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1 INTRODUCTION
The objective of the literature search described herein was to identify and display
aesthetic-type barriers appropriate for use in scenic areas. The barriers identified in this review
include parapets, guardrails, and bridge rails and were evaluated according to Test Level 1 (TL-
1), Test Level 2 (TL-2), and Test Level 3 (TL-3) safety performance criteria set forth in the
National Cooperative Highway Research Program (NCHRP) Report No. 350, Recommended

Procedures for the Safety Performance Evaluation of Highway Features (1).



2 LITERATURE REVIEW

2.1 Parapets

A limited amount of research has been conducted on rock, stone, and concrete parapets.
This section is a summary of those studies and results that are relevant to this project.
2.1.1 Deep Cobble-Revealed Textured Barrier with a Type 60 Profile

In 2002, Peter et al. (2) conducted tests (TL-3) on a deep cobble-reveal textured barrier
with a Type 60 profile. The Type 60 barrier used as a base profile for all textured barrier testing
is show in Figure 1 and the assembled texture barrier used for testing is shown in Figures 2 and

3. The test results are provided in Figure A-1.

Figure 1. Existing Type 60 Profile Used For Testing
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Figure 3. Deep Cobble-Revealed Textured Barrier Following Testing



2.1.2 Mission Arch Textured Barrier with a Type 60 Profile
In 2002, Peter et al. (2) conducted tests (TL-3) on a mission arch textured barrier with a
Type 60 profile. The assembled barrier used for testing is shown in Figures 4 and 5. The test

results are provided in Figure A-2.

Figure 5. Mission Arch Textured Barrier Following Testing



2.1.3 Dry Stack Stone Textured Barrier with a Type 60 Profile
In 2002, Peter et al. (2) conducted tests (TL-3) on a dry stack stone textured barrier with a
Type 60 profile. The assembled barrier used for testing is shown in Figures 6 and 7. The test

results are provided in Figure A-3.

e ST - o E = b 2y T

Figure 7. Dry Stack Stone Textured Barrier Following Testing




2.1.4 Fractured Granite Textured Barrier with a Type 60 Profile
In 2002, Peter et al. (2) conducted tests (TL-3) on a fractured granite textured barrier with
a Type 60 profile. The assembled barrier used for testing is shown in Figures 8 and 9. The test

results are provided in Figure A-4.

Figure 9. Fractured Granite Textured Barrier Following Testing



2.1.5 Rough Stone Masonry Guardwall
In 2004, Bullard, Jr. et al. (3) conducted tests (TL-3) on a reinforced precast or cast-in-
place concrete stone veneered highway barrier. The assembled barrier used for testing is shown

in Figures 10 and 11, the layout is shown in Figure 12, and the test results are provided in Figure

A-5.

o il N 4 . =
i bt L] : e ekl
e i et ol

Figure 10. Top View of Rough Stone Masonry Guardwall

Figure 11. Overall View of Rough Stone Masonry Guardwall
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2.1.6 Pre-cast Concrete Guardwall

This Pre-cast Concrete Guardwall has been crash tested and meets the requirements of
NCHRP Report 230 (4). Though never crash tested to TL-3, the FHWA has accepted this
guardwall for use on federal highways (5). The assembled barrier in use on a federal highway is

shown in Figures 12 and 13, and the layout is shown in Figure 14.

Figure 13. Top View of Pre-cast Concrete Guardwall

Figure 14. Overall View of Pre-cast Concrete Guardwall
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2.2 Guardrails

A limited amount of research has been conducted on post and beam guardrails. This
section is a summary of those studies and results that are relevant to this project.
2.2.1 Type A Steel-Backed Timber Guardrail

In 2004, Bullard, Jr. et al. (3) conducted tests (TL-3) on a steel-backed wood post and
wood rail. The assembled guardrail used for testing is shown in Figures 16 and 17, the layout is

shown in Figure 18, and the test results are provided in Figure A-6.

[ Al /i ta.

Figure 17. View of Type A Steel-Backed Timber Guardrail Post Splice

11



4"

12

FE SPACES @ 3M FOR TERMIMAL SECTION TYPE FAT-9
—

10 SPACES @ 3M
STANDARD STEEL-BACKED
IMBER GUARDRAIL

1 503:%;1;5?51——1 502—-1- ?56-'-35;?-[—."501-—1-2;_5103-
i 31

ELEVATION

\
260 X 300 X 2100 mitr,
ROUGH SA%Y TIMBER POST

AOUGH SANN TIWBER POSTS

— T 3815 - {
= 2 = - = — i

1 ST w0 — EE ST 4 233_

l——m.’ﬁ Ity Brrox] e o S & DBl oo
y 540 8 168 0 G e
- L. e (TR TR BITR]
PLAN
Post Post
Post Post Post Post Post Past Post 17 18
1 2 4 12 13 14 15 Post Post
- 16 18 a1 31 G 2500 ———
ool STEEL SPLICE PLATE = prageoeseeeee| e TH e * o i 7 1 64_
£ DETAL © = i
2 | h | | s 'I T == i : E‘Jp--ll:ql
=== : o = I I 3;9 5

= L | I boo

Ll i i L L | [ i

CONCRETE ANCHDR FOR TYPE L - I 4000 -|
FAT-9 TERMINAL SECTION \‘;-\"‘&._m X 300 % 340
4 300 P 0 Fren

Figure 18. Layout of Type A Steel-Backed Timber Guardrail




2.2.2 Type B Steel-Backed Timber Guardrail
In 2004, Bullard, Jr. et al. (3) conducted tests (TL-2) on a steel-backed wood post and
wood rail barrier. The assembled guardrail used for testing is shown in Figures 19 and 20, the

layout is shown in Figure 21, and the test results are provided in Figure A-9.

13
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2.2.3 Steel-Backed Timber Round Log Rail
In 2004, Bullard, Jr. et al. (3) conducted tests (TL-2) on a steel-backed timber beam-and-
post railing system. The assembled guardrail used for testing is shown in Figures 22 and 23, the

layout is shown in Figure 24, and the test results are provided in Figures A-7 and A-8.

Figure 23. Field Side View of Steel-Backed Timber Round Log Rail

15
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2.2.4 Glacier Removable Rail

In 2004, Bullard, Jr. et al. (3) conducted tests (TL-2) on a steel-backed timber beam and
steel post railing system supported by a cantilevered steel beam embedded in the side of a cast-
in-place concrete footing. The assembled guardrail used for testing is shown in Figures 25 and

26, the layout is shown in Figure 27, and the test results are provided in Figures A-10 and A-11.

o Mo e

Figure 26. Field Side View of Glacier Removable Rail
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2.2.5 Glacier Round Log Removable Rail

In 2004, Bullard, Jr. et al. (3) conducted tests (TL-1) on a steel-backed timber beam and
steel post railing system supported by a cast-in-place concrete footing. The assembled guardrail
used for testing is shown in Figures 28 and 29, the layout is shown in Figure 30, and the test

results are provided in Figures A-12 and A-13.

Figure 29. Field Side View of Glacier Round Log Removable Rail
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2.2.6 Deception Pass State Park Log Rail
In 2004, Jepperson et al. (6) conducted tests (TL-2) on a stone masonry bollard and steel-
backed log rail system. The assembled guardrail used for testing is shown in Figures 31 and 32,

the layout is shown in Figure 33, and the test results are provided in Figures A-14 and A-15.

o Lo

Figure 32. Deception Pass State Park Log Rail Following Testing

21



(44

¢ 3
BOLLARD BOLLARD
7 SPACES @ 18 126" TOTAL
G TYPE 3 SUPPORT
9 i— 9
§"x3/8 STEEL SPLICE PLATE
WITH 6"x3/8" THK, z? P . .
STEEL PLATE-, D Z 3 3
SEE SECTION D-D & . o .
DETAIL B \ [ 7 SPACES © 8" = 4'-8 0
\ " A3ZE BOLT WiTH o
NUT AMD WASHER

1/18 DA HOLE in = L PLATE
[~ FoR 5/8% DiA

A"
. —
. - =
1/2" e B
5% LoNG WooD /
LAG SCREW (TYP.)
THK. STEEL

PLATE SEE

I
13/16 DA HOLE IN STEEL PLATE 1"=8
3747 Do x AZZS BOL

i 127 DlA, WOOOD LOG
SEE DETAL E
T (TYR.)
| n
r
" - -
e .o

‘o S2E DETAL A / \
SEE DETAL RJJ
M |
)
S P e 6" DIA, EXTRA STRONG
’ AL E e STEEL PIPE W/ 1'=5 1/2°
LI x =0 1/2% 5 1 1447 - -
: IR . BASEPLATE /
. (TYP. TYPE 3 ANCHOR)
SEE DETAILL © /|
P /
e R .
. Co 4t /8% w 110" o <
7 S AZ07 BOUTS W/ EE R
CIIE [ HVY. HEX NUT & FLAT / PR
R M WASHER EACH W/ _/ RN M
P = 2e 171,47 FLAT PLATES - e
.o, 2 GUARDRAIL ANCHOR .,
(Tve) S
SO SEE DETAIL C FOR BAR S,
oa o -
L WADOT WOD L,
Py TYPE 5 BEAM Feogal,
i, GUARDRAIL ANCHOR B
‘ SEE DETAIL F FOR , ‘
D m REINFORCEMENT Z
1 -6
Figure 33. Layout of Deception Pass State Park Log Rail




2.2.7 Ironwood Guardrail
In 1999, Hubbell (7) conducted tests (TL-3) on a composite wood and steel rail system.
The assembled guardrail in use on a federal highway is shown in Figures 34, the layout is shown

in Figure 35, and the test results are provided in Figures A-16 and A-17.

Figure 34. Ironwood Guardrail in Use on a Federal Highway
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2.3 Bridge Rails

A large amount of research has been conducted on bridge rails, such as open concrete and
tubular steel bridge rails. Due to extensive amount of existing research, only some examples of
these types of rails have been presented in this literature search. Additional information can be
provided concerning such rails if needed.
2.3.1 George Washington Memorial Parkway (GWMP) Bridge Rail

In 2004, Bullard, Jr. et al. (3) conducted tests (TL-3) on a steel tri-rail mounted on curb
bridge rail, which is a bam-and-post system consisting of three steel pipe rail elements welded to
flat steel plate posts. The assembled bridge rail used for testing is shown in Figure 36, the layout

is shown in Figure 37, and the test results are provided in Figure A-18.

o “ ' el = s =]
e %‘ 4‘{* AR,

Figure 36. Traffic Side View of GWMP Bridge Rail
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2.3.2 Open Concrete Rail - Natchez Trace Bridge Rail
In 2004, Bullard, Jr. et al. (3) conducted tests (TL-3) on a concrete beam-and-post bridge
rail mounted on top of a concrete curb. The assembled bridge rail used for testing is shown in

Figures 38 and 39, the layout is shown in Figure 40, and the test results are provided in Figures

A-19 and A-20.

v ok L
i ol Tl d

Figure 39. Field Side View of Natchez Trace Bridge Rail
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2.3.3 Tubular Steel-Backed Timber Bridge Rail
In 2004, Bullard, Jr. et al. (3) conducted tests (TL-3) on a tubular steel-backed timber
beam-and-post railing system. The assembled bridge rail used for testing is shown in Figures 41

and 42, the layout is shown in Figure 43, and the test results are provided in Figure A-21.

Figure 41. Traffic Side View of Tubular Steel-Backed Timber Bridge Rail

Figure 42. Field Side View of Tubular Steel-Backed Timber Bridge Rail
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2.3.4 NDOR Low-Profile Bridge Rail
In 2002, Polivka et al. (15) conducted tests (TL-2) on a reinforced concrete bridge railing
system. The assembled bridge rail used for testing is shown in Figures 44 and 45, the layout is

shown in Figure 46, and the test results are provided in Figures A-22.

Figure 45. NDOR Low-Profile Bridge Rail
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2.3.5 NDOR Aesthetic Open Concrete Bridge Rail
In 2005, Polivka et al. (8) conducted tests (TL-5) on an aesthetic open concrete bridge
railing system. The assembled bridge rail used for testing is shown in Figures 47 and 48, the

layout is shown in Figure 49, and the test results are provided in Figure A-23.

B ...' -

o e e st M - At A R b e

Figure 48. NDOR Aesthetic Open Concrete Bridge Rail
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2.3.6 TxDOT F411 Bridge Rail
In 2002, Bullard, Jr. et al. (9) conducted tests (TL-3) on an aesthetic concrete bridge
railing system. The assembled bridge rail used for testing is shown in Figures 50 and 51, the

layout is shown in Figure 52, and the test results are provided in Figures A-24 and A-25.

Figure 51. TXDOT F411 Bridge Rail
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2.3.7 Tubular Steel Bridge Rail - TXDOT T77 Bridge Rail
In 2002, Bullard, Jr. et al. (9) conducted tests (TL-3) on an aesthetic tubular steel bridge
railing system. The assembled bridge rail used for testing is shown in Figures 53 and 54, the

layout is shown in Figure 55, and the test results are provided in Figures A-26 and A-27.

»x

Figure 54. TXDOT T77 Bridge Rail
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2.3.8 TXDOT T411 Bridge Rail
In 1998, Buth et al. (10) conducted tests (TL-3) on an aesthetic concrete bridge railing
system. The assembled bridge rail used for testing is shown in Figures 56 and 57, the layout is

shown in Figure 58, and the test results are provided in Figures A-28.

Figure 56. TXDOT T411 Bridge Rail

Figure 57. TXDOT T411 Bridge Rail
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2.3.9 Forest Service Glulam Bridge Rail
In 1990, Hancock et al. (11) conducted tests (TL-2) on a glulam timber bridge railing
system. The assembled bridge rail used for testing is shown in Figures 59 and 60, the layout is

shown in Figure 61, and the test results are provided in Figures A-29 and A-30.

- g
k- .- b

Figure 60. Forest Service Glulam Bridge Rail
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2.3.10 Curb-Type Glulam Bridge Rail
In 1996, Faller et al. (12) conducted tests (TL-1) on a timber curb-type bridge railing
system. The assembled bridge rail used for testing is shown in Figures 62 and 63, the layout is

shown in Figure 64, and the test results are provided in Figures A-31.

Figure 62. Curb-Type Glulam Bridge Rail

Figure 63. Curb-Type Glulam Bridge Rail
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2.3.11 FPL Glulam Bridge Rail

In 2002 and 2003, Polivka et al. (13,14) conducted tests (TL-2 and TL-4) on a deck
mounted glue-laminated timber bridge railing system. The assembled bridge rail used for testing
is shown in Figures 65 and 66, the layout is shown in Figure 67, and the test results are provided

in Figures A-32 through A-35.

Shrme o T

= - —_ —

D D ‘ 1?

Figure 66. FPL Glulam Bridge Rail
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APPENDIX A Test Summary Sheets
A summary sheet for each test is provided in this section. Summary sheets include

acceleration, velocity, and displacement of all barriers tested.
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Data Summary Sheet
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Figure 2-37 Impact sequence and diagram for Test 583

Test Barrier:  Type: 1422-mm high, deep cobble-reveal textured barrier with a Type 60
mafile
Length:  9.75-mtotal length
Test Date: June 27, 2001
Test Vehicle: Model: 1990 Chevrolet 2500
Inertial Mass: 1958 ke
Impact / Exit Velocity: 992 km/h / 717 km/h

Impact / Exit Angle: 24.3% { =< 3°

Test Dummy: None used

Test Data: COcc. Impact Velocity (Long / Lat): 6.83 m/'s /[ -7.57 m/s
Ridedown Acceleration (Long / Lat ): -12.26g / 12.35¢
ASI: 1.97
Exteriar: VDSW/CDC LFQ4, LD-2 / 11LDAS3
Intericr: QOCDIE 2001101

Barrier Damage: Very minor scraping of the sandblast and cobblestone surfaces. No
chipping or gouging was observed.  The barrier would not requre
immediate repair.

Figure A-1. Deep Cobble-Reveal Textured Barrier with a Type 60 Profile
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Dat a Summary Sheet
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i—- 9.7

S Ted wed Brrier .-l
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Figure 2-31 Ilmpact sequence and diagram for Test 584

Test Barrier:  Type:  1220-mm high, Mission Archtextured barrier with a Type 6 profile
Length: 9.75-m total length
Test Date:  May 8, 2001
Test Vehide: Model: 1992 Geo Metro
Inertial Mass: 842 kg
Impact / Exit Velocity: 958 km/h/ 74.4 km'h
Impact / Exit Angle: 19.3% /<7¢®
Test Dummy: Type: Hybrid 11
Weight / Restraint: T4.8 ke / lap and shoul der belt
Posttion:  From Lefi
Test Data: Cce. Impact Velocity (Long [ Lat): 536 m's / -6.70m/s
Ridedown Acceleration(Long/ Lat): -4.07g/ 9.81g
ASI: 1.62
Exteriar: VDS cDC™ LFQ-3, LP-1 / 11LDES2
Intericr: OC DI 0101000
Barrier Damage:  Very minor scraping of the sandblast swrfaces. No chipping or gouging
was observed. The barrier would not require immediate repair.

Figure A-2. Mission Arch Textured Barrier with a Type 60 Profile
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Data Summary Sheet
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Figure 2-45 Impact sequence and diagram for Test 587

Test Barrier: Type: 1422-mm high, dry stack stone textured barrier with a Type 60 profile
Length:  9.75-mtotal length

Test Date: July 25, 2001

Test Vehicle: Model: 1998 GMC 2500
Imertial Mass: 2027 kg
Impact / Exit Velocity: 101, 1 km/h / 75.8 km'h

Impact / Exit Angle: 236° / < 2°

Test Dummy: ™None used

Test Data: Occ. Impact Velocity (Long / Lat): 7.02m's / -821 m/'s
Ridedown Acceleration(long/ Lat):  -13.60g / 11.55¢
ASL: 1.68
Extericr: V DS®CDC™ LFQ-5, LD-1 / 11LDAS3
Intericr; OC DI 0010010

Barrier Damage: Very minor scraping of the “stone” surface. No chipping or gouging was
observed. The barrier would not require immediate repair. The barrier
would not requre immediate repair.

Figure A-3. Dry Stack Stone Textured Barrier with a Type 60 Profile
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Data Summary Sheet
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Figure 2-33 Impact sequence and diagram for Test 548

Test Barrier:  Type:  1422-mm high, fractwred grani te textwed barrier with a Type 60 profile
Length:  9.75-m total length
Test Date: November 27, 2001
Test Vehicle:  Model: 1994 Chevrol et 2500
Imertial Mass; 1965 kg
Impact / Exit Velocity:  100.3 km/h / 79.0 kam/h
Impact / Exit Angle: 250° f <« ¢
Test Dummy: None used

Test Data: Oce. Impact Velocity (Long / Lat): 6,28 mis [ -9.03 m/s
Ridedown Acceleration(Long/ Lat): -14.56g / 939 ¢
ASL: 215
Exteriar: VDSZYCDC™  LFQ-5, LD-3 / 11LDAS3
Interiar: OCDIY 0113000

Barrier Damage:  Very minor scraping of the “stone”™ surface. Minor chipping and gouging.
The barrier would not require immediate repair,

Figure A-4. Fractured Granite Textured Barrier with a Type 60 Profile
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%’;ﬁ deg

STOME MASOMRY
FACING

NANIZED METAL SLOTS WITH AMCHORS

CONCRETE
COAEWALL AMD FOOTING

General Information

Texas Transporiation Institute
. 4051811

6/29/00

Guardwall
... Rough Stone Masonry Guardwall
. 240
3.0 m long Precast Concrete Cores
with Stone Masonry Venser

Soil Type and Condition ....__.. Standard Soil, Dry
Test Vehicle
Type Production
Designation ... . 2000P

Model 1999 Chevrolet 2500 Pickup Truck
Mass (ka)
CUM e 2135

Gross Static ...

Impact Conditions

Speed (km/h) .. 991
Angle (deg) . 249
Exit Conditions
Speed (km/h) . B5.a
Angle (deg) 126
Occupant Risk Values
Impact Velocity {mis)
x-direction 5.8
y-direction . BT
THIV (kefh) oo 361
Ridedown Accelerations (g's)
x-direction .
y-direction.. 1T
FHD {g's) B8
1.61

Max. 0.050-2 Average (g's)

x-direction
y-direction..
z-diraction

Test Article Deflections (m)

Dynamic MiA
Permanent 0.015
Vehicle Damage
Exterior
01RFQ4
01FREKS
& D1RYEW3
Maximum Extericr
Vehicle Crush (mm)............ 550
Interior
D e FS1014000
Max. Ccecupant Compariment
Deformation (mm)............... 125
Post-lmpact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg)............. -43
Max. Pitch Angle (deg)............ -g
Max. Roll Angle (ded) ............. 34

Figure A-5.

Rough Stone Masonry Guardwall
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IWPAET

Al i LLEN

General Information
Teat Agency ..........
Test No. .

Installation Length (m) ...........
Material or Key Elements......

Soil Type and Condition .........
Test Vehicle

Designation .............
Model oo e
Mass (k)
Curb
Test Inertial ..

_... Texas Transportation Institute
. 405181-2

1211100

Guardrail

Type A Stesl-Backed Timber Guardrail
452

Steel-Backed Timber Guardrail with
Blockouts

Standard Scil, Dry

. Production

2000P
1296 Chevrolet 2500 Pickug Truck

1895

Impact Conditions

Speed (km/h) 98.7
Angle {deg)

Exit Conditions
Speed (kmfh) 58.2
Angle (deag) 8.5

Occupant Risk Values
Impact Velocity (mis)
x-direction
y-direction..
THIV {(km/h)
Ridedown Accelerations {g's)

x-gdirection -121

16.4

18.0

ASL. ... 0.97
Max. 0.050-3
x-direction
y-direction
z-direction

Test Article Deflections (m)
Crynamic
Permanent .
Working Width ...

Vehicle Damage

Exterior

MBS o 11LF22

3 1| o TSR 11FLEK2

E11LYEW2

Maximum Exterior

Vehicie Crush (mm). ... 380
Interior

& 1 | T S UEV PSR LFO100000
Max. Occupant Compartment

Ceformation (mm)............... Fals)

Post-lmpact Behavior

(during 1.0 5 after impact)
Max. Yaw Angle (deg)............ 33
Mazx. Pitch Angle (deg)............ -5
Max. Roll Angle (deg) ............. 8

Figure A-6. Type A Steel-Backed Timber Guardrail
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E a'*;"s"'l

7 z
:E” [“=12% mm dlo. = 35 mn
ISR m 40— WEQTA FECEES
|
b B o
H |
General Information Impact Conditions Test Article Deflections {m)
Test AQENCY v Texas Transportation Institute Speed (KM} 70.5 DYNEMIG v
Test No. _.... .... 405181-3 o] [ (o S e 26.0 Permanent
. O5/08/03 Exit Conditions Working Width ...
Speed(kmfh)_ ... 452 Vehicle Damage
... ‘Guardrail Angle {deq). . aiilan el 1.4 Exterior
. Steel-Backed Timber Round Log Rail Occupant Risk Values
Instaliation Length (m} ........... 83.0 Impact Yelocity {mis)
Material or Key Elements....... Steel-Backed Douglas Fir Round Rail x-direction Maximum Exterior
Elements And Douglas Fir Round Posts y-direction ... Vehicle Crush (mm) ... 480
Soil Type and Condition ... Standard Soil, Dry THIY (km/h) Interior
Test Vehicle Ridedown Accelerations (g's) 8] R O AR T LF0101000
Type ... Production x-direction Max. Occupant Compartment
Designation .... 2000P Deformation (mm)............. 67
Model s i 1998 Chevrolet 2500 Pickup Post-Impact Behavior
Mass (ka) (during 1.0 = afier impact)
Curb 2088 Max. 0.050-3 Average (g's) Max. Yaw Angle (deq). ... .. 53.2
x-direction Max. Pitch Angle (deg)......... -1.6
Dummy y-direction.... Max. Roll Angle (deg) ........... 3.5
Gross Static z-direction

Figure A-7. Steel-Backed Timber Round Log Rail Test 1
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| 167.8 m

\‘—]?5 ne dia, ®x 25 mm
depth recess
2l i placed at 3000 mn centers
T R TR
L 2l
General Information Impact Conditions Test Article Deflections (m)
Test Agency Texas Transportation Institute Speed (kmfh) . 695 Dynamic ... 009
Test No. .. . 4051814 Anagleideg) ... 19.6 Permanent .. 002
Date 04/28/03 Exit Conditions Working Width ..................... 0.75
Test Article Speed (ke ... oo 574 Vehicle Damage
TIVIIE oo s st s i Guardrail 03 1o =R 11 ) a1 Exterior
Mame ... ... .. Steel-Backed Timber Round Log Rail Occupant Risk Values WDS 01RF1
Instaliation Length (m) .. .. 63.0 Impact Velocity (m's) cDC D1RFEW1
Material or Key Elements ... Steel-Backed Douglas Fir Round Rail a-direction: 5 o o s s 2.8 Maximum Ex
Elements And Douglas Fir Round Posts y-direction... hE Vehicle Crush (mm) ... 220
Soil Type and Condition .. . Standard Soil, Dry THIV (km/h) Interior
Test Vehicle Ridedown Accelerations (9's) acol..
TR e T Production x=tlinection - an Tl a0 -1.9 Max. Occupant Compartment
Designation ... . Bz2ocC y-direction... 2.7 Deformation (mm)._._.._.__ Mone
WO e e cot sl 1997 Geo Metro FPHD (g's). i1 Post-Impact Behavior
Mass (kg) ASI ... 0482 (during 1.0 s after impact)
curby 855 Max. 0. Max. Yaw Angle (deg).......... 419
Test Inertial . . B74 w-direction Max. Pitch Angle (deg). S |
Dummy......... 7 y-direction_.. . 7.0 Mazx. Roll Angle (deg) ........... 6.9
Gross Static ... 951 Z-direction .o 1.7

Figure A-8.

Steel-Backed Timber Round Log Rail Test 2
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IMPACT 660
UPSTREAM OF — |-

x

iind I |
ETTELETTTEY
N A

General Information

Test Agency Texas Transportation Institute

TestNo. ... 40518113

Bates: e i 0gr8/01
Test Article

Type..... Guardrail

... Type B Sieel-Backed Timber Guardrail
. 905

Wooden Post, Metal Backed Wooden

Rail Elements, No Blockouts

Name ..............
Installation Length (m) .. -
Material or Key Elements.......

Soil Type and Condition ....__.. Standard Soil, Dry
Test Vehicle
THOE oo v Production
Designation 2000P
Model 1997 Chevrolet 2500 Pickup Truck
Mass (ka)

Curbr . 2139
Test Inertial .. . 2043

Gross Static ...

Impact Conditions

Speed (km/h) ... 102
Angle (deg) . 2486
Exit Conditions
Speed (kmfh) .. 451
Angle {deg) 128
Occupant Risk Values
Impact Velocity {m/s}
x-gdirection 45
y-direction . 43
THIV (k) oo eeeieeeeeee 21.3
Ridedown Accelerations (g's)
xdirection.........c.oioineieniin -4.4
y-direction - ¥
6.3
0.60

Max. 0.050-s Average (g's)

x-direction .
y-direction.. 4.4
z-direction 21

Test Article Deflections (m)
Ciynamic
Permanent
Working Width ...

Vehicle Damage
Exterior

VDS....

Maximum Exterior
Vehicle Crush (mm)............
Interior

Max. Cccupant Compariment
Ceformation (mm) ...
Post-lmpact Behavior
{during 1.0 5 after impact)
Mazx. Yaw Angle (deg).............
Max. Pitch Angle (deag)
Max. Roll Angle (deg)

0.215

11FLZ

Figure A-9. Type B Steel-Backed Timber Guardrail
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IMPACT B30 UPSTREAM
OF POST 4

General Information Impact Conditions Test Article Deflections (m)
Test Agency ... . Texas Transportation Institute Spesd (km/h} Dynamic 0.083
TestNo. ..o 405181-14 Angle (deg) Permanent .. MiA
08Mm2/01 Exit Conditions Working Width ... 0.204
Speed (km/h} Vehicle Damage
Bridge Rail Angle (deg) Exterior
. Glacier Removable Rail Occupant Risk Values WEIB: ooy 11LFGQ2
R Impact Velocity (m/s) COC . 11FLEKZ
Material or Key Elements.... .. Steel-Backed Timber Beam & Steel Post w-direction . 36 E1ILYEW2
Railing System Supported by y-direction .. 3d4 Maximum Extericr
Cast-In-Place Concrete Footing THIV (kmfh) o 171 Vehicle Crush (mm) ... 160
Soil Type and Condition ... Concrefe Footing, Dry Ridedown Accelerations (g's) Interior
Test Vehicle w-direction ) 0 o 1 | (TR LFO000o000
-.. Production y-direction .. 25 Max. Occupant Compariment
... 820C PHD (g's).... 26 Deformation (Mm}............
. 1597 Geo Meiro ASL_ .. 0.57 Post-lmpact Behavior
Max. 0.050-5 Average (g's) {during 1.0 s after impact)
... 548 w-direction .. 40 Max. Yaw Angle (deg) 3
. 820 y-direction.. 4.1 Max. Pitch Angle {deq). -3
6 z-direction Max. Roll &ngle (deg) -1
356

Figure A-10. Glacier Removable Rail Test 1
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i

287 deg

General Information

Test AQenCY ....coooicviimeciceeens Texas Transporiation Instiiute
Test No. ... ... 405181-15
Date ... ... 0a/08/01
Test Article
L) LR T S R R Bridge Rail
Name ... ... Glacier Removable Rail
Installation Length {m) . ... 248
Material or Key Elements . Steel-Backed Timber Beam & Steel Post

Railing System Supporied by
Cast-In-Place Concrete Footing
......... Concrete Footing, Dry

Soil Type and Condition
Test Vehicle
TYDE s Production
Designation .. . 2000P

Model e e 1996 Chevrolet 2500 Pickup Truck
Mass (kg)

Curb .. 1905

Test Inertial . 2000

Dummy........ 78

Gross Static 2076

Impact Conditions
Speed (km/h)
Angle (deg).... . i s s i 247

Exit Conditions
Spead (km/h)
Angle (deg).....cccwiii i 108

Occupant Risk Values
Impact Velocity (m/'s)

w-direction.
y-direction .
THIV (kmih) .coeoeeee
Ridedown Accelerations {g
s-direction...._........
y-direction .
PHD (g's)....
R e
Mazx. 0.050-s Average (g's)
X=direction ..o -43
y-direction_._._.___...__._...... -53
zdirection....... o -1.8

Test Article Deflections (m)

DRI syl e e 0.620
Permanent ... nil
Working Width ... 0187

Vehicle Damage
Exterior

Maximum Exterior
Vehicle Crush (mm) ... 350
Interior

Max. Occupant Compartment
Deformation (mm) ... g
Post-Impact Behavior
{during 1.0 s after impact)

Max. Yaw Angle (deg)............ -49
Max. Pitch Angle (deg)............ 2
Max. Roll Angle (deg) ... . 9

Figure A-11. Glacier Removable Rail Test 2
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0.095 s 0.381s 1.427 s
—a ~=—1130 mm UPSTREAM OF POST
—=| [=—275 mm LOC . i o e
240 [8i00 T
] L heriyitoul
L Edet kot
— -5 M. - ol = 3 . . — — . m i Pl |
20.9 deg Ea] | —21 deg I ..
& L ~ -
f Cororute Foobing
General Information Impact Conditions Test Article Deflections (m)
Test Agency Texas Transportation Institute Speed (km/h) ... 50.9 Dynamic
Test No. . 405181-19 Angle (deg) .o 209 Permanent .....
03/05/03 Exit Conditions Working Width
Speed (kmfh)... Vehicle Damage
Bridge Rail Angle (deg) Exterior
Glacier Round Log Removable Rail Occupant Risk Values VD5.........
Installation Length (m) ... 2486 Impact Velocity (miz) CDC ...
Material or Key Elements....... Steel-Backed Round Timber Beam & o [ w1 ) ) DR S AR 4.6 Maximum Exterior
Steel Post Railing System y-direction..._. Vehicle Crugh (mm) ... 260
Soil Type and Condition _........ Conerete Footing, Dry THIV (km/h) ..... Intericr
Test Vehicle Ridedown Accelerations (g's) OCDE - aiianain LFOCo000o0
Type ... .. Production x-direction.. 12 Max. Occupant Compartment
Designation . B2oC y-direction .. 12 Deformation (mm)............. Mane
Model 1887 Geo Metro Post-Impact Behavior
Mass {kq) (during 1.0 s after impact)
Curb 797 Mai. 0.050-s Average (g's) Max. Yaw Anagle (deg)........... 19.9
Test Inertial az0 x-direction..... Max. Pitch Angle (deg) . 23
y-direction .. Max. Roll Angle {deg) ........... -2.5

z-direction..

Figure A-12.

Glacier Round Log Removable Rail Test 1
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General Information

Test Agency ... Texas Transpaortation Institute
Test No. ... .. 405181-20
BYATB.... oo . 03/07/03
Test Article
TVpE: e i Bridge Rail
Name .........cccoeeeca e .. Glacier Round Log Remavahle Rail
Installation Length (m) . . 246
Material or Key Elemenis . ... Steel-Backed Round Timber Beam &
Steel Post Railing System
Soil Type and Condition ......_.. Concrete Footing, Dry
Test Vehicle
Type...... .. Production
Designation .. .. 2000F
MOTED e 1998 Chevrolet 2500 Pickup
Mass (kg)
2156
2050
. IT
2127

Impact Conditions
Speed (kmfh)y...... ..
Angle(deq)..........ooooiiii
Exit Conditions
Speed (kmfh) .. .
Angle (deq). ...l
Occupant Risk Values
Impact Velocity (mis)
¥-direction ...
y-direction .
THIV (km/R) ......
Ridedown Accelerations (g's)
s-direction. ..o
w-direction. ...
PHD {g's)

Max. 0.050-s Average (g's)
s-direction. ..
y-direction .
zdirection. ... ...

135
01

B2
3.5

D214

53

-4.1
54
0.61

-4.3

. 38

-3.0

Test Article Deflections (m)
DYNamic. ..
Permanent
Waorking Width

Vehicle Damage
Exterior

Maximum Exterior

Wehicle Crush (mm) ... 120
Interior

B e o e RFOO0D0000
Max. Occupant Compartment

Deformation (mm)._.._.__._. Mone

Post-impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg)........... -30.0
Mazx. Pitch Angle (deg)......... 44
Max. Roll Angle {deg) ... 142

Figure A-13. Glacier Round Log Removable Rail Test 2
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Br isod

General Information

Test AQency ..o, TEXAS Transporiation Insfitute
Test No. .. .. 400551-1
DEte e 07/01/03
Test Article
TYPE oo Guardrail
Mame ... .. Deceplion Pass State Park Log Rail
Inatallation Length [T‘t] ............ 126.0 (384 m)

Material or Key Elements....... Stesl-Backed Log Rail Supported By
Stone Bollards And Steel Pipe Posts

Soil Type and Condition ......... Standard Sail, Dry
Test Vehicle
THDE et Producfion
Diezignation .. .. 2000P
Wl e 1999 Chevrolet Cheyenne 2500 P/U
Wass ()
Curby oo 4586 (2128 kg)
Test Inertial . .. 4514 (2050 kg)
Durmy........ . M&
Gross Static 4514 (2050 kg)

Impact Conditions

Spead {Mith) e
Angle (ded) . 2901

Exit Conditions

Sped (RN}

Angle (deg).....
Occupant Risk 25
Impact Velocity (fu's)

w-direction.. ..

y-direction...
THI (mif) ..

Ridedoawn Au:cel erations (g s-]

x-dlrechnn

Max. .ﬂ. .5(]-3 .C-.verage gs]
x-cirection.. .

y-direction...

Z-dIrEeON

Test Article Deflections {|n}
44 5(71.6 km'h)  Dynamic .. revernnemeeeee WiOE MEasUrakle
. Parmanent . .. 0.4 {10 mm)
Working Width .................. Mot measurable
26.9(£43.2 km/h) Vehicle Damage

116 Exterior
VDS . MFLZ
CDC .. wecvinsrensneeeee 11FLEWYZ
21.0 (6.4 mis) I"."Ia;-clnu.lm E)d:f.‘llﬂl
17.1 (5.2 mis) ‘Yehicle Crush {in) ... 25.0 (840 mm}
18.1 (251 kmvh)  Interior
CCDI.. revvrnnennneameeeee LEO102000
. -40 M CN:u: C-::-mpart
40 Deformation (in) ... . 2.3 (58 mm)
5.2 Post-Impact Behavior
1.29 (during 1.0 = after impact)
Max. Yaw Angle (deg).......... 364
. BT Maw. Pitch Angle (deg).......... -89
Ta Max. Roll Angle (deg) ........... -171
-5

Figure A-14. Deception Pass State Park Log Rail Test 1
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0.755s

T—? SPACES @ 18" = 126 1om|_—l
—3' } 9"

3 12°
7 SPACES B 18' 0.C. =126 TOTAL:
‘ ‘ LoC = 12'-6 ?;ls']_—| B
I o '-' n
-2"-
General Information Impact Conditions Test Article Deflections (ft)
Test Agency. Texas Transpaortation Institute Speed (mph).. Dynamic .. NiA
TestMo. ... 400561-2 Angle(deq) ... 1 Permanen ... Disturbed
Date oo 06/14/2004 Exit Conditions Working Width ..o 1.6 (0.5 m)
Test Article Spead (MDY e Vehicle Damage
TYDe . Guardrail Angleddea). ... E Exterior
NAME e Deception Pass State Park Log Rail  Qccupant Risk Values VDS e D1RF2
Installation Length (fi) 126.0 (38.4 m) Impact Velocity (ft/s)
Material or Key Elements .._....... Steel-Backed Log Rail Supported by Longitudingl ..........oooooveeeeeen 23.0 (7.0 mis) Maximum Exterior
Stone Bollards and Steel Pipe Posts Lateral ... 16.7 (5.1 mis) Wehicle Crush {inchas) ... 238
Soil Type and Condition............. Standard Soil, Dry THIV (KPR e 297 Interior (600 mm)
Test Vehicle Ridedown Accelerations (g's) QOCDI o RF0104000
TYDE Production Longitudinal ... -4.2 Maximum Occupant Compartment
Designation..........ccooeeceeeeee 2000FP Lateral ..o . Deformation (inches)................. 25
Model .. 1989 Chevrolet 2500 Pickup Truck PHD (g's). . Post-Impact Behavior (63 mm)
Mass (Ih) ASL e ik (during 1.0 sec after impact)
G e 4758 (2160 kg) Max. 0.050-s Average (0's) Max. Yaw Angel (deg) ..o -33
Test Inertial ... 4520 (2056 kg) Longitudinal ... -89 Max. Pitch Angle (deg). ... -4
Dummy ... NIA Lateral Max. Roll Angle (ded)........o..o... -7

Gross Static 4520 (2056 kg) WVertical

Figure A-15. Deception Pass State Park Log Rail Test 2
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1= LNH s I = L620 see 1 = L160 sec 1 = fimal
790 men {dyamic deflaction)
ﬁ.ﬂuf‘r:.ﬂ:‘ l";,’;:’r?ll] 460 mm [permanent)
Post 5
Post
i -—-+ =) " " 1
: ¥ o 20 deg TRl ik e PR, TR
5 4 i £ i B 7 Case
{ea) .. -_::;Llﬁ;r“___l,- u\ = ~fimpoct) e v i y +
T—E?"’:‘Jﬂ a 4 deyg %ﬁ ?
.I J?V" (c.g. axit) b j _)] ol - i i
o B20C Vehicle
| 28040 mim (stopping ond final) ——
g—————————126000 mm (test artics nstollation)}———————————— 4.4

General Information
Test Agency e
Test Designation s cesersss s -
Test Mo oo
L e S o e A N e P Tt

Test Article
THPE rorrerrresessssssssosessmensrrsssecnrassnmns nmssmemm soems. £

Installation Lengih, (M) comma e e e

Size and'or dimension and malerial
of key clements

Foundation Type and Condilion ......see-.

Test Vehicle
Type =
Designation ...
MModel -

Mass (kg)
R e e
Test Inertial e -
Gross Static s e
Impact Conditions
Speed (hmh) RCER—
Angle (deg)........
Impact Severily () o e s s

E-TECH Testing Services, Inc.

NCHRP 350 Test 3-10
12-0102-002
2/4/99

Structures of Ironwood, L1.C
TRONWOOD Guiderail

128 {length of need)

660 mm Rail height,

2000 mm Posi spacing
NCHRP 350 Weak sail,
well drained and compacied

Production Model
g200

1988 Ford Festiva
Hatchback

H35.6
825.0
75.0

90ML0

102.5
0
39.1

Exil conditions
Speed (Emvh) ...
Angle (deg)........

Occupant Risk Values
Impact Velocily (m/s)

a-direction
y-direction .

y-direction ...

THIV (mJ/s) -

| 51 111 ) p— S H———

ASl e -
Test Article Deflections (mm)

Dynamic 2 Gl 0 W= ¥

PEFMANENT criorsrermror srnmerm s s s e
Vehicle Damage
Exterior
Vs .
[.DL
Interior
DT cosmm e s e e e -t s =
Post-Impact Vehicular Hehavior (deg - rate gyro)
Maximum Roll Angle.....
Maximum Pitch Angle
Maximum Yaw Angle

S ————

0
440

RFQ-5
MRYEW?2

ASODT0000

Figure A-16. Ironwood Guardrail Test 1
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L= 00 see

1= 0.240 sec

I = (L4581 sex

1= 0960 sec

-1640 mm (dynomic deflectior), 1025 mm (permanent)

2000 Vehlcle

11890 mm (stopping ond final)-

905 mm [impast

1Lpi1rd‘1m Pasl 1)
iyl g

- -{I'ﬁ 128000 onm (test arlicle nstallot on:l—f)]

General Information Exil conditions
TES APERCY cusssiasesssssmessmoomm swiorrn sereerrs resresmessrsssss E-TECH Testing Services, Inc. Speed (MMM} s s ses NfA
Test Designation ... . NCHRP 350 Test 3-11 Anple (leg) .o, N4
Tesi Nao. 12-0102-001 Occupant Risk Values
Date 3199 Impact Velocity (m/s)

Test Article A i BT
Type e Structures of Iron'Wood, 1.1.C y-direction .. s =40

- TRONWOOD Guide rail Ridedown Acceleration (g's)
Installation Length, (m) 125 {length of need) x-direction A T -13.0
Size and/or dimension and material L ([ [1] R— -11.9
of key elements ............. Wil i s Sl 660 mm Rail height, THIY (m/s) .......... .6
2000 mum Post spacing PHIY (g's). —_—

Foundation Type and Condition ... NCHRP 350 Weak soil, ASL 0.8

well drained and compacted Test Article Urﬂullum |u|u|!

Test Vehicle 15 T T S 16410
T!‘PE ______ Production Maodel FPermanent - 1025
Designation 2000P Vehicle Damage
Model ... 1988 Chevrolet C2500 L :

LLLLLLLLLLL ¥4 Ton Pickup \.lﬁ ST ——— H]‘Q-S_
Mass (kg) (b e T A AL N GIRYEW?2

Curb ... 1937.2 Interior

Test inmertial 20008 L0 ) ] —— S AST0100:00

Dumamy ...... MN/A Pusi-Impact Vehicular Behavior (deg - rate gyro)

Gross Static 0098 Maximum Roll Angle.......... -8.5

Impact Conditions MMaximum Pitch Angle -1.9
Speed (km/h) v ene.. 983 Maximum Yaw Angle........ -24.2
Angle (deg) .. 26
Impact Severity (kJ) 144.0

oLy SepLes Sugsey 313

Figure A-17.

Ironwood Guardrail Test 2
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[{red e ool 877
¢ | uoir';mj
)\

1'—4" [406]

General Information
Test Agency ...........

. Texas Transporiation Institute

Test No.__ T 4p5181-9
Date ... 0712501
Test Article

Bridge Rail

. George Washington Memorial Parkway
Bridge Rail

Instaliation Length (m) .......... 2286

Material or Key Elements....__. Three Steel Pipe Rail Elements Welded

to Flat Steel Plate Posis

Soil Type and Condition ... Concrete, Dry
Test Vehicle
TYPE weee e e e mmeme s eeeamemenes Production
Designation ... ... 2000P
Model . 1998 Chevrelet 2500 Pickup Truck
Mass (kg)
o 1917
Test Inertial .. . 2000

Impact Conditions
Speed (km/h}
Angle (dag)

Exit Conditions
Speed (km/h})
Angle (deg)

Occupant Risk Values
Impact Velocity (m/s)

x-direction
y-clirection ..
THIY {km/h) ..
Ridedown Accelerations (g's)
w-direction
y-direction

... 987
. 255

PHD {g's).... ;
Vo] [— 1.04
Max. 0.050-8 Average (g's)
w-direction.. -8.3
y-direction .. 16.3
Z-direction -5.2

Test Article Deflections (m)

Dynamic 0.060
Permanent .. [RH
Working Width 0.183
Vehicle Damage

Exterior

3 b R e R e 11LFQ2

GRS et s 11FLEK2

&11LYEW2

Maximum Extericr

\ehicle Crush (mm)............ 250
Interior

0] I | RV PSP e P LF1102010
Max. Oceupant Compartment

Deformation (mm}.............. 100

Post-lmpact Behavior
(during 1.0 s after impact)
Max. Yaw Angle (deg)... . 36
Max. Pitch Angle (deq).
Max. Roll Angle (deg)

5

Figure A-18. George Washington Memorial Parkway Bridge Rail




69

0160 s

———__Impact at 1730 mm e
from \expansion joint =
1 R o
| y 9.8 de
g 836 2}1 | :‘ -”-J-‘!
19 m 4 [
t ’*i’_;,_ jn
@ 4"_;—__—_—_—_
< mﬁm—J
General Information Impact Conditions Test Article Deflections (m)
Test AQeNCY oo, Texas Transportation Instituie Spead (kmih) .o 99.9 DYNaMIC .ot eeeecee e 0
=L A S RS SR S 405181-11 Angle(deg)......... 19.8 Pemmanent ... 0
ERRIE oo e o v oo 0620001 Exit Conditions Working Width ...................... NIA
Test Article Speed (kmM) .o 77.6 Vehicle Damage
TYDE e Bridge Rail Angle (deg) .. 4.8 Exterior
Rame: o e Natchez Trace Bridge Rail Occupant Risk Values VEISER snn i e 01RFQ2
Installation Length (m) . SRy B Impact Velocity (m/s) & b S o 01REKZ
Material or Key Elements Concrete Beam and Post on Curb & 111110 ) TH R 6.0 S01RYEW2
y-direction ... 7.3 Maximum Exterior
Soil Type and Condition ......... Concrete Pavement, Dry THIV (EMINY oo 329 Vehicle Crush (mm) ... 230
Test Vehicle Ridedown Accelerations (g's) Interior
OB e e e e Production wedifection sz s T -4.0 O e nene FS0002000
Designation ... 820C y-direction... 53 Max. Occupant Compartment
Model o 1997 Geo Metro PHD (g's).... . 55 Deformation (mm)............... 40
Mass (kg) ASL o 1.81 Post-Impact Behavior
GUb o s 845 Max. 0.050-s Average (g's) {during 1.0 s after impact)
Test Inertial . . 820 b i (121 W 10 | PRSP -10.7 Max. Yaw Angle (deg)............. -47
Y=direCton ..o -13.8 Max. Pitch Angle (deg)........... -5
Z-direction ... =37 Max. Roll Angle {deg) ............. 21

Figure A-19. Natchez Trace Bridge Rail Test 1




0.

7.6 m

IMPACT B60 mm
UR FROW POST &

s

30
86 241 |07 qr-=
2%4 i "f.

457
E= _-; DE'.-'—-]

General Information
Tesat Agency ... ... Texas Transportation Institute
Test No. . .. 40518112
Pibe:, o e 0723

Test Article

Bridge Rail
... Natchez Trace Bridge Rail
= 210
. Concrete Beam and Post on Curb

Material or Key Elem eﬁﬁ.

Soil Type and Condition ......... Concrete Pavement, Dry
Test Vehicle
Type Production
Designation . 2000P
Model ... 1997 Chevrolet 2500 pickup truck
Mass (ka)
Cur 213
Test Inertial ... 2000

Dummy
Gross Static

Impact Conditions

Spead (km/h) 98.3

Angle {deg) 261
Exit Conditions

Speed (km/h) 737

Angle {deg) a2

Occupant Risk Values
Impact Velocity (mis)
¥-direction
y-direction
THIY {kmih)
Ridedown Accelerations (g's)
w-dirgction
y-direction..
PHD {g's).
AST . .
Max. 0.050-2 Average (g's)
x-direction
y-direction..
z-direction

Test Article Deflections (m)

Ciynamic
Permanent . . NiA
Working Width ... 0.587
Vehicle Damage
Exterior
VDS... 01RFQ2
CDC .. 01REK2
ANIRYEWZ
Maximun Exterior
Vehicle Crush (mm) ... 680
Interior
ot B R e el e g FS1112000
Max. Occupant Compariment
Deformation (mm)............... 130
Post-lmpact Behavior
{during 1.0 s after impact)
Max. Yaw Angle (deg)............. =33
Mazx. Pitch Angle {deg).. . o-12
Max. Rall Angle (deg) ............ 15

Figure A-20. Natchez Trace Bridge Rail Test 2




1.

LOC 4800 mm—

Impact 1200 mm
up from post 4

|-
EEINIEEEE

£ 155
w51 150
0l L50d
v il LEod
v 0l LE0d

T
b 07 1500
+ LT 1504

{ L _sssas

L ]

380

General Information
Test Agency ... Texas Transportation Institute
. 405181-1

060403

Bridge Rail
... Tubular Steel-Backed Timber Bridge Rail
ngth (m) ........... 22.8 (bridge rail only; 53.1 m total)
Material or Key Elements...._.. Steel Tube Backed Timber Rail Elements
With Steel Posts

Soil Type and Condition ... Conerete Footing, Dry

Test Vehicle

... Production
. 2000P

1298 Chevrolet 2500 Pickup Truck

2145
. 2085

Impact Conditions
Speed (km/h) .. 998
Angle (deg)
Exit Conditions
Speed (km/h}
Angle (deg).
Occupant Risk Values
Impact Velocity (m/s)

=TT CHON e 5.
y-direction 6.6
THIY {kmi/h)
Ridedown Accelerations (g's)

x-direction... -8.5

y-direction.. 9.0
9.5
1.34
Max. 0.050-s Average (g's)
x-direction ... 82
y-direction .. 8.2

z-direction

Test Article Deflections {m)
Dynamic
Permanent _....
Waorking Width

Vehicle Damage
Exterior

Maximum Exterior

Vehicle Crush {mm) _......... 530
Intericr

OCD e LFO102000
Max. Cceupant Compartment

Deformation {mm}).._...._.. L]

Post-Impact Behavior
(during 1.0 & after impact)
Max. Yaw Angle {deg)._........
Max. Pitch Angle (deg) .
Max. Rell Angle {deg) ...

Figure A-21. Tubular Steel-Backed Timber Bridge Rail
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0.000 sec

TestNumber . ... .........
Date ... ... ... .........
Appurtenance ... .. ... ...
Total Length .. ... ... . ...
Conecrete Matersal ... .. ...
Eeinforcing Steel Material .

Bridge Rail Profile

Height ... ... .. ...
Bottom Width ... ... ..
Top Width . ..........
Front Vertical Length |
Front Angled Length . . .
Vehicle Model - ... ... ..
Cwrb . ...
TestInertial .. ... ... ..
Gross Static .. ... .. ..

Wehicle Speed

Impact ............
Exit (resultant) . . .. ..

WVehicle Angle

0.070 sec 0.114 sec 0.246 sec
i 2286 1
LT Dﬁ*
243 m
LPER-1 P g——
4/9/01
Low-Profile Concrete Bridge Eail ® Vehicle Snagging ... ... ... .. ... Mone
L2286 m ® Vehicle Pocketing .. ... ... ... ...... MNone
Mebraska Mix ® Vehicle Stability ... .. ... ... .. Satisfactory
Grade 60 Rebar - Epoxy Coated & Occupant Ridedown Deceleration (10 msec avg.)
Longitudinal - ... ... .. ... ... TRT=<20G's
508 mm Lateral (not requared) ... .. ... .. 2.10
. 279 mm & Occupant Impact Veloeity
356 mm Longitudinal - .. ... ... ... ... 6.61<12m's
152 num Lataral (not requared) ... ... .. .. 478
76 nun ® Vehicle Damage ... ............... Minimal
1995 GMC 2300 SL ¥i-ton pickup TADY™ 11-FL-2
-2023 kg SAEY 11-LFEE3
L2018 kg ® Vehicle Stopping Distance .. .. ... ... 3962 m downstream
L2018 kg 2.43 m traffic-side face
® Barper Damage ... ... ... ... ... .. Minumal
T0.0 km/'hr ® DNMaximum Deflections
46.1 km/'hr Permanent Set . ............... MNA
Dypamie . .................... MNA
-27.1 deg ® Working Width .. .. ... ... ... . .. .. 457 mm
est. 5-7 deg

Figure A-22. NDOR Low-Profile Bridge Rail Test
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-, .

0.000 sec

0238 zec 0543 sec 0679 zec

. .
e
\\ ina-r
'\.\ |
® TestNmmwber ... ........_........... ACBR1 '\
@ Date ... .. ... 8/28/03 i
® Appurtenance . . Nebraska Aesthetic Open Vehicle Angle i
Concrete Bridge Rail i
® Total Length .. L YL MV I |y 2y 11 = '
. Cuncrete\!atmal cecewnanen .- Nebraska 47-BD Mix ® Vehicle Snagging ... ........oo..o None
— RemfurcmgSteelMatena] wvewnn... Grade 60 Rebar - Epoxy Coated @ Vehliele Pocketing .. .............. None
b+ @ Concrete Bridge Rail ® Vehicle Stability . . 4 Satisfactory
Leugth..........................lZlﬂ-Giﬂ. iOccupaledEdDwnDecdmauunEiﬂmsecmg) Tractor
Width . e P N | & 1 Longitudmal (not required) _. ... 8.05/-698g's=20¢g's
Depth . PP 115 8 Lateral (mot required) ....._ ... 6.06/-7.91 g's
Top Muuntmg ngh‘t e 42m ® Occupant Impact Velocity — Tractor
e Concrete Bridge Posts Longimdmal (not reguared) . 299 fifs = 39.37 fi's
Length _ . e (1 5 Lateral (not required) .. ..._.... 18.05 ft's
Width ... 105m ® Occupant Ridedown Deceleration (10 msec avg.) — Traler
Height .. ... .................... 120 Longitudmal (not required) _ . ... 332-217gs=<20gs
Spacing . . cieee.. BftGID Lateral (not required) ....._.... 11.74/-788 g's
Offset fromBack Edge DfDer_k IR b | ® Occupant Impact Velocity — Trailer
e Concrete Bridge Deck Lonzitudmal (not reguared) . . 3.55 fils = 3937 fi's
Length ... ... ... ... ... . 121ft6in Lateral (not required) .. ... ... 7.60 ftis
Whaddh ©ovsi e i issdees oo 13 -Veh.tcleDmge __________________ Maderate
Fhickness: « copsares gusa s e R TAD* socciisizotcacooo 1-REQE3 and 1-RD-3
e VehicleMedel ...._..._.._......_..... 1989 General Motors Brigadier Tractor SAE™S | ------. 1.FREN3 and 1-RDES2
1989 Grear Dane Brigadier Trailer & Veliele Smppmg Dtstxnl:e oo 410 fi-11 . downstream
Curb . eeeieeaeaaaenno... 30,525 Tbs 173 fi-3 m. laterally behind
Tes:Iuemal S gt <o 18T 5 Tbg ® Bammer Damage . ................. Moderate
GmssS!zuc......................?S.,!?lel:ls iMﬂJumth.Ra:lDeﬂec’unm
& Vehicle Speed Permanent Set ................ NA
Impact ..........ooooveeen..... 494 mph Dynamuic . ....o....oononoon.. 112 m
i . NA ® Working Width . .................. 734m

Figure A-23. NDOR Aesthetic Open Concrete Bridge Rail




“0.328

v,

wns |——-‘~1'—ﬁ‘ WINDOW SPACING (TYP.)
T e LH:_JIDIH &" _I g ’_‘
2.38m OF WIHDOW 17 r ! | 10 3547
,, i ir | 1‘ A
8 e 000000) ]
_*_ |
1
4804 TRAFFIC SIDE VIEW
General Information Impact Conditions Test Article Deflections (f)
........................... Texas Transporation Institute Spead (M) 61,4 (98.8 kmdh) DYNamic ...oooviiimmsinnss  NONE
Tast NOu i 4428821 Angle (deg) ..o 4.8 Parmanent .......ccoovrniinns MNone
....................................... 050602 Exit Conditions Working Width ..........oooooeee.. 141 (0,43 m)
Spead (MDY 3.0 (579 km/h)  Vehicle Damage
....................................... Bridge Rail Angle (deg) ... T3 Exterior
......................... .. F411 Aesthetic Bridge Rail Occupant Risk Values VDS snsrianss IFR2
Installation Length (1) ... . T6(23.2m) Impact Velocity ([t's) L™ & ST R PR S T MRFAW3
Material or Key Elemants Concrete Bridge Rail With Two Concrete xdirection... . 26.2 (B.0m's) Maximum Exterior
Rails And Assthetic Openings y-direction... . 23.0 (7.0 m's) Vehicle Crush{in) ............ 25.6 (650 mm)
Soil Type and Condition Concrete Footing, Dry THIV {MPA) s 235 (37.8km/h) Interior
Ridedown Accelerations (g's) 3,1 7, ORI AT RF 2222010
....................................... Production x-direction 4.0 Max. Occ. Compart,
. 2000P y-direction .54 Defomation (in) ... 8.3 (210 mm)
..................................... 1997 Chevrolet 2500 Pickup PHD (g's)..... wire B8 Postdmpact Behavior
BB i 1.50 {during 1.0 s after impact)
................................... 4778 (2170kg) Max. 0.050-5 Average (g's) Max. Yaw Angle (deg).......... -30.5
4502 (2044 kg) HIECHOn....ooiviie s -12.3 Max. Pitch Angla (deg)......... -2.2
............................... MN/A yaiecion. ... =105 Max. Roll Ange (deg)......... 4.1
4502 (2044 kg) Z-alBCHON. oo 5.2

Figure A-24.

TxDOT F411 Bridge Rail Test 1
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0.

67.48m

IMPACT GHmim

DOWNSTREAM OF fa| 010 LOT

118" WINDOW SPACING (TYP.)
—
| & ’._
1 10 3/4°

I Al
OOOOOOE

]
WINDOW 17 ni i a"
]
% 4..?:'-'m : * ! T
TRAFFIC SIDE WIEW
|
General Information Impact Conditions Test Article Deflections (f)
Tast AQENCY. . e Texas Transporation Ingtitute Spead (M), 2.8 (1011 km/h) DYNAMIG ..ovevvrsnesismsrsesssssrans Mona
Tost NOw s 442882-2 Angle (Deg) ..o .1 Parmanent .......oovmmsemmsesee MNona
DR it e 07/18/02 Exit Conditions ‘Working Width ....iienniinnns 1.71 {0.52m)
Test Article Spead (M), o 48.6 (79.9 kevh) Vehicle Damage
L7 TR Bridge Rail Anghe (deg) .o 4.5 Exterior
MBITME s i b F411 Aesthetic Bridge Rail Occupant Risk Values VDG i i i 11FL3
Installation Length (fY) .......... T6 (23.2 m) Impact Velocity (ftis) [ 3 3 DR R R N SR TILFAW3
Material or Key Elements ... Concrate Bridge Rail With Two Concrete Wi HOn. ..o 246 (7.5ms) Maximum Exteror
Rails And Assthetic Openings y-direction... . 28.5 (8.7 mis) Vehiclke Crush (in) ..o 6.4 (670 mm)
Soil Type and Condition......... Concrate Footing THIV {MPh) s 25.5 (41.0 kmih) Interior
Test Vehicle Ridedown Accelaations (g's) M i o i LF 2010000
T b LR L Production KEIRCHON. s s i s rnisrrssin 4.7 Max. Occ, Compart,
Dasignation.,, - 2000P y-diraction... . 8.0 Deformation (in) ... 4.8 (118 mm)
Mol e 19498 Chevrolet 2500 Pickup PHD {g's}..... . B.6 Postdmpact Behavior
Mass (lbs) B e e et 1.76 {during 1.0 s after impact)
[T 1 T 4569 (2075 kq) Max, 0.050-5 Average (g's) Max. Yaw Angle (deg)...........
Teast Inartial . . 4518 (2052 kg) KIS0, . v inirsissrorsians -10.7 Mazx. Pitch Angle {deg)..
Dummy........ . NiA y-direction... . 13.8 Max. Roll Angle (deg) ..........
Gross Static 4518 (2052 kg) ZOIRBCHON. . ovvscririisiin 4.3

Figure A-25. TxDOT F411 Bridge Rail Test 2
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L .

ST PR THE 1200
T T S |
e A
General Information Impact Conditions Test Article Deflections (f)
Test AQANCY . .ovverrrrereririsrns Texas Transporation Institute Spead (mih) 60.8 (97.8 kmyh) DYNAMIC e 0.18 (0.05m)
Test No. .. H2BB2-3 AN (Beg) .o 4.2 Parmanent ...... . 0.04 (0.01m)
DR, o iiriir s 08/23/02 Exit Conditions Working Width ....ooviiiniiniin 210 {064 m)
Test Article Spaed (MN) . 4.7 (71,9 km/h) Vehicle Damage
k1, = R A Bridge Rail Anghe (deg) oo 10.8 Exterior
MBI i b i T?T Aaesthetic Bridge Rall Occupant Risk Values b o R T MFR3
Installation Langth (1) ........... T5{22.7 m) Impact Velocity (ft's) CDC i rnieiimins MFRAWS
Material or Key Elameants....... Tubular Steel Rail Elements Mounted ML . .oeoeveenrnsrvissinn 2.6 (6.6 miz) Maximum Exterior
On Steal *7" Shaped Posts y=direction... L 21.0 (B.4 mis) Vahicle Crugh (in) .oooovernene 30.7 (780 mm)
Sell Type and Condition,........ Concrate Footing THIV IMPR] oosiiisinisrmisinrrisssiss 19,9 (32,1 km/h) Interor
Test Vehicle Ridedown Accelerations (g's) DM i RF 0020000
.. Production xdirecton.., . =56 Max. Oce. Compart.
. 2000P y-direction.., .<13.5 Defommation (in) ... 8.7 (222 mm)
1997 Chevrolat 2500 Pickup PHD (gs)........ L 142 Postdmpact Behavior
oL B S Xy M 123 {during 1.0 & after impact)
4723 (2145kqg) Mazx. 0.050-5 Average (g's) Max. Yaw Angle (deqg).......... =37.8
4500 (2043 ka) x-directon,., Max. Pitch Angle (deg)........ 4.1
DALMY s s s s i WA y-directon... : Max. Roll Angle (deg) ... 18.2
Gross Stathc oo 4500 (2043 kg) ZOIPBCHON. .. ccorririiriiriren

Figure A-26. TxDOT T77 Bridge Rail Test 1
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0.049 &

I 61,77
1y L_ 3
zn.g"_,_ FR -
v AT 13 T
26.69m = Elid
WOTE CHALT I.I;_
i % —) L B g 5
Genaral Information impact Conditions Test Article Deflections ()
Texas Transporation Institute Spaad (M), o 61.6 (99.1 km/h) UG - v bt e MNone
. 4428824 Angle (D8] v i 204 Parmanent ...... . 0,04 (0.01m)
08/27/02 Exit Conditions Working Width 1.90 (0.58 m)
Spead (M) s 51.0 (82.0 km/h) Vehicle Damage
Bridge Rail Angle (De0) ..o 121 Exterior
... TIT pesthetic Bridge Rail Dccupant Risk Values WEE it 11FL2
Installation Length (f) ... 75 ({22.Tm) Impact Velocity (ft's) CDC i TILFEWZ
Material or Key Elements ....... Tubular Steel Rail Elaments Mounted On XIBCHON. .o.oiisiiisiiinn 16.7 (5.1 m's) Maximum Exteror
Sted “7T* Shapad Posts y-direction... e 28,6 (7.8 mis) Wehiclke Crush(in) ............. 8.9 (230 mm)
Soil Type and Condition ......... Concrete Footing THIV IMPR) s 19.8 (31.9km/h) Interior
Test Vehicle Ridedown Accelarations (g's) 93 0, LFO010000
TV i i L Production b 1) s T SRR -2.3 Mazx. Oce. Compart.
Designation, . B20C y-direction... e 10,0 Deformation (in) ... 1.0 (25 mm)
MOTB] ..o isrisminiirsmrnissinss 18497 Geo Matro PHD (g's).... e 10,0 Postdmpact Behavior
Mass (lbs) %= B RSP PO WU S SR SRR 1.79 [during 1.0 s afler impact)
(% 1, . SR S E PR SEE MR e 1792 (814 kg) Max. 0.050-5 Average (g's) Max. Yaw Angle [deg)........... 38.2
Tast Inartial . 1806 (B20 kg) K-IPBCHON, 1o s rirssissrsrians 4.8 Max. Pitch Angle {deg).. . =32
Durmmy....... . 169 (77 ko) ydirecHon. ..o 14.3 Max. Roll Angle (deg).......... -14.2
Gross Static 1976 (897 kg) ZIBCtON. ....ovcisiiiiiiien -3.2

Figure A-27. TxDOT T77 Bridge Rail Test 2
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General Infarmation

TestAgency . ............. Texas Transportation Institute
L O S — 418048-1
2 04/20/98
Test Article
TYES G o 2 Hinis we Shvrmsn oo Eridge Rail
Name or Manufacturer . .. . ., Texas Type T411
Installation Length (m) ... ... 23.1
Material or Key Elements . . . . Concrete Beam and Posts
Soil Type and Condition ....... Caoncrete deck, dry
Test Vehicle
TYPE e oons i smim v smsarwis wom Produstion
Designation .............. 2000P
Medal T o s sese greE s 1993 Chevrolet pickup truck
Mass (kg) Curb .. ......... 2142
Test Inertial ..... 2000
Dummy......... No dummy
Gross Static ..... 2000

Impact Conditions

Speedfkm/h) ............... 101.3
Angle(deg) ................ 24.9
Exit Conditions
Speed (km/h) ............... 69.5
Angle (deg) ................ 1.5
Occupant Risk Values
Impact Velocity (m/s)
¥edirdetion i can o v e s 9.5
THIV (kmfh) oo 37.4
Ridedown Accelerations (g's)
xdirection ............ ... -11.7
ydirectlon ............... 8.2
PHD(Q'S) »vvveiennnnnnns 15.4
RS Sl oo e e e 1.4
Max. 0.050-s Average (g's)
xdrection ............... -11.5
y-direction ....... veviena. =109
z-direction ............... 5.0

Test Article Deflections (m)

Dynamic . ... .. % e vk wn wwd
Permansnt ....coovivivians nil
Vehicle Damage
Exterior
) L —— ... D1FR6
BOE o eu vnv g saging o s 01FREWS
Maximum Exterior
Vehicle Crush (mm) ... .. 1040
Interior
BER v i simn o amsone o FS1012000
Max. Occ, Compart,
Deformation (mm) ....... 117

Post-Impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg) ...... -32
Max, Pitch Angle (deg) . ..... 3
Max. Roll Angle {deg) ....... 7

Figure A-28

. TXxDOT T411 Bridge Rail Test
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140°-07

t_i?-ﬂ'_.
5 4

50° 0"
] == |

TOOE M. o oissn et asinss o e e e oww s w e W Angle - degress
TOOR DO « « o o 0 0 0 0 0 00 a o s v s nvonacas Sept. 21, 1988 Impact . . . .. ..... R R
Installation Length - ft M) ... ..... re s e ns T2 2O BEIT o v v a5 o8 6 s 8 28 ¢ b a0 ssesesnsasa
Boam

Membar . . . .. & in (15.2 cm) x10-3/4=in (27.3) lesinated wood Occupant Impact Velocity - ft/s [m/s)

Longth - Mt I . . . ¢ v ¢ v ¢ vt am oo e awaooa 18.0 [5.%) Forward (sccel) . ..

Maximm Deflectiors - in. [cm]
m.'......llllilllhbtinq 115‘31"’

ml‘ - - .- = * = % = ® = L] L] LI - @ & & s s s = o ﬁ-, l"-ol
Proat
Datalls of the posts, bloeckouts, curb, and deck are included in
figure B.
WohiEl® & & & v v 2o o s s s m s s s s e .. 1982 V.M. Rabbit
Mess - Ib [kg)
t-tI_".'.....llllIlli--llllli"a1alml
B s x w5 ais o ste e E o e e e e g 165 (T5)
Groas Test Welght . . & & o & ¢ o 2 s o = & o s = &« « 1983 [900)
Spoed = mi/h [B/A) . & & & & f v v e e e e e e 9.2 (7.0)

Lateral (sccel) . .

L T T T O

Occupent Ridedown Accelerations - g's

Forward (sccel) . . .
Lateral (sccel) . . .

Maximm 50 m/s Avg Accelerations - g's

Longitudinal (eccel) .
Lateral (sccel) . ..

s v s s 20
« - =12.0

-10.46 (-3.21
=18.6 [-5.7)

« s s ~0.7
= = = 7.6

« s s 5.0
e« s B3

- 01-Fr-4
« D1FREES

Figure A-29. Forrest Service Glulam Bridge Rail Test 1
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130-0°

\
b
Toot M. & & o = = = 5 4 s 5 ¢ s 5 s s = s s = s = = » 3 = . s« WB-2 Argle - degrees
TOOE DOR® + 4+ o o » o o ¢ = o « o s s s s 5 s + = = « « Sopt, 2T, 1988 Impact . . . . . & TP
Instalintion Longth = ft M) . . ... ... ... e s s TR Exit . . . ... 4 T R .
boan
Member . . &-in (15.2 cm) & 10-3/4 -in (27.3 cm) laminated wood Occupant Impact Velocity - ft/s [a/el
Langth = ft Ml . . o ¢ s c s s 0 s a0 005« 18.0([5.9) Forward (Bccol) . . . . 4 ¢ ¢ s s s s s s e e 8.1 12.5]

Maximm Daflections - in. [cm)

POrmM . « o o v 5 = = = = 23 = s # 5 % % & 8 & = 2.5 (5.8

DYNmIE . « o v o o s 8 s s s s s s s a s e« B.5[21.6)

Post
petails of the poats, blockouts, curb, snd deck are included fn
figura 11.

Vehicle - - ¢ &« ¢ s s s 5 5 s = 5 = + 5 = = = = ‘m'ﬂ'|”.l:“

Ness - Lb [kgd

Tt INOFEI® « « o o o o o o 5 ¢ o o 2 s + = o » =« « 3234 [2383]

Y . 2 2 ¢ & a & ooaon--u---o--u-o“s(bl
Groes Test Welght . . . .. ... ..... v s ow s 3M19 [2458)

Speed - mi/h DOWA] . . o o b v s nn s e e e s e s G15 (TEA)

Lateral (sccel)

Occupant Nidedown Accelerations - g's

Forwerd (accel) . . . . + « +

-17.2 (5.2

.............. -1.7
Lateral (oceal) . . . & &« &+ & & = R EEREER PR 6.9
Maximm 50 m/s Avg Accelerations - g's
Longitudinal (sccel) . . . + & &« =« o & = o & & = O F
Lateral (BCcEl) . . . . . 4 4 ke e e e e e . 5.2
Vehicle Damage
TAD & o v 2 o s 2 5 # s 58 5 s s s s s s s s = s & & & = 01-Fr-4
W .o v s e v 58228t stsessna0s - « DIFREES

Figure A-30. Forrest Service Glulam Bridge Rail Test 2
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E].ODU' seC

. 1:24 scu

[ H N N

Test Number . . .. ... ... ... ...
Date ..o e
Bridge Rail Installation . . .. ... . ...
Total Length ., ... ... ... ... ...
Glulam Curb Rail
Swe ..o
Top Mounting Height . . . . .
Material . ... ... ... ...
Grade . . ... oo
Scupper Blocks
Size ..o o
Material
Grade . . .................
Spacing .. ...
Anchorage Bols
Type . ............ S
L -
Length ... .. .............
Bridge Deck Installation . ... ... ...
Panel Size ... .............
Material .
Grade =
Vehicle Model .. ... ...
Curh Weight e
Test Inertial Weight ... ... ...
Gross Static Weight . . .. .. ..

CTBR-1

O/23/95

TL-1 Curb-Type Railing System
100 ft

6% in. x 100 in.

17% in.

West Coast Douglas Fir
Combination Na. 2

Thean, 9% in. 23 in. & 3% i, 2 9% m, 23 in.
Douglas Fir

Mo. 1

10 ft

ASTM A307. Galvanized

Four %-in, ¢ Bolts Per Location
33 in.

Longitudinal Glulam Timber Bridge Deck Panels
103 inc x4 I81-9in.
West Coast Douglas Fir
Combination No. 2

1985 Ford F-250

4. 110 [hs

4,435 Ibs

4,435 lbs

0

144 sec

T
i
e -1
23+
kel
T T T 9*- *
e 7 3*
i T
Hi
Vehicle Speed
Impact . ... ... ... ... 3.0 mph
Exit . NA
WVehicle Angle
Impact . ... _ .. .. . ... .. 24.3 degrees
Exit . NA

Wehicle Snagging . . . .

Vehicle Swability

Minor steel rim and undercarriage
gouging on the rail

. Satisfactory but with moderate vaulting

an traffic-side face of brdge railing

Occupant Ridedown Deceleration (0,010-sec average)

Longitadinal . . ... ..........
Lateral

Occupant Impact Velocity (normalized)
Longimdinal .. ..o
oo B2 s
- Minor

Lateral
Vehicle Damage

TAD™ e

SAEY ..
Vehicle Sopping Distance . . .. ... ... ... .
Barrier Damage

Maximum Rail Deflections
Permancnt Set
Dynamic | |

.7
1.

G's < 20 G's
1 G's = 20G's

IO mis = 12 mis
= 12 mis

1-RFQ-1

. (MRDWN2

30 ft

- Minor serapes and gouges on the rail as

well as deformed steel splice plates

S lin

2.7 in.

(Lin. = 25.4 mm, 1 Ib = 0.454 kg, 1 mph = 1.609 kph)

Figure A-31. Curb-Type Glulam Bridge Rail Test
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0.000 zec

Test Muammber ... ... ... .....
... 1271599
... Woed Bridze Fail System for Tramsverse Decks

B e %

Date ........
J'-'Lppu:tlmance
Tetal Length .
Wood Ra:l
Ma‘berial
Tep Mountimz Hmdlt
Fail Woed Post Waos. 1-16
Miatarial |
Dlmensm
Fail Weed Spacer Blcl:ks Nm 1 16
Ma‘benal

Vehicle Modal .
Curb .
Test In.erual

Gmss&tanc................

Vehicle Spaed

Bt .ol

0.074 zec

WEEBP-1

.. Southem Yellow Pine, Combmation No. 43
v 1Tl w343 nmx 3724 m
. 72] mom

.. Southem Yallow Pine, Combmation Ne. 43
. 17] momx 191 nom x 935 mm

e Southem Yellow Pine, Combimation Mo, 47
... 1994 Ford F-250 3/4 Ton Pickup Tiuck
L. 2045 ke

. 2031 ke

171 poma = 191 nom x 267 mem

2,031 ke

690 km/hr
47 1 kb

0280 zec

0.401 =ec

L] L L]
mio i L1

Vehicle Angla

Exat .o

Velaele Smaggmg ... ... . ... ... ...
... Satisfactoay

.. 048
Oecupant Faidedown Deceleration (lﬂ msec axg}

Vehicle Stability .
Effectrve (azﬁim.ent -::‘anu:tu:lu [u}

Longitudinal . .

Latmall:uc:treqmmdj

Oecupant Inpact Veloaity
Longimdmal . .

TAD™ .
SAE"

vemlesmpmznmme'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ.

Bridge Fadl Damage ... .....................

Maainmm Deflections

LIE I A

1.4

26.2daz
59 deg

Mone

L 3B6=20Gs

.28

e, 54T = 12 ms
Latu'.all:uotr\eqmmdj
Vehicle Damiage ... .....................
... l.RFQ-3/1.FD4
. 01-RDES3

5.45
Moderate

289 m dowmsheam
1.4 m laterally behind
Moderate

est. 63 mm

189 mom

Figure A-32. FPL Glulam Bridge Rail TL-2 Test 1
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B8 59 B0 B B B13 B4+ @15 A6

29.7
*  Vehicle Speed
® TestMuwber ... ... ... ... ..... WERP-2 Inmpact . ...... i 716 km'hr
® Date .. ... ... ................ 20300 Bt o 546 km'hr
® Appurtemance ... ... ... Approach Guardrail Transition attached o 2 Woed ®  Vehicle Angla
Brdze Fa:l System for Transverse Dacks Inmpact ... ... ... ... ... 26.3 deg
o Totallength ... ... ... ........ M Tm Badt . i 35 deg
®  Steel W-Beam Fal (Mested) ® VehicleSmaggmz .. .. ... ... ool. Hone
i . 266 mm & Vehicle Stability ... .. ... ... ... .ooL. Satsfactory
Top Mountmz Height .. ... .. 706 mom # Effactive Coefficient of Friction () ........... 026
®  Steel W-Beam Rail #®  Oeccupant Fadedown Decelaration (10 mses avg )
Thiekness . ................ .66 mm Longmmdmal .. ..o oL 551=0Gs
Top Mountmz Height .. ... .. 706 mom Lateral {notrequired]) .. ... ... L. 974
® Steel Posts *  Oceupant Impact Velocity
Post Nos. 1-5 ............. W152x13 4 by 2,134 -om long Longimdmal .. ... ool 443=12m'"
PostMes. 6-7 ... ... ..., W152x13 .4 by 1,981 -mom long Lateral (notrequrad) .. ... ... .. 642
PostMNes. 8-13 . ... ... .. W152x13 4 by 1,829-om long # VehicleDamage ... ... ... .. .............. Moderate
® TWood Posts TAD® e 1-FFQ-3/1-ED-2
PostMes. 14-15(BCT) ... .. 140 e = 190 nm by 1,080 nm leng SAE™ .. 01-RDESS
® Wood Spacer Blocks ®  Vehicle Stopping Distance .. ... ... .......... 297 m devmstream
PostMes. 1-13 . ... ... 152 mom = 203 nm by 368-nm long 0.0 m lateral
® VehicleModal . .. .. ... 1993 Ford F-250 *:-Ton Pickup Truck ® BamierDamage .. .. ... ... ... .. Minor
Curb ...l 2092 kg ®  Maopoum Deflections
TestInerhial ... ... .. ... _. 2001 kg Pammament Set ... . 20 mm
GrossStatie ... ... ... L. 2011 kg DHymammle .o .oooe e e 125 mom

Figure A-33. FPL Glulam Bridge Rail TL-2 Test 2
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g1

[N N ]

s
0.137 sec

18
~ L o - L) L) L L L
Prr—7
Test Mumber . ... . oovosvieasose TRBR-1
[ R - 311597 ®  Vehicle Specd
APPUMEnance ... ........00...0 . Wood Bridge Rail with Curb Rail System EMCE o cccicnvassnssibaneatasnnssbiis 74.8 kmvhr
for Transverse Decks Bl s i S e e e 47.3 km/hr
Total Length ........... . 3T19m ®  Vehicle Angle
Wood Upper Rail [ R R O 16.0 deg
Material ... ...........o.. . Southern Yellow Pine, Combination No, 48 Brik: s, Tt L e R
Dimensions ............... 222 mm x 343 mm x 36.58 m ® VehicleSmaggmg .......... c.oocoiiciinanies None
Top Mounting Height ....... 838 mm ® Vehicle Sability .......... ..........00000. Satisfactory
Upper Rail Wood Post Nos. 1-16 ® Effective Coefficient of Friction (u) . oo 065
DRl s B e v Southern Yellow Pine, Combination Mo, 48 ®  Occupant Ridedown Deceleration {I[J msec u\rg}
Dimensions ............... 222 mm x 267 mm x 943 mm Longitudinal (not required) . ............. 327<20G's
Upper Rail Wood Spaur Blocks MNos. 1-16 Lateral (not required) .. ...l 5.00
Maierial . . Southern Yellow Pine, Combination Mo. 47 ®  Occupant Impact Velocity
Djmengms ............... 79 mm x 222 mm x 267 mm Longitudinal (not required) ... ... ... 215< 12 mis
Waood Lower Curb Rail Lateral (not required) . ... 278
Material .................. Southern Yellow Pine, Combination No. 47 ® VehicleDamage ... ....... .......... . .. Moderate
Dimensions ...... ceeveven. 171 mm x 305 mm x 36.58 mm g Y 1A R Y, T 1-RFQ-4
Top Mounting Helght ....... 292 mm BB o 50 a0 8 s o8 a1 4 01-RFEW3
Lower Curb Rail Wood .Scuwu' Blxcks Mos. 3-14 ® Vehicle Stopping Distance .. .. ... ..o 36.9 m downsiream
Material . . Southern Yellow Pine, Combination No. 47 2.6 m lateral
Dtmensmns veveseaeeeaoan s 1T mm x 305 mm x 1,372 mm ® BridgeRail Damage . ...... ........coooane Moderate
Vehicke Model ................. 1986 Ford F-800 Series Single-Unit Truck ® Maximum Deflections
Curb . ...........5.28-”.3 Permanent Set ........................ 10 m;mm
Te-stlmnunl cianee. BODD kg DYDRMEE .. .ocveennenrnnnrnnne. ... B4 mm
Gross Static ............. 8,000 kg

Figure A-34. FPL Glulam Bridge Rail TL-4 Test 1
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0.000 sec 0.238 sec 0.437 sec

7.16m

47.4m
— ® TestMumber ................... TRBR-2
B T+ . T 1
& APPUrlEHANCE ... e e Wood Bridge Rail with Curb Rail System ®  Vehicle Speed
for Transverse Decks [

® TotalLength ................... 3.19m | T A S Pt o

® Wood Upper Rail ®  Vehicle Angle
Material ..........0000e0 Southern Yellow Pine, Combination No. 48 Impact ......... wmw o e i
Dimensions ............... 222 mmx 343 mm x 36.58 m L FU R, 1
Top Mounting Hﬁghl ....... 838 mm ®  Vehicle Snagging .. ........

® LUpper Rail Wood Post Nos. 1 - 16 ®  Vehicle Stability
Material . ............. . Sowhem Yellow Pine, Combination No. 48 ® Effective Coefficient of Friction (0) ........... Q.48
Dimensions . ......c0va0. . 222 mm x 267 mm & 943 mm ®  Occupant Ridedown Deceleration (10 msec a'-'g.}

® Upper Rail Wood Spacer Block Nos. 1 - 16 Loagitudinal . i 109 <20Gs
Material ......c.o0viinnnn . Southern Yellow Pine, Combination No. 47 Lateral (mot requlltﬂ] i R e« ot B
Dimensions . ........... . 79 mm x 222 mm x 267 mm ® Occupant Impact Yelocity

® Wood Lower Curb Rail Lomgitadinal ........ ...l 739 <12 mfs
MuErial ...ovovnsnrmnann Southern Yellow Pine, Combination No. 47 Lateral (ot reqmrod:l 7.50
Dimensions . . . 171 mm x 305 mm x 36.58 m ® Vehicle DAMBZE ... .......ccovvvviniinnniins Moderate
Top Mounting Height _ .. ... 292 mm g ¢ ol (PR KR 1-RFQ-6

® Lower Curb Rail Wood bl::uprprr Block Nos. 3 - 14 BAE® ... ...iesssininsrsningannanaas 01-RYAWS
Material . o . Southern Yellow Pine, Combination No. 47 ® Vehicle Siopping Distance . .. ..., B AT Sk e 474 m downstream
DIm.EnSLuﬂs civeverernaeae. 171 mmx 305 mmx 1,372 mm 7.2 m lateral behind

® VchickeModel ................. 1988 Ford F-250 %-Ton Pickup Truck ® Bridge Rail Damage . ....................... Moderate
i 1| [T 1,822 kg @ Maximum Deflections
Test Inertial ............... 1,993 kg Permamest Set .. ......ccvrccicsiacanan 29 mim
Gross Static ............... 1,993kg DYBAMEC ..o vveee s viiiieiianas . 203 mm

Figure A-35. FPL Glulam Bridge Rail TL-4 Test 2




