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,UNDERPASS  GRADE SEPARATlOl’i  STRUCTtiRE~,  .’
‘. ,. ,,

:PURPOSE qN0 SCOPE.. ‘.

The intemof this guideline is to inform public agencies, design engineers and: .“” :
,contractors Of Union Pacific Railroad Company’s’current standards and requirements “’ :
concerning .design and construction of grade’separation,  underpass structures. :.‘.
Continutty of safe rail operations shall be required’ for the d~uration of the project’. ,, ‘,
and constr&tion .&ork shall in no way impede the train operabone of the Union.
Pacific Railroad. ..’ .., .., ,.,.. ._

,..

The specific reouirements adresseb .in this document should be followed for
structures on which the Union Pacific Railroad’operates regardless of whether it is ”

‘, ”
..

maintained by Union Pacific Railroad. ,Compliance  with t,hese requirements Will  help.
to expedite the completion of design and construction reviewa. .’

”
..; ‘.

. .
Designs of ali public works projects shall be preparad.either  by the engineering.
staff of that agency oi a,corisulting  engineer,who has been approved by both
Union Pacific Railroad Company and that putilirzaganoy. .’

.,
Selection of consultants shall be limited,to those who are familiar with the design
of railroad bridges, and particularly with the special requirements ,and, operating ‘. ., .:,
conditions of the Union Pacific Railroad Company. :

Public Agency, or their. representative shall provide information requested on :
attached data sheet to, the Manager of Industry and Public Projj of ttie’ district that ‘. ;
projecl  is located in the pretiminary stages of.the project. See ,Data Sheet, Appendbt
A. ‘. .,

This guideline supplements the applicable sections of the Amendan Railway ‘:
Engineerfng Association (AREA) Manual of, Recommended Practice in connection
with the design of ballast deck railway bridges. :.,

:.
,’ .

STRUCTURE SELECTION CRITERIA ‘...

1;. ” .Crade  separation underpass structures shalt be ballast deck type structures. i ; ‘,
Open decktype structures shall not be used, as permanent structures; Open

,..’ deck’type struotures  can be used only for temporary structures built in ” :
‘. ,.. .’
.; ‘.
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conjunction with shoofly constructio,n.
. ...,

When possible, simple span structures $ould be’used.. .

..’

. .

,3. Continuous span, deck or through truss type, structures are to be,avoided:

‘4. . Trough type p&t-tensioned simple or continuous structures are not
acceptabk

: i

‘.
5 . Grade,.saparation,structures may require inside guard rail. Refer to Union

PacificRailroad  Company standard drawing 4005 (Doubte  Inside Guard Rail
for Timber Ties) or 4015 (Double Inside Guard Rail for Concrete Tfes)‘for.  ‘,
.details  and requirements. ,See Appendix A. .._‘. .

I
Ill iiST’0F PREFERABLE UNDERPASS STRUCTUREi  ‘,. ::. : ;.

.’
P&wing is a list of underpass structures preferabie’to ,Union Pacific Railroad (~ .:
Company in’priorlty  order. The Union Pacific Railroad Company will require the
most preferred alternative in all cases, unless the ,agency  can provide sufficient .,
‘raasons for proposing a less preferred akarnative. .  .

.
1. Steel plate girders with cast-in- place concrete deck. Sac drawing CPl,

Appendix A.
. .

,2.’ Rolled beams with c&t-in-place, concrete dock. See drawing U%
. . .

,.’ .:
Appendix .&.

. . . .

3; Prestressed concrete box girders single or double cell. .See drawing .LfP$;’
Appendlxk ‘.,,’ :.. ,’ :.. . .I

4 . Prestressed concrete “AASHTO” type girders with cast-in;plaoe concrete :
deck. See drawing UP4;Appendix A. ,, : ::..

5. Cast-‘in-place concrete box girders conventionat reinfqroed. &e,dra&g
,” uP5, AppendIF A. .’ .._ ‘. ‘.

:. . .

6. .‘. p?st:tensibned,concrete box.girders. See drawing UP6, Appeidix:,A. ‘, :

,7. :’ ,?hrough,&pe’&mple supported steel girder spans with’concrete or steel c&c&. j’ ‘:. :
will be considered by the office of the Chief Engineer when conditions ., .

preclude’ any other,solution. See drawing UPI, or UP6, Append!x A. . .’
‘.

‘. .~ .,
‘.‘~., ;.: .’ ,’ :.

.,
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,IV” ACCE~SS  TO. UNDERPASS STAUCTURE :
.:., ‘.

‘I
,Por all grade sepsration underpass structures, an access roadway, or bridge’ .‘I. : ”
.,maintenance structure.shall be.provided for Union Pacific Railroad Company off- ‘, . . . .
track maintenance equipment.. ‘.‘.

Access .roadway  w#h a turnaround shall be designed and cons&ted in conjuno&
with the grade s’eparation.bridge  structure. Turnaround pad shall start no .f&ther ’ “,‘.
than 30 ft. from the ehd of bridge structure Andy with embankment shoulder 66 ft~., ‘.
minir$m from.centerline  of track, Roadway.grade  should not exceed 10% and shall

terminate at the’sub ballast elevation: Roadwayshall  have sufficient width to provide 1,
‘i.,

.’
for one 12 ft. wide road, drain ditch and shoulder. Roadway and turnaround.shall  tye : . . .:
constructed,.on compacted material and have a 12 inch thick mintmum base and 6. ~.
inch thick A.C. pavement. Turnaround pad and roadway s.hall be sloped to drain. .. .’
,away  from track subgrade and dispose water to drainage system.or .existing’right+f-  ,. . . . .
way ditches. All down slopes of turnaround pad and roadway shall be,protected  with
~.c$curbq to prevent,embankment aroslon. ,‘, ‘.

6ridge’maintenance structure may be part of the railway supporting &ructure or a’
completely separate structure. If bridge maintenance structure is part of the main,
.railway  structure, the structure shall be designed for E-30 load.to accommodate any ‘.
futumtrack needs or modifications. If bridge maintenance strur$ure is a totally. .. ‘%. “.
separate ctructure it shalt be, des,igned for’.HS20-44  live load. The bridge ‘,., .”
maintenance  width shall accommodate one .I2 ft. paved lane with Curbs and railtng. ._
Deckof bridge structure shall be concrete with 6 Inches thiok AC. pavement. ‘.
6ridge.deck shall provide curbs, railing; drainage, and joint seals’as required;.”
Pavement of deck shall extend 20 ft. past the end of the structure and be placed over ..
a 12 Inch thick minimum tiase. ‘. .

.’ :
Access’roadway With turnaround or bridge ,maintenance structure shall be shown ” ,,
tn~ the preliminary plans and complete design shall be ‘included in all subsequent,:
s u b m i t t a l s . ‘..

: .’ -

: ‘. .,
;’ 1. ..

‘. . . .’

: ., ‘.’

‘. i

,. :. .,‘.

‘.

‘.

:.

Grade,separation  underpass structures of deck, or through truss design are
.. .._

‘.:
not preferable. However, in unu+Ual  circumstances, they will be.considered
by the office of the Chief Engineer Design if conditions preclude ,the.uae of
any other type of structure.

,:.
‘.

‘,‘. ‘.

‘.
:

‘. .,.
:.

.’ : . ‘.
,..

1. ~.’
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‘SpECiFlCATiONS. ‘, ‘. ” ” .’ ..,
..“, . .. i.

i Design,Speciiicationsl  ‘. ., . . ” . .

‘. v.

Underpass g& separation struciures $hall be designed and’construcied in”
accordance with’the’most current edition of the American Rail$iy  Engineering.
Associatjon (AREA) ,Manual,of  Recommended Pra’ctice.

‘.

” ..,,

Sebarate bridge maintenanc&,structure ihall  be designed and c&s&ted in j, ”
accoidance  with the current edition of the American Association Of State Highway,

and ?ranspo$ion Officials (,~,SHTO)  standard specifications for.,t$ghway bridges.
.”,.:. ‘. . .

B.~. Construction Sljecific&iOns:,
. .

:
: ,’ ., ~, ‘;

,’
,, . ..’

,Technicai f?ecifications  for bridgs’c6nstructicn  shall ti@nply with follo$itigi
_, .

APEA Sjjecifications  fir FabricaJion  and Erection ofSt&!u&l . ., 1 :‘..1.. . . .
‘. S t e e l  (Chapter.l.5). .:. . .

2. ‘ARCA Specificzitions  for Concrete S$n$tures and Fc+nda&ns
(Chapter 8) .‘.

”
AREA Specifica!ions  for I&tterprq’o;fing  (Chapter &).’ “, ”3.’

i. The StandBrd’  Specifications of the State% Highway Qepa’rtment or ..
. .

local agency’respgnsible  for the design and.construction& highv&y . .
bcidges.  ‘, ::;,. . .

: ,”
,5. .Standarc! Sp&ific&ns o f  Public W+s d&tment. ‘.‘;‘.‘..

. .

6. “, American ‘&oc&tio& of.S;ate transportation and Yirjhway OfficiaiS’ ” ” ‘.
(AASHTO).,  . ;, ‘.:’ ” .’

U N I T S
. . .

:’ ,’
:

Grade separation underpass projects that require the usi.of’m@c unig &all
‘.

indicate ali.controilirig  dim&nsions, elevations., design @$a assumptions,  ana
material stresses in dual units. English units to,be in parenthesis., Contrciiling  . .
dimer&ons.refer t0 length of structur@,  span length, thickness of ail de@c elements;
Controlling eievations,!efer  to top of rail, rail profile, bridge seats, and footings.,
Design criteria o’r. assumptio?s  refer to$ve load, design speed etc; ’ ”‘.. . . . “...

:,j .: ‘.
.,” ,, _, ‘. .
Guidelines for Design and Constr~~;f,G:Sepa~?tin  Undo~ss ~ctur~
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V I I BRlQGi L&OUT .’ ” ‘.,I ,, ” : ,, ” ‘. ,,

The follC$ng  itemsshall be considered’and adequately addressed in the;laycut of ,,
‘the grade separation underpass structure: _,

. . ‘.

‘1. Layout.of underpass structures’shall indicate.the’iimits of the Railroad ,: . .
right-of-way; exact locations of all existing overhead or underground utfffties,
pipeline locations, fiber optic locations, proposed drainage, proposed ,Y
constnrction sequences including layout details for any temporary bridge

: .’ ,_

-structure such as’shoofjys  etc. All construction must. be scheduled to.
minimize,the amou,nt  of track interference during construction.. ., ,, ,. _, ,.

&tility ahachments will be permitted on the new structure. Existing or. ‘:
future fiber ‘optic lines shall be placed underground and away from, bridge.,, : .
structure. Refer to current Union Pacific Railroad. Fiber. Octic Rules ; . ‘:.
Construotion and Engineering Standards.Manuai or call l-60Q-336rQlQ3;
Relocation,of any existing utilities must.be performed by the owners of said, ,‘. ,, ‘.: 1
u t i l i t y , :

I I

2..,

. ..’ .

3 : Minimum longitudinal grade of 0.2% on structure shall be,provided’:for ..’ :
drainage purposes. Designer may provide drainage toward one end of. ‘.
structure or, when structure iength .is excessive. provide adequate deck
grades to drain the structure to both.ends. If the top of rail grades remain
constant over the.length of structure the depth. of ballast may bc varied but’
should be taken into account in the design,

:.

,4. For bridges located  withina curve, the girders, abutments’arid piers
locsted,wlth  reference to chorsts.

ehali.be
,.

‘. . .
6.. ., Vandal fencing shall be provideo on ail underpass structures in urban areas

and on underpass structures in rural areas where pedestrian traffic patterns,.
past history of vandalism, or other conditions near the project site may :
warrant. ‘.

. ‘. :.

6. Sloping embankments in front of.ebutnients shall be.paved. ”

.(,. :..

‘...

.’ 7. ‘The distance from the centerline of bridge’to the.neareit raitroad milepost,
shall be .shown on the plank

.:,

. .

‘8.. .‘; Structureshaving multiple.tracks  shall be design&-to accommodate any ..,_“.. ‘.
”future shifting or relocation of track. Lopgitudinal  members are to be evenly’ ,,

spaced, with’ no less than two support membersper raft. . .”. .,’ ..,: ” .“.
Guidelines for Design and Construction of Grade Sepsraiiyt  Unqietpass  Structures. .,‘I ‘.

Mardl31,1999; ~. 6. ":"

;
.'

I ~ I



., ” I
“01. :, “.. .; (.I ‘.

: ‘.,

P. ‘: ,,’

“.. ” ” ,..
‘. , ‘/ ., ” ;,..

‘. ,. ”
,.. . . ,‘. .

,,. . . ‘.I’.
.,,,” ‘.

.f. ”Cantilever type, ab&nent stems shall be at least 0.2H in thickness at the _,
.. ,basel .:, “. ” ,, .,

‘.:‘: ;. ::~.. :
..

Cofumns.shall be at least O&,inthickn&at’the base:;’‘10. : ::.. .: :.

11. Floor beams shali be’a’minimum of 21 inches in depth... .’ .:, ”3 . . .
‘.

1.2, The year of construction shall be shown at’the ,face of back+aii. Numbeh .:
shall be embedded into the concrete and be 6 inch size.

::
:.. . .,

viii. SKEWOFBRtDGE  ,: ‘.. ,, .; ‘-:. . . “1 :;.
. .

The preferred angle of roadway crossing and bridge structure’ restive to’the ‘:. .. ‘7.
centerline of track is SO’. Howeve<,  in cases where a:90° crossing cannot,be :.. ” ‘,

.’ obtained, .the m’aximum  skew of bridge structure from 90’ shall not ,exceed the.
foliowing, for various,types of structures: .. ‘:

:.

T Y P E  OFSTRUCTURE S K E W  iN.DEG’FtEES . ,..‘.’
‘.‘,

S t e e l ’ s p a n s  w i t h  c o n c r e t e  d e c k  .,.
._ ,.”

(Beams, Deck Girders, Through Gtrders) .30? MM; . “.,,
.‘, ,“”

Prestressed concrete with concrete deck
‘. ,.... . . ,.

:
(AASHTO beams)‘. &&3&.

” . .:

Presiressed concrete box girders ,5’ MAX;“. :’
‘.

‘.
Cast-in-place box girders~.conventionaiiy ’ : : *. ‘, “.’ . . ‘.
reinforced or ,Post-tensioned 2 0 ”  MAX, ‘.‘.

‘.
.;.,..

., .’ .,
Trough type,prestressed girders, 15’.M&, . .

. ..‘.

,”
Align roadway, bridge piers, and abutments as required to comply,  wi,th the above .”.’ . maximumskew l i m i t a t i o n s . ; ._, ‘,.. ..”

Transverse tie rods in end.b!ocks and interior diaphragms.shouid;be  in the direct&. ” :,
of skew. ,Muitiple prestressed concrete girders shall be bonded together with epoxy
or grout.. in addition,. transverse tie rods shall be installed through the end block6

and interior diaphragms., See drawing Up9, Appendtx.A,
‘.

Where  conditions preclude any other solution, the skew proposal will require sf%~/&i” ‘;
structural consideration and proof of adequacy. Skews in excess ,cf, 15”6m not., . . ~.
permitted for,contfnuous structures.’ .: .:.

: .. .I

Guidelines for Peqign  end Construction of Grad6 Separation Underpass Struc&y
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:

At the erids’of a skewed bridge,  support slabs shallbe provided for.each trade End6
:

”
oi track ‘slab shall be p&penr$cuiar to !he centerline of the tr@ and:ba 12 ft.
minimum wi$th placed symmetricaiiy~,to ihe centerline of. the tra+. .Length, of,-track ,,‘.

‘. slab shall be 12 ft. minimum beydnd the.back face of backwail. :.

VERTikAi+E&NCES
k

.‘..
Underpass structires ~shail badesigned’tind  provide sufficient vertical clearant% and

” ‘brbtective devices to eristire that structure will be protected from oversized and
uhauthoriztid high, loads. besigners and publiT,agencies  shall comply with the. :
foiibwing,  vertfcai.clear~nces:- ;. .~

STRUCTlhE OVER ” STEEL: ‘&CRETE :+. . ..’
* Freeways ~.

. I . ’
17.5 fc :16.5 ft.

.‘.
Designated arterial .routes 16.5 ft. ,7*5 fi; : : “.“l

Local roads and streets 15.5.k 16.0% .,’ _‘;
I...

RI@ roads ‘, ‘.. . . ” 15.0ft. : . ..j5.5ft.  ‘. ‘,~

‘bedest&n under c&sing, (no vehicles) 6 . 0  ft. ,.6.0 f t .

,.. Fiecr&ionai  roads  ” 12.5 ft. .12.5ft. I,’. . . : “,
Aii concrete structu& in above: table except ‘fiedestian  under Crossing with&
vehicular t&c shali.be proiect$  with collisidn impact $evices.instailed  oc& the &ii
widihof traveled lanes and attached. to the bridge soffii.  Ail structures with vet&a! ‘.
clearances less than 17.5 ft. shall be protected with a steel sacrificial beam. :. ._,_
Sa&ficiai  beam shall b& installed a minimum of 5 ft. ahead of the coiiision.impact’  1.’ ,~
devise or ahead of the main supporting member,:ahd shall not ‘carry railWay  Joads:- ” . . .
Sacrificial beam shall be of steel shape (wide fiange or tubing) and &sufficient.

strength to iimit’hoiizontai deflection to ,$ inches caused from the imbactfrom
.’ ,.

oversized vehicle or load. Additionally it shall be anchored sufficiently to. brid@ “’
s&t at’an elevation of at .least 6 inches below the bridge sof?it. For more details see ‘. . . :

drawipg UP16 Appendix.4 : ,.:
:

If r&urfacing or ayy other activity is to be performed be& the underpass st&ure, i ‘%I :
the owner of the Foadway must submit a request for approval fromUn\on @%ic ’

Railroad  Company;, This request must provide the existing measuritp.and  posted. ; . .
‘clearances of the structure and the proposed .Go?figuration after work is .cbinpieted,,

Guidelines for Des& and ConstruMti&of,G;4ad6epara~~  Un#erpnss 6tructuw ,, ‘. ,: ‘; I
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me owner of the roadway’shall berespqnsible  of posting and maintaining~structure
sign clearances and any advance street notifications as: required.. ” ‘. ’. .~.’ : ..,; ‘. ”,’
DESIGN LOADS, “., .:.,. ,’ ‘.

. ;. .,;,,, ‘. ,.,

,I. Underpass bridge structures shall be designed for all toads specified,in :
.  C h a p t e r s . 9  9 ,  o r  15’of t h e  AREA.Specifications.  .,

.~
‘. ;, : :
.:

. The design of underpass structures shall comply with the s&mid Criteria of
‘. ‘.the current edition of,.AREA,  Chapter ,9. i Seismic Design’ for. Railway ,‘.:

., Structures. ., .,.:.

2.. Live Load and Impact as stM#ied in the A&A Specificattons.  . ; 1 .: :,; 2.. ” ‘.
:

‘. 3.’ * All underoass structures shall be designed for a’maximum  thirty (30) inches ‘,,, “. .,

:

4 .

5 .

<

,.

.‘,

of ballast (top of.deck to top of tie) to account for future track .raiseo,
Structures shall be constructed to the’requiredgrades with the ,mlnh-num depth ‘:”
of ballast under the’tte of eight (8) inches for timber’, and twelve (12) inches
for concrete. ._. :.

.

Under normal wtiiking loads, comncsite  actiori may be expected’between a ‘.‘,
concrete deck and its supportin steel rncm&rs, when shear transfer devices
are used. The bottom of the deck slab shall bs placed at least one inch below” .
top of supporting steel members. ~For design purposea, the suppdning.steel’
members shall be proportioned to carry E65 live,,.impact, and dead toads
without tak,ing into account any comoqsite  action, and~E8O~live,tmp,act,  and’,’ “. 1:.
dead. loads taking into account composite action.. Composite action may be
taken irtto account when satisfying the d,eflection-length ratio ‘requirement.of ..
Chapter ‘15, Article 1.25.of’the ,AREA’Specificattonsprovided  sh,ear transfef-
devices are @atled; .‘., .

,.. .,‘j
Live load distribution for precast prestiessed single or bo&ie:Cell  bOx+S shali’ ‘. ..?
be in accordance with Part 2,,Reinforced Concrete Design, Article 2.2.3.cJl)
of the AREA specifications. Llve load shall not be assumed to be distributed.. ;.
to the number of boxes’supporting the’tracks. (. . . ‘... . .

”
For multiple track structures, live load shall be distributed, basedon the
assumption of the’track being in any location. ;. :

.,‘. :. .. ,- ,,
‘.‘, : ‘. *. .

” .,
.’ :

+ “..
”

Guidelines for Design and Construction of Grade’ Separation Underpass S.-m... :. :
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XI SPE’CI~L, REDU~REM~N~S  FOR PRECAST *REWFJE&ED i3ox 6~~ ..

AAiHT0 TYPE GIRDERS
” ‘L .:,.

‘.
‘.,. :, 0

.l; Box shaped (Single or 66ubie void) or. AASH+ type precast pr&tre&ed
girders for all spans shall be designed with.and and interior diaphragm& .  .
Interior diaphragms shall be spaced equally across, the span length., ” ,, ‘.
Provide diaphragms as follows for various span lengths:

SPAN IN FEET’. NiMBER OF4NTERI& ”
,,.; ”

c DIAPHRAGMS ,, . :.

35-j; .” : .,
1 ‘..:. .‘. .’‘.,

‘. ;, 51-75.  ,. ., / ..:
Over78 .., 3’. ‘.,~, .  .  .  . . . ’

Above number of diaphragrris per span is’minimum ,re&ir& The.dgfinite t
number to be considered in each’case depends.on the particular design,, span:. : :. ,:

lengths, member rigidities; etc.. Diaphragm spacing should’not exceed 28 ft. ..
c&&to center.’ . . ; : ‘.

‘. ..”
‘.

Transverse tie rods shall be installed at the’end and each interior diaphragm.,. .’2...,
Minimum size of tie rod to be l-1/4 inches jn diameter. Tie rod to be protected :,

i n  one  of,the f o l l ow ing  ways :  .  .’ :

PI, Rod, plates and nuts shall be hot di.p galvanited’per ASTY ,A123 and
Al88 ‘. : :

. . . . ._.,
: . . .

‘b) All assembly parts teftplain,,  but’void between ro.d and hole to be
pressure grouted. Tie rod anchor assembly shall be ie&ssed.into th&

: concrete and shall have on8 (1) inch minimum grout cover. ‘. ,,. .,_ ‘.
,..

.3.’ Strands at the ends of precast prestressed members shall be.& one (t) inch ]
minimum into the member and the resulting recessed pocket filled.with grout.’

.’ ‘,‘.‘.

.4. For AA%TO beams the designer shall,provide eighteen (18) inches minimum .‘,’ ,,, .’
gap between bottom flange qf.beams to accommodate inspections and I . .
repairs.

,’ .5. The keyway for predast con&ete.b;ox girders st&be bonded with high ‘.,
: :, 1 strength epoxy or non shrink cementitious grqut.~ Strength of.epoxy or grout

:to be at least equal to the strength of .poncrete member being bonded, For’.
,: ,, ; ‘,

:
’ d e t a i l s  see,drawing lJP9,. A p p e n d i x  A. . _. ..;

;’ ‘. ;
‘,
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SpE~,ALREC&iEMENT~FOk~P~ST-TENSIONED COb,+ETE
STRUiCTUAES . . ,,’ ‘, : .

,, ‘, 1
. .

‘. .AII post-tensioned structure ducts shall be boirded ‘(grouted). ” .::, ,:’ .,
. . ‘I

‘:

Ai Slmple.Sj+s  .. ., ~,~.,.
. . “._., . .

,1. Post:tensioned simple spans shall be designed.such that a minimum :.compressive force of lp0 psi is mamtained in the topmost regions of the. ” ”
element, and to maintain a minimum compressive force of iero.in the tower

:” most regiOrk  of the element. At no’ time either during construction or under
.any loadconfiguration shall these minimum’requirements be violated. tn ‘,‘.

addition there shall,be sufficient straight tendoos top andbohom  to’produoe
a uniform compression of 200 psi over the cross-section; Prestress  canbe . ..., ”
apnlied in a single stage for spans PO ft. and’under. stre’ssing‘ihe Straight ,,
tend&is first,.sequentiatly alternating between top and bottom tendons to.
maintain a ‘untform stress pattern over the cross-section, ihen continutng . “..
stressing operations on the draped tendons until of all poat,;tensionjng is ..’
complete.

:
2.. Simple spans over 80 ft. in length, shall be piestressed in,kvo stages; The .’

first stage of.postensioning shalt &applied when the most recent,concrete
has attained a minimum, compressive strength of 1500 psi as determined by
compression cylinder tests and shall:consist  of tensioning .the straight .
tendons, alternating sequentially between top and bottom tendons, to maintain
a relatively uniform’compression of ,200 psi over the cross-se&n. The
second stage of post tensioning shall be the applicatiooof the remaining ” .:’
portion of design prsstress force when the last placed concrete reaches the
minimum compressive strength as. required at transfer ‘by the AREA
Specifications.- ” ,’

: .: ., ,. ‘,

8. dontlnuousSpans :
: . .

:. .’

1.’ Post-tensioned,. continuous structures shall-be designed.for  ‘a tiiinimum.
compressive force. of 200 psi in the topmost regions of the element, and 50.
psi minimum compressive force attowermost  regions of,tb.e  element in the “.
posttive moment regions of the structure. Iti the .negative moment regio& bf
the structure the requirement will be reversed such that a.mininium ~.

.‘.

compressive force of 50 psi will be required in the: topmost. regions of the
:

element and a minimum compressive force of 200 p& in the’ lower mast
regions of the element. These minimum compressive force requirements -’ ”
must be maintained during any stage of construction or any loading caae.‘~ 1 ‘.

.‘. :
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:.

2. C&3-iI+place,‘cdnti&ous~‘~o$t-tensioned  struc!&i%hali  haVe.sufffbient ” ” .,
straight ,tendoris  pla&d both in top and bottom fibers to produce’s  calculated
uniform compres&h eve! the entire section of 200 psi; The presti&s.  in the _:
straight tendons (lst’stage prestress) to be applied when the most iecetit and
final concrete has reached a minimum compressive strength of .!5gg psi ‘as ,’
determined. by compression cylinder tests. The stressing of these .stratght,
tenddns she’ll be applied by alternating sequentially b:tween top.and bc$tom.
tendons to maintain a relative unifoim stress as possible over the cross-,

”
. . . .

section during the pbsten&ning  operations. The.second. stage, shall be the
application of the remaining portion of design prestress force when the.most  ,.
recent concrete reaches the minimum compressive.strength.  as required. at;
tra.nsfer.by,t!ie  ,@3EA S p e c i f i c a t i o n s ;  .‘. .’

”
‘. ., .‘. :

::
‘..

3: .’ ihe above:  proce&es l)‘.anb 2) are to be’apblied- in’conjunction  with. a;+, ‘.
concrete placement schedule for the structure in which the positiv$.momeht ‘,‘_

” regions acre placed firs&and the neg’ative moment regions are’ placed ,secpnd.
This two-stage procedure applies to spans 100 ft. or IeSS. Placement ‘.‘, . . . . ,.
schedule shall be three-stage for longer spans; positive mo,ment  regions td
within fOUr (4) ft. of inflection point first; negative moment regions to with@ four,

(4) ft. of inflection point second; and closu$  section ‘eigh! J8) ft. long atthe‘,
inflection point&last. On the !onger span? it may ba required to subdivide the “’

;,
:

sequence steps intcPplacemeni.sections  depending on the strlicture  type and
amount of non prestressed reinforcement used to control shr@age cracking.,
For each stage of concrete placement; the entire structuratGro~~-Section shalt
be completed before moving’ to the next stage. When casting the stage over
supports, theco!cret’e;’  placement shall’pr?ce.ed from the outei ends .to the;.‘.
support,

,’ ,. ._,,/
.: “,, .’

.‘.
,. The radius of wrvatuie f&any post-terisioning duct must not be Id+i,than 604.
‘,.ft. ‘, ‘_”

: . .
‘,

MATERIAL REoUlRf%lENTS  F&R S+iEL STRUCTURESXIII
. ,,

.‘.. ..: ‘,,~.’ ,. ” .,

.l. Thicknesi of strtictural steel .(except,for fillers), shall. not be letiti than 0.335 : ” ,, :.
inch thick. ‘Parts sub& to corrosive influences shall be of greater thicknesk
thati.otherwise specified or steps taken to protectsame  against such . . ‘.’ ; :

i n f l u e n c e s .

‘. 2; :, The thickness of gusset plates connecting the, ctiords and web members, of ,,, ‘: . . .,
” a truss shall be prop&tional to the force being transferred but notiles!  than’
ii Inch., : . ,”

., : ‘. . . . .,
. .
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5.

h&nimum size of .high strength bolt for bolting structural ,members shall be
.7/8 inch diameter ::. .,.
The allowabie bearing pressures as contained~in  AREA Chapter 1.5 are to, be
used for steel superstructure bearing on concrete substructure; ~.

;.. ,, ”
All fracture critical members shall be designated as FCM on the ‘plane.

. .

Fracture critical members shall be designed for a ‘minimum service : :
temperature ofY,300F  corresponding to Zone 2.

,.

,s.. Designer shall provide details such that all exposed parts will be .accessible.’ ‘. for inspection, cleaning and painting. Preferably not less .than 18 .inches clear
shall be provided. between the flanges of. parallel lines of ‘tieams having ” ”

.,. depths in excess of 38 inches. ~. i . ‘:.,”,

i. ’ . All besigns:must provide’drain~holes for pockets or depressions’that  may’hold ‘:. “...
water so that steel areas drain effect&et). Structural members shall not be. .’

seated by welding except asapproved by the Engineer. ,.~ ” ”

.,..
XIV .: PAINTING OF STEEL ~TRUCTUPES :

.,. .’ :
All underpass steel structures shalt be painted except where galvanized or

weathering steel is used. .
: .(.

:
Painting of steer structureeshali comply with the’requirements  of current’ri\ASt-tTO ‘,‘;
specifications and. recommendations of Steel Structures Fainting Cooncjl,  Manual

(SSPC).’ ,. ” :, ” ‘., :‘.

.Paint shallbe applied in accordance with the Manufacturer’e recommendat&  or,
in compliance with the recommendations of SSPC, whichever is most restrictive, . ..’ ‘, ‘:

”
P&ing system including primer and top coats shall be submitted by the agency for ‘:.
review and approval by the Chief.Engineer Design., :

w BALLAST DECK BqlD,GE STtiJ~lURil ‘.‘, .. . : -

,For typical cross’section.of superstructures see,drawings  UP1 -,UP8 Appendix,A.

‘, 1.. ,’ Deck y@th:. . ..”
*

For a single tangent trackbridge~~tructure  the :width of the deok shail be not
,. .

:
; be less than 17,ft. wide, measured from insicle,feoe  of parapettoinside faoe’.’.,‘”

:

Guidelines for Dgsign and Construcitciof,GmdadS~parali?n  Underpass ~~nurss.. ,,,.
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of parapet. The’clear distance from centerline of irack to the inside face of. .,
parapet shall not be iess than 6-6” for tangent track and Y-6” for track on
curve.. For multiple tracks an allbtiance of 2g ft. shall be provided for,,each
existing track or future track. ‘.

C&b, Helght:
” ,,.

The top of ballastcurb or walkway shall be approximately the same elevation :
as the base of highest rail plus eight (8) inches to accommodate possitile .,

.future, t r a c k  r a i s e s : . .

y+ldir:- ‘:
.’.,, : ..,

In general;’ walkways shall not be less’ than 2 ft. ,wide. Sellast structures’ do,?,.
not require walkvsiy in most cases.’ Structural members (such as floor beam

’ knee braces),shall not be considered .an obstruction.to the wslkway.

:

:.

4 .

:
.:

; .’

. . .,
.., .,. :. ., ,,
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Walkways on bridges over highways or other tocations where spili&e  of “.”
:

ballast or’lading  is possible shall be constructed of solid materiat and a curb ..
or toe board shall, be provided. .The clear distance from cynterline-of track to
ballast. retainer for bridges with vfslkway  shall be 6-6: mmrmum. :. . . ‘,

”
Te prevent cracking under Ii& loads,.  provide l/4 inch wide joint6 at 10 ft.
maximum spacing ,on concrete curbs, walkways, and ballast retainers.

Himdrak ‘. .: ,_’

Handrails shall be provided on both sides of deck. Horizontat clearances fr+m 1,
the centerline of the nearest’track  shall not be less.than S’- 6” for’tengent .
track, and $1’6” for track onc~rve.  Handrails shall be. simple designs that .,
require minimum maintenance. Union ,Pacific Railroad Company reoommends. ” .:
t h e  following,type&of  hand,ralls; . .

. .

a) Chain link fencing. See drawing UPlO; Appendb& :

b) Tubular style.fencing.  See drawing UPll,  Appendix A. 1 ” ,,
cl Picket style fencing. See drawing.UP12, Appendix A. ., ‘:

Variations from the above suggested fencing shall be submitted fat ,approVal’
.’

by the office of the Chief Engineer Design. ‘, . .. . ‘.. ” ,“.. ‘~.,
t

:,, ” . ,, .:
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