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1. SCOPE

This test report contains the results of two crash tests performed at the
Federal Outdoor Impact Laboratory (FOIL) in McLean, Virginia. The tests were
performed on a small sign support system, one at 20 mi/h (8.9 m/s), test
92F009, and one at 60 mi/h (26.8 m/s), test 92F010. The vehicle used for
these tests were Honda Civics. The purpose of these tests was to evaluate the
low-speed and high-speed safety performance of a dual-legged wooden 4-by-6
sign support. The performance evaluation was based on the latest requirements
for breakaway supports as specified in Volume 54, Number 3 of the Federal
Register dated January 5, 1989. These criteria specify, in part, that the
occupant change in velocity must be 16 ft/s (4.9 m/s) or less, that the
significant test article stub height remaining after impact be no more than
4 in (102 mm), and that there can be no occupant compartment intrusion.

2. TEST MATRIX

Two tests were performed on a small sign support system. The test speeds
for the tests were 20 mi/h (8.9 m/s) and 60 mi/h ~26.8 m/s). The sign was
buried in NCHRP Report Number 230, S-2 weak soil. 1) A summary of the test
conditions are presented in table 1.

Tabl e 1. Test matrix.

Test Test Test Test Test Article Impact
Number Vehicle Weight Speed Description Location

(1 b) (mi/h)

92F009 '86 Honda Civic 1850 20 2 leg wood 4x6 center

92F010 '85 Honda Civic 1860 60 2 leg wood 4x6 center

3. VEHICLE

The test vehicles were a 1986 and a 1985 Honda Civic two door hatchbacks
with manual transmissions. Prior to the tests, the vehicles' fluids were
drained and their inertial measurements measured. The vehicles were stripped
of certain components which made space for the installation of test equipment.
The vehicles were ballasted with data acquisitions systems, transducers, a
brake system and weight plates (if necessary) to bring their inertial weights

~ to approximately 1850 lb (839 kg). The actual weights of the test vehicles
were 1850 lb (839 kg) and 1860 lb (844 kg). After ballasting, the vehicles'
inertial properties were remeasured.

4. SIGN SUPPORT

The sign support system consisted of two 4-in by 6-in (102-mm by 152-mm)
wooden legs 15 ft (4.6 m) long. The actual dimensions of the sign legs were
3.5 in by 5.5 in (89 mm by 140 mm). Three feet (0.9 m) of each leg was buried
in NCHRP Report 230 S-2 weak soil (sand). Attached to the 2 legs was a
4-ft high by 10-ft (1.2-m by 3.0-m) wide aluminum sign panel. The final panel
was assembled from four 1-ft by 10-ft (0.3-m by 3.0 m) extruded aluminum
panels and was installed 7 ft (2.1 m) above ground. Two 1.5-in (30-mm) holes
were drilled in each sign leg. The holes were drilled 4 in (0.102 m) and
18 in (0.457 m) above ground level. The two legs were installed 3.5 ft

1



(1.1 m) apart. The whole sign support system was assembled and inserted in a
hole in the weak soil. The hole was backfilled in 6-in (0.152-m) lifts and
compacted until the final grade was reached. Figure 1 is a drawing of the
sign support system. Figure 2 is the attachment detail for the sign panel.

5. TEST RESULTS - 20 MI/H (8.9 MIS), TEST 92F009

The test vehicle was accelerated to 20.1 mi/h (29.5 ft/s (9.0 m/s» prior
to impacting the sign support. The centerline of the test vehicle was aligned
with the mid point between the two sign legs.

The bumper made contact with both sign legs and began to collapse. The
bumper did not crush significantly during the impact event. The breakaway
force was low enough not to cause severe damage to the front end of the
vehicle. The left leg of the sign fractured at the hole 4 in (0.102 m) above
ground 0.016 s after initial contact. The left leg never fractured at the
hole 18 in (0.457 m) above ground level. The right leg fractured 0.036 s
after impact. The fracture occurred at the upper hole and not the lower hole.
Because the right leg took longer to fracture than the left leg, the vehicle
yawed clockwise approximately 15 degrees. The vehicle continued to pass over
the remaining section of the right leg. The remaining piece broke 12 in
(0.305 m) below ground level as the vehicle passed over. A second significant
impact occurred at 0.412 s, as the sign fell on top of the vehicle with the
center of the panel striking the roof/windshield sill. The impact was enough
to dent the roof and cause the windshield to crack. The sign panel with the
broken legs attached remained on the hood of the vehicle for the remainder of
the runout time. The brakes were applied and the sign slid off the vehicle as
the vehicle came to rest.

Damage to the vehicle consisted of minor damage to the bumper and a dent
approximately 0.5 in (13 mm) deep along the roof/windshield sill. Since no
considerable damage was inflicted on the front end of the vehicle no crush
measurements were recorded. The damage to the roof was slight and the
windshield was cracked but did not shatter. None of the sign components
impaled the occupant compartment.

Damage to the sign support consisted of two fractured wooden legs. The
upper portions remained attached to the sign panel. The embedded 3-ft (0.9-m)
sections of the sign legs remained buried in the weak soil. Strands of wood
fibers remained intact on the right leg between the buried section and length
of leg up to the upper hole. The panel was in good condition after the test.

-The occupant impact velocity using the 2-ft (0.6-m) flail space model
outlined NCHRP Report Number 230, was determined to be 8.6 ft/s (2.6 m/s).
The occupant impact velocity was reached 0.286 s into the crash event. The
ridedown acceleration was 3.4 g's. The ridedown acceleration was attributed
to the secondary impact between vehicle and sign panel as the sign fell on top
of the vehicle. The peak force (300 Hz data) for the impact event was
16.5 g's (30.7 kips (136 kN». Because the sign remained in contact with
vehicle the vehicle change in velocity was calculated to be 14.3 ft/s
(4.4 m/s).

Photographs during the impact event are presented in figure 3. A summary
of the impact conditions and the test results is presented in figure 4.
Figures 5 through 8 are plots of data collected during the test. Pre and
post-test photographs of the vehicle and sign support system are presented in
figures 9 through 12. Because no residual crush was recorded a sketch
depicting the crush was omitted from this report.

2
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m
Test number 92F009 Vehicle analysis: Observed Deslgn/llmit

Date May 1. 1992

Test vehicle 1986 Honda Civic

Vehicle weight 1860 lb (844 kg)

Test article Small Sign Support

long Itudl na 1:
Occupant Delta Vat 2 ft 8.6 ftls
Rldedown Acceleration 3.4 g's

lateral:
Occupant Delta V at I ft no contact
Ridedown Acceleration no contact

:H6 ft/s
15/20 g's

no spec
no spec

Material. 00 4 by 6 wood, two 1.5" holes
2-leg. 2-HIt

Embednent depth 3 feet

Panel type 4 foot by 10 feet extruded aluminum

Height " 11 feet

Foundation 5-2 Weak Soil

Impact speed 29.5 ftls (8.9 m/s)

Impact angle O degrees

Impact location Head-on, centerline

Peak 50 msec acceleration
longitudinal 3.4 g's
lateral , NA

Vehicle Damage (TAD) 12-FC-I
(VOl) 00 ool2FDAUI

Vehicle crush no resIdual crush

Vehicle velocity change 14.3 ftls

Exit angle 15 degrees

Figure 4. Summary of test 92F009.
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TEST NO. 92F009
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TEST NO. 92F009
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TEST NO. 92F009

:1B .------.-- -- ------
Occupant velocity & disp VB Lime

--j r I , ----.-- - -~---

:17 - -1-----1-- -------j---- ---- -~----- --+-

lfi . --~-----+- --+------ ----1----

:15 -----+-- -1-------.-- --- ---- ----

-

--

---

----

----

- --+----

-1----1-----

--+-----+----

-----j----+-----l

I I 1-------- --

I- I -+------.-- ---

//
1/

or~lPANTf:+y:fttu ~_~~
//

----+------1----

11-------

-'-;-;

---+----

- r-'-' JJ'~-- ~_/ - \. '-

H
'

.. -+--- r . 7/

-->_-1 _ I - -/=J.J"- 7 ~--~--'
- --_.-

--1-- --, -~

3

-+--J--i-- --l-

~ I

-+----f--______+_ --

-.//
.---------1'/ I I ~

:1 I-- -H I -,-,,::r~/
r-'"

/

:l

H

9 .--

7

I>

o I----- __jL_=':'_<

10

14

1~

:13 I----~-

:11.

+J
'H
~

Po
fII

·ri
'tl

&ll

~

l/I
......
+J
'H.....

a
;>,
+J
·ri
U
0
r-i
CIl
>
+J
C
~

Po
::l
U
U
0

0.2 :1
-:1 L -__ - - L---------l...- --------l_ I

o 0.4 0.6 0.8

-------L I __---.L.- L----J

1..2

Time (seconds)

Figure 8. Occupant velocity and relative displacement versus time, X-axis, test 92F009.



I:>

/

.
I

, , I,

!
•

;;,

. ,

0'
0
0
u...
N
C'\

+-'
VI
ClJ
+-'

4-
0

VI
.c:
C-

'"s..
C'l
0

+-'
0
~

" , o.
.' +-'

VI
CJ
+-'
Q)
s..

C-

O'

•• j ClJ
l-
=O'l

u...



I .•••

; ", -
I., .
,~ ,
, :

,,' {.
( .

"

, ~ .
.f' .:

,.
,, -,

.: !:/»

'. '

of ,. "0

1,
CJ
:::l

:t! s::

.,. ....., s::
0
u

"' .... - -
0'1
0

"t,. -
0
L.J..
N
O'l

+->
til
aJ

+->
~

0

til
..s::
c..
r"j

~

en
0.....
0

..c:
c.

-l-'
til
(l)

+->
OJ
~

0-

0'1

(l)
~
:::l
en

L.J..

t



O"l
0
0
L.J...
N
O"l

+>
VI
C.J

+-'

4-
0

VI
..c
0..
<-::l
S-
01
0

+-,
0
~.

b.

+-'
tI)

CJ
....>

+-'
Vl
0

D_

O
r-l

(1)
S-

It :;,
m

u....



"'0
QJ
='c:

......
c:
o
u

O'l
o
o
l.J...
N
O'l

+-'
Vl
QJ

+-'

4
o

Cl.
r,J

~
C.
o

.. .>
o

.r.:
Q.

o......



6. TEST RESULTS - 60 MI/H (26.8 MIS), TEST 92FOIO

The test vehicle was accelerated to 58.6 mi/h (85.9 ft/s (26.2 m/s»
prior to impacting the sign support. The centerline of the test vehicle was
aligned with the mid point between the two sign legs.

The bumper made contact with both sign legs and began to collapse. The
contact between bumper and sign legs occurred to the outside edge of each
bumper support. Damage was significant to the bumper and headlights only, the
majority of the front end elements remained in good condition. The vehicle
contacted both sign legs simultaneously and the legs fractured at the hole
18 in (0.457 m) above ground 0.016 s after initial contact. Both legs never
fractured at the lower hole 4 in (0.102 m) above ground level. Instead each
leg fractured 12 in (0.305 m) below ground level while the vehicle rolled over
the remnants of each leg. The vehicle continued underneath the sign support,
inducing a rotation in the sign support and vaulting the sign support upward.
The vehicle passed underneath the sign support without making secondary
contact. The sign support rotated 360 degrees and re-impaled itself in the
weak soil briefly then fell backward with the sign panel facing up. The
brakes were applied and the vehicle came to rest before making contact with
the FOIL catch fence.

Damage to the vehicle consisted of damage to the bumper and other minor
front end components (plastic parts). The contact between the legs and
vehicle occurred outside of each bumper support. This area of the bumper was
not as stiff as bumper supports. The legs caused damage to both headlights
and light damage to each fender. The maximum residual crush was measured and
recorded as 7.3 in (0.185 m). None of the sign components impaled the
occupant compartment.

Damage to the sign support consisted of two fractured wooden legs with
the fracture occurring at the upper hole. The upper portions above the upper
hole remained attached to the sign panel. The embedded 3-ft (0.9-m) sections
of the sign legs remained buried in the weak soil. A segment containing the
lower drilled hole (not fractured) and approximately 18 in (0.457 m) in length
was broken off each leg. The panel was in good condition after the test.

The occupant impact velocity using the 2 ft (0.6-m) flail space model
outlined NCHRP Report Number 230, was determined to be 7.5 ft/s (2.3 m/s).
The occupant impact velocity was reached 0.309 s into the crash event. The
ridedown acceleration was 0.5 g's. The peak force (300 Hz data) for the
impact event was 14.9 g's (27.5- kips (122 kN». Because the sign/vehicle
contact was brief the vehicle change in velocity was equal to the occupant
impact velocity, 7.5 ft/s (2.3 m/s).

Photographs during the impact event are presented in figure 13. A
summary of the impact conditions and the test results is presented in figure
14. Figures 15 through 18 are data plots of data collected during the test.
Pre and post-test photographs of the vehicle and sign support system are shown
in figures 19 through 22. Figure 23 depicts the measured vehicle crush for
test 92F010.

7. CONCLUSION

The test results show that the occupant impact velocities of 8.6 ft/s
(2.6 m/s) and 7.5 ft/s (2.3 m/s) for the low- and high-speed test
respectively, are below the 16 ft/s (4.9 m/s) criteria as specified by the
FHWA. There was no occupant compartment intrusion and no significant stub
remaining after the test. Therefore the dual legged 4-by-6 wood sign support
system in weak soil meets al~ of the applicable criteria for the low- and
high- speed tests.
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Longltudi na 1 :
Occupant Delta V at 2 ft 7.5 ft/s
Ridedown Acceleration 0.5 g's

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

Test number 92FOIO

Date ......... .,., . .,., .. .,.,., ... .,., .. .,.,., . ., .. May 6. 1992

Test vehicle ..... ., . ., . .,.,.,., ....... .,.,., .,1985 Honda Civic

Vehicle analysis: Observed Oesign/Limlt

;!;16 ft/s
15/20 g's

Vehicle weight 1850 lb (839 kg)

Test article Small Sign Support

Lateral:
Occupant Delta V at 1 ft no contact
Ridedown Acceleration no contact

no spec
no spec

Material. .. .,.,.,.,., .... .,.,4 by 6 wood. two 1.5" holes
2-Leg. 2-Hi t

Embedment depth 3 feet

Peak 50 msec acceleration
Longitudinal 3.1 g's
Lateral NA

Panel type 4 foot hy 10 feet extruded aluminum

Height 11 feet

Vehicle Damage (TAO) .' .I2-FC-2
(VOl) I2FOENI

rOllndat i on S-2 Weak Soi 1
Vehicle crush 7.3 inches

Vehicle velocity change 7.5 ft/s

Impact speed . ., ...... ., ...... ., .... ., ..... 85.9 ft/s (26.2 m/s) Exit angle O degrees

Impact angle D degrees

Impact location Head-on, centerline

Figure 12. Summary of test 92FOI0.
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Figure 13. Acceleration versus time, X-axis, test 92F010.



TEST NO, 92F010
Velocity vs time
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Figure 14. Velocity versus time) X-axis) test 92FOI0.



TEST NO. ~2F010

Force vs displacement
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Figure 15. Force versus displacement, X-axis, test 92FOI0.



TEST NO, 92F010
O<.cupant velocity & dlSP vs time
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Figure 16. Occupant velocity and relative displacement versus time, test 92FOI0.
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1 in = 2.54 cm
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Figure 19. Sketch of vehicle crush, test 92F010.
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