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1 INTRODUCTI®N
1.1 Backgreund

Approach guardrail transitions are commaonly used to provide structural continuity between
a ficxible guardrail system adjacent 10 the roadway and a rigid railing system located at the edge of’
a bridge deck. Typically, approach guardrail transitions are designed to mcorporate a gradual
increasc in lateral stiffness in orderio reduce the potential for an impacting vehicle to snag or pocket
ncar the end of the bridge railing. In the past, the increase in lateral stiffiness has becn accomplished
by incorporating one or more of several acceptable mcthods. Conunon methods for increasing the
lateral stiffncss include providing a reduced post spacing, lengthening the posts in order to increase
embediment depth and post-sei) forces, using thrie heam rail in place of W-bcam rail, and nesting the
guardrail beams. Rubrails, typically cousistingof eithera steel channelor W-beam rail placed below
the mainratl. also have beenuscd to etiminate the potential for wheel snaggmg on the upstreamend
of'a ngid bridge railing.

Since the mid-1980's, several rescarch studies were conducted to develop, crash test, and
cvaluate transition designs that mcorporated the common strengthemng techniques. As a result of
these crash test programs that were largely based on crash tests with passenger scdans, scveral
transition designs were found to be acceptable according to the evaluation criteria found in the
National Cooperative Highway Rescarch Program (NCHRP) Report No. 230 Recommended
Procedures for the Safety Performance Evetuation of Highway Appurtenances (1). These criteria

.
rcquired that the transition system perform acceptably when crash tested with a 2,041-1b sedan

impacting at a speed ot 96.56 km/hr and an anglc of 25 degrees. The impact location for this crash

test was specilicd 1o be 4,572-mm upstreiim Jrom ¢he second system or bridge railing.



In 1993. NCHRP published Report No. 350 Recommended Procedures for the Safety
Performance Evaluation of Highway Fearures which included revised crash test procedures and
evaluation critcria lor approach guardrail transitions (2). Due to the recent increase in popularity of
light trucks and sport utility vehicles, the sedan test vehicle wasteplaced with a %4-ton pickup truck
having a mass of 2,000 kg. Although the impact angle remained the samnc, the impact speed
increased from 9656 kim/hr o 100 kmehr. [n addition, the impact location is now to be determined
as the predicted worst case location referred 1o as the critical impact point (C11%). General guidelines
{or determining CIP’s are provided in NCHRP 350 in the form of graphical charts and tables.
However. it is recommended that the CIP be determined by performing computer simulation
modeling of thespecific approach guardrail transition system. The most cemmon computer program
used in the analysis and design of approach guardrail transitions i$ the 2-dimensional, dynamic
nonlincar finite-clement code called BARRIR V11 (3).

Following thc adoption of the NCHRP 350 guidclines by the Federal Highway
Administration (FHWA), State Ilighway Agencics will soon be required to use transition designs
that meet NCHRYP 350 safety standards. Therefore, existing transition designs previously ciashed
tested with sedans according to NCHRP 230 guidelines must be re-evaluated using pickup truck
crash tests according to the new NCHRP 358 impact standards.

1.2 Objective

‘The abjective of this iesearch project was 1o determine the CIP tor two approach guardrail
transition designs that will be later crash tested u;ing the Test Leve! 3 (TL-3) impacl conditions of
NCHRP 350. The first transilan system. consisting of a nested W-heam upper rail and a lower
rubrail, is supported by stecl posts with a reduced post spacing. This lransition design is attached to
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a safety shape concrete bridge ratling. The sccond tiansition system, consisting of a nested thirie
beam rait and a backup steel tubel, is supporied by sleel pests with a special post spacing. This
transition system is attached to a congrete buttress with a Aared end section.
1.3 Scape

The scopue of this praject was completed by performing a series ol computer simulation tuns
with BARRIER VII te idemify the CIP along the length of each transition section. Finally, the

simulatien results were anatyzed. evalualed. and documented.



2 DESIGN DETAILS - NESTED W-BEAM TRANSITION

The first ttansitien sysiem. shewnin Figures [ and 2, consisted of an upper rail and a lewer
rubrail in the transitien regien. The upper rail was constructed with nested. 12-gange W-beam and
single 12-gauge W-beam, while the lower rubrail was tabricatcd trem two different rail sizes - a
C152x12.2 channel rail and a special bent plate rail scctien. The guardrail in the transitien rcgien
was suppertcd by twae sizes of wide-flange stcel posts. Post nos. | and 2 were W203x19.3 by 2,286-
mm leng, whilc pest nes. 3 threugh 9 were W152x13.4 by 1,981-mum long. The post spacing,
starting at the upstreain end o the cencretc bridge railing, consisted ol one at appreximately 302
mm, feur al 476 mm. and four at 952 mm. A schedule 40, 250-mm leng striictural steel spaccer tube
with a 168.3-mm outside diameter. was placed behind the nested W-bcam rail and on the [ace eoF the

concrete end scctien. 1he transitien design was attached to a satety shape concrete bridge railing.
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Figure 1. Lavout and Design Betails for Nested W-Beam Transition
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3 COMTUTYER SIMULATION - NESTED W-BEANMN TRANSITION

3.1 Inirodaction

Cempulersimulation modeling with BARRIER VIT{3) was performed to analyze and predict
the dynamic perlormance of the appreach guardrail transition systems prior te tull-scale vehicle
crash testing, Computer simulation was also used to determinc the critical impact point (CIP) for the
nested W-bcam approach guardrail transition. Several simulations were conducted modelinga 2000-
ky pickup truck impacting at a speed of 100.0 kin/hr and at an angle of25 degreces. The 3ARRIER
VH finite element models of the approach guardrail transition systems as well as the idealized finitc
element, 2-dimensionil vehicle model for the pickup truck are shown in Appendix A. Typical
computer simulation mput data (ies for the nested W-beam (ransition system and pickup truck arc
showi in Appendix B.
3.2 Simulatien Results

Fourteen computer simulation runs wetc performed on two conligurations of the nested W-
beam approach guardeail transition, as shown in Tables C-1 and C-2 ol Appendix C. The furst seven
runs were conducted using a rigid post support in place of the steel spacer tubc. The last scven tuns
wete performed using a (lexihle pest suppoit to represent the steel spacer tube. The simulation
results indicated that the approach guardrailtvansition system would satistactorily redirectthe 2,000-
kg pickup truck. In addition, all structural hardware was predicted to remain functional during the
vehicle impact with the approach guardrail transition system.

.

Following the analysis of the simulation results, the CIP was determined to occur for a
pickup truck oupacting i,905-mm upstream ol the centerline o('the steel spacer tube. The maxumum
dynamic and permanent set dellectious of the upper W-hea rail, as measured Jrom the road way

7



surlace 1o Lhe cenler of the rail. were 133 mu and 94, respectively. The maximum 0.0 1 G-sec average
lateral and longitudinal decelerations were 13.6 and 13.3 ¢'s, respectively. ‘Fhe peak 0.050-sec
average impact Jorce perpendicular 1o the approach guardrait transition was 282.1 kN. T'he pickup
truck became paraliel to the approach guardiail transitien at 8.203 sec with a velocity of 75.4 km/hr.

At 0.266 sec after impact, the pickup truck exited the approach guardrail transition with a velocity

of 72.2 knVhr and at an angle of 5.0 degrees.



4 DESIGN DETAILS - NESTED THRIE BEAM TRANSITION

The secend tiansition system, shown in Figures 3 threugh &, censisted of a thrie beam rail
and a special tube backup rail in the trnsition regien. The corrugated rail was constructed with
nested, 12-gauge thrie beam which was 3 .810-mm long. The special backnp rail, fabricated trem
L2-mm X 102-mm x 7.9-mm ASTM ASOO Grade 13 sienctinral steel wbing. was hosttioned between
post no. | and the upstream end of the concrete buttress. Fabricated stecl hardware was used at each
end of the tube member te previdc arigid attachment. Timber bleckouts were attached 10 thetap and
bottom suetaces of the tube member to allow tor a timber spaccr to be used Lo black the il away
frem the tubeai a locatien @t 952_mm downsiream of post no. |. Thistimber spacer and backuptube
ratl combinalion was used to simulate o guardrail post inthe span were a post could not be installed
dug 1o the existence of the bridge substructure. 'I'he guardrail in the transition region was supported
by two sizes of wide-flange steel posts. Post nos. 1 and 2 were Wit 52x37.2 by 2,59 [-mm long. while
post nos. 3through 6 were W152x22.3 by 2.1 34-mm iong. The post spacing, starting at the upstream
eud of the concrete buttress, consisied ol onc at approxiniately 296 mm, lour at 952 mnt. and one
at 1,905 mm. The nansitien design was attached to a concrete buitress which can be used with either

sutety shape, rectanguiar, or open concrete bridge railing systems.

9
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SCOMPUTER SIMULATION - NESTED THRIE BEAM TRANSITION
5.1 Introductiun

Computcrsimulatiun medeling with BARRIER V11 (3) was perfonned to analyze and predict
the dynamic perfoninance of the appreach guardrail transition systems prior to full-scale vehicle
crash testing. Computer simnlation was alse used to determine lhie critical nnpact peint (CIF) for the
nested thrie beam approach guardra] transition, Scveral simulations were conducted modcling a
2000-kg pickup truck impacting at a speed ol 100.0 km/hr and at an angle of 25 degrees. The
UBARRIER VIi tinite element modcel of the approach guardrail transition system is shown in
Appendix B. A typical computer simulation input data file for the nested thrie beam transition
systen and pickup truck are shown in Appendix E.

5.2 Simulation Results

Six computer simulation runs were performed on the nested thric beam appreach guardrail
transition. as shown in Table F-1 of Appendix I. The simulation resnits indicaled that the approach
guardranl transition system would satisfactorily redircct the 2,008-kg pickup truck.

["oltowing the analysis of the simulation results, the CIP was detenmined 1o oceur for a
pickup truck impacting 1,725-mum upstreant of the tapered concrete end seetion or at the midspan
location of post nos. 1 and 2. The maximum dynamic and permancnt set deflections of the thrie
beam ranl, as mcasurcd from the roadway surface to the center of the rail. were 170 mm and 141,
respectively. The maximum 0.010-sec average lateral and longitudinal decelerations were 12,5 and
13.3 g’s, respectively. ‘The peak 0.050-scc :ivcrzlge impact force perpendicular to the approach
puardrail transition was 133.8 kN. The pickup truck became parallel 10 the approach guardrail

transition at ().193 sec with a velocity of 67.8 km/hr. At 0.325 scc afier impact. the pickup truck

16



exited the approach guardrail transition wath a velecity of 64.9 knvhr and atan anglc of 13.3 degrees.

17



6 SUMMARY AND CONCLUSLIONS
Two appreach guardratil transitiens werc modeled with BARRIER VII in order to determine
the CIP for each system. The computer simulation modcling was perfermed according to the T1-3
impact conditions lound in NCHRF Report No. 350 (2). For the nested W-beam systemn with
attached rubrail. the CIP was deteimtined 1o occur for an impact t,905-mm upstream frem the
centerline of the steel space tube. IPor the nesied thrie beam system with allached backup steel tube,

the CIP was dewcrimmned to occur for an tmpact between post nes. 1 and 2.

I8
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APPENDIX A

BARRIER Vil COMPUTER M@DELS - BARRIER AND VEHICLE
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AI'PENDIX B

TYPICAL BARRIER VIFLINPUT DATA - NWRRS.DAT AND NWRRSM.DAT



TRANSITION TO SAFETY SHAPE - NWRRS.OCAT - 12 GA. NESTED W-BEAM RAILS W/ CHANNEL AMD BENT PLATE RuBRAILS (NGOE 37/38)
S 2 0

66 27 25 2
0.0001 0.0001
1 5 5 5
1 0.0
3 75.00
S 150.00
7 225.00
q 300.00

11 375.00

13 450.00

15 525.00

17 600.00

19 637.50

21 675.00

25 712.50
26 712.50
33 750.00
34 750.00
37 768.75
iB 768.75

41 787.50

42 787.50

45 BOG.25

46 806.25

49 825.00
50 825.00
53 843.75

S4 843.75

65 900.00

66 900.00
1 3 1 1
3 S 1 1
S 7 1 1
7 9 1 i
9 11 1 1

11 13 1 1

13 15 1 1

15 17 1 1

17 19 1 1

19 21 )} 1

2 2% 3 1

25 33 3 2

33 3?7 1 2

37 4] 1 2

4] 415 1 2

45 49 1 2

49 53 1 2

53 65 S 2

26 24 3 2

34 38 1 2

38 42 1 2

42 46 1 2

46 50 1 2

50 54 1 2

54 66 S 2
1 135 0.35

65 63 61 59

45 43 41 39

25 24 23 R

15 14 13 )2
S 4 3 2
2 13 0.35

66 64 62 60

46 44 42

100 -]
1 2.30
2 2.30
3 2.30
q 4.60
5 1.42
6 ®.643
300
1
200.0 200.0
2 2
6.0 15.0
3 21
8.0 1§.
4 21.65
8.0 20.
S 2
10.0 30.0
6 21,65
200.0 200.0
7 21.65
200.0 200.0
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TRANSITI?; YOESAFEYY sugpf - MWRRSM.DAT - 12-GA, NESTED W-BEAM RAILS W/ CHARNEL AND DENT PLATE RUBRATLS (NODE 37/3B)
6 2 15

2

0
0

b
0.0001 0.0001 0.50 300 2.0 1
1 5 S S S S 1
1 0.0 0.0
3 75.00 0.0
; 150.00 0.0
225.00 0.0
L) 300.00 Q0.0
11 375.00 0.0
13 450.00 0.0
15 §25.00 0.0
17 600.00 0.0
19 637.50 0.0
21 675.00 0.0
25 712.50 0.0
26 712.50 0.0
33 750.00 0.0
34 750.00 0.0
37 768,75 0.0
38 768.7S 0.0
41 787.50 0.0
492 787.50 0.0
45 806,25 0.0
46 806.25 0.0
49 825.00 0.0
S0 $25.00 0.0
s3 843.7S 0.0
54 843.75 0.0
65 500.00 0.0
66 $00.00 0.0
1 ) 1 1 0.0
3 5 1 1 0.0
S 7 1 1 0.0
7 9 1 1 0.0
9 12 1 1 0.0
11 13 1 1 0.0
13 1§ 1 1 0.0
15 17 1 1 0.0
17 19 1 1 0.0
19 21 1 1 0.0
21 25 3 1 0.0
2$ 33 3 2 0.0
33 3?7 1 2 0.0
37 41 1 2 0.0
41 45 1 2 0.0
45 49 1 2 0.0
49 $3 1 2 0.0
53 6§ S 2 0.0
26 34 3 2 0.0
34 38 1 2 0.0
38 42 1 2 0.0
42 46 1 2 0.0
4& SO 1 2 0.0
O 54 1 2 0.0
54 66 5 2 0.0
1 45 0.35
65 63 6L 59 S? 55 53 51 49 47
45 43 4L 39 37 35 33 31 29 27
25 24 23 22 21 20 19 18 1? 16
15 14 13 12 11 i0 g 8 7 6
5 4 3 2 1
2 13 0.35
G6 64 62 60 S8 56 54 52 S50 48
46 44 42
100 é
1 2.30 1.99 37.50  30000,0 6.92
2 2.30 1.99 18.75  30000.0 6.92
3 2.30 1.99 9.375 30000.0 6.92
4 4.60 3.98 9.375 30000.0 13,84
5 1,42 1.58 9.375  30000.0 5.4
308 0.693 2.40 9.37%  3I0000.0 8.2
1 0.0 1000.0 1000.0 2$0.0
200.0 200.0 2.0 0
2 .65 0.0 4.00 S.80 $4.0
[ 15. 16.0 16.0
3 . 0.0 4.00 5.00 $4.0
8 1.0 16.0 16.
4 9.06 4.00 5.00 $8.5
0 20. 16.0 16.0
S 9.06 8.00 8.00 97.9%
10.0 30.0 16.0 16.0
3 21.65 9.06 0.50 21.838 189.7
200.0 200.0 2.0
7 21.65 9.06 10 0.0 1000.0 250.0
200.0 200.0 2.0 2.¢

10000.0

28

68.5
68.5
68. 5
137.0

23185
17.71

270.62
336.42
336.42
$53.59
236.85
10000.0

12-Gauge w-8eam Rai}

12-Gauge w-8eam Rai)

12-Gauge w-Geam Ra3i1

vested 12-Gauge w-B8eam Rail

nent Plate Aubrail (Fy=56- 9k)

C6x8.2 channe) Rail (Fy=86.4k

strong posc Aanchor

wbx9x6° Pasc 43.3" eabedaent depth
wox9Ix6.5' Post 49.4" embedment depth
wW6x9x6.5' Post 49.4" embedment depth
WB8x13x2.5' Post 61.5" embedment demth
Crushadle pPipe Post Y-Pirection only

Strongd POsST Ancher
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APPENDIX C

COMPUTER SIMULATIO®ON RESULTS - NESTED W-BEAM TRANSITION



Table C-1, Computer Simulation Test Matrix and Results for Nested W-Beam Transition without Crushable Spacer Tube

= — — = ——————— |
W.Beam Deflection When Vehicle
Test No Impact Impact Maxnnum Maximum Maximum Node 3 Near W-Beam Node 53 Trasision Remarks
| Node | Distance’ W-Beam W.-Beam W-Beam Posts
(in.) Dvnamic Permanent Set Tension ) ) Removed
Defiection Deflection (kips) % (in.) 8(m) Net | During
| (in.) (in.) Node 51 llode 53 o (iny Simulation
| _=#==
NWRR] 2050 112.50 7.23 3.89 83.86 NA NA NA Ne Ty=5" rubrail, Rigid suppest post
used. "
NWRR2 31732 193,123 6.20 313 75.09 NA NA NA No Ty=5* rubrail. Rigid suppert pest
used,
NWRR3 333 ®375 3.53 2.61 67.29 .40 0.01 1.59 No Ty=5' rubrail. Rigid suppon pest
used
NWRRJ | 35736 84375 4.76 2.50 6194 1.73 0.05 1.70 No Tv=3" rubrail. Rigid support post
used
BIRRAS | 553 .!l 7500 | 424 218 | i;t 59 ¥ No. § supr
e sim SR !-' °¥~ !" e S sy
HWRRE 3940 65.623 341 1.60 38.66 1.76 0.06 (.70 No Ty=3" rubrail, Rigid support pest
used.
NWRR? J142 56.25 2.68 .44 29.08 1.53 087 1.48 Ne Ty=3" cubrail. Rigid suppert pest

L Assumed critical supact pont (C[P).

- Longuudinal distance measured from impact location to centerline of steel spacz tube.
Relauve net difference in W-beam displacement bewween raii nodes 31 and 53 is used o help predict pocketing or snagging when vehicle nede 3 reaches rail node 53.

used,




Table C-2

. Cenpuier Simulation Test Matrix and Results fer Nested W-Beam Transition with Crushable Spacer Tube

) ) W-Beam Befiection When
Test No [ripact lmpact Maximum Maximum Maximum Vehicle Nede 3 Near W-Beam Traosition Remarks
Nede | Bistance' W.Bzam W-8eam W-Beam Node 53 Pests
(m.) Bynamic | Permanent Set Tensican Removed
Detlection Peflection {(Kips ) —— Durin
(in.) (in.) §(n)@ | éf(in)@ Net Simulangon
Node 51 Node 33 8 (in.y

NWRRMI 2950 112.50 724 402 80.99 NA NA NA Ne Ty=5" rubrail. Crushahle support
pest used.

NWRRM?2 3132 105.123 6.23 3.34 70.72 NA NA NA No Ty=35* rubrail, Crushablu support
pest used,

NWRRA3 33734 93.75 5.62 2.93 57.84 NA NA NA No Ty=5" rubrail. Crushable suppert
post used.

NWRRM4 3556 84375 528 3.20 48.75 442 5.47 0.95 No Ty=5* rubrail. Crushable support

|| post used

NWRRMS® | 37:38 | 7508 | 525 3.6 50.96 38p i 448 mj&#w No gktuhrasLJCuuslxqme st {mr{_.l Il

: -~ ! = o e e | PR, gl h: Syl iy i =iy

NWRRM6 5940 $5.625 5.69 4.77 74.75 3.43 4.94 0.47 No Ty=5" rubrail. Crushable suppert
post used.

NWRRM7¢ | 41/42 5625 LT 4.11 117.39 5.54 359 .04 Yes Ty=5* cubrail, Crushable suppoit
post used.

= . — —

= Longitudinal distance measured frem impact location to centerline of steel space 1ube

- Relative net difference m W-beam displacement between rail nodes 51 and 53 is used to hetp predict pocketing or snagging when vebicle node 3 reaches rail node 3.
- Assumed critical impact point (C1P).

- Buring simulation no. NWRRM7. the support peat was removed from the medel. This eccurred after the dynamic rail deflection at node 53 exceeded the post deflection limit

of 6 in. which was based on the available crush distance ef the steel spacer tube. However. the mode] was net revised since the post deflection iimit was not exceeded in the
previeus simulation tuns.
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BARRILR VITCOMPUTER MOBPEL - BARRIER
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APPENDIX T

TYPICAL BARRIER VIH INPUT DATA - NEBT2RUNIB2N.PAT
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NEBRASKAS TRANSITION TO CONCRETE BUTTRESS WITH BACKUP RAIL & NESTED THRIE - Run 1BZN @ node 27 - version B Extra Post/2
16

44 2 22 2 0
0.00801 0.00001 0.60 6000 0 1.0 1
10 50 S0 S0 S0 50 i0
o8 0.0 0.0
3 75.00 0.0
S 150.00 0.0
7 225.00 0.0
9 300.00 0.0
11 375.00 0.0
13 450.00 0.0
1S 525.00 0.0
17 600.00 0.0
19 637.50 0.0
21 675.00 0.0
75 712.50 0.0
29 750.00 0.0
30 750.00 0.0
37 787.50 D.D
38 787.5%0 0.0
41 BOG.25 0.0
92 800.00 0.0
43 815.625 0.0
44 825.00 0.0
1 3 1 1 0.0
3 S 1 1 0.0
S 7 1 1 0.0
7 9 1 1 0.0
9 11 1 1 0.0
11 13 1 1 0.0
13 15 I 1 0.0
15 17 1 1 0.0
17 19 1 1 0.0
19 21 1 1 0.0
21 25 3 i 0.0
25 29 3 1 0.0
29 37 3 2 0.0
37 41 1 2 0.0
30 38 3 2 0.0
38 42 1 2 0.0
1 37 0.35
44 43 q1 39 37 35 33 31 29 28
27 26 258 24 23 22 21 20 19 i8
17 16 15 14 13 12 31 10 9 3
7 6 5 4 3 2 |
2 7 4.3%
g% 40 38 36 34 32 30
1
1 2.30 1.99 37.50 30000.0 6.92 99.5 68.5 0.10
2 2.475 2.125 18.75 30000.0 7.405 106.25 73.75 0.10
3 2.84 2.40 18.75 30000.0 8.37% 120.0 24.0 0.29
4 3.205 2.68 1B.75  30000.0 9.35 134.0 834.0 0.10
S 3.57% 2.96 18.275% 30000.0 10.325 148 O 104 .25 0.10
6 7.52 6.20 9.375 30000.0 21.62 310.0 219.0 0.10
7 9.58 4.79 9.375  30000.0 1.83 i.0 1.56 0.10 TS 1x4x5/16 sackup Ra } (Zero Strength
sog = 9.58 4.79 6.25 36000.0 1.83 1.0 1.56 0.10 TS5 4x4x5/16 Eackup rai) (Zero Strength
1 21.65 0.0 1000.0 1000.0 250.0 1000.0 1000.0 0.10 Siaulared upstream Anchor
200.0 200.0 2.0 2.0
2 21.65 0.0 1.15 2.46 $4.0 96.6 255.57 0.10 wb6x3 Steel Post
6.0 15.0 16.0 16.0
3 21.65 0.0 8.00 8.00 97.5 256.5 495.78 0. 10 wGx1S Steel Posc
15.0 30.0 16.0 16.0
4 21.65 0.0 8.00 8.00 105.0 256.5 580.87 0.10 wétx1S Steel Post
15.0 30.0 16.0 16.0
S 21.65 0.0 8.00 8.00 105.0 256.5 §39.52 0.10 w6x1S Steel post
15.0 30.0 16.0 16.0
6 21.65 0.0 8.00 8.00 212.5 452.24 984_21 0.10 wbx25 Steel PoOsSC
20.0 55.0 16.0 16.0
7 21.6S 21.00 8.00 8.00 212.5 462.24 984.21 0.10 wbx25 Steel POSY
20.0 55.0 16.0 16.0 _
8 21.65 0.0 166.0 196.0 100.0 ~20.0 626.7? 0.10 siswlated midspan Post
35.0 35.0 10.0 10.0
9 21.00 0.0 2000.0 2000.0 500.0 2500.0 2500.0 0.10 siwulated pownstream anchor
400-0 400.0 1.0 .0
21.65 2000.0 2000.0 560.0 2500.0 2500.0 0.10 Ssimulated pownstream anchor
400.0 400.0 L.0 1.0
1 1 2 16 1 101 0.0 0.0 0.0
17 17 18 1 102 0.0 0.0 0.0
18 18 19 1 103 0.0 0.0 0.0
19 19 20 1 104 0.0 0.0 0.0
20 20 2il8 1 108 0.0 0.0 0.0
21 21 22 28 I 106 0.0 0.0 0.0
29 29 31 32 2 106 0.0 0.0 0.0
33 37 39 3N 2 106 0.0 0.0 0.0
35 41 43 106 0.0 0.0 0.0
36 q3 44 106 0.0 0.0 0.0
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APPENDIX F

COMPUTER SIMULATION RESULTS - NESTED THRIE BIAM TRANSITION
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Table F-1, Cemputer Simulatien Test Matrix and Results for Nested Thrie Beam Transition with Backup Tube Rail

Wheel Snag Potential On Concrete End Section®

Test Ne Impact lmpact Maximum Maximum Maximum
Node | Distance' | Thrie Beam Thrie Beam Theie Beam
(in.) Dvnamic Permanent Set Tension . ) )
Deflection Deflection (kips) 6 (in.) &(in.) Sna
(in.) (in) Steel Rim Rubber Tire (Y/N)
Lateral Distance Lateial Disance
————————= — = —————— — ——)
NEBT2RUNGB2 25 87.50 6.23 5.31 99.42 425§ 5.05 N
| NEBT2RUN3B2 6.73 5.57 122,97 5.d8 695 N
1 UL A ':'\ = f i bt = =5 il 3 i B nﬂ- =5 T !_..:\:". " "&-:-'_ttn = 4
e B Lo Rl sed G LR SRl s
|| NEBT2RUN2B2 28 59375 6.19 5.52 135.42 3.97 575 N
“ NEST2RU2:3B2 2 50.00 6.07 542 $30.15 545 425 N
|| NEBT2ZRUN4B2 40,625 5.4] 5.1e £20.06 3,84 2.05 N

| IB™
|

' . Longitudinal distance measured from impact location to upstrean: end of tapercd cencrete end section.

*« The upstresm end of the tapered concreve end section is positioned appreximately 8 in. away from the front face of Ihe concrete burtress,




