . . . . -3.6¢g
Lateral . . . . -1.0 g

Occupant Impact Veioéiiy.

Longitudinal. . . .

10.2 ft/s (3.1 m/s)
None

-0.6 g

Lateral . . . . . .

Occupant Ridedown Accelerations
Longitudinal . . .
Lateral . . . . . .

No Contact

Summary of results for test 1122-6A.



(DEGREES)

DISPLACEMENT

1

=5

0

Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
Pitch
Rol1
Yaw
24

TIME (SECOANDS)

Figure 65. Vehicle angular displacements
‘ for test 1122-6A.
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LONGITUDINAL ACCELERATION (G’s)

O —= N N oty

1122—6A

300 Hz FILTER
|
Ll | .
(Ul DAl Tl UMy a,
v \ v v | ] vV
|
0.1 0.2

TIME (SECONDS)

Figure * 66, Longitudinal accelerometer trace
- for test 1122-6A.
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LATERAL ACCELERATION (G’s)

1122-6A

300 Hz FILTER

14

12

10

L AN AAAA

VWY
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MAV\VAVVAVA

TIME (SECONDS)

Figure 67. Lateral accelerometer trace

for test 1122-6A.
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VERTICAL ACCELERATION (G’s)

1122—6A

300 Hz FILTER

VLT W“w‘vwwv‘vv
|

Figure 68.

TIME (SECONDS)

Vertical accelerometer trace
for test 1122-6A.
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Figure 69, Vehicle before test 1122-7.



Date: 8/9/88 ~ Test ho.. ~11772£—7 VI JHMSL5327DS021592

Make: Honda Model : Civic vear: 1983 Odometer: 67360 )
Tire Size: P165/80R13 piy pating: 3  Bias Ply: __ Belted: _ Radial: X
Accelerometers Tire Condition: good )i_

fair

A — badly worn

Vehicle Geometry - inches

a 62172 p .30

¢ _88 d* 53

e 29 1/2 f 147.5

g h 30.9
Accelerometers i ——— j 28 1/2

Tire dia P
Wneel dia k 16 3/4 ¢ 28 1/2
S
_ “*}_ m 20 n__ 4
AF
. @J y o 141/2 p, 531/4
J }[ ]r_ ® ! i /_/'\\ d
My o} ‘s )T el 2212 o 141/4
h N
Dl ¢ NP N Engine Type: 4 cyl
. Engine CID:
. h f M, e
g Transmission Type:
4-wheel weight Automatic or
99 568 308 325
for c.a. det. ¢f b rf Lr rr or RWD or awD
_ _ Body Type: Hatch
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
My 1164 1167 1246 Mechanism:
Behind wheel units
M, 640 633 724 ~ Convoluted tube
_ Cylindrical mesh units
M 1804 1800 1970 ~_Embedded ball
__NOT collapsible
| ; ; . __Other energy absorption
Note any damage to vehicle prior to test: “Unknown
Brakes:
Front: disci drum___
Rear: disc_ drum X

*d = overall height of vehicle

Figure 70, Test vehicle properties (1122-7).
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0.128 s

Figure 71. Sequential photographs for test for test 1122-7.
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0.314 s

Figure 71, Sequential photographs for test 1122-7.
(Continued)
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Figure 72, Sign installation after test 1122-7.
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Figure 73, Vehicle after test 1122-7.
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Test No. . . . . .

Date . . .

Test Art1c1e : : @
Support . . . ..

Vehicle . . . . .

Vehicle Weight

Test Inertia .

Gross Static

0.086 s

1122-7

. 08/09/88

Sign Installation

Two Franklin 4 1b-ft
Supports

1983 Honda Civic

. 1,800 1b (817 kg)
. 1,970 1b (894 kg)

Vehicle Damage C15551f1cat1on

TAD
SAE

. 12FD1

. . 12FDEW1

0.174 s 0.267 s

\ —g—IMPACT

Impact Speed. . . . . . . 60.5 mi/h (97.3 km/h)
Change in Velocity . . . 5.4 mi/h (8.7 km/h)
Change in Momentum. . . . 445 1b-s
Vehicle Accelerations

(Max. 0.050-sec Avg)

Longitudinal. . . . . . -3.1g¢
Lateral . . . . . . . . -0.7 g
Occupant Impact Ve10c1ty
Longitudinal. . . . . . None
Lateral . . None
Occupant R1dedown Acce]erat1ons
Longitudinal . . . . . No Contact
Lateral . . . . . . .. No Contact

Figure 74, Summary of results for test 1122-7.
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/ 48" X 60" X 5/8 Plywood Sign
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r

Pp— Cast Pipe Clamps

b/ U-Bolt Z—1 172
T 9‘ - O" *_2 1/2"
5t /4 e Pipe Collar
Y Coupling
|3
o ‘sn Z-0 N 18"% Conc. Base )
TYPICAL POST INSTALLATION SIGN POST DIMENSIONS

Figure 79. Signpost installation details for test 1122-8.



Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll

Yaw

1.
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Figure 75. Vehicle angular displacements for test 1122-7.
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LONGITUDINAL ACCELERATION (G’s)

30

20

10

e

11227

300 Hz FILTER

AL YY) W RPN N —r
KA AL Ml TV '\\/b"" WA P eI

0.1 0.2
TIME (SECONDS)

Figure 76, Longitudinal accelerometer trace
for test 1122-7.
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LATERAL ACCELERATION (G’s)
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TIME (SECONDS)

Figure 77, Lateral accelerometer trace
for test 1122-7.
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Figure 78. Vertical accelerometer trace
for test 1122-7.

106



DESCRIPTION OF TEST INSTALLATION FOR 1122-8, 9 & 9A

The sign installation used in these tests consisted of a 4 ft-0 in wide
x 5 ft-0 in high plywood sign panel mounted with three cast U-Bolts to a single
2-1/2 inch steel pipe T-support. A 2-1/2 inch x 24.0 inch steel pipe was
embedded in a concrete footing 18.0 inches in diameter x 30.0 inches long for
attachment purposes. The concrete footing was placed in crushed 1imestone (NCHRP
Report 230 "strong" soil). The sign support was then attached to the footing
using a pipe collar coupling. The bottom of sign mounting height was 5 ft-1/4
in. Details of the sign installation are shown in Figures 79 and 80.
TEST REPORT 1122-8

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 Tbs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-1/2 inch Pipe
and Pipe Collar Coupling

IMPACT CONDITIONS: 20.6 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results

A 1982 Honda Civic (shown in Figure 81) impacted the sign installation at
20.6 miles per hour (33.1 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 Tb (817 kg) and its gross static mass
was 1,970 1b (894 kg). The height to the lower edge of the vehicle bumper was
13.8 inches (34.9 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 82.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center Tine of the sign with the quarter point on the
passenger side of the vehicle. Upon impact, the sign support began to deform
and the vehicle started to climb the post. At approximately 0.118 second, the
right front wheel became airborne. Shortly thereafter, at 0.138 second the sign
support pulled from the pipe collar coupling. As the sign installation yielded,
the brakes were applied and the vehicle came to rest 10 ft (3.0 m) from the point
of impact. Sequential photographs of the test are shown in Figure 83.

The sign support and panel came to rest directly beneath the test vehicle.
The support anchor received only minor damages and could be placed back into
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service. The vehicle sustained minor damage to the bumper, hood, fender, right
front control arm and strut assembly, as shown in Figure 85.

A summary of the test results and other information pertinent to this test
are given in Figure 86. The maximum 0.050 second average acceleration
experienced by the vehicle was -4.6 g in the longitudinal direction and -1.2 g
in the Tateral direction. Vehicle angular displacements are plotted in Figure
87 and vehicle accelerometer traces are displayed in Figure 88 through 90.
Occupant impact velocity in the longitudinal direction was 15.2 feet per second
(4.6 m/s) and no occupant impact velocity existed in the lateral direction. The
highest 0.10 second occupant ridedown acceleration was -0.5 g (longitudinal).
Change in velocity was 11.0 mi/h (17.7 km/h) and change in momentum was 904 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
The occupant impact velocity was acceptable (NCHRP Report 230 Timit is 15 ft/s).
In addition, the change in momentum was under the recommended Timit of 1100 1b-s.
This sign installation in "strong" soil is acceptable according to the evaluation
criteria recommended in NCHRP Report 230 and the AASHTO Standards.

TEST REPORT 1122-9

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-1/2 inch Pipe
and Pipe Collar Coupling

IMPACT CONDITIONS: 60.7 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results

A 1982 Honda Civic (shown in Figure 91) impacted the sign installation at
60.0 miles per hour (97.7 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,970 1b (894 kg). The height to the lower edge of the vehicle bumper was
13.8 inches (34.9 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 92.

The vehicle was freewheeling and unrestrained just prior to impact. In
addition, prior to impact the guidance system malfunctioned. Therefore, the
point of impact was the center line of the sign with the front edge of the left
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fender and guide plate attached to the vehicle. Upon impact, the sign support
began to deform and at approximately 0.045 second, the sign support became
detached from the pipe collar coupling. As the sign installation yielded and
the vehicle lost contact, at approximately 0.151 second, the brakes were applied
and the vehicle came to rest 210 ft (64.0 m) from the point of impact.
Sequential photographs of the test are shown in Figure 93.

The sign support and panel came to rest directly behind the point of
impact. The support anchor received only minor damages and could possibly be
placed back into service. The vehicle sustained minor damage to the bumper,
fender, left front tire, control arm, and strut assembly, as shown in Figure 95.

A summary of the test results and other information pertinent to this test
are given in Figure 96. The maximum 0.050 second average acceleration
experienced by the vehicle was -3.5 g in the longitudinal direction and -2.0 g
in the Tateral direction. Vehicle angular displacements are plotted in Figure
97 and vehicle accelerometer traces are displayed in Figure 98 through 100.
Occupant impact velocity in the longitudinal direction was 10.7 feet per second
(3.3 m/s) and no occupant impact velocity existed in the lateral direction. The
highest 0.10 second occupant ridedown acceleration was -1.4 g (longitudinal).
Change in velocity was 10.6 mi/h (17.1 km/h) and change in momentum was 868 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
The occupant impact velocity was below the NCHRP Report 230 recommended limit
of 15 ft/s. In addition, the change in momentum was under the recommended 1imit
of 1100 1b-s. This sign installation in "strong"” soil is acceptable according
to the evaluation criteria recommended in NCHRP Report 230 and the AASHTO
Standards. However, the test conditions presented herein do not represent a
valid test matrix under NCHRP Report 230 guidelines.

TEST REPORT 1122-9A

VEHICLE: 1981 Honda Civic
Test Inertia Mass: 1,800 Tbs.
Gross Static Mass: 1,967 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-1/2 inch Pipe
and Pipe Collar Coupling

IMPACT CONDITIONS: 61.0 mi/h

Quarter point (on passenger
side of vehicle)
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Crash Test Results
A 1981 Honda Civic (shown in Figure 101) impacted the sign installation

at 61.0 miles per hour (98.2 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,967 1b (892 kg). The height to the Tower edge of the vehicle bumper was
13.5 inches (34.3 cm) and 19.5 inches (49.5 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 102.

The vehicle was freewheeling and unrestrained just prior to impact. Upon
impact, the sign support began to deform and the sign face began to separate from
the support. At approximately 0.020 second, the sign support became detached
from the pipe collar coupling. Shortly thereafter, as the vehicle passed beneath
the installation, the sign struck the roof of the vehicle. At 0.505 second, the
vehicle lost contact with the installation, the brakes were applied and the
vehicle came to rest 185 ft (56.4 m) from the point of impact. Sequential
photographs of the test are shown in Figure 103.

The sign support came to rest 52.0 ft (15.9 ft) from the point of impact.
The support anchor received only minor damages and could possibly be placed back
into service. The vehicle sustained minor damage to the bumper, hood, and roof
as shown in Figure 105.

A summary of the test results and other information pertinent to this test
are given in Figure 106. The maximum 0.050 second average acceleration
experienced by the vehicle was -4.2 g in the longitudinal direction and -1.8 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
107 and vehicle accelerometer traces are displayed in Figure 108 through 110.
No contact by the anthropomorphic dummy was made. Therefore, no occupant impact
velocity or ridedown accelerations were recorded in the longitudinal or lateral
direction. Change in velocity was 6.7 mi/h (10.7 km/h) and change in momentum
was 5451b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
No occupant impact velocity or ridedown accelerations were recorded. The change
in momentum was considerably under the recommended Timit of 1100 1b-s. This sign
installation in "strong" soil is acceptable according to the evaluation criteria
recommended in NCHRP Report 230 and the AASHTO Standards.
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Figure 8l. Vehicle before test 1122-8.
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JHMSL5327CS012650

Date: _8-16-88 Test No.: 1122-8 .
Make: _Honda Model:  Civic vear: _ 1982

Tire Size: 155 SR13 _ Ply Rating:

/ Accelerometers

)

]

Accelerometers

‘Bias Ply:

Tire dia LN
Wheel dia
—
] -
il 72 — e \Wes 1
Lm0 tt_)'/ ‘(k ’9
«h >
< L - < b5
§£ZH f §$7hb N
4-wheel weight
for c.q. det. &f 600 rf 532 g 329 rr 339
Mass - pounds Curb Test Inertial Gross Static
M1 1159 1132 1216
M, 639 668 754
MT 1798 1800 1970

Note any damage to vehicle prior to test:

*d = gverall height of vehicle

Figure

114

Odometer: 110007
Belted: _ Radial: X_
Tire Condition: good
fair X
badly worn

Vehicle Geometry - inches

a

€

e

0

r

62 3/4 b 30

38 d* 52 3/4

28" ¢ 146

-—- h 32.7
——e j 30"

16 1/2 L 28 1/2

19 1/2 n 4
13 3/4 p 54
21 3/4 s 14 1/4

Engine Type: 4 cyld
Engine CID:
Transmission Type:

Automatic or

or RWD or 4WD

Body Type:

Hatch

Steering Column Collapse

Mechanism:

Behind wheel units
~_Convoluted tube
Cylindrical mesh units
~_Embedded ball
__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: discX drum_
Rear: disc___ drum X

82, Test vehicle properties (1122-8).



0.196 s

Figure 83, Sequential photographs for test 1122-8.
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Figure 83. Sequential photographs for test 1122-8.
(Continued)



Figure 84, Sign installation after test 1122-8.
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Figure 85. Venicle after test 1122-8.
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0.000 s 0.131 s

1 &1
L]

Test No. . . . . . . . 1122-8

Date . . . . .. . 08/16/88

Test Art1c1e « « + . . Sign Installation

Support . . . . . . . 2 1/2" Pipe & Pipe
Coupling Support

Vehicle . . . . . . . 1982 Honda Civic
Vehicle We1ght

Test Inertia . . ., . 1,800 1b (817 kg)

Gross Static . . . . 1,970 1b (894 kg)
Vehicle Damage Classification

TAD .. ... ... 12FR]

SAE . . . . . . . . 12FREl & OOTDGNI

0.262 s 0.393 s
o g IMPACT
Impact Speed. . . . . . . 20.6 mi/h (33.1 km/h)
Change in Velocity . . . 11.0 mi/h (17.7 km/h)
Change in Momentum. . . . 904 1b-s

Vehicle Accelerations
(Max. 0.050-sec Avg)

Longitudinal. . . . . . -4.6 g
Lateral . . . -1.2 g
Occupant Impact Veloc1ty
Longitudinal. . . . . . 15.2 ft/s (4.6 m/s)
Lateral . . . None
Occupant R1dedown Acce]erat1ons
Longitudinal . . . . . -0.5g¢
Lateral . . . . . . . . No Contact

Figure 86. Summary of results for test 1122-8.
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(DEGREES)
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DISPLACEMENT

-6.

orientation is:

- Axes are vehicle fixed.
[i::j> Sequence for determining

. ro\) . Yaw
2. Pitch
3. Roll

TIME (SECONDS)
. - 3 .4

l | 1

Pitch
Ro11

Yaw

Figure 87, Vehicle angular displacements
for test 1122-8.
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LONGITUDINAL ACCELERATION (G's)

1122-8

300 Hz FILTER

A f/\ﬂal\h; A

I
L1

Figure

88.

TIME (SECONDS)

Longitudinal accelerometer trace for
test 1122-8.
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LATERAL ACCELERATION (G’s)

1122-8

300 Hz FILTER

O = N N &= O &y J

A AT T
[y LVWMANV\

g

TIME (SECONDS)

Figure 89, Lateral accelerometer trace
for test 1122-8.
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VERTICAL ACCELERATION (G's)

1122-8

300 Hz ALTER
T
A —aA A Y
| ARV RN WA S
| WA
0.1 02 0.3
TIME (SECONDS)
Figure 90, Vertical accelerometer trace

for test 1122-8.

123



Figure 91. Vehicle before test 1122-9.



Date: _ 8/16/88 fest No.:  1122-9 vir. _ JHMSL5327CS012650
Make: _ Honda Model: _ Civic Year: 1982 Odometer: 110007
Tire Size: 155 SR13 Ply Rating: ‘Bias Ply: _ Belted: _ Radial: X
/— Accelerometers Tire Condition: good
y fair X_
badly worn __

Ea

a

Vehicle Geometry - inches

a 623/4 b 30

|

I c 88 d* 52 3/4
2 e 28 f 146
g n 32.7
- ) v Accelerometers i i j 30
fire dia -]
Wheel dia < k 16 1/2 £ 28 1/2
. ”*’- m 191/2 n_ 4
' >
N y 13 3/4 p 54
J }F ® L |r m d) o
nl o} | ) — )l . 2134 o 141/
h
b Ll ¢ sl € o Engine Type: 4 cyld
1 2 %7,42 Engine.CI[.):

& > Transmission Type:
4-wheel weight Automatic or
for c.a. det. £f 600 rf 532 Lr 329 rr_339 or RWD or awD

) . Body Type: _Hatch
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M 1159 1132 1216 Mechanism:
] __Behind wheel units
My 639 668 754 ~_Convoluted tube
Cylindrical mesh units
MT 1798 1800 1970 __Embedded ball
NOT collapsible

Note any damage to vehicle prior to test:

*d = overall height of vehicle

~_Other energy absorption

__Unknown
Brakes:
Front: disc_ X drum_

Rear: disc__ drum X

Figure 92. Test vehicle properties (1122-9).
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0.091 s

b

e

0.136 s

Figure 93.

Sequential photographs for

test 1122-9.



0.181 s

s

0.227 s

0.272 s

0.317 s

Sequential photographs for test 1122-9.

(Continued)

Figure 93,

-y



Figure 94, Sign installation after test 1122-9.
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Figure 95. Vehicle after test 1122-9.
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O¢T

0.000 s 0.091 s

Test No. . . . . . .. 1122-9

Date . . . . . . . .. 08/16/88

Test Article . . . . . Sign Installation

Support . . . . . .. 2 1/2" Pipe & Pipe
Collar Coupling
Support

Vehicle . . . . . .. 1982 Honda Civic

Vehicle Weight
Test Inertia . . . . 1,800 1b (817 kg)
Gross Static . 1,970 1b (894 kg)
Vehicle Damage C]ass1f1cat1on
TAD . . . ... .. 12FL1
SAE . . . . .. . . 12FFEN4

0.181 s 0.272 s
o —ag—MPACT

Impact Speed. . . . . . . 60.7 mi/h (97.7 km/h)
Change in Velocity 10.6 mi/h (17.1 km/h)
Change in Momentum. . . . 868 1b-s
Vehicle Accelerations

(Max. 0.050-sec Avg)

Longitudinal. . . . . . -3.5 ¢

Lateral . . . . . . . . -2.0 g
Occupant Impact Velocity

Longitudinal. . . . . . 10.7 ft/s (3.3 m/s)

Lateral . . . . . . . . None
Occupant Ridedown Accelerations

Longitudinal . . . . . -l1.4 g

Lateral + ¢ =« s &« & & s No Contact

Figure 96. Summary of results for test 1122-9.



Axes are vehicle fixed.

Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
~
— ]
Yaw

o

"

Ll
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)

l—l—' L]
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}_

=

L
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_
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Figure 97. Vehicle angular displacements for test 1122-9.
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LONGITUDINAL ACCELERATION (G's)

12
10

QO N e O o

1122-9

300 Hz FILTER

TIME (SECONDS)

Figure 98, Longitudinal accelerometer trace
for test 1122-9.
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LATERAL ACCELERATION (G’s)

1122-9

300 Hz FILTER

20

10

0 \ H V||l

TIME (SECONDS)

Figure 99, Lateral accelerometer trace
for test 1122-9.
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VERTICAL ACCELERATION (G's)

16
14
12
10

|
N (=) o] B ™» o

i |
» B

1122-9

300 Hz FILTER

TIME (SECONDS)

Figure 100. Vertical accelerometer trace
for test 1122-9.

134







Figure 101, Vehicle before test 1122-9A.
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Date: 8/26/88  iestno.o:  1122-9A 0 vii: _JHMSL4312BS027072

Make: Honda Model : Civic Year: 1981 Odometer: 873645 )
Tire Size: 155/SR12  piy Rating: 2 Bias Ply: X  Belted:  Radial: _
Accelerometers Tire Condition: good

fair _x

badly worn

Vehicle Geometry - inches

a p ©
l ‘ | a 62 1/4 b 29 1/4
74 17> c 88 a* 52
e 29 1/4 f
g h 32.7
i - i _30

Tire dia
Wneel dia

k 16 1/2 ¢ 29

n 191/2 o 4 1/2
; o 131/2 p 54
I v 21172 s 13 1/4

Engine Type: 4 cyl
Engine CID:
> Transmission Type:

4-wheel weight Automatic or
582 550 330 338
for c.a. det. £f rf Lr rr or RWD or 4WD
. _ Body Type: Hatch
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse

M 1139 1132 1214 Mechanism:
Behind wheel units

M, 669 668 753 ~Convoluted tube
__Cylindrical mesh units
1808 1800 1967 "_Embedded ball
__NOT collapsible
Other energy absorption

Note.any damage to vehicle prior to test: “Unknown

Brakes:
Front: disc_X drum___
Rear: disc__ drum X

*d = overall height of vehicle
Figure 102, Test vehicle properties (1122-9A).
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0.071 s

0.212 s

Figure 103. Sequential photographs for test 1122-9A.
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0.285 s

0.359 s

0.432 s

0.505 s

Figure 103. Sequential photographs for test 1122-9A.
(Continued)
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Figure 104, Sign installation after test 1122-9A.



Figure 105. Vehicle after test 1122-9A.



vl

0.141 s

Test No. . . . . . .. 1122-9A

Date . . . . . .. .. 08/26/88

Test Article . . . . . Sign Installation

Support . . . . . .. 2 1/2" Pipe & Pipe
Collar Coupling
Support

Vehicle . 1981 Honda Civic

Vehicle We1ght
Test Inertia . . . . 1,800 1b (817 kg)
Gross Static . . . . 1,967 1b (892 kg)

Vehicle Damage Classification
TAD . ... .... 12FC2
SAE . 12FREN]

106.

0.285 s

0.432 s

Impact Speed. . . . . . . 61.0 mi/h (
Change in Velocity . . . 6.7 mi/h (
Change in Momentum. . . . 545 1b-s

Vehicle Accelerations
(Max. 0.050-sec Avg)

Longitudinal. . . . . . -4.2 g
Lateral . . . . . . .. -1.8 ¢
Occupant Impact Ve10c1ty
Longitudinal. . None
Lateral . . None
Occupant R1dedown Acce]eratlons
Longitudinal . . . . . No Contact
Lateral . . No Contact

Summary of results for test 1122-9A.
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DISPLACEMENT
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Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
TIME
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Figure 107. Vehicle angular displacements
for test 1122-9A.
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LONGITUDINAL ACCELERATION (G's)

20

15

1122-9A

300 Hz FILTER

)
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TIME (SECONDS)

Figure 108. Longitudinal accelerometer trace
- for test 1122-9A.
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LATERAL ACCELERATION (G’s)

30
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1122-9A
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Figure 109. Lateral accelerometer trace
for test 1122-9A.
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Figure 110, Vertical accelerometer trace
‘ for test 1122-9A.
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DESCRIPTION OF TEST INSTALLATION FOR 1122-10 & 11

The sign installation used in these tests consisted of a U-frame
constructed of 2.0 inch diameter steel pipe welded to a 3.0 inch diameter steel
pipe support. The U-frame dimensions were 9 ft-1 1/2 in on one side and 4 ft-6
in on the other. The spacing between the U-frame uprights was 2 ft-8 1/2 in.
This was welded to a 4 ft-10 long steel pipe support equipped with a triangular
slip base. A 3.0 inch x 36.0 inch steel pipe with triangular slip base and
lifting ramp was embedded in a concrete footing 18.0 inches in diameter x 42.0
inches long for attachment purposes. The concrete footing was placed in crushed
limestone (NCHRP Report 230 Strong Soil). The sign support base was then
attached to the footing base using 5/8 in x 2-1/2 in H.S. Hex bolts, washers,
and nuts. All signs were attached using 2 cast pipe clamps per sign with
U-bolts. The bottom of sign mounting height was 5 ft-0 in. Details of the sign
installation are shown in Figures 111 and 112.
TEST REPORT 1122-10

VEHICLE: 1980 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,972 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 3.0 inch Pipe Support
with Triangular STip Base

IMPACT CONDITIONS: 19.7 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results

A 1980 Honda Civic (shown in Figure 113) impacted the sign installation
at 19.7 miles per hour (31.7 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,972 1b (894 kg). The height to the Tower edge of the vehicle bumper was
11.6 inches (29.5 cm) and 20.0 inches (50.8 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 114.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the quarter point on the
passenger side of the vehicle. Upon impact, the sign support began to slip. At
approximately 0.020 second, the support had completely detached from the anchored
slip base. As the vehicle passed beneath the installation, the face of the sign
impacted the rear of the vehicle at 0.640 second. In addition, at 1.110 seconds,
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the base of the sign support came down into the vehicle’s rear hatch window.
Shortly thereafter, the brakes were applied and the vehicle came to rest 110 ft
(33.5 m) from the point of impact. Sequential photographs of the test are shown
in Figure 115.

The sign installation came to rest directly on the rear of the test
vehicle. The sign installation received only minor damages. The vehicle
sustained minor damage to the bumper and rear hatch door as shown in Figure 117.

A summary of the test results and other information pertinent to this test
are given in Figure 118. The maximum 0.050 second average acceleration
experienced by the vehicle was -1.8 g in the longitudinal direction and -0.6 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
119 and vehicle accelerometer traces are displayed in Figure 120 through 122.
No contact by the anthropomorphic dummy was made. Therefore, no occupant impact
velocity or ridedown accelerations were recorded in the Tongitudinal or Tateral
direction. Change in velocity was 4.0 mi/h (6.4 km/h) and change in momentum
was 328 1b-s.

In summary, the sign installation yielded to the vehicle and the vehicle
sustained very minor damage. Although, the base of the sign support came down
into the vehicle’s rear hatch window, it did not present undue hazard to the
occupants or to other traffic. No occupant impact velocity or ridedown
accelerations were recorded. The change in momentum was considerably under the
recommended 1limit of 1100 1b-s. This sign installation in "strong" soil is
acceptable according to the evaluation criteria recommended in NCHRP Report 230
and the AASHTO Standards.

TEST REPORT 1122-11

VEHICLE: 1980 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,972 lbs.

TEST ARTICLE: Single Support Sign Installation
Support: 3.0 inch Pipe Support
with Triangular Slip Base

IMPACT CONDITIONS: 59.8 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results
A 1980 Honda Civic (shown in Figure 123) impacted the sign installation
at 59.8 miles per hour (96.2 km/h) using a cable reverse tow and guidance system.
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Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,972 1b (894 kg). The height to the lower edge of the vehicle bumper was
11.6 inches (29.5 cm) and 20.0 inches (50.8 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 124.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign, with the quarter point on the
passenger side of the vehicle. Upon impact, the sign support began to slip. At
approximately 0.013 second, the support had completely detached from the anchored
slip base. As the sign installation yielded, the test vehicle passed beneath.
At approximately 0.078 second, the vehicle Tlost complete contact with the
installation. Shortly thereafter, the brakes were applied and the vehicle came
to rest 185 ft (56.4 m) from the point of impact. Sequential photographs of the
test are shown in Figure 125.

The sign installation came to rest 24 ft from the point of impact. The
sign installation received only minor damages. The vehicle sustained minor
damage to the bumper and hood as shown in Figure 127.

A summary of the test results and other information pertinent to this test

are given in Figure 128. The maximum 0.050 second average acceleration
experienced by the vehicle was -3.3 g in the longitudinal direction and -0.9 g
in the lateral direction. Vehicle angular displacements are plotted in Figure
129 and vehicle accelerometer traces are displayed in Figure 130 through 132.
No contact by the anthropomorphic dummy was made. Therefore, no occupant impact
velocity or ridedown accelerations were recorded in the longitudinal or Tateral
direction. Change in velocity was 5.5 mi/h (8.9 km/h) and change in momentum
was 451 1b-s.
In summary, the sign installation yielded to the vehicle. The vehicle sustained
very minor damage and did not present undue hazard to other traffic. No occupant
impact velocity or ridedown accelerations were recorded. The change in momentum
was considerably under the recommended 1imit of 1100 1b-s. This sign
installation in "strong" soil is acceptable according to the evaluation criteria
recommended in NCHRP Report 230 and the AASHTO Standards.
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Q- 24'x 24" Interstate
R= 21"¢ |5" Direction Arrow
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TYPICAL POST INSTALLATION SIGN POST DIMENSIONS

Figure .111, Signpost installation details for test 1122-10.
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Figure 113. Vehicle before test 1122-10.
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Date:  8/18/88 Tes __1122-10 viit: - SLC1014433
Make: Honda Model : Ci_V'iC Year: _19&__ Odometer: _8%
Tire Size: P155/80R12 Ply Rating: _ 'Bias Ply:  Belted: __ Radial: X _
/— Accelerometers Tire Condition: good
fair X
badly worn

ﬁ,i

Vehicle Geometry - inches

a_b6bl 1/2 b 30

Y ; c 88 1/2 451 7/8
| I3 ’ e 28 3/4 ¢
g h 33,0
) . Accelerometers i - J 29 1/4
Tire dia LA
Wneel dia——— kK 14 1/4 ¢ 27 1/2
s
“*]_ m 20 n_31/2
i GP 4—] 5 o y o 115/8 p 53 3/4
mI of | I =T v 2118 5 13 1/4
h
P B ¢ e © 5] Engine Type: 4 cyl
.4] ¢ %7,.12 Engine.CI['):
< > Transmission Type:
4-wheel weight Automatic or
for c.a. det. ¢f 592 rf 536 gr 314 rr 358 or RUD or 4WD
Body Type: 2-DR/Hatch
Mass - pounds Curb Test Inertial Gross Static Steering.C01umn Collapse
M, 1137 1128 1210 Heshan 5}
. Behind wheel units
M, 647 672 762 __Convoluted tube
__Cylindrical mesh units
My 1784 1800 1972 _Embedded ball
__NOT collapsible

Note any damage to vehicle prior to test:

__Other energy absorption

*d = overall height of vehicle

__Unknown

Brakes:
Front disc_X_ drum____
Rear disc__ drum X

Figqure 114, Test vehicle properties (1122-10).
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0.000 s

0.161 s

Figure 115, Sequential photographs for test 1122-10.
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Figure 115, Sequential photogrpahs for test 1122-10.
(Continued)
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116, Sign installation after test 1122-10.

Figure



Figure 117, Vehicle after test 1122-10.
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0.000 s

{ &0 ==

Test No. . . . . . ..
Date . . . . . . . .
Test Article . . . . .
Support < . . & 5 s s

Vehicle . . . . . ..
Vehicle Weight
Test Inertia . . . .
Gross Static
Vehicle Damage
TAD . .. .. ...
SAE . .. .. ...

Figure 118,

1122-10

. 08/18/88

Sign Installation
3" Pipe Support with
Triangular Slip Base
1980 Honda Civic

1,800 1b (817 kg)
1,972 1b (894 kg)

Classification

12FR1
12FRLN1

Summary of results

Impact Speed. . . . . .
Change in Velocity . .
Change in Momentum. .
Vehicle Accelerations
(Max. 0.050-sec Avg)
Longitudinal. . . . .
Lateral . . . .

.

Occupant Impact Veioéiiy.

Longitudinal. . . . .
Lateral . . . .
Occupant Ridedown
Longitudinal . . . .
Lateral . . . . . . .

for test 1122-10.

Acéeie;at

0.964 s

IMPACT

19.7 mi/h (31.7 km/h)
4.0 mi/h (6.4 km/h)
328 1b-s

-1.8 g
-0.6 g
None
None
ions

No Contact
No Contact



Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
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Figure 119, Vehicle angular displacements
for test 1122-10.
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LONGITUDINAL ACCELERATION (G’s)

1122-10

300 Hz FILTER

I
el

0.1 0.2
TIME (SECONDS)

Figure 120. Longitudinal accelerometer trace
for test 1122-10.
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LATERAL ACCELERATION (G's)

1122-10

300 Hz FILTER

N +~
__—J’;_

o
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TIME (SECONDS)

Figure 121, Lateral accelerometer trace
for test 1122-10.
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VERTICAL ACCELERATION (G’s)

1122-10

300 Hz FILTER

12

10

v

TIME (SECONDS)

Figure 122, Vertical accelerometer trace
for test 1122-10.
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Figure 123, Vehicle before test 1122-11.



sete: 8/16/88 112211 ¢in: _ SLC1014433
Make: _Honda Model: Civic Year: 1980 Odometer: 813201
Tire Size: P155/80R12 Ply Rating: Bias Ply:  Belted:  Radial: X
//f—-Acce1erometers Tire Condition: good
— fair X
‘I _f— 7,@—9 badly worn
a P ° Vehicle Geometry - inches
l a 61 1/2 b 30
Z I __> . 88 1/2 4 517/8
2 e 28 3/4 f
g h _33.0
i . j 29 1/4
Tire dia
Wheel dia k 14 1/4 ¢ 27 1/2
; L m 20 n 31/2
)E
o o 11 5/8 p 53 3/4
i| T/ -
y " or ) 21 1/4 o 13 1/4

4-wheel weight

for c.a. det. 314

2f 592 rf 536 £r rr 358

Mass - pounds Curb Test Inertial Gross Static
M, 1137 1128 1210
M, 647 672 762
My 1784 1800 1972

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Engine Type: 4 cyl
Engine CID:

Transmission Type:

Automatic or
.or RHD or 4WD

8

Body Type: 2-DR/Hatch
Steering Column Collapse
Mechanism:

Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc_j& drum_

Rear: disc__ drum X

Figure 104, Test vehicle properties (1122-11).
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0.166 s

Figure 125, Sequential photographs for test 1122-11.
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Figure 125, Sequential photographs for test 1122-11.
(Continued)






Figure 127. Vehicle after test 1122-11.
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0.000 s 0.111 s 0.222 s
‘%% o <a—IMPACT
——————————m
1N
LI
Test No. . . . . . .. 1122-11 Impact Speed. . . . . . . 59.8 mi/h (96.2 km/h)
Date . . . . . . . .. 08/18/88 Change in Velocity 5.5 mi/h (8.9 km/h)
Test Article . . . . . Sign Installation Change in Momentum. . . . 451 1b-s
Support . . . . . .. 3" Pipe Support with Vehicle Accelerations
Triangular Slip Base (Max. 0.050-sec Avg)
Vehicle . . . .. .. 1980 Honda Civic Longitudinal. . . . . . -3.3 g
Vehicle Weight Lateral . . . . . . . . -0.9 g
Test Inertia . . . . 1,800 1b (817 kg) Occupant Impact Velocity
Gross Static . . . . 1,972 1b (894 kg) Longitudinal. . . . . . None
Vehicle Damage Classification Lateral . . . . . . . . None
TAD . .. .. ... 12FR2 Occupant Ridedown Accelerations
SAE & « « « & & % s 12FREN1 Longitudinal . . . . . No Contact
Lateral . . . . . . . . No Contact

Figure 128,

Summary of results for test 1122-11.



Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll
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= . .4
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Figure 129, Vehicle angular displacements for test 1122-11.
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LONGITUDINAL ACCELERATION (G’s)
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130. Longitudinal accelerometer trace

- for test 1122-11.

170



LATERAL ACCELERATION (G’s)
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131, Lateral accelerometer trace

for test 1122-11.
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VERTICAL ACCELERATION (G’s)
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Figure 132,

TIME (SECONDS)

Vertical accelerometer trace
for test 1122-11.
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VALIDATION OF ANALYTICAL MODEL

The recertification tests provided an excellent opportunity to check the
predictions of vehicle performance made using the Kinetic Energy method
described earlier. {Note: the new tests were NOT included in the curve fits).

The first sign system tested for which previous data was available was
the 40 square foot sign supported by three 4 1b/ft Rail Steel U-Posts (Tests
1122-3 & 4). Table 2 shows a comparison of the actual changes in velocity and
the values predicted using the principles presented herein. The values for AKE
were calculated directly from the Teast squares equation on Figure 7 for 4 1b
nonbreakaway posts. This system was classified as nonbreakaway because Tlarge
soil deformations prevented activation of the bolted splice. Also, values for
the single post in the "actual" column were extrapolated wusing Tlinear
interpolation. The model predicted a change in velocity for three posts at an
impact speed of 20 mph, which was greater than the initial velocity.
Therefore, our calculations agree very well with the first set of tests
(including the ability to predict refusal of the car by the sign).

The next applicable tests involved two 4 1b/ft U-Posts with ground
splices (Tests 1122-6 & 7). The changes in Kinetic Energy were calculated
from the 1ine fit in Figure 6 and the changes in velocity listed in Table 2.
Again there is good correlation, Tless than 10% difference, between the
predictions and the actual values.

Tests 1122-8 & 9 were single 2-1/2 inch standard steel pipe in a threaded
coupler. Figure 9 provided the equation to predict the changes in Kinetic
Energy. The comparison shows the calculated values do not agree very well
with the actual values (see also Table 2). On the other hand, the upper bound
parallel offset provided a much better estimation. Such an offset is
appropriate for large data scatter, however, the analysis should not be used
for systems with such few data points.

The final set of tests, 1122-10 & 11, was a 3 inch pipe tree mounted on a
triangular slip base. The changes in velocity were calculated using both the
linear and the cubic line fits from Figures 11 and 12 respectively. As
originally thought, the linear fit did not model the car’s performance very
well, even with an offset. However, the data supported the third order fit
much more closely. The Tow speed prediction came within about 3% of the
actual change in velocity. Even for the high speed test, with only one
previous data point, the predicted change in velocity was within 19%.
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TABLE 2 - Comparison of Changes in Velocity

Vi (mph) Actual AV (ft/s) Estimated AV (ft/s)

Tests 3 & 4 (Three nonbreakaway 4 1b/ft posts)

3 Posts 1 Post 3 Posts 1 Post
20.27 33.25 5.37 >29.73 5.46
61.67 16.56 5.16 16.56 5.16

Tests 6 & 7 (Two breakaway 4 1b/ft posts)

2 Posts 1 Post 2 Posts 1 Post
18.89 10.60 4.68 11.14 4.88
60.46 7.96 3.89 8.74 4.25

Tests 8 & 9 (2-1/2 inch pipe w/threaded coupler - offset = 4660 ft-1b)

1 Post 1 Post w/offset
20.58 16.16 10.65 15 .52
61.03 9.75 7.63 8.37
Tests 10 & 11 (3 inch pipe on triangular slip base)
1 Post Linear Cubic
19.67 5.87 3.27 6.06
59.77 8.07 4.88 6.55
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SUMMARY - PHASE ONE

A1l of the small sign support systems currently used and maintained along
Texas highways, which were tested as a part " of this project,have passed
recertification requirements for NCHRP 230 strong soil.These systems includeup
to two 4 1b/ft U-posts, up to a 3 inch pipe on a triangular slip-base, and a
single 2-1/2 inch pipe with threaded coupler. These requirements were
satisfied both analytically with the Kinetic Energy calculations and
experimentally with actual crash tests. Several systems that were originally
included in the problem statement were not tested because of subsequent
approval by FHWA.

There were two additional benefits from the crash testing conducted
during this phase of the project. First, a generic sign system for the State
of Texas passed certification. Tests 1122-6 & 7 were double 4 1b/ft U-Post
installations in NCHRP Report 230 classification "strong" soil. This generic
ground splice system can support a sign blanks of up to 24 square feet.
Second, it appears the Kinetic Energy method may be useful for reducing the
number of crash tests or retests necessary in the future.
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GENERIC SIGN SYSTEMS - PHASE TWO
INTRODUCTION

The first step in developing a generic sign system for the state of Texas
was defining the breadth of the problem. The primary questions were (a) how
difficult would it be to meet the weak soil criteria and (b) were other "generic
systems" already available. In an attempt to answer these questions, several
previously developed sign systems were investigated.

Subsequently, it was decided to crash test a modified generic system
developed for the Arizona Department of Transportation. This system used three
3 Tb/ft 80 ksi U-posts with ground splices to support a 40 square foot sign.
Such a generic system met most of the requirements expressed by the state’s
advisory committee and had already passed in "strong" soil. The system was
modified for "weak" soil by extending the embedment depth of the stubs to 54
inches. It was hoped that this type of modification of a "strong" soil sign
support system would allow these systems to be extended to "weak" soil.
DESCRIPTION OF CRASH TEST PROCEDURES

The crash test procedures were in accordance with the guidelines presented
in NCHRP Report 230. The details of the instrumentation and data reduction are
included in Phase One of this report.

CRASH TESTS

The objective of these tests was to determine the impact characteristics
of a multi-leg sign installation when impacted by an 1,800 1b vehicle at 20.0
and 60.0 mi/h. Standards established in AASHTO "Standard Specifications for
Structural Supports for Highway Signs, Luminaires, and Traffic Signals" and NCHRP
Report 230 were used for analyses and evaluation of this test.
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DESCRIPTION OF TEST INSTALLATION FOR 1122-1 & 2

The sign installation used in these tests consisted of a 6 ft-8 in wide
x 6 ft high plywood sign panel mounted on three Marion 80 ksi, 3 1b-ft steel
supports (Figure 133). These supports were attached to three 60 inch stubs which
had been driven into sand (NCHRP Report 230 "weak" soil) at 21 in on center
spacing. The supports were attached to the stubs in a nested splice (sign
supports in front of the stubs) with 1/2 in spacers and 5/16 inch grade 9 bolts,
nuts and washers. The bottom of sign mounting height was 5 ft. The completed
installation is shown in Figure 134.
TEST REPORT 1122-1

VEHICLE: 1979 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,968 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Three Marion 80 ksi,
3 1b-ft supports

IMPACT CONDITIONS: 19.2 mi/h
Center (impact all three
legs of sign)

Crash Test Results

A 1979 Honda Civic (shown in Figure 135) impacted the sign installation
at 19.2 miles per hour (30.9 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,968 1b (893 kg). The height to the lower edge of the vehicle bumper was
15.0 inches (38.1 cm) and 19.8 inches (50.2 cm) to the top of the bumper. Other
dimensions and information on the vehicle are given in Figure 136.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center Tine of the sign with the center of the vehicle.

Upon impact, the sign Tegs began to deform and the vehicle started climbing the
sign installation. At approximately 0.145 seconds, the front wheels were clear
of the ground and by 0.245 seconds the forward motion of the vehicle had ceased.
The sign continued travelling in the direction of impact and the vehicle Tost
contact with the sign installation. Shortly thereafter, at 0.400 seconds the
sign installation slapped the vehicle causing it to travel rearward. The vehicle
lost contact with the sign installation at approximately 0.572 seconds and the
front wheels returned to the ground at 0.736 seconds. As the vehicle rolled
backwards from the installation, the brakes were applied and the vehicle came
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to rest approximately 12.0 ft (3.7 m) from the point of impact. Sequential
photographs of the test are shown in Figure 137,

The three sign supports were bent and pushed rearward approximately 8.0
in (20.3 cm). The vehicle sustained minor damage to the bumper and windshield,
as shown in Figure 139.

A summary of the test results and other information pertinent to this test
are given in Figure 140. The maximum 0.050 second average acceleration
experienced by the vehicle was -6.0 g in the longitudinal direction and -0.86
g in the lateral direction. Vehicle angular displacements are plotted in Figure
141 and vehicle accelerometer traces are displayed in Figure 142 through 144.
Occupant impact velocity in the Tongitudinal direction was 26.55 feet per second
(8.10 m/s) and no occupant impact velocity existed in the lateral direction.
The highest 0.10 second occupant ridedown acceleration was -3.29 g
(Tongitudinal). Change in velocity was 19.15 mi/h (30.82 km/h) and change in
momentum was 1570 1b-s.

In summary, the sign installation failed to yield to the vehicle. The
vehicle sustained very minor damage and did not present undue hazard to other
traffic. The occupant impact velocity was high (NCHRP Report 230 limit is 15
ft/s) and change in momentum was over the recommended limit of 1100 1b-s. This
sign installation in "weak" soil is not acceptable according to the evaluation
criteria recommended in NCHRP Report 230 and the AASHTO Standards.

TEST REPORT 1122-2

VEHICLE: 1979 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,968 1bs.

TEST ARTICLE: Multi-Leg Sign Installation
Support: Three Marion 80 ksi,
3 1b-ft supports

IMPACT CONDITIONS: 60.9 mi/h
Center (impact all three

legs of sign)
Crash Test Results
A 1979 Honda Civic (shown in Figure 145) impacted the sign installation
at 60.9 miles per hour (97.9 km/h) using a cable reverse tow and guidance system.
Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross static mass
was 1,968 1b (893 kg). The height to the lower edge of the vehicle bumper was
15.0 inches (38.1 cm) and 19.8 inches (50.2 cm) to the top of the bumper. The
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vehicle from Test 1122-1 was repaired and used for this test. Other dimensions
and information on the vehicle are given in Figure 146.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the vehicle.
Upon impact, the sign Tegs began to deform and the vehicle started climbing the
sign installation. At approximately 0.025 seconds after impact, the outer legs
of the installation were pulled from the ground and the center leg fractured.
Shortly thereafter, at 0.099 seconds, the sign face struck the roof of the
vehicle. The sign installation remained in front of and attached to the vehicle
after impact. As the vehicle exited the impact site, the brakes were applied
and the vehicle came to rest approximately 168.0 ft (51.22 m) from the point of
impact. Sequential photographs of the test are shown in Figure 147.

The two outside sign support stubs were pulled from the soil. In addition,
the center support was fractured 22 in above the soil surface and pushed rearward
approximately 7.0 in (17.78 cm). The vehicle sustained minor damage to the
bumper, lower valance panel, roof and windshield, as shown in Figure 149,

A summary of the test results and other information pertinent to this test
are given in Figure 150, The maximum 0.050 second average acceleration
experienced by the vehicle was -8.6 g in the Tongitudinal direction and -1.3 ¢
in the lateral direction. Vehicle angular displacements are plotted in Figure
151 and vehicle accelerometer traces are displayed in Figure 152 through 154.
Occupant impact velocity in the Tongitudinal direction was 21.57 feet per second
(6.58 m/s) and no occupant impact velocity existed in the Tateral direction.
The highest 0.10 second occupant ridedown acceleration was -2.59 g
(Tongitudinal). Change in velocity was 17.07 mi/h (27.47 km/h) and change in
momentum was 1,340 1b-s.

In summary, the sign installation yielded to the vehicle. It should be
noted however, the installation did not yield by fracturing at the Tap splice
bolts. The vehicle sustained very minor damage and did not present undue hazard
to other traffic. The occupant impact velocity was high (NCHRP Report 230 Timit
is 15 ft/s) and change in momentum was over the recommended 1imit of 1100 1b-s.
This sign installation in "weak" soil was not acceptable according to the
evaluation criteria recommended in NCHRP Report 230 and the AASHTO Standards.
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Figure 134.Vehicle before test 1122-1.



Date: 4-19-88 Test No.: 1122-1-2 VIN:  SBC-7008873

Make: _ Honda Model: Civic Year: 1979 Odometer: 88723
Tire Size: _ 155 SR-12 Ply Rating: 2 Bias Ply: X  Belted: __ Radial:
/—— Accelerometers Tire Condition: good
. fair X
f — 7&@ padly worn _
a p Vehicle Geometry - inches
l l | a 59 b 264
Z r _—> c_87 d* 51%
£ . e 28% f 114
g h 35.9
- X Accelerometers i e J _29%
Tire dia <« >
Wheel dia k 12% L 26
s
) =y . m 19 3/4 n 6%
A
- R @ , o 15 o 51k
i ¥ o— . ANWes!
m £ T tf‘ k (9 1 1
y y 0\ 2K 7 r 21/2 S 13{;
N -
oLl £ > 5 Engine Type: 4 cyl
4 Engine CID:
h f i aine ==
< > Transmission Type:
4-wheel weight Automatic or
for c.g. det. 2&f 549 rf 508 pr 393 rr_ 350 or RWD or 4KD
. ) Body Type: Hatch
Mass - pounds Curb Test Inertial Gross Static Steering Column Collapse
M] 1057 1138 Mechanism:
__Behind wheel units
M, 743 830 __Convoluted tube
__Cylindrical mesh units
M, 1800 1968 __Embedded ball
__NOT collapsible
. . . __Other energy absorption
Note any damage to vehicle prior to test: Unknown
Brakes:

Front: disc_ X drum
Rear: disc_ drum X

*d = overall height of vehicle

Figure 136, Test vehicle properties (1122-1).
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0.252 s

Figure 137, Sequential photographs for test 1122-1.



0.593 s

Figure 137. Sequential photographs for test 1122-1.
(Continued)
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Figure 138.5ign installation after test 1122-1.
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Figure 139, Vehicle after test 1122-1.
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. ® & o e o o e & o o .

Vehicle . . . . . . . . . ..
Vehicle Weight
Test Inertia. . . . . . . .
Gross Static. . . . . . . .

Vehicle Damage Classification

TAD

............

oooooooooooo

Figure

1122-1

04/19/88

Sign Installation
Three Marion 80 ksi
3 1b-ft support
1979 Honda Civic

1,800 1b (817 kg)
1,968 1b (893 kg)

12FD1
12FDEW]

Impact Speed. . . . . . 19.2 mi/h (30.9 km/h)
Change in Velocity. . . 19.2 mi/h (30.9 km/h)
Change in Momentum. . . 1,570 1b-s

Vehicle Accelerations
(Max. 0.05C-sec Avg)

Longitudinal. . . . . -6.0 g
Lateral . . . . . .. -0.86 g
Occupant Impact Velocity
Longitudinal. . . . . 26.55 ft/s (8.10 m/s)
Lateral . . . . . .. None
Occupant Ridedown Accelerations
Longitudinal. . . . . -3.29 ¢g
JLateral . . . . . . . N/A

140, Summary of results for test 1122-1.
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Figure 141, Vehicle angular displacements for test 1122-1.
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LONGITUDINAL ACCELERATION (G’s)

1122-1
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Figure 142,
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Longitudinal accelerometer trace for test 1122-1.
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LATERAL ACCELERATION (G's)

11221

300 Hz FILTER

Figure- 143,

0.2 0.3 0.4
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Lateral accelerometer trace for test 1122-1.
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VERTICAL ACCELERATION (G's)

1122-1

300 Hz FILTER

0.1 0.2 0.3 0.4 0.5
TIME (SECONDS)

Figure 144, Vertical accelerometer trace for test 1122-1.
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Figure 145, Vehicle before test 1122-2.
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Test No.: 1122-1-2 VIN:

SBC-7008873

Date: 4-19-88
Make: Honda
155 SR-12 Ply Rating: 2

//—— Accelerometers

Tire Size:

T

a

|
l T

Accelerometers

Tire dia
Wheel dia

Model:  Civic Year: 1979
Bias Ply: X  Belted:

JF—____JE:%
—

i = JaNWes, 1
m o‘ k g
y y 4 4 y
h oyl
b Ll C € 5
41 f §i7M2

A
A

4-wheel weight

for c.a. det. 2f 549 prf 508 pr 393 rr 350

Gross Static

Mass - pounds Curb Test Inertial
M 1057 1138
M, 743 830
My 1800 1968

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: 838723

Radial:

Tire Condition: good __
fair x_
badly worn

Vehicle Geometry - inches

a __59 b 26%

c 87 d*x 514

e 284 f 114

G e h 35.9
I j 29%

k 1245 2 26

m 19 3/4 6%

o 15 p 51k

p 21k S 134

Engine Type: 4 cyl

Engine CID:

Transmission Type:
Automatic or

or RWD or 4WD

Body Type: _Hatch

Steering Column Collapse
Mechanism:-

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc_X drum_
Rear: disc__ drum X

Figure 1)45. Test vehicle properties (1122-2).
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0.069 s

Figure 147, Sequential photographs for test 1122-2.
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0.213 s

0.248 s

Figure 147.Sequential photographs for test 1122-2.
(Continued)
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rigure 148, Sign installation after test 112z-2.
(Continued)

198



Figure 149, Vehicle after test 1122-2.
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Figure 149, Vehicle after test 1122-2.
(Continued)
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0.000 s

0.213 s
Stubs—\\\\\
= .
IMPACT QD
Q%
Test No . . . . . . . . ... 1122-2 Impact Speed. . . . . . 60.9 mi/h (97.9 km/h)
Date & = « 5 « 5 ® o w o= 5 @ 04/19/88 Change in Velocity. . . 17.1 mi/h (27.5 km/h)
Test. . . . . .. & 4 . . Sign Installation Change in Momentum. . . 1,339.5 1b-s
Support . . . . . . . . ... Three Marion 80 ksi Vehicle Accelerations
3 1b-ft support (Max. 0.050-sec Avg)
Vehicle . . . . . . . . . .. 1979 Honda Civic Longitudinal. . . . . -8.6 g
Vehicle Weight Lateral . . . . . . . -1.3 g
Test Inertia. . . . . . . . 1,800 1b (817 kg) Occupant Impact Ve10c1ty
Gross Static. . . . . . .. 1,968 1b (893 kg) Longitudinal. ‘ 21.57 ft/s (6.58 m/s)
Vehicle Damage Classification Lateral . . . . . . . N/A
TAD . . . . . . ... 12FD1 Occupant Ridedown Accelerations
COE . = 5 = & » 5 & m 8 & 12FDAW2 Longitudinal. . . . . -2.59 g
Lateral . . . . . .. None

Figure 150. Summary of results for test 1122-2.
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Figure 154. Vertical accelerometer trace for test 1122-2.
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WEAK SOIL STUDY

The data from the crash tests gives apparent indication that sign systems
behave differently in "weak" soil. Therefore, the new question raised was
whether or not NCHRP 230 "weak" soil was a representative soil for the state of
Texas. To address this question, a study was undertaken to define the typical
"weak" soil encountered along Texas highways.

The study began by polling the individual districts to determine the
location of "weak" soils and the problems associated with these soils. The
Lufkin and Tyler districts were identified as being good study sites for problem
soils. Contacts were made in these districts to identify specific sites.
Interestingly, the feedback from the survey also indicated some varibility
concerning the definition of "weak" soil.

For most highway districts, "weak" soils were those connected with high
maintenance requirements for various sign installations. The maintenance
typically stemmed from the soil failing to keep the sign support vertical.
Therefore, the State’s problems with "weak" soils was associated more with the
number of reoccurring trips to straighten sign supports rather than with
vehicular impacts.

It was decided that the maintenance problem and the crash test problem were
not independent. Therefore, a solution to either problem would greatly benefit
both. A consultant was enlisted to compare sites in the Lufkin and Tyler
districts with the NCHRP 230 "weak" soil. The primary concern was the lateral
strength of both the manufactured and the insitu soils.

A drivable pressuremeter (Reference 13) was used to obtain these lateral
soil strengths. Baseline values were measured at TTI’s facility first, then
compared to values from the designated study sites. Measurements with the
pressuremeter and soil samples were taken every foot to a depth of 4-1/2 feet.
The test sites were as follows:

(a) TTI Facility (Annex) - baseline tests in dry NCHRP 230
"weak" soil.

(b) TTI Facility (Annex) - baseline tests in wet (saturated)
NCHRP 230 "weak" soil.

(c) Site One - US Highway 287, 800 feet south of Loop 304,
27 feet off centerline of roadway.

(d) Site Two - US Highway 287, 750 feet south of Loop 304,
27 feet off centerline of roadway.
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(e) Site Three - US Highway 287/19, approximate milepost 7,
low side of road (East), center of ditch.

(f) Site Four - US Highway 287/19, approximate milepost 7,
high side of road (West), 23 feet from pavement,
possible wind blown hill.

(g) Site Five - US Highway 287/19, approximate milepost 7,
high side of road (West), 6 feet from pavement.

(h) Site Six - FM 2961, 2-1/2 miles from US Highway 59,
South Side, 12 feet from edge of pavement.

(i) Site Seven - FM 2961, 3-1/2 miles from US Highway 59,
North Side, 7 feet from edge of pavement.

(j) Site Eight - FM 2961, 3-1/2 miles from US Highway 59,
North Side, 12 feet East of Site Seven.

The soil samples were taken back to Texas A&M University and analyzed. A sieve
and moisture content analysis was done for each specimen. The sieve sizes were
in accordance with NCHRP 230 "weak" soil requirements. The pressuremeter plots
for (a), (i) and (Jj) and specimen analysis for all locations are presented in
Figures 155 through 169 and Table 3. Pressuremeter plots for all other locations
are presented in the Appendix.
RESULTS OF SOIL ANALYSIS

The data from the soil analysis gave surprising results. First, the sieve
analysis indicates that none of the insitu "weak" soils meet the NCHRP
requirements. Practically all the field samples, except the top layer in each
set, contained an extreme amount of fines (passing 100 sieve). However, a large
percentage of fines is usually expected for typical insitu "weak" soils. These
soils varied quite noticeably in comparison to the manufactured "weak" soil which

have virtually no fines.

The unexpected part is that the lateral strengths are comparable. A review

of the data shows the strength of the manufactured soil is very similar to that
of the weakest soil tested in the field (Sites 7 & 8). The manufactured soil
was slightly weaker in the first foot and a half, but that difference is
attributed to normal weathering and compaction of insitu soils.
The manufactured soil could be made to duplicate these effects by better
compaction of the top layer. Therefore, it was concluded that for crash test
purposes, the NCHRP 230 "weak" soil was representative of "weak" soils along
Texas highways.
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Figure 155. Annex Dry, 0.5 foot depth.
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Figure 156. Annex Dry, 1.5 foot depth.

209



{(ksf)

PRESSURE ON CAVITY WALL

14

12

-
o

0

Po = ksf = Ksf
Pl = 10.5 ksf - ksf
P1% = 10.5 ksf Ea/P1x 8.5

i o

-

0 10 20 30 40 50

RELATIVE INCREASE IN PROBE RADIUS, dR/Ro (%)

Figure 157. Annex Dry, 2.5 foot depth,
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Figure 161. Site 7, 1.5 foot depth.
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Figure 162. Site 7, 2.5 foot depth.
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Figure 163. Site 7, 3.5 foot depth.
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Figure 164. Site 7, 4.5 foot depth.

217



(ksf)

PRESSURE ON CAVITY WALL

Po = ksf Eo = 43 ksf

Pl = 4 ksf Er = ksf
Pl = 4 Kksf Eo/Plx = 10.7

B

)

4

] | | | | ] | | | ] | | ] ]

0 10 20 30 40 50
RELATIVE INCREASE IN PROBE RADIUS, dR/Ro (%)

Figure 165. Site 8, 0.5 foot depth.
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Figure 166. Site 8, 1.5 foot depth.
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Figure.167. Site 8, 2.5 foot depth,
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TABLE 3 - SOIL SPECIMEN ANALYSIS

ANNEX
Percent Passing
Sample # AW-1.5 AW-2.5 AW-3.5 AD-1 AD-2
Sieve Size
3/8 in. 100 100 100 100 100
No. 4 100 100 99.9 99.6 99.3
No. 16 67.3 66.9 68.9 70.1 69.0
No. 50 15.6 14.5 15.1 21.4 21.5
No. 100 2.9 2.5 8.1 3.6 3.9
Moisture
Content (%) 2.2 2.5 2.3 N/A N/A
SITE ONE
Percent Passing
Sample # 1-0.5 1-1.5 1-2.5 1-3.5 1-4.5
Sieve Size
3/8 in. 96.6 100 100 100 100
No. 4 89.1 96.6 100 100 100
No. 16 75.0 88.3 99.4 99.6 99.6
No. 50 70.7 84.5 97.7 98.3 98.5
No. 100 64.3 82.2 97.3 97.9 97.7
Moisture
Content (%) 16.9 26.1 37.2 26.0 28.9
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TABLE 3 - SOIL SPECIMEN ANALYSIS (CONT.)

SITE TWO
Percent Passing
Sample # 2-0.5 2-1.5 2-2.5 2-3.5 2-4.5
Sieve Size
3/8 in. 100 100 100 100 100
No. 4 98.4 98.7 99.4 100 99.9
No. 16 95.6 96.5 94.7 99.9 99.6
No. 50 94.0 95.1 91.4 99.2 98.9
No. 100 92.4 93.6 88.9 98.7 98.4
Moisture
Content (%) 17.0 20.3 23.5 25.0 23.7
SITE THREE
Percent Passing
Sample # 3-0.5 3-1.5 3-2.5 3-3.5 3-4.5
Sieve Size
3/8 in. 100 100 100 100 100
No. 4 100 99.4 100 99.7 99.9
No. 16 99.9 99.1 97.9 99.3 99.2
No. 50 99.1 98.6 96.4 98.5 98.6
No. 100 69.1 92.2 90.1 92.9 91.9
Moisture
Content (%) 16.5 16.6 19.2 16.1 14.8
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TABLE 3 - SOIL SPECIMEN ANALYSIS (CONT.)

SITE FOUR
Percent Passing
Sample # 4-0.5 4-1.5 4-2.5 4-3.5 4-4.5
Sieve Size
3/8 in. 99.1 100 100 99.9 100
No. 4 97.9 100 99.9 99.9 100
No. 16 96.8 99.9 99.8 99.8 99.9
No. 50 95.3 99.3 96.9 98.0 99.3
No. 100 42.4 42.9 45.9 56.6 59.6
Moisture
Content (%) 5.9 5.5 6.3 6.8 17.4
SITE FIVE
Percent Passing
Sample # 5-0.5 5-1.5 5-2.5 5-3.5 5-4.5
Sieve Size
3/8 in. 89.1 100 100 91.1 99.1
No. 4 83.2 100 100 91.1 99.0
No. 16 71.9 99.2 99.9 90.8 96.5
No. 50 58.0 95.6 97.7 89.7 81.3
No. 100 22.4 46.9 49.0 51.6 59.4
Moisture
Content (%) 9.5 8.5 8.9 18.7 16.9
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TABLE 3 - SOIL SPECIMEN ANALYSIS (CONT.)

SITE SIX
Percent Passing
Sample # 6-0.5 6-1.5 6-2.5 6-3.5 6-4.5
Sieve Size
3/8 in. 98.5 s
%t
No. 4 92.3 Ror,
“z5
No. 16 76.3 ~ 4y
,?
No. 50 62.1 It
No. 100 26.9
Moisture
Content (%) 19.6

SITE SEVEN
Percent Passing
Sample # 7-0.5 7-1.5 71-2.5 7-3.5 7-4.5
Sieve Size
3/8 in. 100 100 100 100 100
No. 4 99.9 99.9 100 99.9 99.9
No. 16 99.7 99.4 99.3 99.9 99.9
No. 50 90.8 90.1 83.3 65.4 74.2
No. 100 27.8 30.3 21.1 10.9 6.6
Moisture
Content (%) 5.3 7.0 7.6 9.3 8.1
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TABLE 3 - SOIL SPECIMEN ANALYSIS (CONT.)

SITE EIGHT
Percent Passing
Sample # 8-0.5 8-1.5 8-2.5 8-3.5 8-4.5
Sieve Size
3/8 in. 100 99.9 100 99.9 100
No. 4 99.8 99.9 100 99.7 100
No. 16 99.6 99.9 99.9 99.6 99.9
No. 50 91.9 90.6 88.0 47.7 56.9
No. 100 26.7 23.1 19.5 8.1 9.7
Moisture
Content (%) 5.1 6.2 6.9 9.1 9.2

Recommended Soil Foundation For Longitudinal
Barrier Posts and Breakaway or Yielding Supports

Strong Soil (S-1) Weak Soil (S-2)
Sieve Size Mass Sieve Size Mass
Percent Passing Percent Passing
2 in. 100 3/8 in 100
1 in. 75-95 No. 4 95-100
3/8 in. 40-75 No. 16 45-80
No. 4 30-60 No. 50 10-30
No. 10 20-45 No. 100 2-10
No. 40 15- 30
No. 200 5-20

227



GENERIC ANCHOR DESIGN

With the soil question answered, the Texas State Advisory Committee agreed
to proceed on with the generic anchor design. Many ideas were discussed as to
what were the desirable features for the new anchor. These ideas included the
anchors’ crash test performance as well as its functionality in the field.
Functionality requirements included a driveable base which could be reused and
which required no special tools or training.
DESIGN PARAMETERS

The primary goal was to achieve satisfactory crash test performance. Other
crash tests done by Southwest Research Institute (SRI), Project No. 06-1244
(Reference 14), supported our findings for the "weak" soil. While the U-Post
system tested passed the crash test, the failure mechanism for "weak" soil
installations was much different than the mechanism for strong soil
installations. This inconsistency of failure mechanisms for both the SRI and
the TTI tests caused some concern as to a system’s ability to activate reliably
in different soil conditions. Therefore, the committee decided the new anchor

should have a similar failure mechanism for all types of soil.

In addition to having a sign system that possesed proper breakaway
capabilities, a strong opinion was expressed to have one that would erect easily
and stay up. Two attributes were chosen to simplify installation procedures.
First, the committee agreed the upright should be tubular. Most districts favor
tubular shapes for ease of handling and alignment with the roadway. Second,
the anchor to upright fastener should be simple yet secure. Several discussions
Ted to the recommendation of some type of set screw as an acceptable fastener.

It was decided that a system strong enough to activate a breakaway
mechanism in "weak" soil also would provide sufficient support for normal wind
loads. To develop the necessary strength, suggestions were made for using
different types of wings and/or spread anchors. However, before prototype
anchors could be designed and tested, it was necessary to know how much lateral
capacity was needed.

FIELD TESTS

Several existing anchors were tested in the "weak"” soil pit at TTI’s
facility to determine what lateral strength they provided (see Figure 170). The
load was applied 17 inches above groundline to simulate the normal impact point
of the 1800 1b test vehicle. Also, previous crash tests in strong soil were
reviewed to approximate the force necessary to activate a breakaway system.
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Several prototype anchors were constructed and tested in the "weak" soil
pit. The first generation included both winged extensions and spread anchor
rods. These anchors were built to accept both fiber reinforced plastic (FRP,
Figures 171 and 172) and steel uprights (Figure 173). Several tests were done
varying the length and diameter of the anchor rods. It was concluded from these
tests that 30 inch #6 rebar was sufficient to develop the FRP posts in shear and
36 inch #6 rebar for the 2-3/8 steel posts. (The 42 inch rebar yielded with the
steel posts and did not supply any significant lateral strength gain.)

The advisory committee reviewed the design and made several suggestions
of possible improvements. These ideas were evaluated and incorporated in a final
prototype. After further field tests (Figure 174), it was decided that this
prototype was acceptable. The anchor supplied Tateral strength comparable to
the previous prototype but was much smaller and lighter. In addition, the
simpler anchor had a much higher reserve strength, as noted in the load necessary
to return the anchor to its original position (Figure 174).

With adequate Tateral strength provided, the breakaway capability of the
system was considered. It was recommended that the embedment depth of the sign
support into the anchor be kept to a minimum for ease of pull out. The advisory
committee selected steel tubing for the crash tests, so bending tests were
conducted with steel to determine minimum embedment depth. The steel tubing
chosen was the 2-3/8 inch tubing used by Southwest Pipe Inc. in their P0OZ-LOC
system. This tubing was selected because of its availability and success in
other sign systems. The test results using a 9 foot moment arm are as follows:

TABLE 4 - EMBEDMENT TESTS FOR STEEL POSTS

Embedment Maximum Deflection
Depth (in) Load (1b) @ Yield (in)
Rt sz 23
9 307 23
6 309 26

A six inch embedment was chosen as a practical Timit because it allowed full
development of the post with out any end distortion. The failure load of the
support provides support for a sign greater than 13 square feet in an 80 mph
AASHTO (22 psf) wind at a 9 foot mounting height.

The last requirement necessary to complete the sign system was a Tocking
mechanism. Since some type of set screw was suggested, several screw types and
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sizes were tested in a pullout configuration with the steel tubing. From
previous experience with pullout mechanisms, a target value of 1200 - 1500 1bs
was set for required pullout load. The pullout test results are presented in
Table 5.

TABLE 5 - PULLOUT TESTS
Max. Load (1b)

1) 5/16 pointed bolt (Gr. 5) - 2-1/2 turns 3750
2) Two #8 sheet metal screws 1800
3) 5/16 bolt w/60° point (Gr. 5)

1-1/2 turns 2125
4) 5/16 bolt w/60° point (Gr. 5) - 1 turn 1520

The set screw in test 4 met the desired load and was selected for use in the

anchor.
At this point the Texas State Advisory Committee approved the design for

crash testing. A diagram of the generic anchor is shown in Figure 176. Several
anchors were produced and galvanized as would actual production anchors. Then
crash tests in the "weak" soil pit were scheduled.
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CRASH TESTS OF GENERIC SYSTEM

The objective of these tests was to determine the impact characteristics
of a sign installations attached to the Texas Generic Sign Anchor and placed
in NCHRP Report 230 "weak" or "strong" soil. These tests were conducted on
both single and dual post systems using 1,800 1b vehicle travelling at 20.0
and 60.0 mi/h. Standards established in AASHTO "Standard Specifications for
Structural Supports for Highway Signs, Luminaires, and Traffic Signals" and
NCHRP Report 230 were used for analyses and evaluation of this test.
DESCRIPTION OF TEST INSTALLATIONS FOR 1122-12 THROUGH 16

The sign installation used in these tests consisted of either a 3 ft X
4 ft X 5/8 in p]ywobd sign blank mounted to a single 2-3/8 in 0.D. thinwall
steel tube support (1122-12,13,14%16) or a 4 ft X 5 ft X 5/8 in plywood sign
blank mounted to two 2-3/8 in 0.D. thinwall steel tube supports (1122-15).
Connections between the sign blanks and sign posts were made using state
approved U-bolts with cast connectors. The supports for tests 1122-12&13 were
placed into a Texas Generic Sign Anchor driven into NCHRP Report 230 "weak"
soil. The supports for tests 1122-14,15&16 were placed into a Texas Generic
Sign Anchor driven into NCHRP Report 230 "strong" soil. The bottom of sign
mounting height was 7 ft-0 in in all cases.

The Texas Generic Sign Anchor was developed at the Texas Transportation
Institute (TTI) in cooperation with the Texas State Department of Highways and
Public Transportation (SDHPT). The anchor is fabricated from schedule 40
steel pipe and hot dip galvanized upon completion. The body of the anchor is
constructed from 2 in schedule 40 steel pipe, 22 in. in length. Attached to
the top of the 2 in pipe, by welding, is a 6 in X 2-1/2 in schedule 40 section
of pipe. The 2-1/2 in pipe is used as the sign support anchoring sleeve. The
anchor is driven into the ground and cross anchored using #6 grade 40 steel
'reinforcing rods. The cross anchors are guided and attached through 3/4 in
X 4 in steel tubes welded to the outer circumference of the 2-1/2 in pipe at
120 degree intervals using 3/16 in scalloped steel plates. In addition, the
steel cross anchor tubes were rotated 30 degrees off of the anchors vertical
axis before final attachment. The overall 1engfh of the anchor assembly is
28 in.
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The completed anchor assembly is driven into the ground and cross
anchored using the steel reinforcing rods. The sign support is then placed
into the 2-1/2 in sleeve and secured by means of a 5/16 in set screw (ASTM
grade 5). The set screw is turned one full turn following contact with the
support. Details of the completed anchor and sign installation are shown in
Figure 175 through 179.

TEST REPORT 1122-12

VEHICLE: 1981 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-3/8 in 0.D. Steel Tubing
with Texas Generic Sign Anchor

IMPACT CONDITIONS: 19.7 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results

A 1981 Honda Civic (shown in Figure 180) impacted the sign installation
at 19.7 miles per hour (31.7 km/h) using a cable reverse tow and guidance
system. Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross
static mass was 1,970 1b (894 kg). The height to the lower edge of the
vehicle bumper was 14.75 inches (37.5 cm) and 20.25 inches (51.4 cm) to the
top of the bumper. Other dimensions and information on the vehicle are given

in Figure 181.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the quarter point on the
passenger side of the vehicle. Upon impact, the sign support began to bend
at bumper height. At approximately 0.050 second, the support had completely
detached from the anchored base. As the vehicle continued forward, the sign
support remained in contact with the vehicle. After exiting the immediate
test site, the brakes were applied and the vehicle and sign support came to
rest 75 ft (22.9 m) from the point of impact. Sequential photographs of the
test are shown in Figure 182.

The sign installation received only minor damages. The sign support was
bent at bumper height and came to rest directly in the front of the test
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vehicle. The base was pushed back 4.0 in (10.2 cm). The vehicle sustained
minimal damage to the bumper, as shown in Figure 183.

A summary of the test results and other information pertinent to this
test are given in Figure 185. The maximum 0.050 second average acceleration
experienced by the vehicle was -2.2 g in the longitudinal direction and -1.3
g in the lateral direction. Vehicle angular displacements are plotted in
Figure 186 and vehicle accelerometer traces are displayed in Figure 187
through 189. Occupant impact velocity in the longitudinal direction was 11.8
ft/s (3.6 m/s) and in the lateral direction it was 7.3 ft/s (2.2 m/s).
Occupant ridedown accelerations were -1.4 g in both the Tlongitudinal and
lateral direction. Change in velocity was 2.4 mi/h (3.9 km/h) and change in
momentum was 197 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
Occupant risk factors were below the recommended Timit set forth in NCHRP
Report 230. This sign installation in "weak" soil is acceptable according to
the evaluation criteria recommended in NCHRP Report 230 and the AASHTO
Standards.

TEST REPORT 1122-13

VEHICLE: 1981 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,970 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-3/8 in 0.D. Steel Tubing
with Texas Generic Sign Anchor

IMPACT CONDITIONS: 62.0 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results
A 1981 Honda Civic (shown in Figure 190) impacted the sign installation

at 62.0 miles per hour (99.8 km/h) using a cable reverse tow and guidance
system. Test inertia mass of the vehicle was 1,800 1b (817 kg) and its gross
static mass was 1,970 1b (894 kg). The height to the lower edge of the
vehicle bumper was 14.75 inches (37.5 cm) and 20.25 inches (51.4 cm) to the
top of the bumper. Other dimensions and information on the vehicle are given

in Figure 191.

238



The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center Tine of the sign with the quarter point on the
passenger side of the vehicle. Upon impact, the sign support began to yield.
At approximately 0.020 second, the support had pulled out of the base and the
panel began to slip off the support. The vehicle lost contact with the
support at about 0.090 second. As the vehicle continued forward, the support
came down on the roof of the vehicle (at 0.134 second). At approximately
0.169 second, the vehicle Tost complete contact with the installation.
Shortly thereafter, the brakes were applied and the vehicle came to rest 185
ft (56.4 m) from the point of impact. Sequential photographs of the test are
shown in Figure 192.

The sign panel came to rest 2 ft (0.6 m) from the point of impact and the
support came to rest 75 ft (23 m) from the point of impact. The base was
pushed back 1.5 in (3.8 cm). The vehicle sustained minor damage to the
bumper, hood and roof, as shown in Figure 194.

A summary of the test results and other information pertinent to this
test are given in Figure 195. The maximum 0.050 second average acceleration
experienced by the vehicle was -3.3 g in the longitudinal direction and -0.9
g in the Tlateral direction. Vehicle angular displacements are plotted in
Figure 196 and vehicle accelerometer traces are displayed in Figure 197
through 199. Occupant impact velocity was 11.4 ft/s (3.5 m/s) in the
longitudinal direction and 7.7 ft/s (2.3 m/s) in the Tateral direction.
Occupant ridedown accelerations were -1.5 g in the longitudinal direction and
-1.6 g in the lateral direction. Change in velocity was 3.5 mi/h (5.6 km/h)
and change in momentum was 287 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
There was minimal deformation into the occupant compartment (where the
support impacted the roof) but no penetration. Occupant risk factors were
within the limits specified in NCHRP Report 230. This sign installation in
"weak" soil is acceptable according to the evaluation criteria recommended in
NCHRP Report 230 and the AASHTO Standards.
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TEST REPORT 1122-14

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,968 1bs.

TEST ARTICLE: Single-Support Sign Instaliation
Support: 2-3/8 in 0.D. Steel Tubing
Support with Texas Generic Sign Anchor

IMPACT CONDITIONS: 20.0 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results
A 1982 Honda Civic (shown in Figure 200) impacted the sign installation
at 20.0 miles per hour (32.2 km/h) using a cable reverse tow and guidance

system. Test inertia mass of the vehicle was 1,800 1b (816 kg) and its gross
static mass was 1,968 1b (893 kg). The height to the lower edge of the
vehicle bumper was 14.0 inches (35.6 cm) and 20.0 inches (50.8 cm) to the top
of the bumper. Other dimensions and information on the vehicle are given in
Figure 202.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the right quarter point
of the vehicle. Upon impact, the sign support began to yield. As the support
yielded, the vehicle traveled over the installation. At approximately 0.261
second, the vehicle lost contact with the installation, traveling 11.7 mi/h
(18.8 km/h). As the vehicle moved away from the impact site, the brakes were
applied and the vehicle came to rest 78 ft (23.8 m) from the point of impact.
Sequential photographs of the test are shown in Figure 203.

The sign installation came to rest at the point of impact. The support
did not disengage from the anchor. The anchor was pushed rearward 0.5 in (1.3
cm). In addition, the support was fractured 16 in (40.6 cm) above roadway
level. The vehicle sustained only minor damage to the bumper, as shown in
Figure 205.

A summary of the test results and other information pertinent to this
test are given in Figure 206. The maximum 0.050 second average acceleration
experienced by the vehicle was -2.6 g in the longitudinal direction and -1.4
g in the lateral direction. Vehicle angular displacements are plotted in
Figure 207 and vehicle accelerometer traces are displayed in Figure 208
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through 210. Occupant impact velocity was 14.9 ft/s (4.5 m/s) in the
longitudinal direction and 7.3 ft/s (2.2 m/s) in the lateral direction.
Occupant ridedown accelerations were -0.8 g in the longitudinal direction and
-1.9 g in the lateral direction. Change in velocity was 8.3 mi/h (13.4 km/h)
and change in momentum was 680 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
There was no deformation or penetration into the occupant compartment.
Occupant risk factors were within the limits specified in NCHRP 230. This
sign installation in "strong" soil is acceptable according to the evaluation
criteria recommended in NCHRP Report 230 and the AASHTO Standards.

TEST REPORT 1122-15

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,968 1bs.

TEST ARTICLE: Multi-Support Sign Installation
Support: Two 2-3/8 in 0.D. Steel Tubing
Supports with Texas Generic Sign Anchors

IMPACT CONDITIONS: 20.0 mi/h
(Centerline of vehicle with center
of sign installation)

Crash Test Results

A 1982 Honda Civic (shown in Figure 213) impacted the sign installation
(Figures 211, 212 and 214) at 20.0 miles per hour (32.2 km/h) using a cable
reverse tow and guidance system. Test inertia mass of the vehicle was 1,800
1b (816 kg) and its gross static mass was 1,968 1b (893 kg). The height to
the lower edge of the vehicle bumper was 14.0 inches (35.6 cm) and 20.0 inches
(50.8 cm) to the top of the bumper. Other dimensions and information on the

vehicle are given in Figure 215.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the center of the
vehicle. Upon impact, the sign support began to yield. At approximately
0.087 second, the vehicle began to travel over the support tubes. Shortly
thereafter, the installation came into complete contact with the roadway at
approximately 0.390 seconds. The vehicle traveled over the installation and
came to rest 8 ft (2.4 m) from the point of impact. The vehicle lost contact
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with the installation traveling 4.7 mi/h (7.6 km/h). Sequential photographs
of the test are shown in Figure 216.

The sign installation came to rest at the point of impact. The supports
did not disengage from the anchors. The anchors were pushed rearward a
maximum of 0.8 in (1.9 cm). In addition, the left support was either bent or
fractured at 17 in (43.2 cm), 28.5 in (72.4 cm), and 38.5 in (97.8 cm) up from
the roadway. The right support also was bent or fractured at 18 in (45.7 cm),
30 in (76.2 cm), and 42 in (106.7 cm). The vehicle sustained only minor
damage to the bumper and windshield, as shown in Figure 218.

A summary of the test results and other information pertinent to this
test are given in Figure 219. The maximum 0.050 second average acceleration
experienced by the vehicle was -4.9 g in the longitudinal direction and -1.5
g in the lateral direction. Vehicle angular displacements are plotted in
Figure 220 and vehicle accelerometer traces are displayed in Figure 221
through 223. Occupant impact velocity was 21.3 ft/s (6.5 m/s) in the
longitudinal direction and 8.8 ft/s (2.7 m/s) in the lateral direction.
Occupant ridedown accelerations were -4.0 g in the Tongitudinal direction and
-1.7 g in the lateral direction. Change in velocity was 14.7 mi/h (23.7 km/h)
and change in momentum was 1,205 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
There was no deformation or penetration into the occupant compartment.
However, occupant impact velocity in the longitudinal direction was above the
recommended Timit as specified in NCHRP 230. This sign installation in
"strong" soil 1is not acceptable according to the evaluation criteria
recommended in NCHRP Report 230 and the AASHTO Standards.
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TEST REPORT 1122-16

VEHICLE: 1982 Honda Civic
Test Inertia Mass: 1,800 1bs.
Gross Static Mass: 1,968 1bs.

TEST ARTICLE: Single Support Sign Installation
Support: 2-3/8 in 0.D. Steel Tubing
with Texas Generic Sign Anchor

IMPACT CONDITIONS: 60.0 mi/h
Quarter point (on passenger
side of vehicle)

Crash Test Results

A 1982 Honda Civic (shown in Figure 226) impacted the sign installation
at 61.5 miles per hour (99.0 km/h) using a cable reverse tow and guidance
system. Test inertia mass of the vehicle was 1,800 1b (816 kg) and its gross
static mass was 1,968 1b (893 kg). The height to the lower edge of the
vehicle bumper was 14.0 inches (35.6 cm) and 20.0 inches (50.8 cm) to the top
of the bumper. Other dimensions and information on the vehicle are given in
Figure 228.

The vehicle was freewheeling and unrestrained just prior to impact. The
point of impact was the center line of the sign with the right quarter point
of the vehicle. Upon impact, the sign support began to yield. At
approximately 0.028 second, the support disengaged from the anchor. As the
vehicle traveled over the anchor and under the support, the vehicle Tost
initial contact with the installation at approximately 0.100 second. Shortly
thereafter, the sign support struck the right side of the vehicle’s roof. As
the vehicle Tost contact with the installation, traveling 58.4 mi/h (94.0
km/h), the brakes were applied and the vehicle came to rest 280 ft (85.4 m)
from the point of impact. Sequential photographs of the test are shown in
Figure 229.

The sign support stayed with the vehicle and the sign blank remained near
the point of impact. The support disengaged from the anchor. The anchor was
pushed rearward 2.8 in (7.0 cm). In addition, the support was either
fractured or bent between 5.8 in (14.6 cm) and 19.0 in (48.3 cm) above the
roadway. The vehicle sustained only minor damages to the bumper, roof and
windshield, as shown in Figure 231.

243



A summary of the test results and other information pertinent to this
test are given in Figure 232. The maximum 0.050 second average acceleration
experienced by the vehicle was -2.2 g in the longitudinal direction and -1.2
g in the lateral direction. Vehicle angular displacements are plotted in
Figure 233 and vehicle accelerometer traces are displayed in Figure 234
through 236. Occupant impact velocity was 7.9 ft/s (2.4 m/s) in the
longitudinal direction and 6.2 ft/s (1.9 m/s) in the lateral direction.
Occupant ridedown accelerations were -0.7 g in the longitudinal direction and
-1.2 g in the lateral direction. Change in velocity was 3.1 mi/h (5.0 km/h)
and change in momentum was 254 1b-s.

In summary, the sign installation yielded to the vehicle. The vehicle
sustained very minor damage and did not present undue hazard to other traffic.
There was minimum deformation and no penetration into the occupant
compartment. Occupant risk factors were within the Timits specified in NCHRP
230. This sign installation in "strong" soil is acceptable according to the
evaluation criteria recommended in NCHRP Report 230 and the AASHTO Standards.
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Figure 175, Testing installation details.
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TEXAS SIGN ANCHOR

11/
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TURN AFTER CONTACT
WITH POST.)
(ASTM GRADE 5) i

Figure 176, Texas Generic Sian Anchor details.
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Figure 177. Texas Generic Sign Anchor.
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Figure 178, Test installation before test 1122-iZ2.

s . kol



Figure 179. Vehicle/sign installation geometrics
for test 1122-12.



Figure 180, Vehicle before test 1122-12.
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JHMSR5326BS03050

Date: 7-27-89 Test No.: 1122-12 & 13 VIN:
Make: Honda Model : Civic Year: 1981 Odometer: 121586
Tire Size: P155/80R13 Ply Rating: 2 Bias Ply:  Belted: ~ Radial: x
Acce]erometers Tire Condition: good
fair y
T——————— Z;* - badly worn
J Vehicle Geometry - inches
l | a _ 62,5 b 29,5
> ¢ 87.5 d*  53.0
g e 28.5 f _145.,5
g ---- h  31.01
o . Accelerometers i == J 30.0
rire dia o
Wheel dia k 17.0 £ 25,25
S
> m __ 20.5 n__ 3.0
"
i| = \/ [@ —~ 5 ] o_14.75 p _53.0
+ y
bl o} + AL/ il r 225 s 14.25
h 5
D Ll c e € 5 Engine Type: 4 cylinder
; Engine CID:
’ Y i 67”2 e
> Transmission Type: _
4-wheel weight Automatic or (Manual
for c.qa. det. £f 616 rf 546  Lr 327 rr 311 or RWD or 4WD
Body Type: Hatch

Mass - pounds Curb Test Inertial Gross Static
My 1165 1162 1251
M, 678 638 719
My 1843 1800 1970

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Figure 181,
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Vehicle properties.

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball
__NOT collapsible

Other energy absorption

—_Unknown
Brakes:
Front: disc X drum_

Rear: disc drum X



0.050 s

0.075 s

Figure 182. Sequential photographs of test 1122-12,
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0.174 s

0.249 s

Figure 182, Sequential photographs of test 1122-12,
(Continued)



Figure 183. Vehicle after test 1122-12.

254



Figure 184. Test installation after test 1122-12,
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96¢

0,100 s 0.175 s

0.000 s 0.050 s
p—
é‘ﬁj
6
Impact
e
“ 75 ft >{
Test No. . . . . . .. 1122-12 Impact Speed. . . . . . . 19.7 mi/h (31.7 km/h)
Date . . . . . . . .. 7/27/89 Change in Velocity . 2.4 mi/h (3.9 km/h)
Test Article . . . . . One-leg Sign Support Change in Momentum. . . 197 1b-s
Support . . . . . .. 2-3/8" 0D Steel Tubing Vehicle Accelerations
with Texas Generic Sign Anchor  (Max. 0.050-sec Avg)

Vehicle . . . . . .. 1981 Honda Civic Longitudinal. . . . . . -2.2 g
Vehicle Weight Lateral . « = & & & & « -1.3 g

Test Inertia . . . . 1,800 1b (817 kg) Occupant Impact Velocity

Gross Static . . . . 1,970 1b (894 kg) Longitudinal. . . . . . 11.8 ft/s (3.6 m/s)
Vehicle Damage Classification Lateral « « v & 5 o o & 7.3 ft/s (2.2 m/s)

TAD . .. .. . . . 12FRI Occupant Ridedown Accelerations

BOE & 5 2 x s w 5 = 12FREN1 Longitudinal . . . . . -1.4 g

Lateral « « « » = s « 4 -1.4 ¢

Figure _185. Summary of results for test 1122-12.



© 1122-12r
< 1122-12p
© 1122-12y

Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
2. Pitch
3. Roll

o A
Pitch

= TAME (SECONDS)

uJD .2 .4 .b

wl= 1 )
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0 Yaw
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Figure 186. Vehicle angular displacement for test 1122-12.
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LONGITUDINAL ACCELERATION (G’=s)

TEST 1122-12

Class 180 Filter — Near C.G.

—
(=)

QO - N ey O W0

=

=

0 0.1 0.2 0.3

TIME (SECONDS)

Figure 187. Vehicle longitudinal accelerometer trace
for test 1122-12.
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LATERAL ACCELERATION (G's)

TEST 1122-12

Class 180 Filter — Near C.G.

(=]

S - Nt 0N N o w

0 0.1 0.2 0.3
TIME (SECONDS)

Figure 188. Vehicle lateral accelerometer trace
for test 1122-12.
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VERTICAL. ACCELERATION (G’=s)

—
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O —= N W a0~ O W

TEST 1122-12

Class 180 Filter — Near C.G.

- .
Mw N \, A

YWY

0.1 0.2 0.3

TIME (SECONDS)

Figure 189, Vehicle vertical accelerometer trace
for test 1122-12.
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Figure 190, Vehicle before test 1122-13.
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Date: 7-27-89 Test No.: 1122-12 & 13 VIN: JHMSR5326BS03050
Make: Honda Model : Civic Year: 1981 Odometer: 121586
Tire Size: P155/80R13 Ply Rating: Bias Ply:  Belted: ~ Radial: x
//r— Accelerometers Tire Condition: good
; fair y
T T—___—__ ‘K\\—#Z > badly worn
a p 12/7 Vehicle Geometry - inches
l a _ 62,5 b _ 29,5
0> ¢ _87.5  d* 53.0
RN e 28.5 f _145.5
g ---- h  31.01
.. . Accelerometers i it j _30.0
Tire dia <« >
‘Wheel dia k 17.0 £ 25,25
S
n-»
20.5 .
; 3 m n 3.9
il ——— J .JO; = ; o 14,75 p 53.0
ny o} | T kiib}“/ Tk {9
Y : v v r 22,5 s 14,25
D -
SELEEN B c e Engine Type: 4 cylinder
. Engine CID:
3 h £ €7M2 oine L
< > Transmission Type: »

4-wheel weight
for c.a. det.

£f 616 rf_ 546  £&r

327 rr_ 311

Mass - pounds Curb Test Inertial Gross Static
My 1165 1162 1251
M, 678 638 719
My 1843 1800 1970

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Figure 191.

Vehicle properties.

262

. =
Automatic or ((Manual

or RWD or 4WD

Body Type: Hatch

Steering Column Collapse
Mechanism:

Behind wheel units
__Convoluted tube
Cylindrical mesh units
"~ Embedded ball
__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc X drum

Rear: disc_ drum X



(.000 s

0.075 s

Figure 192, Sequential photographs of test 1122-13,
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TR

0.100 s

0.125 s

0.150 s

0.200 s

Figure 192, Sequential photographs of test 1122-13
(Continued)
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test 1122-13,

da1iation after
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Figure 194, Vehicle after test 1122-13.
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192

Impact

2 ft

0.000 s 0.050 s 0.100 s
i
< 75 ft -
8 — > 185 ft >l
Test No. . . . . . .. 1122-13 Impact Speed. . . . . . . 62.0 mi/h (99.8 km/h)
Date . . . . . . . . . 7/27/89 Change in Velocity . . . 3.5 mi/h (5.6 km/h)
Test Article . . . . . One-leg Sign Support Change in Momentum. . . . 287 1b-s
Support . . . . . . . 2-3/8" 0D Steel Tubing Vehicle Accelerations
with Texas Generic Sign Anchor (Max. 0.050-sec Avg)
Vehicle . . . . 1981 Honda Civic Longitudinal. . . . . . -2.3 ¢
Vehicle Weight Lateral . . . . . ... -1.3g
Test Inertia . . . . 1,800 1b (817 kg) Occupant Impact Velocity
Gross Static . . 1,970 1b (894 kg) Longitudinal. . . . . . 11.4 ft/s (3.5 m/s)
Vehicle Damage Classification Lateral . . . . . .. 7.7 ft/s (2.3 m/s)
TR & s s = = « s 12FR1 Occupant Ridedown Accelerations
coc ... ... . . 12FRAN1 Longitudinal ... .-1l.5g¢g
Lateral . . . . . . .. -1.6 g

Figure

195, Summary of results for test 1122-13.
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DISP%HCEMENT

Figure 196,

© 1122-13r

< 1122-13p
© 1122-13y
.

Axes are vehicle fixed.
Sequence for determining
orientation is:

1. Yaw
dPitch 2. Pitch
3. Roll

Ro11

Vehicle anqular displacements for test 1122-13.
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LONGITUDINAL ACCELERATION (G's)

TEST 1122-13

Class 180 Fiiter — Near C.G.

M dA N\

AN UNAAN|

Figure 197,

TIME (SECONDS)

Vehicle Tongitudinal accelerometer trace

for test 1122-13.
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LATERAL ACCELERATION (G’s)

18
16
14
12
10

O N A @

TEST 1122-13

Class 180 Filter — Near C.G.

.}......
mhf ﬂnm_n V‘WWAV%A&VA&W A v aa AMMA
LI PRV VV'WTVT L

TIME (SECONDS)

Figure 198, Vehicle lateral accelerometer trace
for test 1122-13.
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VERTICAL ACCELERATION (G's)

TEST 1122-13

Class 180 Filter — Near C.G.

20

TIME (SECONDS)

Figure 199. Vehicle vertical accelerometer trace
for test 1122-13.
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Figure 200, Vehicle before test 1122-14.
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Figure 201. Sign installation before test 1122-14.

273



JHMSL5320C5021206

Date: 8/18/89 Test No.: 1122-14 VIN:
Make: Honda Model: Civic Year: 1982

Ply Rating: 2

//v— Accelerometers

Tire Size: 155/SR13

Bias Ply: __

a p f 2 1/2"
l ] D
<t
93“
Tire dia T, Accelerometers
Wheel dia
n—
jF____—____-
i| = \{ f‘P AN
v™y o} <£> Kj;/)‘/ Tk 19
h o
SN c Nk
B " f i
4-wheel weight
for c.a. det. £f 593 rf 531 pr 339 rr 337
Mass - pounds Curb Test Inertial Gross Static
M] 1106 1124 1201
M2 683 676 767
MT 1789 1800 1968

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: 167982
Belted: _ Radial: X
Tire Condition: good
fair X
badly worn __

Vehicle Geometry - inches
a 623/4 b 29
c 87 1/2 4x 53

e 29 £ 145 1/2
g n 32.86
i —--- i _291/2
k 16 1/2 & 251/2
m 20 n 4

o 14 p 54 1/4
r 22 s 14 1/4

Engine Type: 4 ¢yl

Engine CID:
Transmission Type:
Automatic or

@ or RWD or 4WD

Body Type:

Steering Column Collapse
Mechanism:

Behind wheel units
— Convoluted tube
__Cylindrical mesh units
__Embedded ball
__NOT collapsible
__Other energy absorption

__Unknown

Brakes:
Front: disc X drum
Rear: disc__ drum X

Figure 202. Vehicle properties for test 1122-14.
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0.000 s

0.149 s

Figure 203, Sequential photographs for test 1122-14.
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0.425 s
Figure 203. Sequential photographs for test 1122-14.

(Continued)
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Figure 204. Sign instaliation after test 1122-14.



Figure 205, Vehicle after test 1122-14.
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0.000s 0.100 s 0.199 s | 0.318 s

) . | _ Impact
L 78 ft ;]
f< >

Test No. . . . . . . . . . 1122-14 Impact Speed . . . . . . 20.0 mi/h (32.2 km/h)

Date . . . . . . . .. . . 08/18/89 Change in Velocity. . . . 8.3 mi/h (13.4 km/h)

Test Article . . . . . . . Sign Installation Change in Momentun. . . . 680 1b-s

Support. . . . . . . . . . Single 2-3/8" 0.D. Vehicle Accelerations

Steel Tubing Support with (Max. 0.050- -sec Avg)
Texas Generic Sign Anchor Longitudinal.". . . . . -2.6 g
Vehicle. . . . . . . . . . 1982 Honda Civic Lateral . . -1.4 g
Vehicle we1ght Occupant Impact Veloc1ty
Test Inertia . . . . . . 1,800 1b (816 kg) Longitudinal. . . . . . 14.9 ft/s (4.5 m/s)
Gross Static . . . 1,968 1b (893 kg) Lateral . . . 7.3 ft/s (2.2 m/s)
Vehicle Damage C]ass1f1cat1on Occupant Ridedown Accelerat1ons
TAD. . . . .. .. ... 12FR] Longitudinal. . . . . . -0.8¢g
SAE. « 4+ « & & & « & « . 12FRINL Lateral . . . . . . .. -1.9g

Figure 206. Summary of results for test 1122-14.
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Figure 207. Vehicle angular displacements for test 1122-14.
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LONGITUDINAL ACCELERATION (G’s)

TEST 1122-14

Class 180 Filter

20

15

10

0 0.1 0.2 0.3 0.4
TIME (SECONDS)

Figure 208, Longitudinal accelerometer trace
for test 1122-14.
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VERTICAL ACCELERATION (G’s)

TEST 1122-14

Class 180 Filter

20
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Sk Ly R

0 0.1 0.2 0.3 0.4
TIME (SECONDS)

Figure 210, Vertical accelerometer trace
for test 1122-14.
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U-Bolt with i
cast ||
connector ||
(SDHPT)

\ I
\il

5/8 in plywood

'|TF'¢15 in

Thinwall steel tubing
2-3/8 in 0.D.

Texas Generic Sign Anchor|
(details in fiaure 2)

Anchor extends 1 in
above ground. Support

tube embedded 6 in into
anchor.

5 ft

ft

Anchor driven into
NCHRP Report 230 strong soil

Figure 211, Details of sign installation for test 1122-15.
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Figure 213. Vehicle before test 1122-15.

-




Figure 214, Sign/vehicle geometrics before test 1122-15.
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JHMSL5320C5021206

Date: 8/18/89 Test No.: 1122-15 VIN:
Make: Honda Model : Civic Year: 1982

Ply Rating: 2

//r— Accelerometers

T -I— ‘o; ' 2 1/2"

Tire Size: 155/SR13

Bias Ply:

a |
l ] 7 >
4t
93“
Tire dia T, Accelerometers
Wneel dia—
n
—1 -
V) B S— L( J{ i A \Wes 1
1 + ¥
. \ kf :Vk rg
D N
2 Ll & - Ezel/g
< 4] f M2 >
4-wheel weight
for c.a. det. &f 593 rf 531 &r 339 rr_ 337
Mass - pounds Curb Test Inertial Gross Static
M] 1106 1124 1201
M2 683 676 767
MT 1789 1800 1968

Note any damage to vehicle prior to test:

*d = overall height of vehicle

Odometer: _ 167982
Belted: _ Radial: X

Tire Condition: good _
fair X

badly worn

Vehicle Geometry - inches

a_623/4 b 29
c 87 1/2 d* 53

e 29 f145 1/2
g h 32.86
i —--- j_29 172
k 16 1/2 ¢ _25 1/2
m 20 n 4

o 14 p 54 1/4
r 22 s 14 1/4

Engine Type: 4 cyl

Engine CID:
Transmission Type:

Automatic or
or RWD or 4WD

Body Type: _ Hatch

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
___Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc X drum

Rear: disc__ drum_X

Figure 215, Vehicle properties for test 1122-15.
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0.142 s

Figure 216, Sequential photographs for test 1122-15.
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0.332 s

Figure 216, Sequential photographs for test 1122-15.
(Continued)
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Figure 217, Sign installation after test 1122-15.
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& |
U-Bolt with | | 4 ft
cast |
connector |
(SDHPT) ~ |
|
. 2
5/8 in plywood— 2" Fein | Y
Thinwall steel tubina
J/ 2-3/8 in 0D
7 ft
g?szSASEEEEiC Anchor extends 1 in above ground
i d 6inint h
(details in \\\\\\\ ‘(//// Tubing embedded 6 in into anchor
fiqure 2) =7zl W=7 =
/4 =/ 2
%K‘/f/z '

Anchor driven into
NCHRP Report 230 strong soil

Y

Figure 224, Testing installation details.
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Figure 218. Vehicle after test 1122-15.



A At

0.000 s

Test No. . . . .
Date . . . . .
Test Article .
Support. . . . .

Vehicle. . . . .

Vehicle Weight
Test Inertia
Gross Static .

TAD. = 5 = = »
SAE. . . . ..

.

oI

Impact Speed . .
Change in Velocity. .
Change in Momentun. .
Vehicle Accelerations
(Max. 0.050-sec Avg)
Longitudinal. .

. 08/29/89

. Sign Installation

. . Two 2-3/8" 0.D.
Steel Tubing Support with
Texas Generic Sign Anchor
1982 Honda Civic

. . 1,800 1b (816 kg)
1,968 1b (893 kg)

Vehicle Damage Classification

Longitudinal.

Occupant Impécf Veioéiiy‘
Longitudinal. .

1
g P v s owow B
Occupant Ridedown Accelerations
4
1

Figure219. Summary of results for test 1122-15.

0.285 s

19.4 mi/h (31.2 km/h)
14.7 mi/h (23.7 km/h)
1,205 1b-s
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+PIICH
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(Sg;;!) <:;__;:> (i::iy////// Axes are vehicle fixed.

Sequence for determining
orientation is:

€5;1§§§§i;5§§%%52259 0Ot 1.y
. aw
— 2. Pitch

’ \\\\ 3. Roll

(DEGREES)
-1. .0 1.

DISPLACEMENT

Figure 220, Vehicle angular displacements for test 1122-15.
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LONGCGITUDINAL ACCELERATION (CG’s)

TEST 1122-12

Class 180 Filter

e

PV AV S Y W st

|
o

I 1 A wwrf

0 0.2 0.4

TIME (SECONDS)

Figure-221, Longitudinal accelerometer trace for test 1122-15.
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LATERAL ACCELERATION (G’'s)

TEST 1122-15

Class 180 Filter

N L A Gy oy N & @

M\w\ AN i AN

AR MRS [
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0 0.2 0.4

TIME (SECONDS)

Figure 222, Lateral accelerometer trace for test 1122-15.
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VERTICAL ACCELFERATION (G’'s)

TEST 1122-15

Class 180 Filter
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Figure 223, Vertical accelerometer trace for test 1122-15.
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Figure 226, Vehicle before test 1122-16.



Figure 227, Sign/vehicle geometrics for test 1122-16.
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Date: _8/18/89 Test No.:<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>