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Simplified criteria are derived for evaluating the capability of a flexible 
bridge railing system to safely contain impacting vehicles ranging in size 
from subcompacts to heavy trucks. The evaluation is based on comparison 
of the static force versus deflection characteristic of the railing system 
with an associated integral characteristic that is easily obtained. The cri
teria have be_en applied to typical high-performance bridge railing designs 
such as the collapsing ring barrier and another hybrid barrier system. The 
barrier performance predicted by the simplified criteria agrees well with 
the dynamic results obtained from Juli-scale tests and computer simula
tions. The simplified criteria should prove valuable to the highway engi
neer in evaluating current and proposed designs of flexible bridge railings 
and in providing a guide to design improvements if required. 

•THE present standards of the American Association of State Highway and Transporta
tion Officials for bridge rails are intended to ensure the containment of 4,000-lb (1814-

. kg) passenger vehicles. However, the satisfaction of these standards does not neces
s arily imply that the bridge rail will safely re.direct an errant passenger vehicle; the 
most common failing is that the vehicle occupant (especially at the higher velocit,ies and 
impact angles) will experience intolerably high deceleration levels. In the case of 
heavy vehicles [weights ~ 40 ,000 lb ( 18 144 kg)], it is unlikely that the same bridge 
rails will even contain the vehicle. Consequently, there is a need to generate new 
standa1·ds for bridge rails that will overcome the above-mentioned deficiencies. In 
essence, bridge performance criteria are required that will ensure the safe contain
ment and redirection of all classes of vehicles, from the subcompact level [ 2,250 lb 
(1021 kg)] to the heavy, articulated tractor-trailer vehicle [ ~40,000 lb (18 144 kg)]. 

The standards developed by ENSCO cover the required performance of both flexible 
(or semirigid) bridge rails and rigid concrete bridge parapets. Because of the dif
ferent modes of operation of these two types of barriers, a single set of standards does 
not suffice for both types. However, both involve some type of containment criteria. 
The containment criteria to be discussed in this paper relate to some of the il'lajor 
performance requirements of flexible bridge rails . Criteria covering all of the major 
performance requirements, for both flexible and 1·igid barriers, are discussed else
where (1). 

The overriding requirement for a high-pel'formance, flexible bridge rail is tbat it 
safely redirect all vehicles (within a certain weight range) that impact the barrier with 
impact conditions up to some worst case [probably 60 mph (97 km/h) and 15 deg] . This 
implies that the lateral motion of the impacting vehicle must be halted without excessive 
lateral deceleration and that the barrier deflection must not exceed some maximum 
associated with the bari·ier and its location. 

It would be extremely useful if simple criteria were available to evaluate the ability 
of a given barrier to satisfy this containment requirement, for any given set of per
formance requirements, such as t he range of impacting vehicles to be colltained, max
imum allowable lateral deceleration, and maximum allowable barrier deflection for 
impact conditions in the worst case. The criteria developed in this paper are intended 
to meet this objective. 
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HYPOTHESES BASED ON EMPIRICAL OBSERVATIONS 

Extensive simulation studies of vehicle impacts with typical flexible railings, performed 
by ENSCO (.!_), J1ave yielded two empirical results that are important to this work: 

1. The maximum lateral force experienced by the impacting vehicle of mass m oc
cm·s at about the maximum dynamic deflection 6. eX],)erienced by the barrier (for that 
impact), and this force is approximately equal to the associated value given by the point 
static barrier characteristic F(o). This implies that inertia and damping forces for 
typical barriers are small compared with the static force generated by the barrier; 
furthermore, the contact area at peak barrier deflection appears limited so that the 
vehicle-barrier force levels are about the same as those predicted by the point static 
characteristic for the same maximum deflection. 

2. The strain energy under the point static characteristic F(o) up to 6 = o. is tyPi
cally some constant fraction Cl! of the vehicle's initial lateral kinetic energy 1/2 mv~ tthe 
remainder being dissipated in occurrences such as vehicle crush, vehicle-roadway in
teraction, ba.rrier friction, and barrier deformations at more than one location). A 
value of cc = % seems to more or less fit a wide range of vehicles and impa.ct conditions; 
however, to allow for more general application, the criteria development uses the con
stant Cl!. 

Based on these hypotheses, simplified criteria have been developed for evaluating 
the point static chai·acteristic F(o) of a given barrier, which can be used to predict bar
rier performance and to determine whether the barrier can safely contain impacting 
vehicles ranging in mass from mo to M. [ The static force versus deflection character
istic F(o) can be determined either experimentally, theoretically, or from a computer 
model such as BARRIER V11 (5).] The validity of the resulting criteria (and of the un
derlying hypotheses) has been spot-checked by comparing the performance predicted by 
the criteria with that obtained from full-scale tests and computer simulations, for a 
few typical high-performance bridge railing designs . This is discussed subsequently. 

DERIVATION OF SIMPLIFIED CRITERIA 

The foregoing hypotheses imply that for any vehicle of mass m the corresponding peak 
barrier deflection a. satisfies the relatiortship 

6. J F(o)do = C11 1/2mv~ 
0 

The maximum lateral force experienced by this vehicle is F(o.). Then by Newton's 
Law, the maximum lateral acceleration experienced by the vehicle is 

F(o.) 
amax =--m 

We require that this maximum acceleration be less than or equal to some prede
termined tolerable acceleration limit, ato1, or 

F( o,) ,;; 
-- atol m 

(1) 

(2) 

(3) 



From equation 1, we obtain 

o. 
m = __!_ f F(o)do 

cxv~ 
0 

Substituting this expression for m in inequality in equation 3 yields 

o. J F(iS)do 

0 

15 

(4) 

(5) 

We require that this inequality be s.atisfied for all values of o. in the interval (i'im
0

, OM), 
where Om0 is the maximum barrier deflection corresponding to the smallest vehicle mo 
and OM is the maximum deflection corresponding to the largest vehicle M. This will 
ensure that all vehicles in the range from mo to M will experience peak lateral deceler-

.. ations less than ato1. 
Let us define an integrated barrier characteristic p(o.) by 

a. 
P(o.) ~ 2ato1 f F(i'i)do 

- ci1v~ 
0 

Then inequality in equation 5 can be expressed as 

From equations 6 and 4, we obtain 

Hence, 

and 

(6) 

(7) 

(8) 

(9) 

(10) 

Then for any barrier, inequality in equation 7 can be easily checked by plotting F(6.) 
and p(o.) on the same graph and determining the interval of interest (omo, oM) from 
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equations 9 and 10. [The i11tersection of a horizontal line of value mo ato1 with p( o.) 
occurs at om

0
; similarly, a horizontal line of value M ata1 intersects P(o. ) at oM.J 

One more criterion must be satisfied to ensure satisfactory barrier lateral perfor
mance, namely, that the peak barrier deflection liM, corresponding to the maximum ve
hicle M, does not exceed some predetermined maximum deflection lita1 that is allowable 
from barrier strength or space considerations. This is readily determined from the 
same graph since oM is directly available from equation 10 as indicated previously. 

The physical significance of the criterion in equation 7 can be s ummarized as follows. 
For a given barrier, the associated integral characteristic p(o.) yields the maximum 
allowable force (m ah1) associated with the peak deflection o. caused by a vehicle of 
mass m. The actual peak force experienced by this vehicle is simply F(li.L If this is 
less than P( o.), then the actual peak acceleration of m will be less than the allowable 
value ato1. If this condition holds true for all peak displacements between Om

0 
and OM 

(as obtained from equations 9 and 10), then all vehicles in the range from ma to M will 
experience peak accelerations less than alot . Thus P( o.) forms a kind of tolerable limit 
curve associated with the static characteristic F(o,). The final criterion for satisfac
tory barrier performance is simply that the peak displacement oM associated with the 
maximum vehicle M be less than a predetermined limit lita1. 

Note that the maximum deflection Ii. caused by a vehicle of mass m is independent 
of the allowable acceleration ata1. Referring to equations 6 and 4, we see that 

6. 

p(o.) = ~ f F(o)dli = m 
atol °'VL 

0 

(11) 

Thus we could plot m versus o. directly to determine the maximum barrier deflec
tion associated with any mass. However, this same information is available from the 
curve of p(15,,) versus 6. since the ordinate in this case equals m ata1 where a1a1 is some 
constant. E\J.rthermore, the same curve P(o.), when compared to F(o.) in the interval 
of interest (01110 , liM), determines whether or not the peak decelerations are acceptable 
for the range of vehicles under consideration. Thus the single curve P(6.) yields the 
maximum deflection Ii. for any m and, when compared to F(o.), also determines whether 
the peak decelerations are less than a1a1 for vehicles in the range of interest. 

Besides facilitating the foregoing simplified criteria, the P(o.) and F(6.) curves also 
yield much additional information. Regardless of whether or not the limit criterion of 
equation 7 is satisfied, these curves can be used to predict the peak deflection and ac
celeration for any vehicle. Equation 8 states that the peak deflection 60 of any vehicle 
can be obtained from the intersection of the P(B.) curve with a horizontal line whose 
value is equal to m ata1 . When this value of 60 is used, the peal< force F( 6.) can be di
rectly obtained from the F<o.) curve. Then, the peak acceleration of the given vehicle 
is simply F(6,)/m. 

The foregoing implies that the first intersection of the p(5,) and F(6.) curves can 
define the smallest vehicle mo that will experience tolerable deceleration levels. The 
reason for this is that p(60 ), formed by integrating F(6), must always start below the 
F(60 ) curve. As 6. is increased, P(6,) will increase at a faster rate than F(60 ) a.i1d 

finally cross F(o0 L By defining the intersection coordinates as (o'""' ma a~o1), we have 
e!!S~l!'<'d t0!Pr~hlP nPN~ler:ition levels for the corresponding value of ma. As we take 
larger values of o., the P( o.) curve will generally lie above the F(li.) curve; this indi
cates acceptable levels of peak acceleration for these larger vehicles as well. However, 
it is possible to define a barrier characteristic such that the F(o.) curve rises above the 
P(o.) curve for some large vehicle of mass M. In any event, the i·ange of vehicles from 
mo to M that will experience tolerable peak accelerations can be obtained directly from 
the intersections of the p( o.) and F( o.) curves. 
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GUIDE TO USE OF CRITERIA 

The use of the above-derived criteria can be illustrated by t he following example. Fig
ure 1 shows an arbitrary barrier static char acteristi c F(og) t ha t is linear up to 100,000 
lbf ( 445 kN) at 30 in. (0. 76 m) and is constant ther eafter . The as s umed impact conditions 
for the worst case are 60 mph (97 km/ h) and 15 deg from which the l ateral velocity vL 
is calculated to be 273.4 in. / sec (6.94 m / s). The assumed value of ll is 0.5, and the 
tolerable acceleration limit is chosen as 10 g. The integral characteristic P( ll .) de
fined by equation 6 is then 

OD 

P( llm) = 0.207 in:- 1 J F(6)d6 

0 

In the general case, the integration of F( ll) would be done either numerically (by a com
puter pr ogr am) or graphically (by a planimeter>. In this simple example, however, the 
integration can be done analytically since F(o) is known in analytic form. Therefore, 
we have 

{

3,333 lbf/ in. x 6 for 0 ,, o ,, 30 in. 
F( o) = 

100,000 lbf for 6 > 30 in. 

Hence for 6. ,;; 30 in. (0. 76 m), 

P( o.) = 0.207 in:- 1 x 3,333 lbf/ in. (o;/2) 

or 

P( o.) = 345 lbf/ in.2 x o~ 

For 6. > 30 in. (0. 76 m), 

p( o,) = 345 lbf x (30) 2 + 0.207 in:- 1 x 100,000 lbf (o. - 30 inJ 

or 

p( o.) = 310, 500 lbf + 20, 700 lbf/in. (o. - 30 inJ 

(Note: In the above equations l lbf = 4 .45 N, 1 lbf/in. = 175.1 N/m, and 1 in. = 2.54 cm.> 
The integral characteris tic P(o.), as in t he equations above, is also shown in Figure 

1. An exami nation of t he two cu rves shows that the intersection occurs at an estimated 
fo r ce level of 32,200 lbf (143 kN). Setting that equal to 10 m 0 g , we s ee t hat vehi cles 
gr eater than 3,220 lb (1461 kg) would exper ience peak lateral a cceler ations l ess than 
10 g. 



18 

If we are interested in containing vehicles up to 40,000 lb (18 144 kg), we can check 
the barrier deflection corresponding to that maximum vehicle. A horizontal line of 
value, 40,000 lb/g (18 144 kg/g) x 10 g, or 400,000 lbf (1779 kN), inte1·sects p(a) at a 
value of 6. equal to about 34.3 in. (0.87 m). If t his is less than the maximum allowable 
barriel' deflection 6to1, then the barrier would be judged acceptable for containing ve
hicles up to 40,000 lb (18 144 kg). Conv rsely, if 1ito1 is less than 34.3 in. (0.87 m), 
say for example 30 in. (0 . 76 m), then the intersection of a vertical line at Oto1 = 30 in. 
(0.76 in) with p(o,.) will inherently define the maximum vehicle capability of the barrier. 
As in Figure 1, such a line would intersect p(o,) at a force level of about M ato1 = 
310,000 lbf (1379 kN) so that the maximum vehicle M that the barrier could contain 
would be about 31,000 lb (14 061 kg). 

We can explore this example further to show the potential of the F(o. ) criteria for 
providing guidelines to barrier design modifications. Suppose we would like a modi
fication that would make the barrier performance satisfactory for vehicles as small as 
2,250 lb (1021 kg). The modified F(6.) cu1·ve of Figure 2 [ for 60 mph (97 km/h) and 
15 deg, cx = 0.5, and a101 = 10 g] is one solution . Here, we have introduced a stiff ini
tial characteristic up to 22,500 lbf (100 kN), which then remains constant at this value 
until it joins the original F(6. ) curve (of Figure lL The associated p(o,) curve for the 
new characteristic is also shown in Figure 2. The intersection of the two curves now 
occurs at a force level of 22,500 lbf (100 kN), which corresponds to an m 0 of 2,250 lb 
(1021 kg). The modification provides a more rapid buildup of p(0.) and, at the same 
time, limits F(6.) to a value of moaio1 until the two curves can cross. 

Interestingly enough, this modification not only results in a tolerable peak accelera
tion for all vehicles greater than 2,250 lb (1021 kg) but also results in a slightly smaller 
peak barrier deflection 611 for the maximum vehicle M under consideration. For M = 
40,000 lb/g (18 144 kg/g) the corresponding value of 611 is about 33.6 in. (0.85 m), or 
about 0.7 in. (0.02 m) less than the original value. 

Another option open to the designer would be the further reduction of peak deflection 
OM without rroducing unsafe levels of deceleration for any vehicle under consideration. 
Since F(6. is considerably higher than F(o,) for large o., as shown in Figure 2, we 
could increase the stiffness of the barrier characteristic beginning at some o. without 
affecting the deceleration behavior for smaller vehicles. This type of modification is 
shown in Figure 3 [for 60 mph (97 km/h) and 15 deg, ex = 0.5, a11d aio1 = 10 g]. The 
associated integral characteristic .P(6.) is still above F( 6.). This ensures safe con
tainment of all vehicles under consideration. However, the peak barrier deflection 
6M, for M = 40,000 lb/g (18 144 kg/g), has now been reduced to 30 in. (0.76 mL 

The static characteristic of a given barrier may differ from one point to another. 
For example, the static characteristic of a barrier taken at a point midway between 
two posts may be softer than the characteristic taken at a post. For the barrier per
formance to be judged satisfactory, it must satisfy the criteria when applied to both the 
softest and stiffest characteristics of the barrier. In general, these two characteris
tics will have to be reasonably close to one another if the barrier performance is to 
satisfy the criteria. This will inherently provide some protection against pocketing as 
well· however, separate criteria to ensure against pocketing are described elsewhere (!_). 

APPLICATION TO TYPICAL HIGH-PERFORMANCE BARRIERS 

The P(o.) criteria have been applied lu some typical high-performance bridge barriers. 
These include the collapsing ring barrier and the ENSCO-designed, two-stage, New 
York-Tl barrier. 

The collapsing ring barrier was designed by the Federal Highway Admm1stration and 
has been extensively tested by Southwest Research Institute (2). The barrier consists 
of a box section bump rail attached by 18-in.-diameter (0.46-m) steel rings to a strong 
backup rail. The rings partially collapse during minor impacts; more severe impacts 
totally collapse the ri,ngs, and the vehicle is restrained by the stiff backup rail. The 
barrier demonstrates a graduated force-deflection characteristic providing restraint 



Figure 1. Application of criteria to theoretical 
barrier 1. 
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Figure 3. Application of criteria to theoretical 
barrier 3. 
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Figure 2. Application of criteria to theoretical 
barrier 2. 

50 

00 
lOMg J 

7.. 50 
I 

00 
J 

p( 611) I 50 
[· lQmg) 

00 
/ 

[7 
50 

7 0 10 

/ ~ 
i...-... ~ 

F{6,,.i) 

50 
1£ .....-

_/ 

I 

5 10 lS ?,O 25 3P JS 
MAX. BARRIER DEFLECTION [INCHES> 

Figure 4. Application of criteria to collapsing ring 
barrier. 
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for heavy vehicles [40,000 lb (18 144 kg)] combined with low deceleration for both light 
and heavy vehicles. 

The two-stage, New York-Tl barrier is a hybrid design using the New York box 
beam barrier (3) as a traffic rail and a modified version of the Texas T-1 (4) (or thrie 
beam) barrier as a backup rail. The New York box beam barrier consists of a strong 
box section rail mounted on weak 3S5. 7 posts and provides low-force levels for light 
vehicles. When this barrier is mounted 14 in. (0.36 m) in front of the modified T-lD 
barrier [two overlapping W-beam rails mounted on 38-in.-high (0.97-m) 10W21 posts], 
the combination provides a behavior similar to that of the collapsing ring barrier. 



20 

To determine the static force-deflection curve F(o) for the barriers, the BARRIER 
VII computer simulation was used (5). This program provides a two-dimensional sim
ulation of vehicle -barrier impacts and contains a highly sophisticated barrier model. 
When a lateral point load is applied to the barrier and barrier mass and damping are 
removed, the overall static force-deflection characteristic can be obtained from the 
J;>rogram. The F(o=) curves together with the corresponding P(o) urves [ for 60 mph 
l97 km/h) and 15 deg, a = 0.5, and a to1 = 10 g] are shown in Figure 4 (collapsing ring 
barrier) and Figure 5 (New York-Tl barrier). 

As shown in Figure 4, the two curves intersect at a force level of about 25,000 lbf 
(111 kN}, which shows that vehicles as small as 2, 500 lb (1134 kg) would experience 
peak accelerations less than or equal to 10 g. A 40,000 -lb (18 144-kg) vehicle would 
produce a peak deflection 611 of about 33 .5 in. (0.85 m), which is acceptable for this 
barrier. The collapsing ring barrier incorporates some of the desirable characteris
tics discussed in the preceding section, namely a stiff initial characteristic up to a 
value corresponding to 10 g for a light vehicle [ 2,500 lb (1134 kg)) a flattening out near 
this value until the P(o.) curve can reach and cross this value, and a stiff characteristic 
begittning at some la r ger value of 00 to minimize peak bar1·ier deflection oM. 

The F(6,.) characteristic for the combination New York box beam and Texas T-1 bar
rier (New Yo1·k-Tl barrier) and the associated P(o.) characteristic are shown in Figure 
5. The intersection of the two curves occurs at a force level of about 12,500 lb (56 kN), 
which implies tolerable peak accelerations for vehicles as small as 1,250 lb (567 kg). 
However, the deflection o required to contain a 40,000-lb (18 144-kg) vehicle is about 
37 ill. (0.94 m), which may be more than can be tolerated . The performance of the 
two-stage New York-Tl barrier can be classified as similar to that of the collapsing 
ring barrier. 

CHECK OF CRITERIA VALIDITY 

As discussed earlier, the simplified P(o,) criteria are based on certain hypotheses that 
have been gleaned from empirical results. The validity of these hypotheses and the 
criteria can be checked by comparing the peak acceleration and barrier deflection for 
many different vehicle-barrier impacts with the corresponding results of actual full
scale tests or computer dynamic simulations. This has been done to a certain extent 
in the case oi the collapsing ring barrier and the two-stage, New York-Tl barrier. 
Although more corroborative evidence is necessary to establish criteria validity (or 
the realm in which the criteria are valid), the results of these comparisons to date have 
been encouraging. 

Data from three of the full-scale tests of the collapsing ring barrier [those with %
in.-thick (0.01-m) BR5-6-8 rings ] performed at Southwest Research Institute have 
been compared with results predicted by the simplified criteria. Maximum deflection 
and maximum deceleration from the test data and from the criteria are given in Table 
1. Only permanent maximum deilectious were available from the full-scale test data; 
therefore, when these data are compared with the maximum dynamic deflections pre
dicted by t he criteria, allowance should be made for elastic springback. The results 
compare well for all three tests that involved vehicles ranging from 2,090 to 19,000 lb 
(948 to 8618 kg). 

Table 2 compares ma.ximmil barrier deflection and maximum deceleration as pre
dicted by the criteria with those of computer-simulated impacts with the collapsing 
ring barrier. The BARRIER VII simulation was used to simulate impacts of vehicles 
f!'Q~ 2,250 !b (1n21 1<e; l tf\ 40:000 lb (18 144 ke;) . Table 3 gives a similar comparison 
based on the New York-Tl barrier. Again in both cases, good correlation was obtained. 

Note that the test conditions given in Tables 1, 2, and 3 are not all for 60 mph (97 
km/h) and 15 deg . Thus, the P(o a) curves of Figures 4 and 5 were appropriately scaled 
to reflect the actual lateral velocity in each case (equation 6) so that predicted results 
could be obtained from the criteria. The value of ell = 0. 5 was left unchanged; the fact 
that this still produced good agreement with full-scale and computer-simulated tests 
indicates that ell may be considered constant over a fairly wide range of test conditions. 



I 

Figure 5. Application of criteria to 
combination New York-T1 barrier. 
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Table 1. Full-scale test results versus results predicted by criteria for collapsing ring barrier. 

Maximum Lateral Maximum Lateral 
Impact Deflection (in.) Deceleration (g) 

Vehicle 
Test Vehicle Mass Speed Angle Predicted 
Number• Type (lb) (mph) (deg) Actual' by Criteria" Actual 

BR6 Car 2,090 55.7 23.5 4.36 9.80 13.06 
BR5 Car 3, 910 56.1 23.9 14.25 16.95 6.60 
BR6 Bus 19,000 60.9 13.9 20.44 22.50 4.02 

Note: 1 lb = 0 45 kg. 1 mph= 1.6 km/h. 1 in . = 0.0254 m 
3 Southwest Research Institute. bPermanent relaxed coynamic. 

Table 2. Simulated test results versus results predicted by criteria for collapsing 
ring barrier. 

Vehicle 
Vehicle Mass 
Type (lb) 

Car 2,250 
Car 2,250 
Car 4,000 
Bus 19,000 
Bus 40,000 

Note: 1 lb = 0.45 kg, 

'BAR RIER VII . 

Maximum Lateral 
Impact Deflection (in.) 

Speed Angle Simu- Predicted 
(mph) (deg) lated' by Criteria 

60 15 5.20 6.70 
60 25 14.42 13.50 
60 15 8.16 10.00 
59 15 25.30 22.50 
55 15 32.40 30.50 

1 mph = 1,6 km/h, 1 in. = 0.0254 m 

Maximum Lateral 
Deceleration (g) 

Simu
lated" 

10.53 
17.11 

6.58 
4.40 
3.23 

Predicted 
by Criteria 

10.09 
13.55 

6.67 
5.20 
2. 55 

Table 3. Simulated test results versus results predicted by criteria for 
New York-T1 barrier. 

Maximum Lateral Maximum Lateral 
Impact Deflection (in.) Deceleration (g! 

Veh icle 
Vehicle Mass Speed Angle Si mu- Predicted Si mu- Predicted 
Type (lb) (mph) (deg) lat ea by Crite ria lated' by Criteria 

Car 2,250 60 15 7 .74 9.20 8.83 6.13 
Car 4,000 60 15 11.64 14.50 5.51 7.25 
Car 4,000 60 25 18.32 20.60 12. 30 17.03 
Truck 40,000 60 15 38.27 36.90 3.66 2.36 

Note: 1 lb = 0.45 kg. 1 mph = 1.6 km/h 1 in. = 0.0254 m. 

'BARRIER V II. 

Predicted 
by Criteria 

13.25 
6.90 
5.20 
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The teJ•m good agreement, used to descripe how predicted l'esults compare with ac
tual or computer-simulated test results, may disturb some readers, who see a few 
cases of wide differences, in Tables 1, 2, and 3. However, considering the variability 
of full-scale and computer-simulated test results, even for relatively small changes in 
vehicle-barrier initial conditions, the results given in Tables 1, 2, and 3 are indeed 
considered to be in good agreement. In the majority of cases, the predicted peak de
flections and accelerations are within 25 percent of those obtained from full-scale and 
computer-simulated tests. In no case did this difference exceed 40 percent. (The ap
parently larger difference in the case of comparison with the deflection of full-scale 
test BR6 in Table 1 is attributable to the fact that peak dynamic deflection was not mea
sured. Considering the likely magnitudes of elastic springback, the results given in 
Table 1 are in good agreement.) 

CONCLUSIONS 

The simplified criteria given in this paper for evaluating the containment performance 
of bridge railing systems appear to be quite effective. The peak deflections and ac
celerations predicted by these criteria agree well with those obtained from full-scile 
and computer-simulated tests of a few typical high-performance barrier systems. Al
though this limited sample of results is not sufficient for a complete validation of the 
criteria, there is sufficient evidence to suggest that the criteria can be a useful tool 
for evaluating and improving current and proposed designs of high-performance barrier 
systems. 

Further investigation of the potential of these simplified criteria is certainly war
ranted. Some possible areas for future study are the following: 

1. Comparison of results predicted by th.e criteria with those of full-scale tests and 
computer-simulated impact tests, for many different barriers. 

2. Determination of whether two or three different va.lues of et might be desirable 
to obtain closer correspondence with full-scale and simulated test results, for the ex
tremely wide range of vehicle types and impact conditions. 

ACKNOWLEDGMENTS 

This work was performed by ENSCO, Inc. and sponsored by FHW A. We gratefully 
acknowledge the guidance and support provided by James Rudd of ENSCO and James 
Wentworth of FHW A. 

REFERENCES 

1. T. J. Rudd, J. A. Bloom, and J. J. Labra. Establishment of Interim Guidelines 
for Barriers Required to Contain Heavy Vehicles. ENSCO, Inc., Final Rept., Nov. 
1974. 

2. J. D. Michie, M. E. Bronstad, and C. E;. Kimball . Development of a New Energy
Absorbing Bridge Railing. Southwest Research Institute, Jan. 1974. 

3. E. F. Nordlin. Dynamic Tests of Steel Box Beam and Concrete Median Barriers. 
Highway Research Record 222, 1968, pp. 53-68. 

4. R M . Olson et al. Texas T-1 Bridge Rail Systems. Texas Transportation Instilute, 
Final Rept., Nov. 1971. 

5. G. H. Powell. BARRIER VII-A Computer Program for Evaluation of Automobile 
Barrier Systems. Rept. FHWA-RD-73-, March 1973. 




