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I NTRODUCTI ON 

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) 

whi ch is common ly used upstream of the bri dge rail. It woul d be safer and 

more economical to continue the flexible metal beam guard fence across the 

cul vert even when the cul vert length is over 20 ft and even when the soil 

fill depth over the culvert is less 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 liThe 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 desi red guardrail strength. A metal beam guard 

fence desi gn of this type was crash tested in this study and proved to be 

unsat i sfactory. 

Another concept investigated was to rigidly mount the guard fence post 

to the top of the cul vert deck when full soil embedment coul d 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 list 
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 coul d be used with a sha 11 ow 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 installed 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 
lb 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 Fi gure 1. At fi rst it was intended to use twi ce 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. 

3 
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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 lb car at 60 mph and 250 

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 RARRIER 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 26.20 angle. At 0.2 
sec into the impact the car began to parallel the deflected (about 46.8 in.) 
W-beam rai 1, and the W-beam dropped and the car ramped over it. The car 

penetrated behind the rail and rolled over. The test was unsuccessful. 

Fi gure 7 presents a summary of the crash test 1 data. Appendi x C 
presents the seq uence photographs of the test, and Appendi x 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 in. embedded post. This yields the design shown by Figure 8. 
Interpolating the data in Table 1 would indicate this guard fence design 
would deflect laterally about 20 in., which is about the same as the standard 
guard fence. 

8 



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) (i n. ) 

6 1
- 311 38 3.0 20.R 

6 1 -3 11 24 1.5 31.0 

6 1 -3 11 18 1.0 34.4 

31 -1 1/211 24 1.5 22.0 

31 -1 1/211 18 1.0 25.6 

NOTE: 50 ft length of guardrail with 25 ft turn-down terminal 
on each end. Elastic-plastic post-soil model which yields 
at 2 in. deflection. 
Fdyn = Fstatic (1 + JV) where V is ft/sec and J = 0.14 sec/ft. 
Impact by 4500 lb car at 60 mph and 25° angle. 
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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 guardrai 1 and rode down it about 50 ft before comi ng 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 exami nat i on of the timber posts i ndi cated 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. Whi 1 e thi s was happeni ng, the ri ght front bumper of the car was 
fi rm1y 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 i ndi cated that guardrai 1 posts need suffi ci ent 
embedment to develop enough friction to keep them from pull i ng 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. 
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 
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Before After 

FIGURE 9. MODIFIED GUARD FENCE NO. 2 AND CAR BEFORE AND AFTER CRASH TEST 2. 
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The W6 x 9 standard steel guardrail post with b10ckout 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. 
soi 1 fi 11 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 1 b Cadi 11 ac Devi 11e 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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FIGURE 12. DETAIL OF STEEL GUARDFENCE POST 
AND ATTACHMENT TO CULVERT SLAB. 
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STATIC TEST RESULTS 

Test #1 
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" 39 

Rote: W6x9 steel post 
Ro £ailure or bending o£ baseplates or bolts. 
Failure due entirely to bending in post. 

Plot of 
7 

B v -~ 

" 
5 / 

-" "' D. -.::I. ...... 
• e 3 0 
II. 

2 

1 

I 
/ 
t 
I 
I 

0 
o 2 B 

'19 

FIGURE 13. STATIC LOAD TEST RESULTS FOR GUARD FENCE POST USED IN 
CRASH TEST 3. 
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Before 

FIGURE 15. MODIFIED GUARD FENCE NO.3 AND CAR 
BEFORE AND AFTER CRASH TEST 3. 

After 
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0.000 Bec 0.156 sec 

Test No. 
Date 
Face Rail 
Post 
Post Spacing 
Length of Installation 
Beam Rail Deflection 

!tax. Dynamic 
!tax. Permanent 

Vehicle Damage 
TAE 
SAE 

2405-3 
7/8/86 

0.399 sec 

trB-fH3 - - -=:==-:c 

Vehicle 
Vehicle Weight 

12 gao steel W-shape (w/instr.) 
W6x9 Impact Speed 

1.9 m (6 ft -3 in) Impact Angle 
53.3 m (175ft) Exit Speed 

Exit Angle 
0.82 m (2.7 ft) Vehicle Acceleration 
0.67 m (2.2 ft) ("ax. 0.050 sec. avg. ) 

Longitudinal 
01RFQ4 Transverse 
01RFES35 Vertical 

FIGURE 16. SUMMARY OF CRASH TEST 3. 

1978 Cadi Ilae DeVille 
2019 kg (4450 I b) 

99.4 km/h (61. 8 mph) 
25.3 deg. 
59.9 km/h (3,7.2 mph) 
15.6 deg. 

-2.78 g 
4.59 g 

-3.43 g 



SUMMARY AND CONCLUSIONS 

The culvert-mounted Modified Guard Fence No. 3 design meets all crash 
test performance requi rements. The new guard fence smoothly redi rected a 
2019 kg (4450 lb) 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 T10l 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 Warranl- 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. 

Crash worthy Ba"ier- 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 ~ngl~ 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 ~netra
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 Ba"ier- 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 ~e 
expected to operate vehicles on a section of highway un~er 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 fealures 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 Ba"ier- 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 lise. 

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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0.000 s 

0.050 s 0.352 s 

0.101 s 0.452 s 

0.151 s 0.553 s 

Figure Cl. Sequential photographs for test 2405-1. 
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0.000 s 0.251 s 

0.050 s 0.353 s 

0.099 s 0.453 s 

0.152 s 0.552 s 

Figure C2. Sequential photographs for test 2405-1. 
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0.000 s 

0.072 s 

0.144 s 

0.231 s 

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

0.415 s 

0.507 s 

0.599 s 

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

0.053 s 

0.103 

0.156 s 

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

0.399 s 

0.538 s 

0.676 s 

Figure C4. Sequential 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 
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for test 2405-1. 
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Figure 02. Vehicle lateral accelerometer trace for test 2405-1. 
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Figure D3. Vehicle vertical accelerometer trace for test 2405-1. 
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Figure 04. Vehicle angular displacements for test 2405-1. 
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F.igure 07. Vehicle vertical accelerometer trace for test 2405-2. 
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Figure 08. Vehicle angular displacements for test 2405-2. 
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Figure 09. Vehicle longitudinal accelerometer trace for test 2405-3. 
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Figure 010. Vehicle lateral accelerometer trace for test 2405-3. 



20 

--CD 

Z 
0 ..... 
I-

. ......................................................... . 
10 

c::c: e:: 
I.U 
-J 
I.U 
U 
U 
c::c: 
-J 

+=> c::c: 
U1 U ...... 

l-e:: 
I.U 
> 

r·1ax. 
-10 

0.050 sec ~ Avg. = -3.4~ g 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 

TIME (SECONDS) 

Figure D11. Vehicle vertical accelerometer trace for test 2405-3. 
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APPEND IX E. 

STATIC LOAD TEST DATA FOR GUARD FENCE POST 
ATTACHED TO CONCRETE DECK 
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..-

I: 
co -

I: 
C'I') 

1/4" formed holes 

- 1 1/2" 

1" dla. post 

steel pipe, 
wa 11 

1" dia. Typ 

W-beam 

rill 

half circle drain 

A301 bolts 
washers 

13"x13"x5/8" steel plate 

Culvert Slab 

~'3"X13"X'/4" steel plate 

FIGURE E1. TIMBER POST IN 10 IN. DIAMETER STEEL PIPE SLEEVE 
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STATIC TEST DATA 

Test #2 
load (Kips) 

0.00 
0.44 
0.53 
0.74 
0.86 
1. 30 
1. 56 
1. 80 
2.12 
2.34 
2.80 
2.90 
3.20 
3.40 
3.64 
4.08 
4.34 
4.66 
5.00 

Deflection at 
load (in) 

0.00 
O. 50 
1. 00 
1. 50 
2.00 
3.00 
3.50 
4.00 
4. 50 
5.00 
6.00 
6.50 
7.00 
7.50 
8.00 
9.00 
9. 50 
10.00 
10.50 

loa d 

39" 

Bote: Timber Post with 10 inch soil filled pipe. 

, .. 

'---
J 

10" 
~ 

Deflection continued until equipment limitations required 
the test to be stopped. 

Plot of 
8 

5 .J va 
/ 

V 

V 
~ 

~ 

V 
~ 

~ 

V 
V 

~ 

~ 
~ 

V 

3 

2 

1 

o 
o 2 8 8 10 12 

FIGURE E2. STATIC LOAD TEST RESULTS OF TH1BER POST IN 10 IN. HIGH PIPE SLEEVE. 
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STATIC TEST DATA 

Test #3 
load (k.ips) 

0.00 
1. 76 
2.00 
3.00 
3.60 
4. 14 
4.62 
5.00 
5.40 
5.72 
6.00 
5.60 
5.84 
5.90 
5.22 
4.80 
4.50 
4.45 
4.40 
4.00 

Deflection at 
load (in) 

0.00 
0.50 
1. 00 
1. 50 
2.00 
2. 50 
3.00 
3. 50 
4.00 
4.50 
5.00 
5.50 
6.50 
7.00 
7.50 
8.50 
9.00 
9. 50 

10.00 
10. 50 

loa d 

39" 

Bote: Timber post with 12 inch soil filled pipe. 
Failure due to crack.ing at base of post 

Plot of 
8 v ~ ~ ~~ / 

- V ~ 
I 

5 

/ 

J 
/ 

3 • 
G ... 

1 
( 

II 

2 

o 
o 2 8 8 

O.fI.atlDn at IDad (In.) 

..-

l-

12." 

...... .....-. 

~ 
~ '-m 

10 12 

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

Test #4 
load. (K1ps) 

0.00 
2.25 
3. 10 
3.50 
3.90 
4. 10 
4. 30 
4. 50 
4.68 
4.76 
4.86 
4.96 
5.00 
3.00 
1. 00 

Deflect10n at 
load. (1n) 

0.00 
0.50 
1. 00 
1. 50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 

loa d 

39" 

Rote: T1mber post w1th 10 1n ,routed. 1n p1pe. 

L......-

lO,l 

Post fa1led. at base w1th no movement of baseplate or bolts. 

5 

3 

I .. 2. 

1 

o 

Plot of 

.....- ....... I-'" 

1\ ~ 
~ 

/ 
I""" 

\ 
/ \ 
/ 

II 
o 2. ~ 

O.fl.ctlDn af load (In.) 

8 

FIGURE E4. STATIC LOAD TEST RESULTS OF TIMBER POST GROUTED 
IN 10 IN. HIGH PIPE SLEEVE. 
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Plot of 
4.5 

Energy vs. Displacement 
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FIGURE ES. SU~1HARY OF STEEL AND TIMBER POST STATIC TEST RESULTS. 



~ 

UJ 
a. -.:::I. 

'-" ., 
(J 
L. 

tTl ~ 
w 

Plot of 
Force vs. DisplQcement 

7,----r---r--~~~~~r---.---.----r---.--~r---r---. 

5 

4 

3 

2 

1 

o ~--~~---r----r----+----+---~----4--+~~--~----~--~--~ 
o 2 4 6 8 10 12 

Deflection Qt load (in.) 

FIGURE E6. SU~1ARY OF STEEL AND TIMBER POST STATIC TEST RESULTS 
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FIGURE E7. SUMMARY OF SIMULATED CULVERT SLAB REINFORCEMENT 
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