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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
92F024, and one at 60 mi/h (26.8 m/s), test 92F025. The vehicles used for
these tests were Honda Civic two door hatchbacks. The purpose of these. tests
was to evaluate the 10w- and high-speed safety performance of a dual legged
braced 2 1b/ft (2.98 kg/m) u-channe1 sign support system in weak soil. 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 (101.6 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 soi1(1. A summary of the test
conditions is presented in table 1.

Tab1 e 1. Test matrix.

Test Test Test Test Test Test Article Impact
Number Date Vehicle Weight Speed Description Locat-

(l b) (mi/h) ion

92F024 8-19-92 '85 Honda 1850 20 2 1eg 2 1b/ft center
Civic u-channe1 braced

92F025 8-25-92 '84 Honda 1850 60 2 1eg 2 1b/ft center
Civic u-channe1 braced

3. VEHICLE

The test vehicles were a 1985 and a 1984 Honda Civic two door hatchback
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 ba11a~ted with data acquisitions systems, transducers, a
brake system and weight plates (if necessary) to bring their inertial weights
to approximately 1850 1b (839 kg). The actual weight of the test vehicles was
1850 1b (839 kg). After ballasting, the vehicles' inertial properties were
remeasured.

4. SIGN SUPPORT

The sign support system used in these tests consisted of an 8-ft wide by
6-ft (2.4-m by 1.8-m) high aluminum sign panel mounted to two 2 1b/ft
(2.98 kg/m) u-channe1 posts. The two posts were installed 3.5 ft (1.1 m)
apart. The posts were spliced to two 6-ft II-in (2.1-m) stubs which were
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installed 3.5 ft (1.1 m) deep in NCHRP, S-2 weak soil (sand). The splice was
a 2-ft (0.6-m) overlap splice which started 18 in (457.2 mm) above ground.
The splice was configured with the sign posts behind the splice stubs. The
overlap splice was fastened using two 3/8-in-(9.5-mm) diameter aluminum bolts.
The bolts were 19 in (482.6 mm) and 39 in (990.6 mm) above ground level. The
two posts were supported in the rear by an angled wind brace. The wind brace
was made from 2 1b/ft (2.98 kg/m) u-channe1 and was attached to the two sign
posts 10 ft (3.1 m) above ground. The other end of the brace was attached to
a 3-ft 10-in (1.2-m) stub which was embedded 3.5 ft (1.1 m) in the weak soil.
The rear brace stubs were installed 5.5 ft (1.7 m) behind the two vertical
sign posts. The two brace stubs were offset 6 in (152.4 mm) on center with
the two vertical sign posts. All of the brace attachments, four in total,
were made using one aluminum bolt. Figures 1 and 2 are drawings of the sign
support system details.

5. TEST RESULTS - 20 MI/H (8.9 MIS). TEST 92F024

The test vehicle was accelerated to 21.5 mi/h (31.6 ft/s (9.6 m/s» prior
to impacting the sign support. The centerline of the test vehicle was aligned
with the mid point between the two sign posts.

The bumper made contact with both sign posts on the lower splice bolt,
19 in (482.6 mm) above ground. The sign posts began to push through the weak
soil and bow away from the vehicle. The u-channe1 posts were pushed through
the sand 12 in (304.8 mm). The four aluminum splice bolts broke approximately
0.04 s after initial contact. 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 upper u-posts began to rotate
away from the vehicle while the vehicle continued to flatten the two 3-ft 5-in
(1.0-m) splice stubs. The vehicle flattened the two stubs and proceeded
forward and made contact with the braces. The vehicle detached the braces
from their support stubs while the sign -panel fell on the roof of the test
vehicle. While the vehicle was rolling over the front stubs, the front stubs
began to recoil from the bent position and push upwards on the rear of the
vehicle causing the vehicle to pitch. The induced pitch caused concern for
higher i~pact speeds. The pitching motion could cause the vehicle to roll
during higher impact speed collisions. After the vehicle exited the sign
system the brakes were applied and the vehicle came to rest.

Damage to the vehicle consisted of minor damage to the bumper and a dent
approximately 0.5 in (12.7 mm) deep just above the left B-pillar. The two.
parking lights just below the bumper were shattered. Since no considerable
damage was inflicted on the front end of the vehicle no crush measurements
were recorded or documented in this report. The damage to the roof was light
and just above the B-pillar. No damage was inflicted on the windshield. None
of the sign components impaled the occupant compartment.

Damage to the sign support was mainly to the front splice stubs. The
stubs were bent and contorted and not reusable. All of the aluminum hardware
used to assemble the sign support was destroyed. The splice bolts failed in
tension while the brace bolts sheared. The remainder of the u-channe1, the
braces, the rear brace stubs (in the ground) and the u-channel attached to the
sign panel was in usable condition after the test. The braces were launched
downrange 30 ft (9.2 m). This is a possible hazard for other traffic and
pedestrians.

The occupant impact velocity using the 2-ft (0.6-m) flail space model
outlined in NCHRP Report Number 230, was determined to be 11.5 ft/s (3.5 m/s).
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The occup~nt impact velocity was reached 0.255 s into the crash event. The
ridedown acceleration was 1.4 g's. The peak force (300 Hz data) for the

., ~mpact event was 6.3 g's (11.6 kips (51 kN». Because the sign support­
vehicle contact was prolonged the vehicle change in velocity was calculated to
be 14.6 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.

6. TEST RESULTS - 60 MI/H (26.8 MIS). TEST 92F025

The test vehicle was accelerated to 60.4 mi/h (88.6 ft/s (27.0 m/s»
prior to impacting the sign support. The centerline of the test vehicle was
aligned with the mid point between the two sign posts.

The bumper made contact with both sign posts on the lower splice bolt,
19 in (482.6 mm) above ground. The sign posts began to push through the weak
soil and bow away from the vehicle. The u-channe1 posts were pushed through
the sand 12 in (304.8 mm). The four aluminum splice bolts broke approximately
0.014 s after initial contact. The upper u-posts began to rotate away from
the vehicle while the vehicle continued to flatten the two 3-ft 5-in (1.0-m)
splice stubs. The vehicle flattened the two stubs and proceeded forward and
made contact with the braces. The vehicle detached and launched the braces
from their support stubs 0.06 s into the crash event. While the vehicle was
rolling over the front stubs, they began to recoil from the bent position,
however the vehicle was traveling to fast for the rebounding u-channe1 to
impart any pitch motion on the vehicle. After the vehicle exited the sign
system the brakes were applied and the vehicle came to rest with help from the
FOIL catch fence.

Damage to the vehicle consisted of damage to the bumper and a dents on
either side of the hood. The two parking lights just below the bumper were
shattered along with both headlights and plastic cosmetic bumper elements.
The u-channe1 penetrated the bumper on the outside edge of each bumper
support. The penetration was deep enough to cause damage to minor frame
members behind the headlights. No damage was inflicted on the roof or
windshield. None of the sign components impaled the occupant compartment.

Damage to the sign support was mainly to the front splice stubs. The
stubs were bent and contorted and not reusable. All of the aluminum hardware
used to assemble the sign support was destroyed. The splice bolts failed in
tension while the brace bolts sheared. The remainder of the u-channe1, the
braces, the rear brace stubs (in the ground) and the u-channe1 attached to the
sign panel was in usable condition after the test. The braces were launched
downrange 110 ft (33.5 m) and 300 ft (91.5 m). This is a possible hazard for
other traffic and pedestrians.

The occupant impact velocity using the 2-ft (0.6-m) flail space model
outlined in NCHRP Report Number 230, was determined to be 8.4 ft/s (2.6 m/s).
The occupant impact velocity was reached 0.313 s into the crash event. The
ridedown acceleration was 1.0 g's . . The peak force (300 Hz data) for the
impact event was 19.6 g's (36.3 kips (161 kN». Because the sign/vehicle
contact was brief the vehicle change in velocity was equal to the occupant
impact velocity of 8.4 ft/s (2.6 m/s).

Photographs during the impact event are presented in figure 13. A
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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 92F025. .

7. CONCLUSION

The test results indicate that the 2 lb/ft (2.98 kg/m) braced sign
support system meets all of the applicable safety criteria for the low- and
high-speed test in weak soil specified by the FHWA. There was no occupant
compartment intrusion during either test and the occupant impact velocities of
11.5 ft/s (3.5 m/s) for the low-speed test and 8.4 ft/s (2.6 m/s) for the
high-speed test are below the 16 ft/s (4.9 m/s) limit specified by the FHWA.
The stub remaining after each test was higher than the 4-in (101.6-mm) limit
specified by the FHWA. However the flattening of the u-channel imparted no
damage to the vehicle/s undercarriage. The primary concern posed by the long
stub was the pitch induced into the vehicle as it passed over the stubs during
the low- speed test. It was believed that this would cause vaulting or
rolling during high-speed impacts. The 60-mi/h (26.8-m/s) test demonstrated
that the long stubs were not significant enough to cause vaulting or rolling,
therefore the stubs were not a factor in considering compliance with the FHWA
specifications.

4



c..
n

1 2
' i
-

2
' J
~

l
'

T

I
111

111
7

'
-
0

"
111

111
-I

'7
'
-
0

·

:,'

J~
.
l
-
~
'
~
-

J
I
-
3

-

.--
l
'

-
.,

-

3
'
-
6

- L

1
1
-
5

-

1
1

1
-,

5
3

/"
·

3
'

-6
" L

L
-l

f-
1

I"

3'O
ll"J

I-
--

5
'·

6
1

/2
"
-.

J T
ot

al
W

ei
gh

t
=

25
8

lb
•
~
/
r
T

V
~

~
T
I
I

-.
..

::
a
-

a
~

•
•

I
I
I
T

1
in

=
25

.4
mm

1
ft

=
0.

30
5

m
1

lb
=

0.
45

4
kg

.
A
D
X
A
I
f
~
~
.

I
9

8
-
0

1
4

.
"I

!

F
ig

ur
e

1.
Sk

et
ch

of
sm

al
l

si
gn

su
pp

or
t.



N
O

T
E

'"

A
J.

...
I..

.
II

O
L

T
tl

"
N

U
'l
'5

T
'Q

•
•

A
L

U
H

X
..

N
U

N
.

~
.

A
L

L
U

C
H

A
N

N
lI

L
T

O
B

D
a

L
a
/l

P
T

.

:5
.

U
C

H
.A

1I
IJ

'f
K

L
W

:D
O

)
~
a
A
.
C
a
a

..
..

..
.y

!
li

t
0

T
Im

.a
A

L
.L

O
Y

.

~
.

1.1
C

l4
.A

lO
II

IE
.L

u
va

:r
.Q

1
C

r8
A

N
D

II
-r

u
-I

II
'l
'0

.
.
.

6
0

I
t
S

]
:

S
T

1
E

.&
L

.

~--
--l

3
/8

D
Z

A
.

:i
i5

'L

O
l

S
T

E
B

L
B

ft
A

C
K

B
T

D
E

T
A

7
L

G
A

L
V

N
U

T

O
D

X
3

/8
ID

W
A

S
H

E
R

2
L

B
/F

T
U

C
H

A
N

N
E

L
.

6
0

K
S

I

5
/1

6
X

2
.5

G
A

L
V

B
O

L
T

1
.2

5
O

D
.

X
3

/8
ID

W
A

S
H

E
R

0
.1

.3
5

A
L

U
H

X
N

D
H

B
L

A
N

lC

T
E

S
T

B
K

R
X

II
S

1
4

.

a
u

s
/"

a
cm

u
ea

a.
.

w
rI

"I
I
B
~

.
a
~

•
•

lI
.1

!!
1

l:
T

1
in

=
25

.4
nu

n
.0

.-.-
.31

A
D
Z
.
A
N
_
~
~
·

9
B

-
0

1
4

F
ig

ur
e

2.
Sk

et
ch

of
sm

al
l

si
gn

su
pp

or
t,

at
ta

ch
m

en
t

d
et

ai
l.



'"
o
co

""o

co
""o
o

'"

I
........
0

0- t?.... , • I
f' ". •' ~ .
.. n I

...
'.....

::a

il
<Il

CO:.0. N
0

0I. \:. •....
'"
o
o......
o

7



~
~

SP
LI

CE
ST

UB
S

.~
.... .~
.

'/
"'

~~
"

.,
/;

',:
"

~~
.

;;'""
0

\-
'
/

/
/
"
"

../
"

~~
,

/-~
'>.

.~.
~
~

..'
,'

/-
c;

/
"
\

".
.

.'.
/'

'.'"
'.W

'
'~'"
~
~

.
".'

~,
/

"";'"
#

,,;.
$

'"
,;

\
\.

'~
';

'd
~"

.
/"

"
/,

""
"

/.
..

.
....

'~"'
,.

/
0

~';
"

/
'''

.~'
'/

y~
~/

'.".
"

"
/

"

.
,
/
~
~
"
d
,
.

N
,t

..
/

'\
~" ,,>

-"
/

..::,
.(..

..

~

BR
AC

E
ST

UB
S

W
IN

D
BR

AC
ES

.
~

5
E

M
g

,l(i
DJ

-J
-~

~
as

"
L
.
~

II

3D
ft

H
ei

gh
t

.

92
F0

24

0.
45

4
kg

1
1b

no
sp

ec
no

sp
ec

~
1
6

ft
/s

15
/2

0
g

's

D
es

ig
n/

L
im

it

..
..

..
.

,
3.

2
g

's
..

..
..

..
..

..
..

NA

..
..

.
12

-F
C

-1
..

..
,

12
FD

AU
1

o
de

gr
ee

s

.
no

re
si

du
al

cr
us

h

.
14

.6
ft

/s

O
bs

er
ve

d

1
ft

=
0.

30
5

m

V
eh

ic
le

cr
us

h
..

V
eh

ic
le

ve
lo

ci
ty

ch
an

ge
.

E
xi

t
an

gl
e

.

V
eh

ic
le

an
al

ys
is

:

L
on

gi
tu

di
na

l:
O

cc
up

an
t

D
el

ta
V

at
2

ft
11

.5
ft

/s
R

id
ed

ow
n

A
cc

el
er

at
io

n
1.

4
g

's

L
at

er
al

:
O

cc
up

an
t

D
el

ta
V

at
1

ft
no

co
nt

ac
t

R
id

ed
ow

n
A

cc
el

er
at

io
n

no
co

nt
ac

t

Pe
ak

50
m

se
c

ac
ce

le
ra

ti
on

L
on

gi
tu

di
na

l
.

La
te

r;-
al

,
.

V
eh

ic
le

D
am

ag
e

(T
AD

)
.

(V
D

I)
.

1
in

=
25

.4
mm

Su
m

m
ar

y
of

te
st

92
F0

24
.

F
ig

ur
e

4.

13
ft

..
.

.S
-2

W
ea

k
S

oi
l

6
ft

by
8

ft
al

um
in

um
sh

ee
t

31
.6

ft
/s

(9
.6

m
/s

)

.
0

de
gr

ee
s

'"
H

ea
d-

on
.

ce
n

te
rl

in
e

A
ug

us
t

19
.

19
92

..
19

85
H

on
da

C
iv

ic

18
50

lb
(8

39
kg

)

..
,.

..
Sm

al
l

Si
gn

Su
pp

or
t

2
lb

/f
t

u-
ch

an
ne

l
w

it
h

2
lb

/f
t

br
ac

in
g

2-
L

eg
,

2-
H

it
..

..
.

3.
5

ft

Pa
ne

l
ty

pe
.

T
es

t
nu

m
be

r
.

T
es

t
a
rt

ic
le

.

M
at

er
ia

l
.

Em
be

dm
en

t
de

pt
h

.

D
at

e
..

..

T
es

t
ve

hi
cl

e
.

V
eh

ic
le

w
ei

gh
t

.

Im
pa

ct
sp

ee
d

.

Im
pa

ct
an

gl
e

.

Im
pa

ct
lo

ca
ti

on
.

Fo
un

da
tio

n
.

co



T
E

S
T

N
O

.
9

2
F

0
2

4
A

c
c
e
le

ra
ti

o
n

v
s

L
im

e
,

-

I~II
I

I
~I

.1
\!l~

~~h
J.

WV
~I

~~
)'rl

V~
~

~I
III

IV
'~

f
- -

,

- - - -

I
I

I
I

I
I

I
I

I
I

2 :l o

-J
.

III . 01 -
-
2

I:: 0 .... ~
Y

)

cl
-
3

H QJ r-
l QJ U U

-
4

f(

-
5 -
6 -7

-
0

.1
0

.1
0

.3

T
im

e
(s

e
c
o

n
d

s
)

0
.5

0
.7

0
.9

Fi
gu

re
5.

A
cc

el
er

at
io

n
ve

rs
us

tim
e,

X
-a

xi
s,

te
st

92
F0

24
.



T
E

S
T

N
O

.
9

2
F

0
2

4

V
e
lo

c
it

y
v

s
ti

m
e

0
.9

0
.7

0
.5

0
.3

0
.1

3
3

3
2

3
1

3
0

2
9

2
8

....
2

7

U
l

....
... .iJ

2
6

'4-
1 -

2
5

>.

-
.iJ

0
.,

.j
2

4
.-

U 0 r
l

2
3

Q
) :>

2
2

2
1

2
0

1
9

1
8

1
7

1
6

-
0

.1

T
im

e
(s

e
c
o

n
d

s
)

1
ft

=
0.

30
5

m Fi
gu

re
6.

V
el

oc
it

y
ve

rs
us

tim
e)

X
-a

xi
s,

te
st

92
F0

24
.



T
E

S
T

N
O

.
9

2
F

0
2

4

~ ~

AU
;

r-
/'

tl
....

.
l:l «f

~
III

U
,

...
..8

~
t

F
o

rc
e

v
a

d
is

p
la

c
e
m

e
n

t
4 3 2 ~ o

I
~.

I
1\
*IA

.1
I

Ill!

-1
.

-
2

-3 -
4

-
5

-
6 -7 -
8

-9

-
1

0

-
~
~

-
1

.2

-1
.3

o
2

.;
4

6
8

~
o

1
2

1
4

1
6

1
8

1
1b

f
=

4.
45

N

D
is

p
la

c
e
m

e
n

t
(
f
t)

1
ft

=
0.

30
5

m

F
ig

ur
e

7.
Fo

rc
e

ve
rs

us
di

sp
la

ce
m

en
t,

X
-a

xi
s,

te
st

92
F0

24
.



T
E

S
T

N
O

.
9

2
F

0
2

4

O
c
c
u

p
a
n

t
v

e
1

0
c
it

y
&

d
ia

p
v

a
ti

m
e

-
-

'..
-

~
.
.
.
r
'
"
~

jV
'

O
C

C
U

E
'A

N
T

V
l

L
O

C
I'

V
"
~

/
~
~
~

/
lJ

/
'

r
/

/
/

1/
O

C
C

U
P

A
~

D
IS

~
L
A
C
E
M
E
N

T
/

I
/

/

I
/

I
/
'

/
/
'

/
/

V

)
/

/

I
/
'
/

~-
--

--
V

1
6

1
5

1
4

..... ~ "-
l

1
3

~

00
1

2
10 -r
l "

1
1

~ ~

1
0

10 .....
.
~

9

"-
l
~

....
S

N
>. ~ ·n

7
U 0 .-
t tJ

6

> ~
5

a ., 00
4

;:l U U
3

0

2 1 0
o

0
.2

0
.4

T
im

e
(s

e
c
o

n
d

s
)

0
.6

0
.8

1

1
ft

=
0.

30
5

m

F
ig

ur
e

8.
O

cc
up

an
t

ve
lo

ci
ty

an
d

re
la

ti
v

e
di

sp
la

ce
m

en
t

ve
rs

us
ti

m
e,

X
-a

xi
s,

te
st

92
F0

24
.

,<



.......

." r

.::.. -;: :.,'~ ':.y t::.~'::"':"·:'"'-":-'~"'·:WJ:'-F":-i": i-."Y'l
., ., , .- '.",,:,, .{':, :" ~~.:n.:'"':" .~.~-:.-' <, '.:- " r·-''-;'',( :I

'''':~::'' ..;, .. :.,.~.•...~ ..... "- ...­
"!:,~, • -,~ •

1,,- :":._.t

o::t"
N
o
I.L.
N
0"1

+-'
VI
OJ
+-'

4­
o
VI
.c
0­
r::l
~

C'l
o
+-'o
.c
0-

+-'
VI
OJ

+-'
OJ
~

a..

0"1

OJ
~
:::l
C'l

I.L.



14

-"'0
Q)=c:

+..I
c:
o
u-
~

N
o
L.L..
N
en
+..I
Vl
Q)

+..I

4­
o
Vl

..s:::
Co
ttl
~
C"l
o

+..I
o

..s:::
c..

+..I
Vl
Q)

+..l
Q)
~

0..

en
Q)
~

=
C"l

L.L..



~
N
o
l.I...
N
0'1

+-'
III
Q)

+-'

~

o
III

..c
0­
ru
~

C'l
o

+-'
o

..c
0-

+-'
III
Q)

+-'
I

+-'
III
o

c...

o.....



16

o:;r­
N
o
U­
N
C'\

+..l
III
ClJ

+..l

4­
e
III

..J::
c..
rtJ
s..
C'l
e

+..l
e

..J::
c..

+..l
III
ClJ

+..l
I

+..l
III
o
c..

o......
ClJ
s..
::l
C'l

u..



'"

I

Ll')

N
0
L.J..
N
C'I

,._"';:S +oJ
til
QJ

i1 +..l

¥J

~!
+oJ
U
ru
Co

1 ="

1 01
I:

1
s..

'" ::::l
q- ""0

t N.... til

! 0 .s:::.

j Co
ru
s..
O'!
0

+..l
0

.s:::.
Co

+oJ
til
QJ
r-

_........Il --
QJ
s..
::::l
O'!.nI' L.J..

~.~.

co- \
II

:11

0....
0

~,
0

. t:..;-
'.,
.t.

J.,

~.,

::0

'"o
o

'"
N
N
o

'1 0
:1

.1..

'"
o-o

:~.. a
.'..~

17



I

~
~
~

£±
JL

i!i
.
=
-
=
-
~

SP
L

IC
E

ST
U

BS

I ...
BR

AC
E

ST
U

BS

10
0

ft

W
IN

O
BR

A
CE

S

13
0

ft

40~ft
l(IT

,:'J
fJJ

i
CA

TC
H

FE
N

CE

L
o

n
g

it
u

d
in

al
:

O
cc

up
an

t
D

el
ta

V
a
t

2
ft

8
.4

ft
/s

R
id

ed
ow

n
A

cc
el

er
at

io
n

1
.0

g
's

T
es

t
n

u
m

b
e
r
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
92

F
02

5
.... C

O
D

at
e

A
ug

us
t

25
.

19
92

T
es

t
v

e
h

ic
le

19
84

H
on

da
C

iv
ic

V
eh

ic
le

a
n

a
ly

si
s:

O
bs

er
ve

d
O

es
ig

n
lL

im
it

::1
6

ft
/s

15
/2

0
g

's

V
eh

ic
le

w
ei

g
h

t
18

50
lb

(8
39

kg
)

T
es

t
a
rt

ic
le

S
m

al
l

S
ig

n
S

u
p

p
o

rt

L
a
te

ra
l;

O
cc

up
an

t
D

el
ta

V
a
t

1
ft

no
co

n
ta

ct
R

id
ed

ow
n

A
cc

el
er

at
io

n
no

co
n

ta
ct

no
sp

ec
no

sp
ec

M
at

er
ia

l
2

lb
/f

t
u

-c
h

an
n

el
w

it
h

2
lb

/f
t

b
ra

ci
n

g
2

-L
eg

,
2

-H
it

E
m

be
dm

en
t

d
e
p

th
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
3

.5
ft

P
an

el
ty

p
e

6
ft

by
8

ft
al

um
in

um
sh

ee
t

H
ei

g
h

t.
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.
13

fe
e
t

F
o

u
n

d
at

io
n

S
-2

W
ea

k
S

o
il

Im
pa

ct
sp

ee
d

:
8

8
.6

ft
/s

(2
7

.0
m

/s
)

P
ea

k
50

m
se

c
a
c
c
e
le

ra
ti

o
n

L
o

n
g

it
u

d
in

al
2

.9
g

's
L

at
er

al
NA

V
eh

ic
le

D
am

ag
e

(T
A

D
)

12
-F

C
-1

(V
D

Il
12

FD
EN

1

V
eh

ic
le

cr
u

sh
8

.0
in

V
eh

ic
le

v
e
lo

c
it

y
ch

an
ge

8
.4

ft
/s

E
x

it
an

g
le

0
d

eg
re

es

Im
pa

ct
an

gl
e

0
d

eg
re

es

Im
pa

ct
lo

c
a
ti

o
n

H
ea

d-
on

,
c
e
n

te
rl

in
e

1
in

..
25

.4
nu

n
1

ft
=

0.
30

5
m

1
1b

0.
45

4
kg

F
ig

ur
e

12
.

Su
m

m
ar

y
of

te
st

92
F0

25
.



T
E

S
T

N
O

.
9

2
F

0
2

5

A
c
c
e
le

r
a
ti

o
n

v
s

ti
m

e

0
.3

5
0

.2
5

I
_

_
l

I
I

I
I

I
I

__
__

__
L

_
_

_
1

_

0
.0

5
0

.:
1

5

6 4 2
.-

0

-2

~

III
-
4

. 01
-
6

"
-

l=: 0
.....

.
..-

1
-

8
\0

.u ftl 1-1 III
-
1

0
r1 III U

-:
1

2
U fI(

-:
1

4

-:
1

6

-
1

8

-
2

0

-2
2

-
0

.0
5

T
im

e
(s

e
c
o

n
d

s
)

F
ig

ur
e

13
.

A
cc

el
er

at
io

n
ve

rs
us

ti
m

e,
X

-a
xi

s,
te

st
92

F0
25

.



0
.7

1
ft

=
0.

30
5

m F
ig

ur
e

14
.

V
el

oc
it

y
ve

rs
us

ti
m

e,
X

-a
xi

s,
te

st
92

F0
25

.



T
E

S
T

N
O

.
9

2
:F

0
2

5

F
o

rc
e

V
B

d
is

p
la

c
e
m

e
n

t
2

0
I

I

1
0 0

~

;Q
III

,.
,'

tJ
......

a 111

N
Gl

III

.....
o

;:l
-
1

0

1-1
,8

o
~

r..
......

-
2

0

-
3

0

-
4

0
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

o
2

4
6

8
1

0
1

2
1

.4

1
lb

f
'"

4.
45

N

D
is

p
la

c
e
m

e
n

t
(
f
t)

I
ft

==
0.

30
5

m

Fi
gu

re
15

.
Fo

rc
e

ve
rs

us
di

sp
la

ce
m

en
t,

X
-a

xi
s,

te
st

92
F0

25
.



T
E

S
T

N
O

.
9

2
F

0
2

5

O
c
c
u

p
a
n

t
v

e
1

0
c
it

y
&

d
is

p
v

s
ti

m
e

"
,

/
'

1
/

V
.
r
-
.
.
~
~

V
(

C
C

U
P

A
N

T
V

E
L

O
f
.
I
T
Y
~

/
/
'

.
/

/
~
/

V
V

/I..
..
~

/
N

O
C

( ~
P
A
N
T

D
IS

P
L

A
'E

M
E

N
T

/
/I

A Iv
/
v

J)
/

./
'

/
~

y

~
.
/

~

----
--V

-

1
6

1
5

1
4

V
1

3
~ ~

1
2

A Ul oM
1

1
"0 ~

1
0

~

Ul
9

.....
.

V ~
8

~

N
>.

N
V

7

oM 0
6

0 .--
t Gl

5
> V

4
~ A

3
g 0

2
0

1 0

-
1

o
0

.2
0

.4

T
im

e
(s

e
c
o

n
d

s
)

0
.6

0
.8

1

1
ft

...
0.

30
5

m

F
ig

ur
e

16
.

O
cc

up
an

t
ve

lo
ci

ty
an

d
re

la
ti

v
e

di
sp

la
ce

m
en

t
ve

rs
us

tim
e,

te
st

92
F0

25
.



23

·.....~. .,...
;-'"'1,"

:-.;~.",~: '

,

'.

i.)
. ,
J
~!
j

a.n
N
o
U­
N
C"l

+oJ
<II
QJ

+oJ

I.i­
o
VI

..c
0­
~

S­
C'I
o

+..l
o

..c
0-

+..l
VI
QJ

+..l
QJ
S­

Q..

.............
QJ
S­
:::l
C'I

U-



LO
N
o
U­
N
O'l

~

Vl
Ql

+-l

~
o
Vl

.s::.
Co
n:l
S­
O'l
o
~

o
.s::.
Co

~
Vl
Ql
~

Ql
S­

Q..

Ql
S­
;:,
Cl.....

U-



U')

N
o
LJ...
N
C"l

+-'
<Il
QJ

+-'

4­
o
<Il

.s::::.
0­
ttl
~

O'l
o

+-'
o

.s::::.
0-

+-'
<Il
QJ

+-'
I

+-'
<Il
o
a..

co



-"'0
Q)
::::I
c:

+oJ
c:
o
u-

L/'l
N
o
~

N
C'I

+oJ
V)

Q)
+oJ

4­
o
V)

..c:
0.
r;:l
S­
Ol
o

+oJ
o

..c:
0.

+..l
V)

Q)
+oJ

I

+oJ
V)

o
0...

co....



- - - -
8.0" 1.0" 1.0" 1.0" 1.0" 9.0"

...111----- 60" If

Max Crush = 9 in
------- Post test

1 in = 25.4 mm

Figure 19. _Sketch of vehicle crush, test 92F025.
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