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INTRODUCTION

When multiple box culverts span over 20 ft, they are defined by AASHTO
(1)* as bridge length and thus normally require the use of a full strength
rigid bridge rail (see the Glossary in Appendix A for definitions of barrier
types). The use of a rigid bridge rail creates a transition problem between
the flexible metal beam guard fence (see Appendix B for Texas standards)
which is commonly used upstream of the bridge rail. It would be safer and
more economical to continue the flexible metal beam guard fence across the
culvert even when the culvert length is over 20 ft and even when the soil
fill depth over the culvert is 1less than the standard guardrail post
embedment depth of 38 in. Many of these culverts have soil fills of between
6 in. and 38 in.

The objective of this research study was to develop information to
promote the concept of continuing the approach flexible metal beam guard
fence across bridge length (over 20 ft) multiple box culverts. This concept
is believed to be safer, more economical and more effective than using rigid
bridge rails on such culverts.,

Research Report 405-1 entitled "The Effects of Embedment Depth, Soil
Properties, and Post Type on the Performance of Highway Guardrail Post" (5)
presented data which could be used to modify the current metal beam guard
fence for application when the full 38 in. post embedment depth could not be
achieved. It was believed that more post could be used with a shallow
embedment to achieve the desired guardrail strength. A metal beam guard
fence design of this type was crash tested in this study and proved to be
unsatisfactory.

Another concept investigated was to rigidly mount the guard fence post
to the top of the culvert deck when full soil embedment could not be
achieved. A design of this type was also crash tested in this study and
proved to be satisfactory.

*Numbers in parentheses, thus (1), refer to corresponding reference in Tist
of references.
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METAL BEAM GUARD FENCE DESIGNS AND CRASH TESTS

At the beginning of this research it was believed that more guardrail
posts could be used with a shallow embedment to achieve the necessary guard
rail strength, Figure 1 shows the standard 38 in. embedment with the Texas
standard 27 in. high W-beam mounting height. Figure 2 shows static load test
results on these posts in a cohesionless soil (6) for various embedment
depths. Figure 3 presents a summary of the maximum force and energy absorbed
for various embedment depths. These data are from Figure 2 and reference 5
and have been modified slightly so the maximum force and energy could be
presented on the same graph. The energy absorbed was computed out to 18 in.
of deflection. Impact tests (3) with a pendulum traveling 17 mph will yield
results four to five times these values. These data were used in selecting
the modified guardrail designs presented.

The plan view of the typical modified guard fence designs to be tested
is shown by Figure 4. As can be seen, a 50 ft long segment of the modified
guard fence design was ihsta11ed over a simulated concrete culvert. Standard
guard fence with the standard turned down terminal (see Appendix B) were
installed on both the upstream and downstream ends of the test section.

The single crash test conducted on each modified design was with a 4500
1b car impacting at 60 mph and a 25° angle (6).

MODIFIED GUARD FENCE NO. 1

The first modification is shown by Figure 5 using 7 in. diameter timber
as shown on Figure 1. At first it was intended to use twice as many posts
with one half the strength of a fully embedded post: for example, posts
spaced at 3 ft 1-1/2 in. and embedded 24 or 27 in. (see Figures 2 and 3).
However, another hypothesis prevailed. Since a strong guardrail and turned
down end anchor was to be used upstream and downstream of the 50 ft long
simulated culvert, the post only needed to hold the W-beam up to make initial
contact with the car. The hypothesis was that the W-beam firmly anchored on
each end could by itself redirect the car over this 50 ft length.




LATERAL LOAD (kips)

LOAD VS. DEFLECTION
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FIGURE 2.

TYPICAL LOAD vs. DEFLECTION DATA FOR 7 IN. DIAMETER
TIMBER POST EMBEDDED IN COHENSIONLESS SOIL. LOAD
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(21 INCHES HIGH). .
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FIGURE 4. PLAN VIEW OF TYPICAL CRASH TEST SITE FOR TESTS 1, 2 AND 3.



50' Modified Guard Fence No. 1

e
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18" Embedment Cohesionless Soil
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Vehicle Impact

Between Posts

1 and 2
Standard 12 gauge

W-beam SimuTlated Culvert

FIGURE 5. PLAN VIEW OF MODIFIED GUARD FENCE NO. 1
INSTALLATION FOR CRASH TEST 1.




This hypothesis was investigated using the BARRIER VII computer program,
and a summary of the results is presented in Table 1. This table indicates
the standard guard fence (6 ft-3 in. post spacing with 38 in. embedment)
would deflect 20.8 in. when impacted with a 4500 1b car at 60 mph and 25°
angle. The modified guard fence No. 1 shown on Figure 5 (6 ft-3 in. post
spacing with 18 in, embedment) would deflect 34.4 in.

One problem with the analysis, which crash test 1 will demonstrate, is
that BARRIER VII is a planar two-dimensional analysis. BARRIER VII cannot
indicate that the W-beam will drop vertically and the car will vault
vertically over the guardrail.

Crash Test 1. Figure 6 shows the modified guard fence installation and
car before and after crash test 1. In this test a 4400 1b Chrysler Newport
impacted the modified guard fence No. 1 at 61.9 mph and 26.2° angle. At 0.2
sec into the impact the car began to parallel the deflected (about 46 .8 in.)
W-beam rail, and the W-beam dropped and the car ramped over it. The car
penetrated behind the rail and rolled over. The test was unsuccessful,

Figure 7 presents a summary of the crash test 1 data. Appendix C
presents the sequence photographs of the test, and Appendix D presents the
accelerometer, roll, pitch, and yaw data from the test vehicle.

MODIFIED GUARD FENCE NO, 2

This guard fence design was in accordance with the original hypothesis
that one could use twice as many posts with one half the strength to achieve
the desired strength for vehicle redirection. Figure 3 was used to select
the 7 in. diameter timber post embedded 27 in. in cohensionless soil to
obtain one half the strength (both force and energy absorbed) of the standard
38 1in. embedded post. This yields the design shown by Figure 8,
Interpolating the data in Table 1 would 1indicate this guard fence design
would deflect laterally about 20 in., which is about the same as the standard
guard fence,




TABLE 1,

SUMMARY OF BARRIER VII COMPUTER PROGRAM ANALYSIS

OF MODIFIED METAL BEAM GUARD FENCE DESIGNS.

POST POST POST STATIC MAX. GUARD FENCE
SPACING EMBEDMENT LOAD CAPACITY DEFLECTION
(ft=in.) (in.) (kips) (in.)

6'- 3" 38 3.0 20.8
6'-3" 24 1.5 31.0
6'-3" 18 1.0 34 .4
3'-1 172" 24 1.5 22.0
3'-1 1/2" 18 1.0 25.6

NOTE:

50 ft length of guardrail with 25 ft turn-down terminal

on each end.

at 2 in. deflection.

Fdyn = Fstat16 (1 + JV) where V is ft/sec and J =

Impact by 4500 1b car at 60 mph and 25° angle.

Elastic-plastic post-soil model which yields

0.14 sec/ft.




FIGURE 6. MODIFIED GUARD FENCE NO. 1 AND CAR
BEFORE AND AFTER CRASH TEST 1.




Test No. . e e
Date . . . . .
Face Rail . . .
Post . . . . .
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Crash Test 2. Figure 9 shows the modified guard fence No. 2 and car
before and after the test. In this test a 4500 1b Cadillac Deville impacted
the modified guard fence No. 2 at 61.8 mph and 23.2° angle. At about 0.15
sec the rail had deflected about 28 in, and the car was beginning to redirect

(yaw about 10°), and W-beam broke in two. At 0.3 sec the car came parallel
to the guardrail and rode down it about 50 ft before coming to a stop and
rolling on its side beside and behind it.

Tensile tests of coupons from the broken W-beam indicated its yield
strength as 80 ksi, ultimate strength as 106 ksi, and ductility of 17%. The
steel in the W-beam easily satisfied the AASHTO requirements of yield
strength of 50 ksi (minimum), ultimate strength of 70 ksi (minimum), and 12%
minimum ductility. '

Close examination of the timber posts indicated they bent over and
pulled out of the soil simultaneously. The right front tire of the car
literally rode up the inclined posts spaced so close together trying to push
them down., While this was happening, the right front bumper of the car was
firmly nestled in the groove of the W-beam and was exerting an upward force
on the beam. This combination of forces -- downward force from post plus
tire, upward force from bumper, and large tensile redirection force -- caused
the W-beam to first split longitudinally down the center of the W (about 6.25
ft long split) and then break transversely.

Tests 1 and 2 have indicated that guardrail posts need sufficient
embedment to develop enough friction to keep them from pulling out of the
ground. They also need sufficient embedment to develop the required bending
strength or lateral load capacity.

MODIFIED GUARD FENCE NO. 3

After the unsuccessful crash tests on modified guard fence designs Nos.
1 and 2, it was decided that the post would have to be attached to the
culvert deck when the soil fill was less than the standard 38 in., The
modified guard fence No. 3 design was as shown by Figures 11 and 12,

12




50 ft Modified Guard Fence No. 2

43'-g"

15 posts @ 3'-1 1/2" spacing
27" embedment cohesionless soil

15 14

13 12 11 10 9 8 7 6 S 4
Q Q Q Q Q Q Q Q Q Q

€l

FIGURE 3.

Vehicle impact
between posts

Standard 12 gauge/////}'

W=-beam 3 and 4

Simulated Culvert

PLAN VIEW OF MODIFIED GUARD FENCE NO. 2 INSTALLATION FOR CRASH TEST 2.
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MODIFIED GUARD FENCE NO. 2 AND CAR BEFORE AND AFTER CRASH TEST 2.
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Test
Date
Face
Post
Post

Length

Beam
Max.
Max.

Vehicle
TAE
SAE

Deflection

0,141 sec 0.231 sec

A e

v e+ 2405-2 Vehicle . . .
e+« « . 4/18/86 Vehicle Weight .
« s+« « 12 g8, steel W-shape (w/instr.)
« « + « . standard timber impact Speed .
« + . . 095 m (3 ft 15 in) impact Angle .
Installation . 53.3 m (176 ft) Exit Speed . .
Exit Angle . .
¢« .+ . 256 m (8.4 ft) Vehicle
« « » . fracture (Max. 0.050
Longitudinal .
e+ + o+ . OfRFG4 Transverse ., .
« + « « o OIRFEK4 Verticat . .
FIGURE 10. SUMMARY OF CRASH TEST 2.
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sec.
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sec

. 1979 Cadillac DeVille
2041 kg (4500 1b)
99.6 km/h (619 mph)
23.2 deg.
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50 ft Modified Guard Fence No. 3

37 t _6II

W6x9 Steel Rosts
with Blockoyt

7 posts @ 6'-3" spacing

18" embedment in‘cohesion1ess soil and bolted to culvert slab

[+4]
E

-
-
am

Culvert Deck Under
18" of Soil Fill

"Standard 12 Gauge W-beam

Vehicle Imnact
Between Posts
1 and 2

W

FIGURE 11. PLAN VIEW OF MODIFIED GUARD FENCE NO. 3 INSTALLATION FOR CRASH TEST 3.
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The W6 x 9 standard steel guardrail post with blockout was fitted with a
steel base plate and bolted to the simulated culvert slab as shown by Figure
12. The 6 in. thick culvert slab was reinforced as a typical Texas culvert
slab (Appendix E). The centers of the posts were located 30 in. from the
outer edge of the culvert. This design should not crack the culvert slab.
Static load test results of this post (without soil fill) is shown by Figure
13. Failure was by yielding and then by local buckling of the compression
flange. Damaged post could relatively easily be replaced by bolting on a new
post. Additional load test results and simulated culvert slab details are
presented in Appendix E.

Figure 14 presents the results of an analysis of how the guard fence
post load capacity would change with different soil fill depths. The 18 in.
soil fill depth was chosen for this test because the load capacity is low
(about 8.5 kips) and the probability of the car tire snagging a post highest
with low fill depths.

Crash Test 3, Figure 15 shows the modified guard fence No. 3 and car
before and after crash test 3. The 4450 1b Cadillac Deville impacted the
guard fence at 61.8 mph and 25.3° angle. The car was smoothly redirected as
intended. The maximum rail deflection was 2.7 ft and four posts were
severely damaged.

This test and modified guard fence No. 3 was very successful. With this
design the guard fence can now be used over culverts even when full embedment
depth of the guardrail post cannot be achieved.

17
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ETATIC TEST RESULTS

Test #1

Y

joad

Note: W6x9 steel post
No failure or bending of baseplates or bolts.
Failure due entirely to bending in post.

Plot of
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w
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o 2 4 8
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FIGURE 13. STATIC LOAD TEST RESULTS FOR GUARD FENCE POST USED IN
CRASH TEST 3.
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POST LOAD CAPACITY (kips)

I ——

- | Post + Soil Cohesionless,

—
_—'/ /

-

|
|

SOIL FILL DEPTH (in.)

FOR VARIOUS SOIL FILL DEPTHS.

2 - L_, - |
e - So
- e l
o 1 I i l I ) l | T l
o 10 20 30

FIGURE 14. ANALYSIS OF GUARD FENCE POST LOAD CAPACITY
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FIGURE 15. MODIFIED GUARD FENCE NO. 3 AND CAR
BEFORE AND AFTER CRASH TEST 3.




Test No. . . . . . . . . 2405-3 Vehicle T )
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SUMMARY AND CONCLUSIONS

The culvert-mounted Modified Guard Fence No. 3 design meets all crash
test performance requirements. The new guard fence smoothly redirected a
2019 kg (4450 1b) vehicle traveling 99.4 km/hr (61.8 mph) and impacting the
rail at an angle of 25.3 degrees. This guard fence system does not have the
transition problem that the presently required rigid system does because it
is flexible along its entire length,

This new guard fence system is also cheaper than using more rigid bridge
rails. The new system has an approximate installation cost of $17 per ft as
opposed to the $35 per ft cost of typical T101 steel bridge rail.
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APPENDIX A

GLOSSARY

From Reference 2.

Area of Concern— An object or roadside condition that warrants shielding by
a traffic barrier.

Barrier Warrant— A criterion that identifies an area of concern which should be
shielded by a traffic barrier. The criterion may be a function of relative
safety, economics, etc., or a combination of factors.

Bridge Rail— A longitudinal barrier whose primary function is to prevent an
errant vehicle from going over the side of the bridge structure.

Clear Zone— That roadside border area, starting at the edge of the traveled way,
available for safe use by errant vehicles. Establishment of a minimum width
clear zone implies that rigid objects and certain other hazards with clearances
less than the minimum width should be removed, relocated to an inaccessible
position or outside the minimum clear zone, remodeled to make safely
traversable or breakaway, or shielded.

Clearance— Lateral distance from edge of traveled way to a roadside object or
feature.

Crash Cushion— A traffic barrier used to safely shield fixed objects or other hazards
from approximately head-on impacts by errant vehicles. Examples are sand-
filled plastic barrels, water-filled tubes, vermiculite concrete cartridges, and
steel drums.

Crashworthy Barrier— One that can be impacted by a vehicle at or below the
anticipated operating speed of the roadway with low probability of serious
injury to the vehicle’s occupants.

Experimental Barrier—One that has performed satisfactorily in full-scale crash
tests and promises satisfactory in-service performance.

Impact Angle—For a longitudinal barrier, it is the angle between a tangent to

the face of the barrier and a tangent to the vehicle’s path at impact. For a
crash cushion, it is the angle between the axis of symmetry of the crash
cushion and a tangent to the vehicle’s path at impact.

Length of Need — Total length of a longitudinal barrier, measured with respect to
centerline of roadway needed to shield an area of concern.

Longitudinal Barrier— A barrier whose primary functions are to prevent penetra-
tion and to safely redirect an errant vehicle away from a roadside or
median hazard. The three types of longitudinal barriers are roadside barriers,
median barriers, and bridge rails.

Median Barrier— A longitudinal barrier used to prevent an errant vehicle from
crossing the portion of a divided highway separating the traveled ways for
traffic in opposite directions.

Operating Speed —The highest speed at which reasonably prudent drivers can be
expected to operate vehicles on a section of highway under low traffic
densities and good weather conditions. This speed may be higher or lower
than posted or legislated speed limits or nominal design speeds where align-

iv

ment, surface, roadside development, or other features affect vehicle opera-
tion.

Operational Barrier— One that has performed satisfactorily in full-scale crash tests
and has demonstrated satisfactory in-service performance.

Research and Development Barrier— One that is in the development stage and
has had insufficient full-scale tests and in-service performance to be classified
otherwise.

Roadside Barrier— A longitudinal barrier used to shield hazards located within
an established minimum width clear zone. It may also be used to shield
hazards in extensive areas between the rcadways of a divided highway. It
may occasionally be used to protect pedestrians or ‘“bystanders” from
vehicular traffic.

Roadway — The portion of a highway, including shoulders, for vehicular vse.

Shy Distance— Distance from the edge of the traveled way beyond which a
roadside object will not be perceived as an immediate hazard by the
typical driver, to the extent that he will change his vehicle’s placement or
speed.

Traffic Barrier— A device used to shield a hazard that is located on the roadside
or in the median, or a device used to prevent crossover median accidents.
As defined herein, there are four classes of traffic barriers, namely, road-
side barriers, median barriers, bridge rails, and crash cushions.

Traveled Way—The portion of the roadway for the movement of vehicles, ex-
clusive of shoulders and auxiliary lanes.
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APPENDIX C.
SEQUENCE PHOTOGRAPHS OF CRASH TESTS 1, 2, AND 3
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%

0.553 s

Figure C1. Sequential photographs for test 2405-1.
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0.152 s 0.552 s

Figure C2. Sequential photographs for test 2405-1.




0.000 s

0.072 s

0.144 s

0.231 s
Figure C3. Sequential photographs for test 2405-2.




0.599 s

Figure C3. Sequential photographs for test 2405-2 (continued).
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0.000 s

0.103

0.156 s

Figure C4. Sequential photographs for test 2405-3.
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0.259 s

0.676 s

Figure C4. Sequéntia] photographs for test 2405-3 (continued).
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APPENDIX D.

ACCELEROMETER, ROLL, PITCH, AND YAW DATA
FOR CRASH TESTS 1, 2, AND 3







100 Hz Filter
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Figure D1. Vehicle longitudinal accelerometer trace
' for test 2405-1.
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Figure D2. Vehicle lateral accelerometer trace for test 2405-1.
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Figure D3. Vehicle vertical accelerometer trace for test 2405-1.




\\\\ i} Axes are vehicle fixed.
(§;§> > rt:>,,,/ Sequence for determining
<

Q =2 orientation is:

\ () SO 1. Yaw
— g, 2. Pitch
, ~ 3. Roll

Yaw

RoT]\

Pitch

Figure D4. Vehicle angular displacements for test 2405-1.
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100 Hz Filter

5 T s z q

LONGITUDINAL ACCELERATION (G)

é- Max. 0.05é sec
i Avg. = -5;8 ¢

0.00 0.10 0.20 0.30 0.40 0.50
TIME (SECONDS)

Figure D5. Vehicle longitudinal accelerometer trace
for test 2405-2.
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Figure D6.
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Vehicle lateral accelerometer trace for test 2405-2.
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Figure D7. Vehicle vertical accelerometer trace for test 2405-2.
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'cZ
_ Axes are vehicle fixed.
-, WwIcH oYAW Sequence for determining
orientation is:

1. Yaw
(’::j>’—”” 2. Pitch
3. Rol
RO\ .

(]

o

o.

e )

o

(o)
Yaw
Pitch

0.60

Rol1

(o]

@J

Figure D8. Vehicle angular displacements for test 2405-2.
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TIME (SECONDS)

Figure D9. Vehicle longitudinal accelerometer trace for test 2405-3.
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Figure D10. Vehicle lateral accelerometer trace for test 2405-3.

0.70



1417

VERTICAL ACCELERATION (G)
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Vehicle vertical accelerometer trace for test 2405-3.
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l .Z
Axes are vehicle fixed.
MALLL i} 'YAW Sequence for determining

\\<2;\\ (Zl_—;:D . orientation is:
' : 1. Yaw
@ %/ 2. Pitch
o!\o\'L
— I ~\\\\\\

3. Roll

QP.OU

Yaw !

30.00

(DEGREES)
25].00

NT
0

o

Pitch |

///JDRoll
1

o ' u
0l 00 0. .40 .60 0.80
TI (SECONDS)

Figure D12, Vehicle angular displacements for test 2405-3.
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APPENDIX E.

STATIC LOAD TEST DATA FOR GUARD FENCE POST
ATTACHED TO CONCRETE DECK
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1 4/72% 11 1/2n
! _— 1" dia. post
|~
: A M:::~—-10" id steel pipe,
- - 174" wall

1" dia. Typ
378" G{

W-beam
3
~
W\Y]F'“ g R
Fill
' 1" half circle drain
o ' 3/4" A307 bolts
| | with washers
“ | |
et |
= | I 13"x13"x5/8" steel plate
>
| e
£ T

Culvert Siabd

e —— o —{
SEESN—

/

iy

| S Yllﬁ
1 1/4" formed ho]esJ/] \\\\\~13"x13"x1/4" steel plate

FIGURE E1. TIMBER POST IN 10 IN. DIAMETER STEEL PIPE SLEEVE

i
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STATIC TEST DATA

Test #2
Deflection at

load (Kips) load (in)
0. 00 0. 00 .- \fﬁ\
0. 44 0. 50 loa
0. 53 1.00
0. T4 1. 50
0. 86 2. 00
1. 30 3. 00 39
1, 56 3. 60
1. 80 4, 00
2. 12 4. 50
2. 34 5. 00 .
2. 80 6. 00 "
2. 90 6. 50
3. 20 7. 00
3. 40 7. 50
3. 64 8. 00
4,08 9. 00
4, 34 9. 50
4, 66 10. 00
5. 00 10. 50

Note: Timber Post with 10 inch soil filled pipe.
Deflection continued until equipment limitations required
the test to be stopped.

Plot of

Forom vs. Displooamant

8
5
4

T

<
3

L

g

[+]

[
2
1
)

o 2 4 8 8 10 12

Duflunflon at Inad (In.)

FIGURE E2. STATIC LOAD TEST RESULTS OF TIMBER POST IN 10 IN. HIGH PIPE SLEEVE.
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STATIC TEST DATA

Test #3
Deflection at
load (Kips) load (in)
0. 00 0. 00 )
1. 76 0. 50 foad >
2. 00 1,00
3. 00 {. 50
3. 60 2. 00
4, 14 2. 50 304
4, 62 3. 00
5. 00 3. 50
5. 40 4. 00
5. 72 4, 50
6. 00 5.00 .
5. 60 5. 50 I 1z
5. 84 6. 50
5. 90 7. 00
5. 22 7. 50
4. 80 8. 50
4. 50 9. 00
4, 45 9. 50
4, 40 10. 00
- 4,00 10. 50

Note: Timber post with 12 inch soil filled pipe.
Faillure due to cracking at base of post

Plot of

Forom vs. Dizploaommant

Force {kips)
w

o 2 4 B 8 10 12
Dufimoflon of Ipad (In.)

FIGURE E3. STATIC LOAD TEST RESULTS OF TIMBER POST IN 12 IM. HIGH PIPE SLEEVE.
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STATIC TEST DATA

Test H4

Note:

Force (kips)

Deflection at

load (Kips) load (in)
""""""""""""" oad
0. 00 0. 00 4
2. 25 0. 50
3.10 1. 00
3,50 1. 50
3. 90 2. 00 39"
4,10 2. 50
4. 30 3. 00
4, 50 3. 50
4,68 4, 00
4,76 4. 50 "
4. 86 5. 00
4, 96 5. 50
5. 00 6. 00
3, 00 6. 50
1. 00 7. 00
Timber post with 10 in grouted in pipe.
Post failed at base with no movement of baseplate or bolts.
Plot of

5 Forom vs. Disploommant

4

3

2

1

o

o 2 4

FIGURE E4.

Dafluoflon ot load (In.)

STATIC LOAD TEST RESULTS OF TIMBER POST GROUTED

IN 10 IN. HIGH PIPE SLEEVE.
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Plot of

45 Energy vs. Displacement

<—sojl, 12'| pipe
3
”~
T
2 25 £
X
~ L+
.
o ;
®
c
& ]

6 8

Deflection at lead (in.)

FIGURE E5. SUMMARY OF STEEL AND TIMBER POST STATIC TEST RESULTS.
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€9

Force (kips)

Plot of

Force vs. Displacement

FIGURE E6.

Deflection at load (in.)

SUMMARY OF STEEL AND TIMBER POST STATIC TEST RESULTS

— ste¢l pos
<="spil, 12" pipg
T |
/-10" Ripe, dgroute
b,
<— soil, 10" |pipe
2 4 6 8 10 12



Stotic Test Slab
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FIGURE E7. SUMMARY OF SIMULATED CULVERT SLAB REINFORCEMENT '







