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Objectives

The primary burpose of a guardrail system 13 to redirect an errant
vehicle away from a roadside hazard and thus prevent a more serious
collisiorn. This iIs accomplished by transforming a portion of the kinetic
energy of the impécting vehicle into barrier deformations. Jne of the
important energy absorption components of such a system is the soil :In

which the system 1s anchored.

NCHRP Report 230(1) specifies that the soil used to anchor
appurtenance test articles conform to the gradation curve of figure 1 ard
that it be compacted to at least 95 percent of its standard proctor
density. These standards were chosen because most tests performed at
Southwest Research Institute before Report 230 conformed to these condi-
tions. It was not known how sensitive barrier performance was to the
particular type of soil and the degree of compaction. The objective of
this the research was to determine a rationally based specification for
the soil condicions during a full-secale crash test and, more generally, to
determine how sensitive barrier performance is to changes in soil

strength.

There are two distinct types of guardrail behavior typically observed
during dynamie impacts. When thne soil strength is greater than the
flexural capacity of the post, the guardrail system will behave like a
cantilever beam with nearly rigid support. In this situation, the post
will fail before the soil. For example, "weak post" systems have been
designed to ircrease the bearing surface on the soll by using reaction
plates ard larger embedment lengths to develop the full flexure strength
of the post in even the poorest of soils. Energy is aosorbed czy flexural
deformation of the post ratner than rigid-body displacement 2f the post in
the soil. The complement of this situation is one in which the soll is
weak with respect to post strengtn. During impact the post wiil benave as
a nearly rigid boady and the soil shear strength will be exceeded before

that of the post.
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Characterizing -the Force-Deflection Properties of Posts in Soil

Many parametérs affect soll strength. Density, molisture c¢ontent,
angle of internal friction, cohesion, and grain size distribution are some
of the important factors that affect the cyramic behavior of soils. The
analysis of the céntribution of all of these factors was clearly beyond
the scope and resources of this research. Soll density, trnerzfore, wWas

chosen as the scle variable for study for the following reasors:

. Jensity is perhaps the single most important parameter. Soil
resistance is primarily a function of the lateral earth
pressure, which is itseif lirearly dependent on density.

. Density is both easy to vary and easy to measure in the field.

A series of pendulum tests were performed where the soil density was
varied and the post resistance was calculated from pendulum-mass
accelerations, Table 1 is a summary of these tests and appendix A of this

volume contains detailed information about each individual test.

The dynamic behavior of the laterally loaded post can be divided into
two discinct phases; an elastic and a plastic phase. These phases zare
shown in figures 2 and 3. During the eiastic phase the force-deflection
curve is linear. Onece the ultimate load is reached, the soil continues to
deform plastically. In figure 3, the load decreases from the ultimate
value because the post is pulled radially out of the s3il at the same time

it is 2eing rotated.

Table 1 shows that the post/soil stiffness, amount of energy
absorbed, and the ultimate load all increase with increasing soil
densities. Figure 4 shows the variation of the ultimate post/soil

strength with soil density.

Figure 4 also demonstrates another interesting phenomena. Ultimate

post/soil strength is a function of the gress In-situ density and not the



Test

Number

SD6*

sh7

sp8

sSp9

Sb10

D11

SDl2

* Al}

Table 1. Pendulum test summary.

Energy
Percent Absorbed
Dry Water Proctor by the
Density Content Density Soil
100.4 3.5 17
111.3 3.5 86 181.,8
118.8 3.5 92 250.8
123.9 3.5 96 260.0
- Incorrect Soll Placement -
115.7 6.9 89 212.5
125.5 8.1 97 102.4

remaining tests used a 6 x 8 steel box beam post

Ultimate
Load

(kips)

8.4
13.7
20.6

11.6

Zero
Load
Stiffness - Deflection
(kpi) (in).
Post Broke
3.8 34.6
8.6 25.5
12,1 18.8
4.6 35.0
3.5 32.8

Pendulum  Ramped -
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dry density. The three ooints lying on the cashed line all represent
tests witn moisture contents of 3.5 percent. The two points lying of{ the
line represent tests at other moistire conterts. 7The solid line in figure
4 shows that when gross in-situ density, the censity Including the density
of water, s used as the independent variable, the five data points will
lie along the same line. This trend persists urtil soil saturation
oceurs. At saturation the effective density becomes tne buoyant dernsity
ard the soil quickly weakens. Ffor example, if a soil having a gross
density of 140 pef (2243 kgfm3) were saturated with water, the density
effective in resistirg post deflection is the gross density minus the
density of water, 62.4 pcf {1000 kg/m3); therefore, a saturated soil with
a density of 140 pef (2243 kg/m3) 15 only as strong as a dry soll weighirg
77.6 pef (1243 kg/m3).

Effect of Soil Strength on Barrier Performance

Computer Simulations.
Knowing the behavior of the post-soil subsysten, zhe effect of soil
strength on the guardrail system as a whole was investigated using the

BARRIER VII(2) computer simulation program.

BARRIER] VII is a general purpose computer program for analyzing the
interaction between vehicles and highway safety appurtenances. Appurte-
nances are modeled as a series of simple structural members such as
springs, elasto-plastie posts, beams, links and hinges. Using these

cifferent elemenrts many typical sarriers can be accurately modeled.

& GU4{1S) guardrail system was chosen as a test system for several

reasons:
. The GU(1S) is one of the most popular strong post systems.
. The GU4{1S) ard the Gu{2W) are generally thougnt to exnibit

similar behavior.



. A strong post system s capable of developing muecnh more flexural
capacity; thus it is more difficult to provide a rigid support
for the .strong post than for the weak.

. The G4{1S) has been in service for many years and its
performance is well understood.

A GY4(15) guardrail system was therefore chosen as a represencative system
which still posed a worst-case situation. Table 2 shows the post
properties used for the BARRIER VII simulations. Once the ultimate romert
is reached the post will fail because of high soil-shear or excsssive
deflection. A very large ultimate shear was specified so the post would
deform plastically. The failure distance, AF’ was calculated to corre-
spond to the energy dissipated in the actual pendulum tests shown in takle
1. Tke energy is gilven by the area under the force deflection curve.
Therefore, referring to figure 3,

PU z u.cimate load

Ap = equivalent failure deflection
K = loading stiffness
E = energy dissipated
Table 2. BARRIZR VII post properties.
Ultimate Ultimate Deflection
Stiffness Moment Shear at rallure
{kpl) (in-k) {kips; (in)
Weak axis 0.3 k D.5021 Ppp) Q0 0.9 AF
Strong axis P4 21 b.. 100 Ao

- by

Yalues of k, PU and A
data.

F are the values ldealized from the pendulum test



The values taken from the pendulum test were all strong axis values.

(3)

Calcote shows data which suggest that the weak axis develops about 30
percent of the st}ong axis strergth for 6x8-inch {(15.2%20.3-cm) steel
posts. All the weak axis parameters were simply scaled-down to $0 percent
of the strong axis value, Of ccurse, the weak axis is rnot critical in a
strorg-post barrier like the G4(15) therefore, this empirical approxima-

tion was deemed sufiicient for the purpose of tnis simulation.

Using the above rationale znd the pendulum data, eight simulations
were performed; figure 5 shows a plot of the results. The dashsd line
represents the hypothetical case where the post is perfectly rigid. Tre
post, however, 1s not rigid; it has some ultimate flexural capacity. The
solid line represents this mcre realistic case. When the 31 soil is
compacted to a density greater than 115 pef {1842 kg/m3), the soil
provides rigid support and the post will fail in flexure. Below 115 pcf

(1842 kg/m>) the post will behave as a rigid body and the soil will fail.

One primary reascn for providing a test specification is to allow
comparisons of test data between testing agencies. As figure 5 shows, the
barrier is very sensitive to small changes in soil density until 115 pef
(1842 kg/m3), nearly S50 percent of the standard proctor density, is
achieved. Ster this point the barrier performance is identical resgard-
less of whether the ccompaction is GO or 120 percent of the standard

proctor density.

Full-Scale Crash Tests.
In order to validate the findings shown in figure 5, three full-scale
crash tests were performed. The tests are summarized in table 3 and the

full test reports appear in appendix 3.

Dynamic barrier ceflecticn is gererally trhe most repeatable char-
acteristic of a longitudinal barrier collision. A barrier impact is a
combination of rmany smaller impact events and many of the measurable

variables are not repeatable., Aan analogous situation is the measurement

10
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Table 3. Comparison of soil-post interaction crash tests.

Soil Conditions

Natural Soil Density (pci)
Standard Proctor Compaction (%)
Moisture Content (%)

Dynamic Deflections

Simulated (in.)
Acctual (in.)

Evaluation Criteria (film data)

Lateral Qccupant Risk (fps)
Lateral Ridedown Accel (g's)
Lateral 50 msec Accel (g's)

Barrier Damage

Number of Deflected Posts
Number of Deformed Beams

Number of Beam/Post Separaticns

12

Test

SPI-1 SPI-2 SPI-3
148 108 121
110 80 90
3.7 3.7 3.5
30 44 30
35.6 45.1 29.6
14.6 16.0 15.9
5.2 5.5 6.4
5.2 5.5 6.4
6 9 8

2 2 2

0 1 1



of venicle accelerations. Zach local structural event makes its mar< con
on Lnstantaneous.accelerabion so that any two traces differ at any
oar:ticular instant; the area erclosed by the acceieration-displacement
curve, the change in veloclity, however, is repeatable. The change in
velocity is a measure of the total transfer of energy whereas the
instantaneous acceleration only represents tne collision interaction at
that instant. All the forces applied to the barrier will resulf in bar-
rier displacements; the dynamic deflection was trerefore used to assess

the total performance of the guardrail system.

The soll compaction in tests SPI-1 and SPI-3 was 110 and 90 perc2nt
standard proctor compaction, respectively. In %ferms ¢f figure 5, toth
tests lie along the Flat portion of the solid line; they were expected to
yield identical results. 4s tahle 3 shows, the dynamic barrier deflec-
tions were quite similar. The BARRIER VII simulation was oniy 1/2 inch
(1.3 em) different from test SPI-3 and 5.6 inches {(14.2 cm) nore than
gxpected in test SPI-1.

In both test SPI-1 and 3PI-3, the post failed in {lexure as iiown LN
figure 6. The soil remained undeformed, providing a rigic support wnich

allowed the post to develop its ultimate strength.

In contrast, the posts in test SPI-2 remained undeformed and the soil
failed as shown in figure 7. In this case the soil was rot capable of
orovicding a rigid support and before the steel post could develop its
ultimate moment, the soil failed. Because the post never reached its
ulcimate moment, it experienced only elastic deflections and rnot the

permanent plastic deformations experienced in tests SPI-1 and S?I-3.

13
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Conclusions and Recommendations

Conclusions,

The full-scale crash tests indicate that the behavior of a strong
post guardrail system is similar to that predicted by the curves in
figure 5. The most important single conclusion of this work is that soil

must be placed such that the ultimate strength of the posts is achieved.

Soil compaction 1s only one of the many parameters wnich effect the
strength of soils. Other researcn is row in progress which will try to
quantify further the effects of many different soil properties on guard-
rail post strength. What this present research demonstrates is that the
soll must develop the full strength of the post to ensure that some

standard barrier performance is achieved.

Although this research was directed at assessing tne Report 230
specification the results are also applicable to field installations. It
is as important to place the soil in the field as it is in research and
testing applications. The barrier will not perform as desired if, for
example, the soil is not sufficiently compacted to develop full post

strength.

Recommendations.

In general, the present soil specification is very good. A
specification shculd be specific enough to provide uniformity yet simple
enough to implement. Therefore, the following specific observations are

enumerated below.

Seil Type. Although only the S1 soil specified in Report 230 was
used and no work was done with other soils, it may help simplify proce-
dures if a less specific soll was designated. Report 230 specifies that
"the embedment soil should be a low-cohesion, well-graded crushed stone or
broken gravel with particle size distribution given in [Report 230] Table

1."(1)

It is probably not necessary to specify the particle size

15



distribution as long as the soil is well graded, low-cohesion and a
crushed stone.

Moisture Content., Report 230 makes no mention of soil moisture other
than that a test should not be performed in frozen or saturated soil., As
mentioned previously, soil moisture Iincreases strength when the moisture
content is less than saturated. Therefore the specification is probably
adequate as written since any additional soil moisture will improve

performance.

Compaction. Currently a density of 95 percent standard proctor
density is specified in Report 230. As was shown in figure 5, the point
where a rigid foundation is provided seems to occur near 90 percent. To
provide some factor of safety in the specification, 35 percent standard

proctor should be retained as the minimum soil compaction specified.

References

(1) Michie, J.D., "Recommended Procedures for the Safety Performance
Evaluation of Highway Appurtenances," NCHRP Report 230 Transportation
Research Board, Washington, DC, March 1981.

(2) Powell, G.H., "Computer Evaluations of Automobile Barrier Systems,"
FHWA-RD-73-73, Federal Highway Adm., Washington, DC, August 1970.
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Appendix A. Pendulum Tests

Test Procedures-

In order to determine what the properties of dynamically loaded soil
were, a number of pendulum tests were performed and are summarized in
table 4. A4n NCHRP Report 230 S-1 soil was placed in a 5-ft (1.%-m) wide
by 5-ft (1.5-m) deep anc 12-ft {3.7-m) lcng soil pit and compacted in
1ifts by a hand-held pneumatic tamper until the desired level of consoli-
dation had been acnieved. Soil density was varied between tests by
altering the 1ift heights; smaller lifts resultirg in soils with greater
compaction. The final density of the placed material was determined frecm

the weight of material placed divided by the volume of the test pit.

The moisture content of the delivered material varied from 2.3
percent to 8.1 percent. For tests at other moisture contents, the
delivered material was placed as before and a measured amount of water was
added to each 1lift of soil.

The test post was a 6x8-inch (15.2x20.3-cm) steel box beam 72 inches
(182.9 em) in lergth. Embedment depth was 40 inches (101.6 cm) with the
6-inch (15.2-cm) beam width reacting against the soil. In tests SD-1
through SD-6 a 6 x 8-inch wooden post was used. At high levels of
compaction the soil strength exceeded the post strength thus fracturing
the wooden post. A steel box beam was therefore used in the remaining

tests due to its increased bending strength.

& 6x8-inch (15.2x20,3-cm) honeycomb pyramid-shaped element was
attached to the post in the contact area. The purpose of the crushable
ngse was to attenuate the otherwise too rapid buildup of force in the post

and to more closely simulate the force-time history of a guardrail post.
The data system included accelerometers on the post, a uniaxial

accelerometer on :the pendulum mass, and high speed photegraphy. The

biaxial accelerometer device was mounted 24 inches above the ground on the

17



8T

Test
SD6
D7
sn8
sD9
SD10
sD11
SD12

sD13

In-Situ
Density
{(lba/ft

103.9

115.2

123.0

128,2

123.7
135.7

129.5

Table 4.

Molsture
Content

(%)

3.5

3.5

3.5

3.5

INCORRECT SOIL PLACEMENT

6.9

8.1

6.7

Dry
Density
{1bs/ft

100.4

111.3

118.8

123.9

115.7

125.5

121.4

Soil condition summary.

Compaction

(%)

7.5

85.8

91.6

95.5

89.2
96.8

93.6

Comments

Wooden Post - Broke
Steel Post
Steel Post

Steel Post

Steel Post
Steel Post - Pendulum Ramped

Steel Post



post opposite the point of impact as shown in figure 8. The initial
orientation of the acecelerometers was vertical and horizontal. To record
the angular displacement off the post the displacements at each time stop
of two reference points attached tc the post were acguired from high speed
(500 frames/sec) film analysis. The single accelerometer mounted
“horizontally on the %000-1b (1814-kg) pendulum mass measured the amount of

force delivered to the post-soil system.

The electronic data were recorded on magnetic tape for subsequent
processing. The high speed film was processed and then analyzed to
determine the post rotation-time plot. With the rotation-time data, the
biaxial post accelerometer data were resclved into horizontal and vertical

components and then integrated for velocity and displacement.

After the post had been installed in the test pit, the pendulum mass
was raised to a height of 13.4 ft (4.1 m) and released. The drop height
produces an impact velocity of 20 mph or 29.33 fps (8.9 m/s) when

impaeting the guardrail post.

Test Data
Tables 5 through 12 contain the accelerometer data for tests SD-6

through SD-13 and the force deflection plots appear in figures 9 through
16.
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Figure 8. Pendulum test details.
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Table 6. Accelerometer data, test SD-7.
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Table 12. Accelerometer data, test SD-13.
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Appendix B. Soil-Post Interaction Crash Tests

Introduction ~*
The purpose of this test series was to determine the impcrtance cf

various soil parameters on the behavior of guardrail systems.

Pendulum tests discussed in appendix A indicated that post deflec-
tions did decrease with increasing secil strength. Computer simulations of
a typical guardrail system, the G4{1S), were made using the pendulum data
to assess the barrier’'s sensicivity to various soil strengths. Figure 17
is the result of those simuiations. There are twe limiting conditions

shown in Figure 17; (1) post strength limit and (2) soil strength limit.

Test SPI-1, at 110 percent standard preoctor compaction, was well into
the post strength limit region. In this region the scil provides a
perfectly rigid base; che.post-soil system is limited by the fiexural

strength of the guardrail post.

Test SPI-2, at 80 percent standard proctor compaction, was in the
soil strength limited region. In this region the soil is not strong
enough to provide a fixed support; therefore, the soil experiences a shear

failure and the post rotates without being deformed.

Test SPI-3, at G0 percent standard proctor compaction, was at the
boundary between these reactions. The transition between these regions
appears tc be very crisp with the post developing its ultimate strength as
soon as the density is greater than 120 pcf (1922 kg/m3).

Tabie 13 compares the performance of these three tests and the three
s0il conditions represenced. Tne simulated performance corresponds guite
well to the observed performance. This indicates that figure 17 appears
to be valid at least between 'CO pcf (1602 kg/mB) and 150 pecf (2403
Kg/m3). Yehicle and bharrier damage was nearly identlical for all three

tests although in test SPIl-2 the vehicle vaulted.over the barrier.
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Vaulting occurred because the excessive rotations of the post formed as a
ramp that the vehicle could easily climb.

-

Conclusion
Test SPI-2 demonstrates the importance of achieving at least the

minimum required compaction. Excessive barrier deflections can cause the

vehicle to ramp and possibly roll over.

The method for modeling guardrail posts using computer simulations
developed earlier appears to be a good predictor of barrier deflections as
shown in table 13. In addition the effect of soil compacticn of the

performance of a G4(1S) appears to resemble figure 17.

Once the minimum compaction is reached barrier performance remains
the same regardless of the degree of compaction. In such cases the post
strength is the limiting factor as long as the soil provides enough
strength tc develop the ultimate post strength. A comparison of the
deflections in tests SPI-1 and SPI-3 show that performance was nearly

ldentical although test SPI-1 was more heavily compacted.
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Table 13. Comparison of soil-post interacrtion crash tests.

Soil Conditions

Natural Soil Density (pcf)
Standard Proctor Compaction (%)
Moisture Content (%

Dvnamic Deflections

Simulated (in.)
Actual {in.)

Evaluation Criteria (film data)

lateral Occupant Risk (fps)
Lateral Ridedowm Accel (g's)
Lateral 30 msec Accel (g's)

Barrier Damage

Number of Deflected Posts
Number of Deformed Beams

Number of Beam/Post Separatioms
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Test

SPI-1 SPI-2 S5PI-3
148 108 121
110 80 S0
3.7 3.7 3.5
30 44 30
35.6 45.1 29.6
14,6 16.0 15.9
5.2 3.5 6.4
5.2 5.5 6.4
6 9 8

2 2 2

0 1 1



Test SPI-1
Purpose

The objectibe of test SPI-1 was to serve as a baseline test for botn
the replacement of the 4500-1b (2043-kg) car crash tests and the soil-post

interaction tests.

Barrier Installation

The barrier for this test was a standard GU({1S) system as depicted in
figure 18. The height to the top of the W-beam was 27 inches as shown.
This barrier system was used because of its popularity in the field and

the long history of experience with this system.

NCHRP Report 230 specifies that the soil must be compacted to G5
percent standard proctor compaction or greater. The soil was found to be
110 percent of the standard proctor density with a moisture content of 3.7

percent.

Impact Cornditions

This test was intended to be a standard strength test; hence, the

desired impact conditions were 60 mph (96.5 kph) and 25 degrees.

Test Vehicle
The :test vehicle wWas a 1978 Plymouth Fury ballasted with steel plates
to 4490 lbs (2039 kg). The ballast was added to the front floor pans at

about the height of the vertical c¢.g. Anthropometric dummies were not

used in this test. The bumper height was found to be 21.5 inches (53.5
cm) and the yaw moment of inertia was 37,370 in-lb-sec? (4218 kg-mz). The

venicle is shown in figure 19,

Performance

Figure 20 shows sequential photographs of the collision event.
Actual impact conditions were 59.6 mph (95.9 kph) and 25.3 degrees.  The
point of impact was at post number 5. The vehicle was smoothly redirected

with no rolling or wheel involvement coming to rest 155 ft (47.24 m)
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downstream of impact and 12 ft (3.66 m) into the traveled way. The time
and length of barrier contact were 620 msec and 24.33 ft (7.42 m).

Maximum 50 msec average accelerations measured by film analysis were
2.9 g (longitudinal) and 5.2 g (lateral). Figure 21 presents a summary of
test results. Table 14 contains permanent rair deflections. Table 15
contains vehicle kinetic data as well as occupant risk data from film
analysis. Analog to digital conversion from on-btoard transducers is
tabulated in table 16. Figure 22 contains photographs of barrier and

vehicle damage. Flots of transducer data are presented in figure 23.

Barrier Damage

Two sections of W-beam were deformed and pests 4 through 9§ were
deflected laterally as shown in table 4. All beams and posts remained
attached.

Figure 2¢ shows the mechanism of post failure. Because the soil
provided a fixed support, the post web crippled indicating a flexure
failure. The posts developed their full strength and the soil remained

undeformed.

Vehicle Damage

The vehicle damage consisted of sheet metal deformation of the left
front fender, left side and grill. The left front and rear tires were
blown out from underriding the beam. The front bumper was damaged but it

remained connected to the frame horn.

42



1"

(]

: ‘—I
]
|

=
Y
S

[

a'ou

Besm:
Blackout:
Post:

Post Spacing:

Boits:

DESIGN G4S

T2pa W
wé X a5
W6 X 85
8 ft-3in.

§/8in. dis

Figure 18.

Barrier system for tests SPI-1, SPI-2, SPI-3.

43




Figure 19. Barrier and vehicle pretest details, test SPI-1.
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Table 14. Permanent barrier deflections, res: SPI-1.

Post Number Deflection (inches)

3 0

L 1.5
5 8.0
6 21.3
7 27.3
8 24.5
9 8.0
10 0.75
11 0
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Table 15. Film analvsis data, test SpI-1,
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Table 15, Film analysis data,
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Table 1l6. Transducer data, test SPI-1.
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test SPI-1 (continued).

7eoD
Jec 3
luecl
lCaiy
1les?
iiarz
lease
lzauY
1zt
19.c4
i4.77
llea32
I IE-K-]

leaua
17,00
lias3
lealld
leac?7
19.¢2¢
15470

~laé7
-la.E1
=laSt
-Za1C
~lasct
=La¥l
~caft
rLZall
“cebk 4
2495
~3.14
=-3.ZC

=3,4%¢

=-3.el
-3.1717
-3,61
-4,C5
-h,s5
—4a4l
-4,57



Table 16, Transducer data, test SPI-1 (continued).

Tzol IC =e=a==- SPI=1

T=3T falg =em=e= Si=v =39
Fz4l0LE JLa-d3 = STarLAaL

I el JPELt. =-- JEals FPS

ChLdPANT 13Kk SUr~zuy
NCTc: IS TaANTANECLY au=1: 3¢EXALE ALCoezxalldnd

(==w==ae yEPI(LE ===wwe——) s rawacenscn [(CLPAAT <ccecaccac=a
TI+4:= AlCcbks (uv'al ANGs YEL v:Le (FPS) ClsfFe (F)
(3} “CNU, CAT (rdC/35) LENJ AT, wLhuas LAT .
Geudd o6 +ul -7 Cadu Javl Cavd JsUu
ed i i RN “44C3 -e58 « 43 LeJn PRy «J1l
C\JZJ =levl -.;-'JC -v73 «l3 ln?ﬂ Ul IUZ
eJIJ =levi e =] -7 e Je by eodl P
e J4d =3.tc ol -ll.U¢ Lotz Jatl L2 +28
LI -5 3477 -l.1: laco> EP-%) o1 o1
VR N] -delc -—wacd -l.43 boe?? v.492 su 4 o1&
ul) -3.ci -Salbya -l.tl L 30 el CE il
w30 -2.0C4 -le7= =l,0l cedl Tar?d 3 ]
od 10 -34zc -2 D\ —-lal4 Jesl Yacl? o1l MR-
.lJ‘J -31.51 1.4/ =l 22 LI T4 lCJ-'.‘.d ul" vak
e llu =-2,51 =Jeid -¢eud 4412 Llial4 - «2h
ald) -9 =70 ~ca.th “e1D L2« ol o7l
el =.491 4.4 = 0C 422 R ) 23 w34
s L) -Jeiz =levd -du7"’ “t LJe 3 od 2 La0D¢
« 137 =d.te -s.lc¢ =2.le ded L2451 el lelb
«a i) -a i =i -3.17 PR 17.72 el lad4
- =Jata 4,50 -2.l0 Zell P T ac ! le5:
« 13 -5.:21 ~zebl -:436 Yot <hald Wz lela
N -zl “z .4z ~z2.21 hel Loeud o l4 a7
A =C.29 4,20 ~dety 44004 ctaad w2l el i
200 -Zabc -Cedl -3.¢c 4oL cfecd eid ca4qd
v dd eI =t ed2 -zed43 Sed3J ¢l ) co?l
22 =l.47 =<elo =leco iall 2la2C suE san?
e ld4) -2.1¢ bl PNVA ] ~deu? et l BN -3 -.0L Ja 39
2320 ~e4t 4,09 ~daud Zal? 154313 ~el3 3.73
e -dact ~4,01 -Z 63D Lol 20692 a7 40y
ve il -leuy “Hedc -Z420 dett 1ueid i e 490
230 o1l ~4.22 -l.e2 cailk 4uesd -ac? wedd
- “l.ze ~i.t -lec 4 iec3 taaln ~a:C 2225
o33 “ez! “ierc -lavs Rt +cezd —ehn Yet 7
s AL 2 =-levc¢ 4,99 =Lec3 Leusa %2 =~ el 3 GelY
320 =Zaz =4.dc -l.ol 3! +9e04 -t EezA
330 -2,7 4,208 -let> Led v 41e33 -efl leud
LN, .5y “4.57 ~l.o7 Lewd 47042 ~acd ladt?
e 322 ~ec7 ~ZLs>3 ~Lleob ol Sl 53 ~atd fa5tC
«38) -3 4409 ~LeSe e Sle?l =levz Sevn

57



EN A
« 330
o379
a4y
410
LTV
MY
LR
a2
a4nd
@ fU
e4dy
c49)

« 202
.19
D2
.2332
«24)
«229
a0V
27

[ I ol Bl |

Table 16

«9? -
s 0D -
-
it
Y
74 -
l:q -
-3
PN
« 4] -
S
-23 -

.
o

. & & »
[ R PR RS PR
Lo BV Vi P

-
L
3

-
-
Y oy T

LCLure <

YLING
JLAT,

“ake ALl

JLAT,

. Transducer data,

el =-lary
Ccoc =lscs
sl =le¢40
=45/ =ie22

.2 ~ile4d

P =1l.¢3
lcl‘ -lecH
le?4 “lesd
=alc -le.27
a7 -lell
leuy -1l.57
-3 -lelw
Lau= -laia

o 7 ~lsca

sad ~Llsd1
=e33 =ledn
“ael =l.3C
~sai =lecCo
-3 =1la.Cv
ety =
= el - s 10

Ia4 rallLxs

¥ELe 2FTzx
tEL . AFTzx )

ACCcLemATICH

el 4
-LIU?
-Llel>
=cevl
=Je1a
bl YA
-4471
-9,1317
=Zed 4
=277
“Tedw
=lsz2
S EE-P

=042
=4acl
-S54/
=1u.73
=llera
=ll.z4d
“icelD
~lcoan

eiw FTe LISP,
o FTe LI3P.

aFles LLLuPanT [-rall

58

test SPI-1 (continued).
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Test SPI-2
Purpese

Test SPI-E‘Las a test of the G&(13) barrier with substandard 80-
percent soil compaction. The importance of meeting the NCHRP Report 230

guideline for soil compaction was made manifest in this test.

Barrier Installation

The same GU(1S) barrier system was used in this test as was used for
test SPI-1; the barrier schematic is snown in figure "8 and pretest
photographs appear in figure 24. The ovarrier was 50 Tt longer tc ensure
proper anchorage with the larger expected deflections.

The soil was placed at 80 percent proctor density and 3.7 percent

moisture content.

Target Impact Conditions

The strength test conditions of 60 mph (96.5 kph) and 25 degrees were

the target impact conditions.

Test Vehicle
A 1978 Plymouth Fury ballasted to 4490 lb was the test venicle. This

vehicle was identical to the test vehicle used in SFI-1. No

anthropometrie durmies were used,

Performance
fctual impact conditions were 60.0 mph (96.5 kph) at 25.5 degrees.
The point of impact was 16 inches downstream of post 7. Ssquential

pnotographs of the test appear in figure 25.

The vehicle began to redirect smoothly but because of excessive post
rctaticrs the venicle pocketed and then ramped on post 'C. The venicle
was laurcned and very nearly rolled over attaining a maximum roll angle of
49.5 degrees nefore coming to rest 195 £t (59.4 m) downstream of impact

and 12 ft {3.7 m} into the traveled way,
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Maximum 50 msec average accelerations measured by [ilm analysis were
3.0 g (lorgizudinal) and 5.5 g (lateral). Transducer data indicated 50
msec averages of 2.5 g (longitudinal) and -6.0 g (lateral). Figure 2%
presents a summary of test results. Table 17 contairs permanent rail
deflections. Table 18 contains vehicle kinetic data as well as occupant
risk data from film analysis. énalog to digital conversion from on-board
trarnsducers is tabulated in tabie 19, figure 27 contains photographs of
barrier and vehicle damage. Plots of transducer data are presented in

figure 28,

Barrier Damage

Two sections of W-bezm were deformed and posts $ through 13 were
deflected laterally as shown in tabie 19. The bear was detached from tne
post at post 18. The post, thougn rotated in the soil, remained
~undeformed as Pigure 27 shows. With such poorly compacted soil the soil

failed before the posts reached their ultimate strength.

Vehicle Damage

The vehicle damage consisted of sheet metal deformation of the left
front fender, left side, and grill. The left front and rear tires were
blown out frocm underriding the beam. The front bumper was damaged but it

remained conrected to the frame horn.
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Pre-impact vehicle and barrier details, test SPI-2.

Figure 24.
6l



Figure 25. Sequential phectograpns, test SPI-2.
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Figure

Summary of results, test SPT-2 (Continued).



Figure 27. Vehicle and tarrier damage, test SPI-Z.
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Table 17.

fost Number

4
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11

12

13
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Permanent barrier deflections,

test SpI-2.

Deflection (inches)

0

2.

1

8.0

16.

27.

33.

26.
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Table 18. Film analysis data, test SPI-2 (continued).
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Table 18. Film analysis data, test SPI-2 (continued).
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Table 19. Transducer data, test SPI-2 (continued).
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Test SPI-3

Purpose
Test SPI-3"was designed so that the soll strength would be just
barely adequate to develop the full post strength. This represents :the

point where the two curves digress in figure 17.

Barrier Installation

The barrier was a 137.5-ft (41,9 m) long GU4(13) as shown in figure

18. Soil cocmpaction was 30 percent standard proctor density.

Impact Conditions

Target impact conditions were 60 mph (96.5 kph) and 25 degrees as in
tests SPI-1 and SPI-2.

_Test Vehicle
A 1978 Docge was ballasted to #4430 1b (2039 kg) and used as the test

‘vehicle. No anthropometric dummies were used. The test vehicle and

barrler installatlion are shown in figure 29,

Performarce

Actual impact conditiors were 59.% mph (95.9 «ph) at 23.1 degrees.
The point of impact was at post 7. A&s snown in the seguential photographs
of figure 30, the vehicle was redirected much like test SPI-1 except the
vehicle rolled 32 degrees. Barrier performance was very similar tTo test
SPI-1,

Maximum 50 msec average accelerations measured by film analysis wers
4.3 g (longitudinal) and 6.4 g (lateral). Transducer data indicated 50
msec averages of 4.8 g (longitudinal) and 6.6 g (lateral). Figure 37
presents a surmmary of test results. Table 20 contairs permanent rail
deflections. Table 21 contains venicle kinetic data as well as occupant
risk data from film analysis. 4&nalog to digital conversion from on-board

transducers is tabulated in table 22. Figure 32 contains photograpns of
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barrier and vehicle damage. Plots of transducer data are presented in

B

Tigur= 33.

Barrisr Damage

Two secticons of W-team were deformed ancd posts 5 chrough 12 weare

deflected laterally as shown in table 20. The heam was detached from ke

DOosSt at post 9.
As shown in Zigure 33, ths posts failed in {lexure as they did in
test SPI-'. No soil heaving was evidert. The posts, 2ecause of the

greater soil strengtn, developed their ultimate strength.
=] g =]

Vehicle Damage

The vehicle damage consisted of shest metal deformation of the left
ﬂron: fender, left side, and grill. Tke left front and rear tires were
i
blown out from underriding the beam. The front bumper was damaged but it

remained connected to the frame hern.
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Figure 29. Pre-impact barrier and vehicle details, test SPI-3.
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SPI-3

3 VEHICLE RCCELERATIONS
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Figure 33, Vehicle accelerations, test SPI-3.
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Table 20. Permanent barrier deflectiouns, test SPI-3,

Post Number Deflection (inches)

4 0

5 0.4
6 1.5
7 5.3
8 19.0
9 24,5 -
10 17.5
11 5.8
12 1.5
13 0



SIIL PCST INTERACTICM

vEHICL:

TIME
(s}
Qavuv
iV
€20
«C19
«C40
«£50
«Co0
«C70
«080
CCQO
« 100
«110
120
«130
«149
159
lloo
« 170
+ 180
0160
« 209
«clQ
220
L
ezl
NP1V
e c00
067‘)
.0y
«3C0Q
ezl
.330
-Jﬁ‘)
«330
« 360
.3?-}
280
« 399
«uCO

Table 21.

Film analysis data,

IeS5T SPI=-3

1=-24=03

KINETLCS SLFradY=-=FRCK FILF ANALYSIS

YSHe ACCEL.(G'S)

LONG.
N
=l.éé
-1IEC
-1076
-Z.CH
_2l41
-ZI;*
-3,0¢
-3c3?
-3.ct
_d'qc
-“.1\.;
~44¢5
-4, 14
-a,.21
44332
-“'23
4,0t
-3, i4
-3057
-3.,¢3
=-Z2.51
-Z.Z8
=2+¢C
-leZ4
-1051
=laévn

-ev&
-atk
-.45
-elc
'IEC

11

-.C:

-euil
Lt
WLl
sol
.3l
el

«CC

LaT

=1.%54
~lescC
=i.¢¢t
-Lli:
-luhb
~zalv
=“cal
-d.4¢
=~¢ast 7

-240%

-

«

=}

-ia14
~4,14
4,54
-4 .94

e

[N

P4

~LetcC
~2.59¢
“0edw
bl -E -]
-]
- ]
~t .4
«ld
527
~cec1
-2.03
~4437
-4,J2
=2.49
~ceIu
=ceddL
=L4l5
-iecl

-1z

-

O
s U

0 0 v

- £ l.

PEAQING
AhulE (LeC)
¢dele
PRI
d3.U32
CLda N
-1
L0
‘£l33
Eie9S
Zle57
2ie0GE
do.qﬁ
19475
lo.9%
ileub
17408
le.0d
L4.97
l3.ce
lga39
llscd
9.]‘
Y-
1.0-:
>e0 8
4.37
3.36
1.87
o7&
-..”:—:
-1le35
-
=Jeiut
~3e17
4434
- ;2
-54a7
=274
-2,u5
-tsaC
L X-
=-25,7C
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test SPI-3.

YEHMs YELe(FFS)

LUNG.
doa2?
45490
85.4¢
84,43
34,3C
d3.58
32475
d4l,de¢
€0.78
19.06¢
78,49
77..4
15,45
74499
13.12
Tlelt
73,41
64. 14
ET.96
bdtaad
09,.d¢
t4 eyt
£4.22
€1.00
tj.og
adeC
cledi
AW ]
52413
oldeud
cdeul
6laill
0delt
€24¢2
62425
€2s39%
tle3
020“3
0dax?
cZ.‘OG
tge?l

LAT,

YEF. DISP.(F)

X

Y

‘11.36
‘1&.57
~15479
=15.01
“la9ed13
=1lJaab
~1de89
-11L.93
-lla.17
=10e42
=367
3.5 4%
‘dcdl
‘?l~9
~0e.78
-5.08
-5439
-4,71
'4103
=3al8
'2070
-2.03
~1l.4C
=-eflb
R &
«51
L.13
lele
'TEL
3.u€
302
4,24
4485
5.4?
Deld
0.09
131
7+92
Del4
9415
G.77

‘5174
-5-3
-5.C4
-4,¢9
-4,z E
-4 . C4
‘3.;2
-3,4]
-3.12
=2.E4
-2.57
-2.21
-E-C?
-1.!5
=1l.€4
=l.4¢
=-l.¢$
-1.18
=-1.€3
-a52
-—.t3
~ei§
-l;t
‘.75
=4it
-.78
- €z
- «tS
-e57
-l-Ct
=-l.le
-1.&7
"1.39
-1-51
-1l.t4
~l.7¢
-1.€9
"2.(.;-
"2.15
-2acE
-2.41



«alQ
«429
430
o040
«430
40
+a 70
« 4339
« 490
«SJ0
» 713
e22U
«530
« 940

Table 21.

(1 .tl
(1 R
[ e d i
L2 ]
s L9 =al2
PR - ~eal
«CE ~.03
+ (Y =eCl
sl “eVi
vle¢ -.9é
+ 14 =sdl
s 1€ -.5c
ecl -.1d
Y 33

FIGHZST S0=-m%

EVvC.aCCzl,

Film analysis data, test SPI-3 (continued).

=b.0¢
~labe
'Tllcl
-7447
=7e5Y
=7s01
—g.u?
=0s2t
=3407
~-de75
-"IJ‘-
-9.03
bl % X4
=sUel ¢t

TIME

(5eC)
END
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E2e2d
224
Q9258
62.58
824+5C
0lde0d
tlebl
aldele
YA
tde0d
E2edt
Ecedd
53,02
cd.ll

~4%a.79
-G o4 4
~44l¢
-3,de
-l.t4
3,48
-3.38
=J.é8
=3.2¢
=3.1¢
-3th
-20‘17
-2-?6
=2 .48

10.38
11.€0
lietl
1cedd
ldad4
13,46
lﬁ.JT
l4s09
15.30
19492
lbe S
L7ei3
17.77
18.38

-&':3
"Eot'j
-2.]7
-2.£9
=-3.C1%
-3.13
-3.25
-3,27
=3.5C
=3.tc
~-3.75
~3.E%
-4,0¢
~4a.1¢



Table 21, "Film analysis data, test SPI-3 (continued).

SJILe PCST INTewadCTiLM T=ST SPI-3 i=-24=33
CCCUPANT RISK SurmdnY == pFrifr FILP dpnaLrsIS
NUTES AYG. aLltie, rok PRICA LouLl0 SEC. LvaLudeal:l
rRM YEHICL=E YILICITY (maNGLC
xELATIVYE (Al LcS=(LLLLPaNT meraTe vermitaz)

(w=e=w= = Yorllle *=vecmem])|eccncncacnce [COUPINT --cmeccacaana
Time Allelae t1L'y) aNGe VL vyels (FP3IY LiSF. (F)
(I LNt LaTs  (xals32 LinGa ol LCAG, LaT,.
C,0CV =143 - .LeD4 % 1Y C.CO Jaud 0.C0 0.04Q
«011 -lacs =l.ou e 032 PRT-] «CC «QC
-020 -iezCL 'L-QC. « 4y -5 lgl «J1 «Q1
033 -l.7¢ ~laf3 U 1.12 Led? «C2 sUd
.04 =-2.(% ~i.22 oy l.c Lada 3 «C4
«U30 ~2a4l -ZaLU 39 dedl Ze3d3 +C5 « Q8
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ndgd -1.cE ~Ca.hn o7 la,lu cde32 ltli L.73
P -Z.5%1 ~tan2 .L5 1os20 “ODend laco 2e0C
Wl Iy Ll - Wil LSy [0 X ] lad3 cedl
«c3Q -2.C ~ca.l3 el 19edn Lok d led? Ceb b
od F1) -1.¢c% ->.417 $U3 l12ein 33643 et é 3.JUG
P -l.%1 -%.z1 e 14,39 ivedd Lel4 3,48
vl2) =l.¢C “Zevwt IV 1+.71 22400 is71l 3.73
w15 ~e % =429 eu L 19eaf ~ul (S 1714 4.21
s € -z 44y -eul 13454 4uev3 laz4 4,03
250 ~.4c -la43 -alg liasy ~3.0l Lacy 7.11
D -slc - el =-eJ 4 Pl.kY 4Ja.u3 le54 Je94
417 —act =ceal ~et5 ) 4oeal Lev 9 a.G1
320 11 -l.7 “el 7 .43 ANEEL) PR P2
«32y -aL3 “lecu ~el 3 leold 4uoel3d cels 2200
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370
387
e 394
149G
«410
27
LR
L440)
«*5)
LY-D
.470
« 481
490
«5CQ

Table 21.

CCCuP. RISK

CLING,
<LAT,

«Ci 32
L1 272
el o4
slw ec?
el «0d
vl 2 ?
eCe N
PR e ?
Ly =eLc
e -—aul
Y -0 2
«CY ~sh
«ll +e%l
sl ~e7L
raCTCRS
YzL. AFTEF‘ ‘o'u‘
¥YSLe AFTEx lau

rpax. ACCEL.

CLENG.
CLAT.

AG
AL

AFTER CLCuldanT

L:su
CeL

t
|4
S

rATILN
EATLCA

*.il
11
sil
i Y4
-.lc
-.lc
=-e123
sl
-l
~asl b
~e1 4
=-si>
- 445
=el0

:
F

‘o vISP.
Te CISP.

IrFacTY

88

Film analysis data,

test SPI-3 (continued).

li.49 CRRT-L <
ll-ﬁj ’ HYsCO [4
1]..3.2 LR PR | [4
llal 14,40 <
leady 49431 <
ldaTy “4d.L5 <
1Ua37 17443 <
lasidd LR 2 P4
iwall +3s95 é
LX) 47aud z

Yol NJel3 2

Yeid 474l K]

@533 47420 3

251 20adU 4 2

ilme YELECITY

{3) {(FPS)

- w2 ld 12.7&
- Y- l5av¢
Fimecd{d) acca(3tys)

- 200 «le
- a2 -Ss49

5«06

9-00
ivell
10.561
1ledl
liecl
leell
lestl
131l
li.ol
las1l
la.e2
loell
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TINE
Se

0.000
010
s020
.030
« 049
050
+ 0060
«070
«080
'090
100
110
<120
«130
«140
«150
«l00
2170
180
« 190
200
210
0220
«230
« 240
+250
« 260
«+270
«230
»290
« 3300
+310
«329
330
0340

fable 22. Transducer data, test SPI-3.

TEST [D ==m==== SP[-]

TEST DATE =—=e= y7-24-=8H5
VEAICLE CLASS = 3TANDARD
[MPACT SPEEL - 86427 FPS

YEHICLE KINETICS SUMMARY
NOTES YALUES ARE INSTANTANEQUS AT TINME

ACCEL.(G'S) HEAD, ANG. YELOCITY{FPS), DISP.(F)

LONG. LAT, DESG LUNG. LAT, X Y
000 -025 ‘30‘2 ﬂb.ZT 1.96 -17|3b -5.,74
-10.02 o l% 23.18 85.29 l.84 =1l6.58 -5.,38
27 19.39 23.30 55'29 N} ~-15.80 -5,03
-e99 =976 23.3) 34,91 ~-e4l =15.02 ~4.70
-2.,80 -3,29 23.37 34, 48 -Zlbs ~14.23 ~-4,38
"b-?? .31 23.12 33.92 -2.99 =1l3.44 -4,07
La27 421 22+93 82.17 -2.98 =-12.67 -3.177
5,14 -4,41 22462 32,10 -3,.76 -11.90 ~3.48
-4,78 ~5.,20 22.28 79«64 -5.15 -11.13 -3.21
-.4d1 —2.91 2le.82 79.71 - TR L -10.37 -2.97
-8,03 =957 2l. 19 77.85 ~7.43 =9.61 =2+ 74
-1.35 -lue.33 20453 ?bcaﬁ =7.34 -3.87 -249%3
-4,24 -10.1 4 19.80 ?4.82 -3420 ~8.12 -2.35
-4 .24 -be1l5 18.895 74,24 -10.63 =7.39 “2.19
=2426 -3.10 l6.71 73.43 ~ll.12 -5.%2 -le95
-6,05 =7.10 15.32 72419 -10.239 =-5419 -1.85
-2.08 -5%.20 13.91 71.48 =10.,9% 44?7 -1.78
45 ~4.,43 l2.52 71.09 =10.40 =3.75 -1.71
-2.98 -5.00 11.11 70.98 =10.4Q9 =-3,03 -ls67
2s013 -hob2 9455 70.45 =10,43 ‘2.32 ~l.64
l.72 5.’5 8.06 70.74 -10.03 =-l.61 =l.04
-5450 -9,19 6.068 §9.97 =10.43 -,89 ~-1la405
~-6.05 -6,91 532 89.60 -10.96 ~-.19 -l.08
-la71 -5.39 4.00 68,82 -11,43 o951 -le7n
o 27 -5,96 279 08.70 -11.22 1.20 -l.81
.£7 ~d.d 4 loba 684,36 ‘ll.b‘l 1.59 -1-90
-e81 Ledo 57. 69.38 -L1l.48 £e39 "Zooo
-.27 -7.18 -.01 nd.4%0 -11,8% 3.27 -2.12
=81 =9+54d -2 94 67.39 =-12.14 Je.ib -ZUZQ
2:63 31 ~1s77 ©7+93 =Ll.48 4463 -2.38
-.09 -5.00 =24 54 68.05 =-L1.50 5.31 -2.52
=3.16 0.59 =3429 67.09 -11.07 5.9 -2.048
5.34 ~e00 -3,91 bb.95 -10.006 .04 -2|81
2444 6.59 ~4,53 0l.75 -J. 45 7431 =2.98

29



«350
«360
379
« 330
«390
« 400
4l0
420
+ 430
+940
450
s %4060
«H70
%80
« 490

<500
«3519

«520
+«530
«549
«550
«560

Table

2463
2s45
=244
3.17
lel8
Ledb
l.72
45
l.89
+03
082
-.09
‘-09
«09
«82

«%5
1.00

--27
«45
«1le17
La54
54

22.

-3.67
‘Lc.’q
L.ad
32
—e 84
032
lL.96
l.27
3a74
-3156
298
-«006
=272
-e25
-.63

bet?
« 70

-1l.%6
-'bJ
-,d2

«71
-sd2

HIGHEST 50.U0=n3S AVYG,

LaT,

Transducer data,

-‘-9?
=-5.33
=598
-btb?
=7.05
=-7.31
=7+52
‘7-67
-7.89
-8111
-3930
=8+.954
-B|7~
-8.,86
-9.03

-342%5
-3 .43

-9. 59
-9.75
-9.9%
-L10.08
=-10. 206

G*'S

- e -

LONG. -

4.79
Ge5Y

90

ol.60 -8,56
57.90 -3.,81
67.71 -3.30
57,80 =7.00
67430 -7.36
al.48 -7.02
67.67 -7413
67.85 ~Te22
bda. b6 '?n‘O
63071 -6a 72
vd.82 -6.8¢
b8.83 -b.56
bH-BD -6.50
63.87 -6.63
69.01 -6455
09014 -6.35
6929 -6+11
59.57 -5.,89
QQ-QG -,. 80
69.52 '5183
59.5% -5.006
69:55 =5.90
ACCEL.
Time (SEC)
START ENO
« 064 + 110
«093 «l43

test SPI-3 (continued).

Te97

H.04

9,30

9.97
10.63
Lledd
1ll.95
l2.862
13.28
13.95
l4.062
L5.29
1l5.96
18.061
17.30

17.98
13445

19.32
20.00
20.b8
21l.35
22.02

-3.11
-3-25
’3.*1
'3-5ﬁ
-3-7‘
=-3.,87
-~'03
‘4-19
-4,35
—4,52
"4.63
-4485
‘5-02
-5419
-5.30

-5.53
‘5.71

-5.88
-6+06
-6e23
-bQ41
-6e59



Table 22. Transducer data, test SPI-3 (continued).

TEST [0 ==—==—== 5P1=3

TEST DATE =—=-—=- 07-24-35
VEHICLE CLASS = STANDARD
I1APACT SPEEC -~ da.27 FPS

OCCUPANT RISK SuUmmARY
NOTE! INSTANTANEQUS L1O~MS AYERAGE ACCELERATIUONS

(e=wceca VEHICLE =—=——==——- ) l=~——==w—e—=e OQCCUPANT —=—mermmae
TIME ACCEL. (G'3) ANGe. VEL YEL. (FPS) DISP, (F)
(s) LONG. LAT. (RAD/S) LONG., LaT, LONG. LAY,
0-000 « U0 -ed D 19 0.00 0.00 Q0«00 0.00
<010 -« %0 ATER] 27 1,20 « 2% « 00 -.00
.020 -2.44% -5e37 - 25 +95 «0l «01 + Q0
«030 -.7~ =-44435 «306 le&9 2+38 -02 -02
+040 =-1l.%1 -4,19 ~-.28 l.33 3.77 «J4 «05
«050 =44.25 -.40 09 2:3% 4.93 +05 « 09
«J40 -+ 90 -2173 -«40 Jeb7 “obl .OB 14
+U70 -5.09 -4,4249 ~sb63 3. 25 2.5T7 o1l 19
+080 4454 -Ted? --b3 9.44 T.4%6 -15 -25
+090 -e9l —4s5% ~+482 5.34 7«10 «20 «33
«100 '7162 =5+.448 =lel4 6e73 lo.?b -25 «%3
«110 =-3.,20 =54¢3 -1l.33 T+47 L1.42 32 «55
.120 -5-19 -d.93 =180 9407 14.03 «40 .b&
«130 ~-3.37 =750 -l.84 Y.23 L&+ 60 «%8 2834
«L40 -1.04 -Ze?l =1l.02 9433 1d.066 «5h l.03
«150 =-2.19 -be3d —-2.23 J.13 L3.79 w03 1.23
« 160 -5.10 =3.50 _2'~7 9.583 20.8% a9 1,49
«170 -1la.%50 -6412 =-2.31 10.30 d3.32 o710 l.69
«140 =-2.54 =-3.49 =243 10.21 25435 «81 L.95
« 170 -ab3 - TR ] -2.5% Fe7% 26.07 -1 2e23
+200 -2.73 =-7.58 -3,09 9.09 <3460 . g9 2453
#2110 -37 =-2+45% ‘d-42 U-?b jl.l3 92 24806
«220 -3.37 -8.L1l% =262 8.36 33.33 3 3«20
«+2130 -2a.0d -7.21 =2.04 9.31 3b.52 74 3.57
«240 -1.88 =3.56 =-2.20 9.22 33.65 « 95 3.97
0250 -el9 -5409 -1.96 J.00 ‘00.*5 « 75 4,39
« 260 » 06 -3.79 -1.73 de4Y 42.69 2935 4,32
270 -la2® =3499 =-1.29% dell 44,41 L) 5.27
« 230 -l.73 -4 402 =1ls33 Baens ‘05.72 + 95 ').73
« 290 -2 49 4.4l -1l.749 7.40 404713 T4 bell
«300 e 23 =l.33 =1s29 7.33 47,381 92 a.70
.J10 =-2.45 57 =1.59 6.80 48.50 « 99 7.19
0323 =l.4al =275 =1460 7425 47.04 «83 7.70
« 332 1.05 l.60 P E] 5029 50.[9 «87 8.20
«J40 -.80 -l.2% -1.20 G.14% 49.50 «89 8.71
+350 -.00 —elY -a55 6.84 30.0Q6 «85 .22
« 360 «23 '1-12 LXY- T4 993 50045 « 85 9-72
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«370
«330
390
» 400
410
«420
« 430
990
2950
* 460
«470
«980
« 290
«500
«510
«220
«530
« 540
»250
«3649

Table 22. Transducer data, test SPI-3 (continued).

79 lu.24
72 10.75
+ 09 Ll.27

49 « 03 =-1.¢9 5499 50.20
-leld =le57 -s¥l 4a.92 20.86
--75 =& —-56 5.35 51-55
«13 =leg9 -+ 35 S5.33 51.75
98 o190 -s42 449 32408
o 4y =1.090 -ed7 5420 52.68
La79 1429 +08 4.04 23,29
«4Y =1.07 -.09 3439 52.46
a37 ~ad7 ‘037 3.28 22434
- 44 -e45 ~e 98 2:96 3e.73
-+03 =1ls12 -3 2a¥d 33.13
s 4 —.#Z --30 2-55 53."
« 39 - -.31 el ’Joﬁ?
+ Q09 =1l.80 -aal 2el3 93453
.BT 1‘11 -e38 L.36 53.5%
e 26 -.37 -s%2 1.3* 5J-~b
+ 40 =43 .42 le15 9359
-1,09 -l.26 -e2l la42 34,09
« 56 --?é -s15 lLade S4,58
-35 -l --37 + 71 54,43
accuP. RISK FACTUORS TINE
(s)
YLOINGs YEL, AFTER 24V FTas DISPy == «370
»LaT, V¥YEL, AFTER 1.0 FT. DISP¢ == «139
MAXe ACCEL. AFTER QCCUPANT IMPACT TIME(S)
». AT, ACCELERATION - «228
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e el 4
« 72 L3, 36
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FEDERALLY COORDINATED PROGRAM OF HIGHWAY
RESEARCH AND DEVELOPMENT (FCP)

The Otfices of Research and Development
of the Federal Highway Administration are
respons.ole for a broad program of research
with resources including its own  staff,
contract programs, and a Federal-Aid
program which 1s conducted by ur through
the State highway departments and which also
finances the National Cooperative Highway
Research  Program managed by the
Transportation  Research  Board. The
Federally Coordinated Program of Highway
Research and Development (FCP) is a care-
fully selected group of projects aimed at
urgent, national probiems, which concen-
trates these resources on these problems to
obtain timely solutions. Virtually all of the
available funds and staff resources are a part
of the FCP, together with as much of the
Federal-aid research funds of the States and
the NCHRP resources as the States agree to
devote these projects.”

FCP Category Descriptions

1. Improved Highway Design and Operation
for Safety
Safety R&D addresses problems connected
with the responsibilities of the Federal
Highway Administration under the High-
way Safety Act and includes investigation
of appropnate design standards, roadside
hardware, signing, and physical and scien-
tific data for the formulation of improved
safety regulations.

2. Reduction of Traffic Congestion and Im-
proved Operational Efficiency
Traffic R&D is concerned with increasing
the operational efficiency of existing high-
ways by advancing technology, by improv-
ing designs for existing as well as new
facilities, and by keeping the demand-ca-
pacity relationship in Dbetter balance
through traffic management techniques
such as bus and carpool preferential treat-
ment, motorist information, and rerouting
of traffic.

*The compiete T-volume official statment of the FCP 11 available rom
Naucnal Technwcal Informanos Service (NTIS), Springlield, Virginia 23101
{Order No. PB 242057, price 34§ postpaid). Single copies of the introductory
«olume are obtunabie without charge from Program Analyss (HRD-2},
Offices of Research and Development, Federsl Highway Adminiscration,
Washington, D.C. 20590

3. Environmental Considerations in Highway
Design, Location, Construction and
Operation
Environmental R&D is directed toward
identifying and evaluating Highway
elements which affect the quality of the
human environment. The ultimate goals
are reduction of adverse highway and traf-
fic impacts, and protection and enhance-
ment of the environment.

4. Improved Materials Utilization and

Durability

Materials R&D is concerned with expand-
ing the knowledge of materials properties
and technology to fuily utilize available
naturally occurring materials, to develop
extender or substitute materials for materi-
als in short supply, and to devise proce-
dures for converting industrial and other
wastes into useful highway products. These
activities are all directed toward the com-
mon goals of lowering the cost of highway
construction and extending the period of
maintenance-free operation.

5. Improved Design to Reduce Costs, Extend
Life Expectancy, and Insure Structural
Safety
Structura! R&D is concerned with further-
ing the latest technological advances in
structural designs, fabrication processes,
and construction techniques, to provide
safe, efficient highways at reasonable cost.

6. Prototype Development and Implementa-

tion of Research

This category is concerned with developing
and transferring research and technology
into practice, or, as it has been commonly
identified, *‘technology transfer."”

7. Improved Technology for Highway Main-
tenance
Maintenance R&D objectives include the
development and application of new tech-
nology to improve management, 10 aug-
ment the utilization of resources, and to
increase operational efficiency and safety
in the maintenance of highway facilities.
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