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Director, Offlive of Highway Safety Atn of HHS={l2
Washington,/ /».C. 20590

Mr. Leon N. Larson
Regional Federal HighwaysAZlministrator (HRA-0U=)
Atla* ta, Georgia

n July 6, 1988, M./ Terry Woodworth® <& your staff reoue€aced
assistance regarding a problem on t’¢ Georgia Interstiti
System with Wgbeam gquardrail (G4)(used to shield bridge piers
when a deflec(.on distance of orly 2 feet was available.

When adequaf 2z deflection distaiize is not available) the use
of a concrnste safety shape lariier is the prefeteple treat-
ment, bptisince the Georgia CJepartment of Traniportation
wantedy o0 use a semi-rigid barrier, we were,.“ked if reducing
the rpost spacing of thé\G4 barrier to 3 fe¢*, 1.5 inches
woull provide a deflestion less than 2 fé> .. We, in turn,
ragdested our offict Of R&D to conduchk ¢computer simulatiai
using the Numericai Analysis of Roadsice Design (NARD) :
Because of the ayaillability of the new barrier impact
computer simulaCion program, NARD, and crash tests i Che
range of whicli)ywe were interestea) we believe compwicr
simulation(might provide an apfroximate solutiom

Attached is a letter reporft '“rom Mrs. Kathy Hancfock to

Mr. Lenard Meczkowski whiwsil gives the result of using the
NARDsprogram to determin the deflections‘nf various
guayurail configuratiorns.

W2 believe the results to be reasonakl accurate; howevir! as
they were generated by computer simfilation, they may not be
as precise as ihwicated in Table 1., This table should be
used to indicl{ve a safe range anp(i, not an exact plagement
guide for fix2d objects beyon(l #iie barrier. Notelrnat the
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table umes adequate an rage and a stro&ou 0
6 str soil is the S1 soil from NCHRP Rep 2301 If both 0
o se conditions are not at a specifl?nstallation the
0 @ection will be and the expect eflection willghave
> é be adjusted. \é
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Center for Privatiz.)ion Jani
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Washingtoui, ['/C. 20006

(202) 872 29 €<
FAX (202) /2925 i E I’: A :
204 Monroe Street, Suite 400 N ua‘r

‘< kville, Maryland 20852
\0J1) 770-0540
FAX (301) 770-1273

500 East Moorehead Street, "+ .te 315
Charlotte, North Carolina 28202
(704) 331-9034

Mr. L= Meczkowski

Turner-Fairbank Hightay Research Center
63,0 Georgetown Pike, HSR-20

mClean, Virginia 22101

Subject: Modification of lLetter Xyport dated Septeiher 15, .1988
'‘Detvimination of Strargthened Guardrail,lJz2flection'

Reference: FHWA Contract No. DTFH61-87-Z-00. 18
Scientex Contrast No. 8200

Dear M:-. Meczkowski:

As you requested, ‘this letter presencs a report of the results
Jor the computer, ~simulations wusing NARD to deter.ine the
deflections of warious guardrail ¢onfigurations. Thi~ work was
performed undqz (“he referenced "M>xIntenance and Opet)tion of the
Roadside Library/" contract. Thiy s an update to thelprevious work
reported in the September 15, (*’88 letter.

B__l Description. Ccaputer simulatiors were performed fcr
F QG m and chric Dy syl o rnn (mandecd WEx8.5 sie
postsy * The height of t1e W-beam rail was, i’ inches and the h<lght
of /e thrie beam rail was 32 inches. .2 post spacing for, each
sysiem was varied from the standard 6'~." spacing to a miniuum of
1%=6 3/4" spacing. ) The rail was assi.2d to be 12-gauge material
and both single sy nested rails wers simulated. The '.asted rails
consisted of twy W- or thrie beaus, one inside the rtier.

Impact “onditions. The simulated impacts con-‘sted of a 4500~
l1b sedan_<wpacting the ral/l at 60 mph and zcs both 15 and 25
degrees. '/ The point of impa>. was at midspan wtween two posts

Modifications from-Zeptember,1988 Rep>ri. The new sinuhf ions
were performed with & modified version of NARD which included
uranrades to the pouv=-soil interaction model. The vrl-.tation
zimulation results, compared well with actual test resuits for

permanent defleftiuns. However, afiar attempting to siuulate the
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railing to molle accurately predic: the dynamic deflection by
placing a node niidspan in the radi, the permanent «leflections did
not correldt i well to actualiiast results. Tl erefore, a the
original go2idrail model witl fhe improved soil (uodel was used.

Maguvnum Dynamic Deflection.After lookirg at the test results
from /4he SWRI test in t'.» AASHTO "Guide fr>"Selecting, Locating,
and Disigning Traffic garriers™ which reroits a 4.05-foot d,namic
detlection, it was duetermined to disrsga:d this test. Thp “large
deflection was due (20 extensive moveniiit of the posts i poorly
compacted soil. fubsequent tests have shown that t-=s maximum
dynamic deflectin. should be clogar to 3 feet.

Dynami¢ D2flection Factop, (feveral tests of W- eam guardrails

on Wéx8.5 steel posts were roviewed to determ(ng an appropriate
dynamic_deflection factor.  T).¢se are listed below with the maximun
dynamic ‘ieflection, maximun’permanent deflection, the differercc
betweri; the deflections gui the test severj.v as defined by "NC.iP
Repo.t 230"%,

Test Dynamic Static DifZarence Severily

No. Def1. Defl. )
(L) Lin) — (in) {££-kips) -

SPI-1 5.6 27.3 8.3 - Ln3

BH-1 35.2 24.3 10.9 Zld.7

BH-1C 25.2 15.6 9.6 28.8

BH S 15.7 3 3.4 33.9

oHY12 21.9 13.6 8.3 37.0

—d-8 27.6 18.0 ové 6l1l.4

BH-4 27.6 25.0 el 97.4

121 37.2 25,2 12.0 100.1

The distance from <‘i.e face of the gunrdrail to the face (\f the post
is approximately 3" + 8" = 11", (‘'his compares to(\he greater
deflection dif frences shown abci( /For the simulaticr. . results this
value was used as the dynamic J2llection factor (\nl was added to
the permanent deflections predicted by NARD.

dspomptions., The asppuwptions for the 3iju ativns u.: iasied

below
A The ends of t..C rails were cons.acered to be rigisit ('The
actual modeling of end treatme s was outside thuwscope
of this (ork.

2. Possibla ~ub-rails were not accounted for in “hese models
due {s"a limitation in‘/.he number of ra ) and post
elercncs allowed by NA'D, ,

3. Ims2cts at transitions between post sr«sings were not

rivmulated.
4. Tae lengths of ra’.s for each syster were as follows:
a. 6'=3" gpacirg all spaces S7'=6" total lengt.

b. 3'=1 1/2" cpacing 7 spaces 75'=0" total lencti
c. 1'-6 3/4 "“spacing 8 spaces 57'=9 3/4" Sotal
length

5. The soil \>s assumed to be ‘itrong soil.

T



6. The maximum deflections :'eZe calculated by aading the
dynar.- deflection factex derived above to the predicted
perzniient deflection.

Simul{vjon Results. A s T.aary of the maxiii'deflections ars
presented /in Table 1. Figure 1 provides a griwhic representatio.
of the<duaflections for (2ach series of different post spacings.
Figuré 2 provides a gra(? of the maximum “utlections for the 25-
deg-e2 impact simulati-ns. Simulations 4 * the 15-degree i acts
for the 1'-6 3/4" sp2r.ng were not perf(rned because of limi*ations
in the modeling capasility of NARD.

Valjdatiop, » The initial simv ation was compared >0 two tests
performed fo " s:parate contracts,. Southwest Rese2i=n Institute.
Figure 3 givu~ the specifics ahout each test ans ‘“lie deflections
at each post along with th¢ maximum dynamic "d:flection. The
predictaqd behavior of the (vehicle compared well with both tesi
results

~f you have any (uestions about this(izport please calline at
302,770-1288.

£.ncerely,

The Scientex Cormeration

‘?‘j‘{“th
Kathleen /., Hancoc

Senior Xisearch Engineer

cc. M McNamara, Scisiniex
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TABLE 1. SUMMARY OF MAXI™CM DEFLECTIONS

Nard S‘w:lation Runs To Determi.e Maximum Deflections For
Stancaru G4(1S) and G9 Systomo By Varying Post Sp2uing and
Using Sirgietor Double Rails
(#2flections include 11“ach dynamic deflect . “factor)

Simulation of 4500-1b Sedan at € mph

Run ;g:zinr ggzgription iﬁ%iﬁt g:?::gTion
No. |(ft #a) (aeg) (in) !
L e s S e R L LR LR $eceerecrcnen- $ececencee $ommenmenast :

’ 6.3 Sgl Whwam | 15 032

2 6'-3" S¢? W-beam 25 35.7

3| 3'-11/2" {("Sq1 W-beam 15 15.3

4| 3'-110" Sg1 W-beam s 213

5| 3/-11/2° Dbl W-Beam 15 14.1

61371172 Dbl W-Baiu 25 .2

00 10-6 3/4* | ob) leam | 15 NA

1> 8 1’/-6 3/4" Dbl W-Beam 25 ‘ 12.6

9 6'-3" o (v Sg1 Thrie-Bm | 15 | 19.2

10 6'-2" g1 Thrie-Bm | &5 28.2
11 | 3%-21/2" | Sl Thrie-ky 15 15,20

12 [w38'-1 172" | Sg) Thive“ém | 25 1.9

213 | 3°-11/2" | Db)(Thrie-Bm 15 13.1

14| 3.1 /2" [ o: Theie-sm | 25 25.3

15 | 1/-6 3/4" | Sg1 Thrie-Bm | 5 | NA

16 | 1’-4)3/4" | Sgl Thrie-Bao ™ 25 13.9

17 | 076 374" | ObY Thrre-La | 15 \"
1180 1.6 374" | Dbl Thrie-Bm | 25 2.1 |
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