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Since 1986, the Federd Highway Administration has required al new bridge railings ingaled on
the Nationad Highway System to be crash tested or to be essentidly the same as a railing that was
tested. Since many States and municipdities in particular often desire not only architectura or
aesthetic enhancements to existing acceptable bridge rails but often request acceptance of
untested designs, strict compliance with this requirement could result in full scae testing of scores
of essentialy smilar designs, increased project codts, and significant delays in congtruction. The
AASHTO LRFD Bridge Specifications contain a procedure for analyzing certain types of bridge
raillings for structurd adequacy and provide guiddines for desirable post and beam geometry
based on the dimensions of railings that have been successfully crash tested in the past.  However,
adaic andyssof untested desgns has not been acceptable as an dternative to crash test
veification of raling performance.

The Colorado Department of Trangportation (CDOT) essentidly combined both approaches by
analyzing the capacity of a fully crash-tested railing and comparing the results to a smilar
Colorado design. The origina Colorado design was then modified and re-analyzed to show that it
equaled or exceeded the capacity of the tested rail.  The FHWA accepted the modified Colorado
design for use on the National Highway System based on the State’'s analys's, a copy of which has
been added, dong with this memorandum, to FHWA's Report 350 Hardware web sSite under
“Bridge Railings” Specific questions on the Colorado andys's procedure may be addressed to
Mr. Michael McMullen, CDOT, at (303) 757-9587 or viae-mail at

michagl.mcmullen@dot.state co.us.

The FHWA bridge engineers may use this type of analyss as a bass for acceptance of bridge
raillings that are Smilar to a design that has been tested under the National Cooperative Highway
Research Program (NCHRP)  Report 350 guidelines. It is critical to note that this is not a
“cookbook” approach, but rather one that requires careful  analyss of dl possible fallure modes
and assumed behavior of al rall eements and connection details. The falure modes may differ
from those identified in the Colorado andyss if the bridge raling desgns are sgnificantly
different. In addition to the structura andlyds, bridge ralings must dso meet the height
requirements, size of openings between rails for combination traffic/pedestrian rails, and the
recommended rail height-to-traffic face ratio and rail-to-post offsets noted in the LRFD Bridge
Specifications.
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Our god is to give highway agencies a gregter choice of ralling desgns without requiring
unnecessary testing and without compromising motorist safety.  As more rails are tested to
comply with NCHRP Report 350, the choice of tested designs will increase and there should be
less need to seek acceptance for any design that has not been tested. Please call

Mr. Richard Powers of my staff at (202) 366-1320 if you have any questions.

Enclosure




July 21, 1998

COVPARI SON orF THE COLORADO TYPE 10 BRI DGE RAI L
TO THE wyoMING TL-4 RAIL

This is a conparison of the geonetry, strength, and potential crash

wort hi ness of these two simlar bridge rails. The Colorado Type 10
(Attachnent 2) is derivative of the Oregon two-tube rail on a curb with
stronger anchorage and tube splices changed to generate tension field action
under |arge deformations of the tubes from heavy | oads. Recently we deci ded
to raise the curb slightly and close the space between the tubes slightly.
The Woming TL-4 rail (Attachment 3) is a two tube railing derivative from
previous \Woming two tube rails, with the principal change being enlarging
and strengthening the tubes and crash testing the new NCHRP 350 standard.

CGEOMETRY

The Oregon rail was successfully crash tested to the NCHRP 230 standard.
Consequently geonetry and not strength is the primary issue with the Type 10
rail. Ceonetry is of particular interest with regard to the NCHRP 350 2000P
vehi cl g; i.e., pick-up truck.

Attachment 1, Figure Al13.1.1-2 fromthe AASHTO LRFD specifications shows the

post inpact potential versus post setback and vertical clear opening. The
Woning rail has a small (3.5") setback and substantially |arger (10.39")
openi ngs. This places the Woning rail near the boundary of the preferred

zone. The Col orado Type 10 Bridge Rail has a | arger setback (5") and snmaller
openi ngs (6.25") which places it in the niddle of the preferred zone.

Attachment 3, Figure Al4.1.1-3 shows the snaggi ng potential versus the post
setback and ratio of rail contact width to rail height. The Woning rail has
a small ratio (.394) which places it in the questionable area near the
boundary of not recommended. The Colorado rail has a higher ratio (.636)

whi ch places it centrally in the preferred area well away fromthe

questionabl e area.

Note that the Verindreel truss post of the Woning rail presents the flat
unstiffened edge of a plate to vehicle parts that may protrude between the
rails during a collision. This plate edge nay bend away from inpacts by nore
rigid vehicle parts, thereby decreasing its snagging potential.

LOAD CAPACITY

Using the 3.5 spread of load for PL-2 loads in the LRFD Bridge Design Code,

the tubes of the Womng rail will resist a single span | oad of 76.5 KIPS at
a 25.4" height using plastic bending anal ysis. The Colorado Type 10 rail
resists a load of 38 KIPS at a similar height. If partial plastic and
tensile action is considered in a |arge deformati on node, a load of 76.5 KIPS
can be resisted with a deformation of 9.3". The Wonming rail wll not

generate significant tensile action at noderate deformati ons due to the high
longitudinal flexibility of the posts, and the greater play and | ower
strength in the splices, conpared to the tube strength and to the Col orado
rail. This tensile action will not be present in any significant degree in
the rail bays near expansion joints, but in Colorado we have been mnimn zing
the nunber of expansion joints used on our new bridges.

Extending this analysis to a two span failure node (point of inpact at post
location), the Colorado Type 10 and the Woning rails have simlar post
strengths (50.5 KIPS Woning, 61.8 KIPS Colorado) with the difference nostly
due to the higher Colorado curb. This results in a rail strength of 83.5



KIPS for the Woning rail and 78.9 KIPS for the Colorado rail. By way of
conpari son, the LRFD code recommends a strength to resist a | oad of 54 KIPS
for the PL-2 load (assumed to be simlar to the NCHRP 350 TL-4 |oad).

Tensile effects wll not significantly inprove either of these strengths,
because the deformati on needed to generate substantial forces for this |onger
length failure npde is |large.

The ability to resist large tensile loads in the rail tubes nmay nonethel ess

provi de contai nment in collisions well beyond the intended | oad capacity and
deformation of the rail systemif the vehicle either becones entangled with

the rail, or if the posts break (not bend over). Qur experience in Col orado
seems to verify this, as we do not see penetration of our Type 10 rail by

| arge heavy vehicles except for only one known instance.

| MPROVED COLCRADO TYPE 10

If the load capacity of the Colorado Type 10 rail is deemed to be
insufficient or the analysis wth tensile field action is unacceptable, the
rail can be upgraded (Attachnent 4). The principal changes would be to

reduce the post spacing to 10' maximum and increase the wall thickness of
the tube from 0.1875" to 0.3125". Sinpplifications to the posts and
anchorages and upgrading the splice capacity to follow the tube capacity
woul d also acconpany such a change. Costs would increase about $8 per I|inear
foot of rail. The |oad capacity would be 78 KIPS single span plastic
analysis, 158 KIPS at 9" deflection for single span plastic with tensile
analysis, and 93.5 KPS with a two span analysis.

| MPROVED
TYPE 10 WY TL-4 TYPE 10
SINGLE-SPAN 38 KIPS 77 KIPS 78 KIPS
SINGLE-SPAN
WITH TENSILE
ACTION 77 KIPS @ 9.37 77 KIPS 158 KIPS @ 9~
POST ONLY 62 KIPS 51 KIPS 55 KIPS
TWO-SPAN 79 KIPS 84 KIPS 94 KIPS
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Limits of pay length for Bridge Roil Type 10 (For post spocing, sce Dwg. No. B ) | Type 3G or 3H End Anchorage. ROVSIONS
8" min. 2°-54" $Se= Roadway Quontities) L a—
1'=2" mox. 12" —6" Mox. I 12' 6" Max. post spacing 12" 6" Max. - rqn:.lﬁ%tgcdbﬁsg:nggqe height e
. ‘ \ —
- - - - 8" min.
x 41" slotted € Post 1" x 117 slotted 1% x 1.'! slotted I 87 mi _ _
1 Ihnles at bridge h 1 holes u% aplices; holes in post. € post 1'-2" max. NOTES B—-606—10
8| I exp n device. | \ I Thrie beam |grm.nu| All tubes shall be fabricated from ASTM A:—Sm Grade B.
it | \_ Ly 1 section All posts and backing plates shall be fabricated from ASTM A-36 steel.
L ! % ]l ETTE £ 71 T% | %‘ IR I === The abave material and all anchor bolts and miscelloneous bolts, nuts, ond
. L [ | - K S ] O] washers sholl be golvanized ofter fabrication in accordance with Section 509.
Ho A g e il -—r = \— 2" # hole in post.— D o " Concrete, reinforcing steel, and structural steel elements shall conform to the
N [ | %‘ HERIIRE | 1'L RERIRLE L (. ?» o ol 1] T IO IO[ — requirements of Sections 601, 602 and 509, respectively.
o~ M AL [= T
- —— Post anchor, encased in concrete, sholl be ASTM A-36 or AASHTO M—168
T steel and need not be galvanized.
¢ I
\\ ' n \\ A The tubes shall be shop bent or fabricated to fit horizental curve when
1T - ZZ Z Z2AL rodius is less than 1,501 3
3 Bridge exp'n. device L l A SR S N
) — End of wing Tubes shall be continuous over not less than two posts. No welded butt

3| e ] 9| 18" ) D] splices will be allowed in the tube sections.
(typ. at (typ.) #4 Df The centerline of the posts shall be 2'-6" mmlmum ond 3’ -6" maximum
from the of the tube splice, d along the
posts) gh“c":i‘:' ""'"'cs face centerline of posts.

W MEL All bolts that have lock woshers shall be tightened to snug only.

IEBM].NAL—S.EQILQN AT _EXPANSION DEVICE MM Posts shall be perpendicular to the longitudinal roadway grode.
w One or more 12"—6" post spacings may be reduced (B'—4" min.) in order

typ. between posts.

(See Roodway plans for ends not attached to Guard Rail.) ELEVATION — BRIDGE RAIL to maintain dimensions from the end of the wings and expansion’ joints.
(See roadway plans for ends requiring
10" attachment to guard rail.) Optional drain hole for galvanizing may be drilled, punched, or clipped
o . leaving smooth surfaces and transitions. No ﬂume cutting or air carbon arc
€ 2—%' # x 2" threaded anchor studs with € Bose Plate and Anchorage 'g_ 7 1§ gouging is allowed.
hex nuts, hardened washers, ond lock washers| o 3 . . . .
. TS 5 x 5 x .187 Traffic f f it Payment will be mode under item 606, Bridge Rail Type 10 for all posts,
automatically end welded to tube. / See ““‘°> 17 i {"WMS post anchars, base plates, backing pl%les, anchor bolts, miscellunfous bolts,
N . nuts, washers, tubes, tube exponsion devices, tube splices, end plotes, curb
E; B . g::'eﬁ'_“goz“z“};“;ehluﬁ:s“ T el 7 l‘m’; ;n“‘ pn';?”;f”t”' Concrete (Class D), curb reinforcing steel, ond reflector tabs.
€ §° # bolt with hex nut [ ol )\ﬂ [ & / € tube. \ . . Prior to fabrication of this item, three sets of working drawings which comply
] and lock washer. %) l 1'-24 3 with the requirements of Section 105, shall be submitted to the Department
B : - [ 3" # hole between S for information only. One set shall be sent to the Colorado Deportment of
Ig F| 5 T h| & -hl Transportation, Stoff Matericls Inspection Unit, 4340 E. Louisiona Avenue,
iu — & 2 :ul;es for tlelleclnr Denver, Colorado 80222, Two sets sholl be sent to the Engineer.
] T 1 yi 2 — ab mount.
3 . £ 2 & \ W8x24 Fel b:::t. #4 cont. o Structural Steel:
N . e 9 s e = . AASHTO M—183 (ASTM A-36) fy=36,000 psi
2 T W Bx24 —] bt PO El= -~ 33 #a spo. os shown. gt Cold formed ASTM A-500 Grade B f/=46,000 psi
bl >lc - .
~ ] t 21 # holes £|2  For odditional details see next roil shests.
2 - - - —-—L | &L £|E
-1 o~ k=] @y I - A 5le
k Optional 4" # drain -~ ,—j’/:ﬂ/.—- v é; of “anchar bgull Sroves. € Base PL gnd Anchor glg |
3 hole in post for /—rr'r' £l !
¥ galvonizing. el n Elg PLAN — POST DETAIL SECTION g7 INFORMATION ONLY — :
ke R o s Use when curb is to be placed on top of Description Unit o |
Field bend - 2 wingwall. See approach slab sheets for
. i -
at posts v B E v LTy when the wingwall is outside the curb.) Structural Steel (Galvanized) Lb. 33.1
4 A T FTIIS T t Concrele Class D (Bridge) Tuva| 05
) ¥ 1 " # hole I | N
I " 'y 5\ In H * 3o Reinforcing_Steel (Epoxy Coated) Lb. 2.1
14 =4
€ 2-§"% X 1°-0" H.S. bolts with hex___| “., o N | - o € Splice
nuts ond lock washers (Proj 247 | | Slab reinforcing 1 4 4" 7 a4 o3l3at 4 (T»f 4%, X 4,,%_ x 250 x 3 -0
B 1 =1 - (May be_fabricate:
3 Places or 4 x 3 x 1" ‘ [ 11 from 1~ A6 P COLORADO
| i o= | B ks e i . . | DEPARTMENT OF TRANSPORTATION
——-———1 b +— 1> 1 7 == 4+ —] —'i.Slubss and § si‘ x 6%
=t ] :A__ H.S. bolts, hex nuts,
.SEQDQN@ - B " " washers, and lockwoshers.
o - Bar 2 x § x 9 4" € 1" x 1{" slots|at BRIDGE RAIL TYPE 10
¥ Subtract 2" when hot bituminous tube splice, and 1 x 44" slots TS5 x 5 x .187
i povement is not used. MQH.QB_QE[N.L ot bridge exp'n device. Slot both inner and outer tubes. Attachment 2
. Stagger top ond bottom splices into different post spacings except ot joint,
e 7 place at opposite ends of some post space. (%c;nqe of motion = 1°—0" at bflﬁge Designer Structure
é expansion device.) - Detailer Numbers
E Drawing Number B s of Drawings
—_—— ]
8 T T T T ¥ T L T L] T L] T 7 T L] T £] i 1 T T T k] T L) Revision Dates [Prefiminory Stoge Only)
[11-s0[11-91[3-92[8-94 [8-95 [2-96[1-97[6-98

— e e T SO e e e I S |




T —
. . e, P, x
500 Curd Cleor Roadwoy : 180
. Threodsd W15 Ilso 19 140,90 140 | 140 L LN
am w/2 Kuts |-+ e —_—
€ 2 Look Washers, ___.L-—I 320 -
b o Z0XBXIS0 E [ 1___———Apy 64x10x 360
Hotcn (50 Gy | , 1 i
§ —-—%
. 8
uae.rm HS Bolts w7 ) 1 28
2 Nufs & 2 Washers ! i
130 Voo Wreron Tight o
8| E = I g§ a MAXIMUM POST SPACING IS 3000 mm
o _ &%
8 = | 1z R TI<8
(Typ) e
: B[
3 =
205x Pw\ S S
A Bar 64x10x 930
SECTION C-C 80
(Shawing gmnmemnf Assembl) 32 R- §
‘Not Galvanlzed
SECTION A-A & o
‘ 2
380 ABor 50x14x460 16 Dia
o 1 25 Holes— _\ RAIL_BOLT DETAIL
90,160,100 90 o L | T Reqad
BBar 80x 14x 460 - i
& i6x290x 360 32 Holes In @ Ve
Past . 320 Hole If rall
¢ “\\ C ] : flo 58 ,oaos(lp ”"“'.,g"’;‘,'“',,
R 2 I N ] ! g ﬁ — I i /" f:ffshq) .f"rmgd Note: 1} Eﬁfm .ghfc;t;ug holes In rails ond sleeves shall be shown on
i © g ] / T |7 l7 < o 21 Anchor balfs may be tack welded fo anchorage, (Shop or Fieldl
g 8 8 g8 8 ! L1 B 51 All rough odges on posts and ralls shall be ground s
~ 8 Bpar 80;:!4:680--" 7 Typ 4] Post base B's shall be flat after Fabrication.
! - of @ © ’0 51 Rails shail not be shop spliced.
1 gl-g | o l E 4l 4 Roﬂed Bar 100x 20x 200 & 6) Ralling p?stg shall be In place ond In proper allgnment prior lo
SR~ i of cur
\ } 170_| 449 | 44| 170 . - \( 8 71 e e’ o stop or mf':ield driifed 32# :? [amelvo ral sate,
T~ ) Afiar Installation he exposed r hracds
™ SECTION C-C o VA 7 N & paind wilh g oot o 2ne rich i cofoing 1o 10
(Showing Anchor . ts of Subsect -
50 |40 ”_"J-..ﬂ g Stof Catvonzed -*‘\"J ; Foited Bar 75x 20% 200 A7z ~ 2 Siot W":.,?‘;’"’,;'" handard sloovos whtse bolts are required
N slda of
T 10) g'nrﬁfaﬂs of ifmw% and location of Sections A-A, B-8
SECTION B-B o} P o,
. POST DETAIL 112 In the areas indlcated on tha FLAN requiring on expansion spiice
g i —_— the expanslon splice shall be focated In the ralling panel whi
| passes over the bridge expansion jolnt,
A - i o «
775 & o 7S Bl @ E
3
100 150 275 150 109] % E 82 at TS 152x102x7.9 100, 150 | 2i5 .. 150 _ 100 % % 82 ol TS (52x102x7.9
1 L
S0 I Ed g 60 | at TS I52xT6x6.4 50 | .3 '3 60 | ot 75 152x76x 6.4 ToKg ml.ﬂ‘::’:.llm
”ﬁi&#g} . | i 2 25290 siof] |11 € Hola Myp) elel | o TL4 BRIDGE RAILING DETAILS
Bott] | 1y ! N I Top ¢ Botl) 1 Lt | 5 5
A _—t=t — (Sea Nofo No. 9] == —~
—'--w_ — B E -_ — — - B 8 — ]
seadl P - — seEl = — Attachment 3
£ Weldad Stot (Typ) € Weidsd Stot (Typ} l\l\_E;ﬁ* tiole .
Continuous Conflnuous. op € Botti =
AR - . urgn Sovten
EXPANSION SLEEVE DETAILS STANDARD SLEEVE DETAILS i Y et = %x- x
= prop!rfl.dgn
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Limits of pay length for Bridge Rail Type 10 (For post spacing, see Dwg. Mo, B ) [ Type 3G or 3H End Ancheroge.
8" min. $See Roadway Quantities) [a—
1'=2" max. 10" —0" Max. 10’ —0" Max. post spacins o 10'—0" Max. Jonsition tg;dbﬁgggntgﬁe height >
1% x 44" € Post “ - 17 x 14" siotted | \_8" min. - _
holes ot irid::med | r’|:i!es ‘utli‘il‘wci‘sn.ned holes In post. % post 1" -2" mox. NOTES B-606 102
Bl exp'n device. J 1 Thrie beam terminal Al tubes shall be fobricated from ASTM A-500 Grade 8.
|t 1\ section connector. — Al posts and backing plotes shall be fabricoted from ASTM A-572 steel.

The cbove materiol ond all onchor bolts ond miscelloneous bolts, auts, and

e " LYW 0] ()] washers shall be golvonized after fabrication in occordance with Section 508.
i hole in past. ol Concrete, reinfarcing steel, and siructural steel elements sholl conform to the
B {. E).). o requirements of Sections 601, 602 and 509, respectively.
L.

L Post anchor, encosed in conerste, shall be ASTM A~35 ar AMSHTO M-169
‘ ‘J steel ond need not be galvonized.
aa

vk

! I
| !

] 3] P LITEE
| :

1
2'-9"

The tubes shall be shop bent or fabricated to fit horizontal curve when
radius s less than 1,500 f

i
’
At v

7 d TRt

Tubes sholl be continucus over nmol less than two posts. No welded butt

- o |o°| 1 -6 / End of wing splices will be cllowed in the tube sections.
@" (typ. ot | (typ:) #4 m, or @" The centeriine of the posts shail be 2'=0" minimum and 3'—0" maximum
pcs'u:) fram the centerline of the tube expansion cplice, megsured clong the
0|

typ. buewezn posts E;‘qcmuxr ;“’ﬁ'c face centerline of posts.
E&"_ PANEL ON wluﬁ M_EANEL All bolts thot hove lock washers sholl be tightened to snug oniy.
JERMINAL SECTION AT _EXPANSION DEVICE BAIL PANEL ON WING Posts shall be perpendicular te the lengitudinal readway grade.
} JRANSITION SECTION One or more 10°=0" past spacings may be reduced (6°=8" min.) in arder
(See Roodway plans for ends not attached to Guard Rail.) W s o . p " » ko maintain dimensions from the end of the wings and expansion joints.
ee roadway plans for ends requiring
10* attachment te guard rail, Optional droin hole for golvanizing may be drilled, punched, or clipped
|leaving smooth surfoces and tronsitions. No flame cuiting or oir carbon arc
i £ 2 2° t eaded anchor studs € Base Plate 8%” 1h gouging is allowed.
g with hex nuts lened washers, and lock TS5 x5 x .3125 @ 3% | Iyeatri: Ml b i der lkem 606, Bridge Rail Type 10 for all posts
| | . iz foce of post ment will be made under ltem ge Rai 0 for all posts,
washers uutomat\cully end welded to tube. See note A I""T"_’ == . pét anchors, bese plotes, backing pl&:ites‘ cnc{ho; b:ﬁ‘s mlscajunlef::us boll:.
| ; - [ nuts, woshers, tubes, tube expansion devices, tube splices, end plotes, curl
Lﬁ - gggefﬁ“_’ggg’f‘"}of"é;‘mﬁgs‘ | o //' ;\ut:; ilni po';:":?“m' concrete (Glass D), Gurb reinforcing stoel, and reflector tabs.
M € §" # bolt with hex nut I - _;H ‘_# 3 e € tube. R Prior to fobrication of this item, three sets of working drawings which comply
& and lock wosher. N ;; ) o t 1'-5% 3" with the requirements of Section 105, sholl be submifled o the Oupartmant
. o R - - . for informction anly. One set shall be sen e Colore: epartment o
E1E 5 = l_l =19 W 3" # hole betwaen ) Transporiotion, Staff Materals Inspection Unit, 4340 E. Louisiano Avenue,
E )= " J T ‘ - :UE“ for reflector Denver, Colorado 80222, Twa sets shall be senl o the Engineer.
= ab mount H
T/~ E: — i} 1 pust
g . g | pL % = WEx18 #4 cont.< Structural_Stesl:
{1 €. S @ = N - HTD M—223 (ASTM A-572) £, =50,000 psi
" ' [ W B IE—_ B 5 S & 1% 4 ! spa. os shown. ——— at, Cold formed ASTM A-500 Grade 8 fy £46,000 psi
< r %18 — ~ _—_‘T_ - oz
g? - - — & < | ~—¢ 1%6" # holes £ g For additional details see next roil sheets.
= .
nk ol 2 Piceep weld §* clear - A HE
512 Optional }~ # drain gle of anchor bolt holes. € Buose PL| &g
B | Sovoricha e PLAN — POST DETA SECTION &) INFORMATION ONLY
H " Il
F= N - Per_Lin.
_js 7 #4 Cont. ] o 5 i (Use when curb is to be ;:’!uc:dﬂun fh:p of Description Unit et
= 1L wingwall. See opproach siob sheets for { - 5. 4.2
] ol = when the wingwall is outside the curb.) Strucfural Steel (Galvanized) =
H #a |j_ 3pa. o3 shown. A= [ Concrete Class 0 _{Bridge) Cu.Yd. .06
. ‘] 30" Reinforcing_Steel (Epoxy Cooted) | Lb. 5.6
1] i . —
§ 2-1" X 1'=0" H.S. bolts with hex o * Bor 2 x| § x 6 16" € Splice
T nuts and lock washers (Proj 237 | Slab reinforcing —+ - & 7" & 3| 4 7 4| TS 4% x 4k x 375 x 30"

- (May be fabricoted

from ¥~ A572 PL) COLORADO
DEPARTMENT OF TRANSPORTATION

3 Ploces

! i

—c= + ——¢ tubes and 1" # x 63°

"
Ys" # hom\\

@ o H.S. bolts, hex nuts, IMPROVED
SECTION - " l) | 1 | washers, ond lockwashers.
T ST 1T ghts ot - BRIDGE RAIL TYPE 10
¥ Subtract 2" when hot bituminous - tube splice, ond 14" x 41" slots TS5 x 5 » 3125
pavement is not used. ANCHOR DETAIL at bridge exp'n device. Slot both inner and outer tubes. Attachment 4

Stagger top end bottorn splices into different post spacings except o
99 p P ( pacing

4 place ot opposite ends of some post space. (Ronge of motion = 17 U at brldr,\e Designer M. McMullen |Structure]
expansion device.) PLAN — TUBE SPLICE Detailer M. McMullen Numbers

| Drawing Number B ; of  Drowings |
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Section 13 - Railings;
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shall be as specified in Sections 13.8, 13.9, and 13.10.
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[Rail Analysis Colorado Type 10 Bridge Rail 0,mcd [72/99 7337 PM

Given:
Rail Height: H :=33,in (Before Future Overlay)
Curb:
Height H,:=ll.in (At Post Center Line)
Concrete Fc =4.35ksi
Post W200x36 AASHTO M-183 (W8x24 ASTM A-36)
Spacing: s =125 f Transverse Longitudinal
Yield Strength =36-ksi . =92 204 _ .
FYP Plastic Modulus 2PX :=23.2%" PY - 8.57in3
Width Wp ~6.495.i"
Base Plate
Thickness: P :=Iéin Width WPRIX = 12 in W ply = 10in
Depth to CL Bolts d plx :=8.5.in d ply = 105in
Anchor Bolts 7/8" H.S.
Ultimate  Strength Fua = 120-ks Number NO ax :=2 NO ay :=2
\ Fs
Diameter D, i=—-n
8
Tubes Top Bottom
127x127x4.8 127x127x4.8
(5x5x3/1 6) (5x5x3/1 6)
Height from Roadway  Htt:=30.5.in Hbt := 19.25,"
Depth (Horizontal) Dtt:=5,in D bt:=5.in
Width  (Vertical) Wit:=5.in W bt:=54n
=3 7
Thickness ~ (Wall) Tt 16 Totro
Area —
A tt ~3.52. A bt:=3.52.i"2 Vaues Taken From
AISC9th Edition ASD
Plastic Modulus Ztt:=6.29 .in3 _Zbt =6.29.n3
Yield - Strength Fyt “4kS  coid Formed ASTM A-500 Grade B
Minimum Tensile Strength F ut :=58Kksi
Tube Splice
Number of Bolts No b =2 Single Shear Planes per Bolt N, =2
Bolt Diameter Db :=0.875.in Slotted Hole Size  SotLength S= 125" SlotWidth ~ S:= 1.0in
Slot End Distance End :=4in Number of Slips Before Splice Bolts are in Bearing N sh =4
Slot  Spacing Spacing :=7.in
Post | Tube Connection
Slotted Hole Size SlotLength  := 15" SlotWidth = 1.in Shoulder of end welded
_ Anchor Diameter Anchor . =N 75" Anchor Slimjameter .A@(hﬂrs :=0.875.in W0
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' Rail Analysis Colorado Type 10 Bridge Rail 0.mcd = 1129 34T P

Calculations:

Check Plastic Bending Between Posts:
(aka = Single Span Failure Mode)

Pictl :=READBMP( "onebump’ )

I Clear |

All references are from AASHTO LRFD 2nd Edition 1998 with
1999 Interims unless otherwise noted.

l
o 0 f

= | TITETTIoN, T

Transverse . i
Lood
Distrbuted Length

[ Spaclhg I
Transverse Load: Pt =54kip Tbl. Al 3.2 TL-4 (Test Level 4)
Distributed  Length: Lt :=35ft
Longitudinal Load: Fl:=ISkip
Flexure Resistance Factor $ f:=lo sec. 655
Clear Spacing Between Posts: CL=SW P CL =143.505 am
Top Tube Plastic Moment: M ptt::Ztt'Fyt M ptt = 24ekip ft
Bottom Tube Plastic Moment: M pbt FZL P yt M pht = 24eip.ft
Total Tube Plastic Moment: M p:="ptt+M pbt M p =48*kip.ft

Total Ultimate Resistance (i.e. nominal resistance of the railing):

Derived from Eq. A13.3.2-1 for a single span failure
16.M p

R1.=$f ——
2CL-Lt

Resultant  Location:

Y bar:=Mptt’ Htt+Mpbt’ Hot

mode with plastic hinges at edge of posts.

R | =38skip

,"OK" ,"LOW
LOW Single Span Failure Mode Capacity means
a two or more span failure mode would have to
be used to achieve the required transverse

ranarihs

Ybar = 24875411

MP
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Rail Analysis

Colorado Type 10 Bridge Rail 0.mcd

11/2/99 3:47 PM

Check Post:
Bending Capacity at the base

Flexure Resistance Factor

Plastic Moment Capacity

Moment Arm

Point Load due to
Post Bending Capacity:

Anchor Capacity

Concrete Bearing Resistance Factor

Bolt Tension Resistance Factor

Bolt Area

Bolt Tension

Eg. 6.13.2.10.2-1
Concrete  Compression  Block
Derived Eq. 5752

Assumes:
sqrt(concrete area/steel plate area) >= 2
Effect of base plate bending is neglected.

Point Load due to
Anchor Capacity

Transverse Longitudinal
dg=1 Sec. 6.5.5
M ppx :=F yp.z px MPPY :=FYP.ZPY

M ppx = 70%~ ft

Arm:=Ybar-H,-Tpl
M
Pbend x:=__PPX
Arm

Pbend x = 64%-~

M ppy = 260kip.ft

Arm=13%1

Pbendy -gPPY
Am

Pbend y = 24okip

$6=10 & PO Heion

VIO SN gk

2
D
54 a
A b -—TE'T
Tux :=No 540 {0.76-A b-F e
T ux = 110kip

o= Tux
¢ b.0.85.f ,.2.Wplx

ax = 1.236%

ax
Px”
Ybar- H,

T ux:” d

Anchor X :=

Anchor x=62kip

A b = 0601 sin®

Ty = No ay ¢ .0.76.Ab.Fua

Tuy = 110kip

T
ay:= .
31 b.0.85f c.2wpy

ay = 1.483in

a
i -7
Tuy' dply 2)

Anchor y :=
Y bar H,

Anchor y = 77 kip

Ultimate Load Resistance ofa Single Post with the load located at Ybar above the deck:

Controlling Post Capacity

Post x:=

[

pr :=min(Post X)

Pbend x Anchor X]

oPX =62kip

Post y :=[Pbend y Anchor y ]
Ppy :=min(Post vY)

Ppy =24 kip ———
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[ Rail Analysis Colorado Type 10 Bridge Rail 0.mcd 11/2/99 3:47 PM

Check Load Capacity @ Post using Combined Post and Tube Strength:
(aka - Two Span Failure Mode)

Pict2 :=READBMP("Two.bmp" )

I Clear 1'
MP '
?1", T \;aE H'z':;l'_ﬁ,[fj
Tronsverse
; Load
["——Spaclng-——-i
Total Tube Plastic Moment Capacity: M | =48.223kip ft

P

Clear Distance for Two Post Spacings: CL2:=2-S—- W p CL2 =293.505°in

Combined Capacity
Derived from Eq. A13.3.2-2 for a two span failure mode with plastic hinges at edge of posts

16-M
o P i g
Bogibpisg. o R, = 79%kip
T %

LOW Two Span Failure Mode Capacity means a
three of more span failure mode would have to
be used to control the transverse capacity.
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| Rail Analysis Colorado Type 10 Bridge Rail 0.med T2/ 347 PM|

Check SpliCEZ Tube splice is assumed to have greater area and thickness thatn the tube so that the tube controls the splice strength.

Splice Bolt Area Ash :=922— Ash = 0.60Li™

4
Bolt Factored Shear Capacity Assumes:  Anchor and Splice Bolts have the same Ultimate Strength

sec. 6.5.5 and Th,. 6.5.4.2 (Set at 1.0 fpr ral comparison, ¢S =1.0

Eqg.6.13.2.7.fasmodifiedbyC6.13.2.7

R rs:=2.Nob.~ s.0.6.Ash.Fua.N, R,, = 346Kkip e E—

Tube Bolt Factored Bearing Capacity
Sec. 65.5 and Tbl. 65.4.2 (Set at 1.0 for ral comparison) o} b 1.0

Eq. 6.13.2.9-f as modified byC6.13.2.7
Also compared to AISC LRFD 1993 Eq. J3-lIb which is applicable when deformation around the bolt holes is not a design
consideration

R rb:=Nob.N,.c$ bb.3.0.D,,.(Ttt+Tht).Fut R rb =228 kip R

Tube Tensile Resistance
Sec. 655 (0 y = 1.0 by =10
sec. 6.135.2 I=1.0
Eq. 6.8.2.1-f Grass Section Yield
Prg ::q) yQ(Att‘F“b‘}) P['g =324°klp e

Eq. 6.821-1 Met Section Fracture

A ncalc :=Att- 2(SlotWidth ,+ 0.0625in) T tt... A peale = 6.243¢in”
+ A bt- 2(SlotWidth ,+ 0.0625.in) .T bt
Eq. 6.13.5.2 Tension Net Area for Splices
A,,:=0.85(An+Abt) A jmax = 5-984in’
A7 =if(Arcalc<Anmax.Anca*c,Anmax | A n= 5.984¢in”
P m:=$ “.Fut.Al,.U P,=347eip g

Splice Capacity

Splice :=[R 1y Ry, | R, '=min( Splice) R  =228<ip G0

Splice strength greater than or equal to Half the tube gross tension is a recommendation from the
1989 AASHTO Guide Specification for Bridge Railings with 1992 revisions.

P
if|R >—C “OK" ,"LOW" | = "OK"
=
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Colorado Type 10 Bridge Rail 0.mcd 11/2/99 3:47 PM

1 Rail Analysis

Check Mixed Plastic and Tension Field Between Posts::

Pict3 :=READBMP(  "Tensonbmp" )

MP
Post WT\WT Post Post Post Post Post Post
= e i | TR = — —

( F+& \
HE MP
‘Post = Longitudinal Post Resistance Ppy
Lt WT = Web Tension

MP = Plastic Moment

Additional capacity is available if the rail goes into mixed plastic and tension field action.

These calculations are intended to show the range of that predicted behavior.
Arbitrarily use the webs in tension and the flanges with a plastic couple to predict behavior.

of the comer radii is neglected.

Web Tension The effect
WT:=[2,Ttt.(Dtt-2.Ttt F WT = 160%~

H2T 1 Py -2-&js-,

Flange Plastic Couple
— = 0/~

Mpf"[wtt'T wF yt'(D = Ttt)] M pf = 35%~ f

+ Wi o Fyp (Dpe= Tiy)

Pf=27%p

= Mpf.8

Equivalent Load L e —
CL-L ,05

Minimum number of posts required on each side of load to support the web in tension.
In order to achieve the level of tension shown by the web in tension it is expected that adjacent posts
will have to share the tension load.

N i=ceil (._WT_

post " P ) NpOSt :7
Py

Connection  Slip

Assuming the connection bolts are centered in slotted holes
This is shown to give a magnitude of slip required to achieve bearing on adjacent posts.

Anchor
Post/Tube Slip , = SlotLength _ > Sipt =0.32in
P
SlotLlength § Db _
Splice Sips :=Nsh, —M - - Slip s =0.75* 1x
( 2 2)

Predicted Total Slip to Achieve Web in Tension
Assuming 40 ft Between Splices and an Impact Midway Between Two Splices.

N —1)i8 4055 ~204t _
Slip :=Slip , + SlipSv{I-f—ﬂoor[[( post )40f ] | Siip= 1.813%
-It

Attachment 5
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i Rail Analysis Colorado Type 10 Bridge Rail 0.mcd 1172199347 PM

Check Mixed Plastic and Tension Field Between Posts (Continued):

Delta at aload equal to Twice the Post Transverse Capacity

Twice the transverse[post capacity was chosen as the upper limit of tension field between two posts because once the post
transverse capacity is exceeded the first adjacent posts are assumed to be gone and the calculated delta value would be invalid.

2.P px =125 okip if(2 .P pX>F [! "OK" : uN'Gn ) —"OK"
Tube with Web in Tension WI = 160 kip
Splice Resistance Rr=228375kip

DRPWEGE NG - Ok

I

A :=2PX -Pf .tC | - 1

A =18.715+
2.wWT 2
Length change of tube
A= JA,2+ [(CL—L t.0.5).0.5]2- (CL-L t.05) 05 A t=2.7956n

if(A (>Slip,"OK" ,if(Slip—

,'Still Slipping" ) ="OK"

Constants:

F b
=]
psi =

in
ksi=1000-psi

kip=10004b

kif=10001b
ft

Arrow=Readbmp( “Amw.bmp” )
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1 Rail Analysis

Wyoming TL-4 Bridge Rail O.mcd

['1/2/99 3:48 PM

Given:

Rail Height: H:=830 mm

Curb:
Height H, = 150mm
Concrete T ¢ :=4.35Ksi (Assumed)

Post 2 - 16mm x 250mm Plates
Spacing: s :=3000 mm
Yield Strength F yp := 36,ksi (assumed)
Width wp :=200.mm

Base Plate
Thickness: Tpl = 16.m.m

Anchor Bolts M22 H.S.
Ultimate  Strength F,, ;= 1ZO.ksi
Diameter Da ::’g.in

Tubes TOP

Height from Roadway
Depth (Horizontal)

Width (Vertical)

Thickness

Area

Plastic Modulus

Yield Strength

Minimum  Tensile Strength

(Wall)

152x102x7.9
(6x4x5/1 6)

Htt:=779mm
Dn:=6.in
Wtt:=4.in

Tt :=-§_-in
16

A tt:=5.61 .in*

Z tt :=10.90.iJ

FYt

F Ut :=58ksi

(Before Future Overlay)

(At Post Center Line)

Plastic Modulus
Plates at Base

Plates at | st Rail

Width

Depth to CL Bolts

Number

Bottom

Transverse

2PX :=30.51.in3

PLt:=16mm

PLtr:=16mm

Longitudinal

Zpy:=1.95+?
PL, :=250mm

PLir=16Xmm

Wplx =3XO0Omm W ply :=290mm

d plx :=240mm

NO=:=2

152x76x6.4

(6x3x1/4)

H bt :=452mm

D bt:=6h

W bt:=3~in

T bt :=%-in

A bt :=4.09.inz

dply:=330mm

NO ay:=I

Values taken from

AISC 9th Edition ASD

Z pt :=7.62.in3

Cold Formed ASTM A-500 Grade B (Assumed)

Page 1 of 8
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1 Rail Analysis Wyoming TL-4 Bridge Rail 0.mcd 11/2/99 3:48 PM |

Given:

Double Bolted Tube Splice
Number of Bolts Nob :=2 Single Shear Planes per Bolt N,:=Z

Bolt Diameter Db :=0.75.in Slotted Hole Size  SlotLength s :=90.mm SotWidth s := 25.mm

Slot End Distance End := 100.m

Slot  Spacing Spacing := 150mm
Splice Tubes TOP Bottom
5mm Bent Plate 5mm Bent Plate
Depth (Horizontal) D stt := 133'mm D sht := 136mm
Width  (Vertical) W tt:=82mm W st :=60mm
Thickness  (Wall) T st :=5‘mm T s~t:=5mm
Area Astt:=(2.D,tt+2.W, tt-4.T,tt). T, tt
A bt = (2D gt 27W = 4T ) T gy
A Stt =3.17@inz A sht = 2.5534n2
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Rail Analysis Wyoming TL-4 Bridge Rail 0.mcd 11/2/99 3:48 PM

Calculations: All references are from AASHTO LRFD 2nd Edition 1998 unless otherwise noted

Check Plastic Bending Between Posts:
(aka - Single Span Failure Mode)

Pictl :=READBMP( “Onebmp” )

| Clear i
MP
I e oy ogpeim
HE ¥ R — Y F
! BEEERERE] /
Tronsverse i
Load
Distrbuted Length
[ Epoclhg 1
Transverse Load: Ft :=sdkip Thl. A13.2-1 TL-4 (Test Level 4)
Distributed  Length: L t:=35ft
Longitudinal Load: F, =18kip
Flexure Resistance Factor i$ f:= 1.0 Sec. sss
Clear Spacing Between Posts: CLZS-wp CL = 110.2¢
Top Tube Plastic Moment: M ptt =Ztt.Fyt M ptt = 42*kip,ft
Bottom Tube Plastic Moment: M pbt :=Z bt.Fyt M pbt =29 okip ft
Total Tube Plastic Moment: M p:=*ptt+M pbt M p = 71ekip ft

Total Ultimate Resistance (i.e. nhominal resistance of the railing):

Derived from Egq. A13.3.2-1 lor a single span failure mcde with plastic hinges at edge of posts

16.M
R,:—efy& R, = 76%-~
t

o 0K, "LC
LOW Single Span Failure Mode Capacity means
a two or more span failure mode would have to

be used to achieve the required transverse
capacity.

Resultant  Location:

Ybar:=M pttH t; r pbCH bt

Ybar = 25.4%
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| Rail Analysis

Wyoming TL-4 Bridge Rail 0.mcd

1172199 345 PM

Check Post:
Sending Capacity at the base

Flexure Resistance Factor

Plastic Moment Capacity

Moment Arm

Point Load due to
Post Bending Capacity:

Anchor Capacity

Concrete Bearing Resistance Factor
Bolt Tension Resistance Factor
Bolt Area

Bolt Tension

g 6.13.210.2-1

Concrete  Compression  Block

Derived Eq. 5752

Assumes:
sqrt(concrete area/steel plate area) >= 2
Effect of base plate bending is neglected.

Point Load due to
Anchor  Capacity

Transverse

+f=’

M ppx :=Fyp.zpx
M ppx =92Qip.ft

Ann:=Ybar-H,-Tpl |

Arm = 18.837%

Phend x - M=PRX
Arm

Pbend x=58%-~

$b:=100

Longitudinal
sec.655
M —
PPY :=PYP.ZPY

M ppy==60kKip.ft

Modeled as frame sideway with rail remaining
jorizontal

arm :=h by- tc-t pl-w bt 0.5

PL[
Arml :=AI'ITlh,-—_—
PLI+PL1r

Arm = 5.837%I
Pbendy - ==

Pbend y = 12%~

ec. 5.5.5and5,5.4.2 .
fset at ?D @ rail"comparison)

=10 (Q@ 6515(?“ omlal cgn?paﬁgon

Ab:

R
4

T “.:=Noax.0t.0.76.Ab.F’.

A b=0601+I

T,Y:=No,~~$~.0.~—~A~F~,

T “x = UOeip Ty =55eip
4 E T
a i ux 2= uy
¢ pO8SF  2:W 0 b 085 2 W )
axz=(.991 ein ay =0.65°n
a
X y

Ty dplx‘?) Tuy dply_ _2—)

Anchor x \S Anchor i=— 0 = L
Ybar— H y Ybar— H ¢

Ancor = 50<kip Anchor . = 36°kip
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[ Rail Analysis Wyoming TL-4 Bridge Rail 0.mcd 11/2/99 3:48 PM

Check Post (Continued):

Ultimate Load Resistance of a Single Post

Controlling Post Capacity Post , i= [Pbend . Anchor x] Post :=[Pbend y Anchor y]
P px = mm(Post x) B py ‘=min (Post y)
pr=50=kip Ppy = 12¢kip S
Check Load Capacity @ Post using Combined Post and Tube Strength:
(aka - Two Span Failure Mode)
Pict2 :=READBMP("Two.bmp" )
I Clear {
I s !
4{ E=_ Xﬂ.: T < Y |
/ EBIEIEILL]] !
Tronsverse
y Lood
I—‘Spo.clng ey
Total Tube Plastic Moment Capacity: M p= 71ekipft
Clear Distance for Two Post Spacings: CL2:=2.S— W p CL2 =228.346°in
Combined Capacity
Derived from Eq. A13.3.2-2 for a two span failure mode with plastic hinges at edge of posts
16-M
RiptsPacpe al L R 5 =83<kip s A
P eI

LOW two span span failure mode capacity would mean that a three or more span failure
mode would have to be used to achieve the required transverse capacity.
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| Rail Analysis Wyoming TL-4 Bridge Rail O.mcd

11/2/99 3:48 PM

Check Double Bolted Splice:

. pbz
Agy -—11-

Splice Bolt Area
4

Bolt Factored Shear Capacity assumes:

Sec. 655 and Thl. 6.542 (set at 1 .0 for rail comparison)
Eq. 6.13.2.7-1 as modified by C6.,3.E,

R rsi=+ s.2.—~b.—s.(0.6.~“,.—,b)

Tube Bolt Factored Bearing Capacity
Sec. 65.5 and Th16.5.4.2 (setat! .0 for rail comparison)

Eq. 6.13.2.9-1 as modified by C6.13.2.7

A sh = 0.442.in2

Anchor and Splice Bolts have the same Unima,e Strength

$ ,:=1.0
R Ts = 254%~
$bb:=1.0

Also compared to AISC LRFD 1993 Eq. J3-1b which is applicable when deformation around the bolt holes is not a design

consideration

Tube Rtrb:=Qbb.NOb.N,~[3.0.Db.(Ttt+Tbt).Fut]

Splice R stb :=¢ bb80 b.N .[3.0.D b(T stt+T &Fut]

R rb:=min(Rtrb  Rsrb])

Tube Tensile Resistance

sec.655

sec. 6.135.2

Eq. 6.8.2.1-1 Gross Section Yield
Tube Pug:=+y.Fyt.(Aa+~bt)
Splice P srg:=$ y'Fyt(Astt+Asbt)

P rg:=mqlptrg psrg])

Rtrb=2940kip

R srb =206%p

R rb = 2060kip

Jy:=10
u:=10

P trg = 446 Qip

Psrg = 279 -kip

Prg =279eip
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[Rail Analysis Wyoming TL-4 Bridge Rail 0.mcd 112199346 PV

Check Double Bolted Splice (Continued):

Tube Tensile Resistance

Eq. 6.8.2.1-1 Net Section Fracture

Tube A mcdc :-A tt- 2. Slotwidth ,f 0.0625,in |.T tt . A tncdc = 8.522%?
+ Abt- 2.(S&Width s+ 0.0625.n ) T bt
Eq. 6.1352 Tension Net Area for Splices
A,,,:=0.85(A,+Abt) A mmax = 8.245tin*
A Am = 8.24X?

tn :=gq[Amcac bmx])
Splice

Ascde =A Stt- 2(SlotWidth $+ 0.0625k) T SR A swedc = S236+1*
FAsht. 2(Slotwidth s + 0.0625%) T sht

Eq. 6.1352 Tension Net Area for Splices
A snmax:=0~85(Astt+Asht) A ., =5.151*n*

s =mqp sncdc
A, =min(At, A~‘])

P,:=1$ ,.FutA,.U

Splice  Capacity

Rr:="*in([% Rrb prg pm]) R [ =206°kip e T—

Splice strength greater than or equal to Half the tube gross tension is a recommendation from the
1989 AADHTO  Guide Specification for Bridge Railings with 1992 revisions.

. Py
Half tube gross tension . EBi o9a okip
2

e apa
iR > _ U8 wogr
| =
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"Rail Analysis Wyoming TL-4 Bridge Rail 0.mcd 11/2/99 3:48 PM |

constants:

psi-l .&
in2

ksi=I000.ps

kip=l000.1b

kifs 1000:

AITOW-READBMP( “Amw.bmp” )
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1Rail Analysis Colorado Type 10 Bridge Rail Improved [ 1259 348 PM
Given:
Rail Height: H:=33,in (Before Future Overlay)
Curb:
Height Hc:= 113" (At Post Center Line)
concrete f ¢ :=4.35ksi
Post W200x27 (W8x18 ASTM A572)
Spacing: S = loft Transverse Longitudinal
Yield - Strength EYP :=50ks! Plastic Modulus =17.0.iJ :=4.66.in3
ZPX zPY
Width Wp :=5.25.in
Base Plate
Thickness: TP 0.75.n Width wplx = 8.in WRIY =10.n
Depth to CL Bolts d plx :=6.875.in dply::6.in
Anchor Bolts I"i$ H.S.
Ultimate  Strength Fua := 120kG Number No=:=2 No ay:=I
Diameter D,:=l.in
Tubes Top Bottom

127x127x7.9
(5x5x5/1 6)

127x127x7.9
(5x5x5/1 6)

Height from Roadway  Ht :=30.5.in Hbt .= 19.25."
Depth (Horizontal) Dtt :=5." Dht :=5.in
Width  (Vertical) Wn:=5.in W bt:=5.in
. Tt :=§,n T bt:=;.i”
Thickness  (Wall) 16
Area A a:=56L,n Abt :=5.61% Values taken from
AISC 9th Edition ASD
Plastic Modulus Z n:=9.704n’ Z bt:=9.70.i"3

Yield ~ Strength Fyt =46ks Cold Formed ASTM A-500 Grade B
Minimum  Tensile Strength Fnt :=5%ksi
Tube Splice
Number of Bolts No b :=2 Single Shear Planes per Bolt N,:=2
Bolt Diameter Db:=lin Slotted Hole Size  SlotLength s :=1.375." SlotWidth s := 1.125.”
Slot End Distance End :=4in Number of Slips Before Splice Bolts are in Bearing Nsh =4
Slot Spacing Spacing :=7.in
Post | Tube Connection
Slotted Hole Size SlotLength  := 1.5." Slotwidth  := 1.in
Anchor Diameter Anchor =7 75.in Anchor Sin Diameter  Anrhor =0 Hi<in
I: Page 1 of 6 Attachmentzl




1 Rail Analysis Colorado Type 10 Bridge Rail Improved L2199 348 PM

Calculations: All references are from AASHTO LRFD 2nd Edition 1998 unless otherwise noted.

Check Plastic Bending Between Posts:
(aka - Single Span Failure Mode)

Pictl := READBMP(*One.bmp” )

| Clear -
HP
/ . S MP— T /
e = A Y Zo
/ jepdietet /
Troansverse
Load
Distrbuted Length
I Spacihg |
Transverse Load: Ft:=54kip Thl. A13.2-1 TL-4 (Test Level 4)
Distributed  Length: L t :=35ft
Longitudinal Load: Fl :=18&p
Flexure Resistance Factor 0 f:=l.o sec. 6.55
Clear Spacing Between Posts: cL:=s- wp CL= 114.75€
Top Tube Plastic Moment: M ptt =Ztt.Fyt M ptt = 37okip ft
Bottom Tube Plastic Moment: M pbt :=Z bt.Fyt M pbt = 37eip.ft;
Total Tube Plastic Moment: M p:=*ptt+Mpbt M p = 74akip.ft

Total Ultimate Resistance (i.e. nominal resistance of the railing):

Derived from Eq. A13.3.2-1 for a single span failure mode with plastic hinges at edge of posts.

16M p

Rl.=ef —— RI =76tip
2CL-L t

0w =0k

LOW Single Span Failure Mode Capacity means
a two or more span failure mode would have to
be used to achieve the required transverse
capacity.

Resultant  Location:

Ybar =M ptt.H tt; r pbt.” bt

Ybar = 24.875¢in
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1 Rail Analysis

Colorado Type 10 Bridge Rail Improved

Check Post:
Sending Capacity at the base

Flexure Resistance Factor

Plastic Moment Capacity

Moment Arm

Point Load due to
Post Bending Capacity:

Anchor Capacity

Concrete Bearing Resistance Factor

Bolt Tension Resistance Factor

Bolt Area

Bolt Tension

g 6.13.2.10.2-1
Concrete  Compression  Block
Derived Eqg. 5.752

Assumes:
sqlt(concrete area/steel plate area) X 2
Effect of base plate bending is neglected.

Point Load due to
Anchor  Capacity

Ultimate Load Resistance of a Sing/e Post

Controlling Post Capacity

Transverse Longitudinal

Qf=l sec. 6.55

M ppx ~TYP-ZPX M PPY :=F YP2PY

M ppx = 71 okipft M ppy = 19ekip.ft

Arm:=Ybar-H,-Tp, Arm = 12.825¢l

Pbend x = M=BPX

Pbend y = M_BPY
Arm

Arm

Pbend x = 66%~ Pbend y = 18okip

ev=10 @ g’?’%ﬁ%%garison)

§ =10 sec.655andThl 6542
(Set at 1.0 for rail comparison)
Da
Ab ::x.—.—4$ A b =0.7X5%?

T ux:=No,.$ t.0.76.Ab.Fu, T“,:=Noay.@ t.0.76.Ab.F,,

T ux =143 *kip Tuw = 72%~

- Tux . T

| Uy
+-15 b~0.85f,2Wp,,

ay.=
$b.0.85f ,.2W ply

a,=2.422& ay = 0.96%

a
lal ¥
Tw (dply T)

Ybar- H,

aX
T ux‘(dplx—7)

Y bX-H,

Anchor x:=

Anchor y :=

Anchor x = 60%-~ Anchor y = 29%-~

with the load located at Ybar above the deck:

Post x ::[Pbend x Anchor X| Post y :=[Pbend y AnchorYl

Ppx :=min(Post .$ Ppy :=min(Post )

P px = 60%-~ Ppy = 18mkip
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1 Rail Analysis Colorado Type 10 Bridge Rail Improved

11/2/99 3:48 PM |
1

Check Load Capacity @ Post using Combined Post and Tube Strength:.
(aka -Two Span Failure Mode)

Pict2 := READBMP( “Twobmp' )

[ Cleor |
; MP: E
o kﬁtt— ™ {
P = " =
/ AEITIIEIZII! ]
Tronsverse
Load

L——Spaclng —_—

Total Tube Plastic Moment Capacity: M p = 74.3670kip.ft

Clear Distance for Two Post Spacings: CL2:=2.5Wp  CL2=234.75%1

Combined Capacity

Derived from Eq. A1332-2 fora two span failure mode with plastic hinges at edge of posts

16M p y
R2:=PPx+Z,C2T, R2 = 930kip

LOW Two Span Failure Mode Capacity means a
three of more span failure mode would have to
be used to control the transverse capacity.

Paoe 4 of fi
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1Rail Analvsis Colorado Tvoe10 Bridae Rail Imcroved
Check Splice:
l | Dy’ 2
Splice Bolt Area A =T - A g, =0.785¢in

Bolt Factored Shear Capacity assumes:  Anchor and Splice Bolt* have the same Ultimate Strength
Sec. 6.55 and Thl. 654.2 (Set at | .0 for rail comparison) $ ,;=1.0

Eq.S.13.2.7-1 a.smodifiedbyC6.1~2.7
R rs=$ ,.2.Nob.N,.(0.6.F”,.A,b) R Ts = 452%~

Tube Bolt Factored Bearing Capacity
Sec. 6.63 and Thl. 6.54.2 (Set at | .0 for rail comparison) ¢ bb := 1.0

Eq. 6.13.2.9-1 as modified by C6.13.2.7
Also compared to AISC LRFD 1993 Eq. J31b which is applicable when deformation around the bolt holes is not a design

consideration
R rb:=$bb.2.Nob.N,(3.0.Db.Ttt.Fut) R rb =435 &ip

Tube Tensile Resistance

sec. 655 $y:=1.0 $“:=l.o
sec.6.13.6.2 u:=10
Egq. 6.8.2.1-1 Gross Section Yield
Prg=@ y,Fyt(Att+Abt) Prg = 516%-~
Eg. 6.8.2.1-1 Nat section Fracture
A ncalc :=Att- 2~(SlotWidtb S+ 0.0625.h) TR ,, A ,calc = 9.736%'
+Abt—2.( SIotWidths+0.O625.in1 Thbt
Eq. 6.1352 Tension Net Area for Splices
A ,,:=0.85.(Aa+Abt) A Nnax = 9.537.in2
An ::if(A.calc<Anmax,A"caIc.Anmax 1 A, = 9.537.1"
Pm =% “FutA,,-U P, =553skip

if(P ,&P.&, ‘Yields” ,"Frac-:turesf")"éﬁ_ "¥Yields"

Splice  Capacity
Splice ::[ RIS R rﬂ_ R,:=min(Splice) R r = 435 okip -
Splice strength greater than or equal lo Half the tube gross tension is a recommendation from the ;
1989 AASHTO Guide Specification for Bridge Railings with 1992 revisions.

P rg
if R r>_’ "OK" : nLowlr i NOKM
75
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Colorado Type 10 Bridge Rail Improved

| Rail Analysis

Constants:

; Ib
SiI=] —0
P 502

in
ksi=1000-psi
kip=1000-1b

Kif= 10002
ft

Arrow=READBMP("Arrow.bmp" )

Attachment TJ
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