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Steel Design Considerations for Erection & Constructability

Overview

1. Erection Activities & Planning
2. Methodology & Resources
3. Role of Design Engineer

4. Designing for Constructability
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Beyond I-Girders

~ US 169/1-35 Buck O'Neil Bridge



Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

 Fundamental Goal:
Safely and accurately construct the bridge.

»‘:; 5 - v

/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

 Fundamental Goal:
Safely and accurately construct the bridge

» Stability and strength at all stages
* No permanent distortion/distress

» Understand and plan for site constraints
* Prioritize repetition - simple, predictable
* Minimize equipment and time

US 54 Champ Clark Bridge
s,



Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

» Site Access & Constraints
* Storage, assembly, equipment locations
* MOT, closure durations

US 169/1-35 Buck O'Neil Bridge
.,



Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

* Field Pieces & Assembly
* Length, weight
* Transportation & delivery route
« Handling, tripping, picking
 Local forces, stability/buckling
« Ground/barge vs. in-air

219'-43"
77-4] 300 B0/-¢ { I ——‘
GIRDER LINE 3 — | |
T ,I ............. l ................ T' ............ ./ -..,------i
GROER LNE ¢ ~— oo ! _____2; ______ S — 27 ___________ -
4 EA) MANITOWOG 7000 / DOUBLE GIRDER E MANITOWOC 2250
(4 B PICK POINTS PAIR CG Fs10 PICK POIMTS

il I
(TOTAL WEIGHT 451.2 KIPS)

US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

* Crane Type, Capacity, Radius, Positioning
« Lattice vs. telescoping; moblle/crawler/rlnqer
» Spreaders, clamps, shackles, slings
 Single or multi-crane picks
« Static vs. walking

. | TN

GIRDEI

» Alternatives
 Strand jack pull
« Climbing jack push
» Slide, SPMT, float-In
* Incremental launch / /.

“— GIRDER DELIVERY

T

MmEo o o-monm] |
EE=p= o 1

US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

« Temporary Supports s T ~
« Shoring / falsework bents ; ;
* Pier brackets “angel wings"
* Temp. lateral bracing

* Longitudinal restraints

US 54 Champ Clark Bridge S US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

* Fit-Up
» Vertical (Tip Deflection)
« Longitudinal (Drop-In Segs.)
* Warping & twist (Curve, Skew)
* Hold & helper cranes
* Shims, jacks

/1-35 Buck O'Neil Bridge

1-235/13th St. Wichita Floodway




Steel Design Considerations for Erection & Constructability

1. Erection Activities & Plannlnq

* Interim Configurations - Erection

* Wind: active vs. inactive, forms present?
» Duration, drag coeff., trailing girders

« Member strength & stability
* Connection adequacy, completeness
» Cross frame install sequence

Table 4.2.1-1—Wind Speed Reduction Factor During S/D>3
Construction, B GIRDER NUMBER ? ? (? @P

Wind Speed
Superstructure Reduet ron
N - Factor during
Construction Duration . .
Construction,
R
(-6 weeks (.65

i weeks (o 1 year 0.73

@E

»
=
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NI
GIRDER DEPTH

1 s '
BB
& 1-2 years 0.75 =y |
J‘ll-:; e g;i DRAG i GiOSFAClNGO i25 0. 25 OES
=3 5 .
Jears - COEFFICIENT c, base C, base C, bas G‘a_ basn C, base C, base
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Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

* Interim Configurations - Deck Placement
» Continuous vs. skip-pour, deck joints
* Finishing machine & temp. loads
« Member & connection forces 2eduenes of Toors

Diraction

- Displacements -> camber, & fillets C25sE La et it

he contractor shal | pour and satisfacterily finish the slab pours
ate give Retarder 1 an approve: and retar

US 169/1-35 Buck O'Neil Bridge
.,



Steel Design Considerations for Erection & Constructability

1. Erection Activities & Planning

 The Erection Engineer Must:

- Analyze: All Members, All “Critical” Configurations/Stages

* Evaluate: Perm. Members & Connections
» Typically alter sequence, load points, or brace
* May oversize or strengthen
« Permanent/locked-in changes affect design

-
4_' AvS AV

= s
:iﬁ'-

* Design: Equip. & Temp. Elements
Lifting/cranes, matting, barge configurations
Shoring + foundations

Brackets

Braces

Restraints

[-235/13t" St. Wichita Floodway (KS)




Steel Design Considerations for Erection & Constructability

2. Methodology & Resources



Steel Design Considerations for Erection & Constructability

2. Methodology & Resources

« Many Documents, Few Totally Comprehensive
* Perm. vs. Temp. Conditions
 Perm. vs. Temp. Members
* Design vs. Evaluation

» Codes & Specs

 Owner + Project
 Guidance Documents

 Elective Resources
* “Engineering Judgment”




Steel Design Considerations for Erection & Constructability

2. Methodology & Resources

Standard Specifications
NORTH for Highway Bridges

DCIkO'I'CI | Transportation

Be Legendary.”

17th Edition — 2002

STANDARD o
SPECIFICATIONS Standard Specifications
FOR for

Road and Bridge

ROADS AND BRIDGES .
Construction

Prepared by

Connecting South Dakota and the Nation

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Attt aret Pttt y e
American Association of State Highway and Transportation Officials
444 North Capitol Street, N.W., Suite 243

Washinglon, D.C. 20001

BISMARCK, NORTH DAKOTA
nd.qov

DIRECTOR
Reonald J. Henke, P.E.

DEPUTY DIRECTOR FOR ENGINEERING

Matthew Linneman, P.E.
2 0 1 5 R 2o

LRFD BRIDGE DESIGN

SOUTH DAKOTA
DEPARTMENT OF TRANSPORTATION SPECIFICATIONS




Steel Design Considerations for Erection & Constructability

2. Methodology & Resources

Engineering for Structural
Stability in Bridge
Construction

Publication No. FHWA-NHI-15-044

GUIDE SPECIFICATIONS FOR WIND LOADS
ON BRIDGES DURING CONSTRUCTION

GUIDE DESIGN SPECIFICATIONS o
BRIDGE TEMPORARY WORKS

td don | 2017 ¢ s b NHI Course Number 130102
GSAIN-T | SHN AT HRE-0410
alm

18T EDITION » 2017 [e—————— April 2015




Steel Design Considerations for Erection & Constructability

2. Methodology & Resources

THE MANUAL FOR
BRIDGE EVALUATION

Design Loads
on Structures
during Construction

3rd Edition « 2018




Steel Design Considerations for Erection & Constructability

2. Methodology & Resources

Guideline
Steel Girder Bridge Analy

G13

Skewed and Curved
Steel I-Girder
Bridge Fit

Stual Hncige Diovgn Hanchook

CHAFTER 11
Design for

! n 1 3 f
| AASHIO Constructability ﬁ?""""" VT

Guidelines to Design for
Constructability and Fabrication

NCHRP

REPORT 725

Guidelines for Analysis Methods
and Construction Engineering
of Curved and Skewed

Steel Girder Bridges

Gteal Bridgn Dasign Hardbock

Lean-on Bracing

CHAPTER 13
Bra;ing Systcrn Th__eory . o Reference ‘é E:;E:u
—— and Design for I-Girders .. - coue it 12 P s
R @!}?} and Tub Girders (G} T Guide @ s
i @ Wyf) Stroma A Stedl,




Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer



Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer

« 2.5.3 - General
 |dentify environ. conditions, site constraints
* One feasible method incl. supports, sequence
 Fabricate & erect without undue difficulty/distress

LRFD BRIDGE DESIGN
o 6.5.1 _ Steel SPECIFICATIONS pay

« Shall evaluate critical stages (2.5.3 = shou/d)
» Construction, handling, transport, erection, service life... by designer?

e 6.10.3 - Steel I-Sections

 No yielding/buckling/distress/slip
» Evaluate uplift
» Sensitive behaviors more likely without deck



Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer

« 3.4.2 - Load Factors During Construction
» Established by owner (explicit)
* Lower than in-service (implicit)
 What is a construction load? Not defined.

LRFD BRIDGE DESIGN

» Transient or limited duration SPECIEICATIONS
 LL+IM + equipment + materials 10% o 2024
C34.2.1
. For steel superstructures, the use of higher-strength
* Steel SuperStrUCtureS Only. 1°4O*(DC+CL) steels, composite construction, and limit-states design

approaches in which smaller factors are applied to dead
load force effects than in previous service-load design
approaches have generally resulted in lighter members
overall.

To ensure adequate stability and strength of primary
steel superstructure components during construction, an
additional strength limit state load combination is specified
for the investigation of loads applied to the fully erected
steelwork.



Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer

* 6.7.4 - Diaphragms & Cross-Frames
* Final configuration & critical stages

* 6.10.3.4 - Deck Placement

* Incl. effects of temp. overhang brackets LRFb BRIDGE DESIGN
SPECIFICATIONS

10" Edition | 2024

US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

Engineering for Structural
Stability in Bridge
Construction

3. Role of Design Engineer

* Critical Stages
* Not defined in AASHTO
* May refer to FHWA Stability

« Conventional Structure:
* Designer shouldn't try to specify
* Interim steps per contractor (mostly)

« Unusual/Exotic Structure:
* Designer must fully design for stages of suggested feasible sequence




Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer

* Critical Stages = Basis of Design Loadings
» Estimate temp. durations, formwork, constr. loads
» Specify in plans

» Basic Stages
1. Fully-erected steel on permanent supports
2. Final in-service config. and loadings

» Supplemental Stages
3. Wind A = bare steel (trailing girder drag, girder height)
4. Wind B = deck forms in place (drag, girder+form height)
5. Plan placing sequence (continuous, skip, joints)
6. Plan cross frame fit condition (if reg'd.)

o L o e
US 169/1-35 Buck O'Neil Bridge
.,



Steel Design Considerations for Erection & Constructability

3. Role of Design Engineer

» Constructability
 Recognize & accommodate site constraints
» Anticipate preferences, economy
« Member proportions, reserve capacity
 Final $1 material saved may cost $3 to bU|Id
» Talk to the industry - this room! vt
* Learn from your last project

US 169/1-35 Buck O'Neil Bridge
.,



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Leverage Advantages (of Steel)



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

 Leverage Advantages - Lightweight* = o
« Minimize equipment needs AR
 Avoid site obstacles
 Facilitate ABC

(*relatively)

FARM Bridge Program - DeLong's o . N 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Leverage Advantages - Field Pieces
* Optional field splices

« Ground/barge assembly
» Girder pairs, two seqment,_ qguad picks

US 54 Champ Clark Bridge



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Leverage Advantages - Field Assembly

* Interim bolting can be based on required strength
» Allows release of workpiece, crane moves to next =~
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Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Leverage Advantages - Custom-Built Geometry
- Not camber matched to final profile:

o
= 1y i :
Blockout " Min. 4 € Lifting Devices Spa of % : ) | 510" | 24 Hold longitudinal position of diaphragms and 1" formed holes
160-11%" End to End of Beam (pay length) e ol qu 0% | 115 in web to locations noted in Framing Plans.
80-5'%" ran :1 alF -
Di hiale dimenelon ] See Sheet 182 for vertical locations - o8 | Contractor shall ensure holes for permanent steel diaphragms
4 See Sheet 173 for Diaphragm Locations of 1" formed holes, Typ 28, are coordinated with prestressed beams prior to fabrication.
N See Sheet 249 for locations Top Strands s et ""*
'—bB : 2-#382 (Typ.) of 1" formed holes near 1at TWWET A Symm. about "=, See Detall D, Typ.
Therrad LA /T L | i Vaterline Support Type IV @ T of Beam e | 4
i 2588 5% Y% 8 .. k
el 1 12-0.6" 0 Strands | § § o™ e Holes +| _Hole for Drain Pipe
== = " 0 * "
L Ll sp:oegsoans (] a% o ats ] < (rype Dz Onky)
#483 lallollol o 24581 } ¢ Tenslc € Ber
Fymml "’* Bent / & Fra
........ ateral SEmE 1 Rafar
|| #3964 24485 (T 48-0.6' 0 Strand Hold down Pt. 16-1" i i
W) Typ) (Ty) fancs 1 cown ‘ ++ Chec At Steel Dlaphragems and thelr
#6B6 & 3" 155pa. @ 3" |6 12 Spa. @ 6" 12" 7 Spa. @ 12" 14%" 40 Spa. @ 16" = 600" ‘ 9" loads angles shall be fabricated 1o accommodate the
#5B1 Spa IT'“B& #3B4 2-#4B5, #3B4 2<#4B5 (Spa. with #5871 & #5B8) SECTION B8 z:m:f:;:i? mmal d“a!;rr:ﬂ l;::l?::!“::;:?lw‘
Spa. with #6B6 (Spa. with #581) A (Section cut from Detail B shown, Detail A similar) differenttal at each locauun includes the affects
B 16" _|5 @ 6| 2-#3B2 (Spa. with TYPICAL ELEVATION TYPE NU78+3 BEAMS SPAN 2 @ Discontinue WWR1 at top of supe
alternating #686) Concrete Release Strength fci = 7,500 psi flange blockout location. 35pa. @E° (Min) l::no;:ambers and dead load d:sl':.ccl‘:clans atthe
Debonded Steeinds i ax Lifting devices are to be located and designed by the fabricator. o g | 28 (Max) . Is anticigated 1o be 2 1/2°In Unit 1 and 4 1/2° In Unit 3,
(see Section B-B) 1-4'% Alllifting devices shall be used for any transportation or movem: = —-—I I—-— Wy oy qle
— ie’ % 3% Shot, Typ
- + -y 1 - P 1 % 1" @ Formed Hole, T
The Contractor is lesponﬁlble for considering long term camber effects and lated i ! 14l Rug" i i TI .‘T— Lﬁxdx:a AlnteriorRays) or K
to maintain a slab and haunch depth without changing the profile kg s e el = LBx6x" (Ext. Face Beam E Only) -
of the bridge. The Engineer shall be notified of the fabrication/placement schedule and of | : — 4487 90000" . o
any plan to cast the conerete deck more than 90 days after fabrication of the beams. R o £ 3-10°
= = =i { i
- -
#4B7
% I----@f‘
i ; ; — H-HL
* % Contractor shall coordinate vertical location |>_T_H Y
of permanent steel diaphragms relative to drain R=6" . . &2 |
pipe and positon hole penetration as required. (Typ) 40 € Lifiing Devices -
Vertical position of Type D1 diaphragms shall Face
be adjusted using the details noted herein to e 43 € Lifting Devices // & Varles Sspa. @6"| | Varies
avoid drain pipe where possible. Type D3 P in, 2" Min. 2" Min. \
diaphragms shall be used only at locations where TOP FLANGE BLOCKOUT DETAILS %/i — 3-10° CONNECTION ANGLE TYPICAL SECTION Beam Web P.C.
Type D2 diaphragms cannot be positioned to satisfy the (Beams B thru E at Pier No. 1.) - (each Reg'd.) 1" FORMED HOLE SECTION
minimum edge distance to the pipe opening. TOP FLANGE BLOCKOUT DETAILS e
For bridge drainage details, see Sheets 241 thru 245. TE: Extend 10 strands 46" beyond the end of the beam (Beams A thru D at Pier No. 2)




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Leverage Advantages - Custom-Built Geometry
« Camber matched to final profile:
» Single detailer/fabricator

& Girder 12 & Girder

« “Standard practice” = S e [ —
R

End of Girder € Ah. Brg. Pier No. 6 € Field Splice No. 1 € Field Splice No. 2

SPAN LENGTHS 3569 %"
FIELD SPLICE LOCATIONS 68-9"%¢" 120-0" 108-0"
TOP FLANGE PLATES PL 1% x28x70-9"%¢" PL 1% x30x1200" PL 1% x30x88-0"

| =]
SHEAR CONNECTOR i 36 Spa. @ 1-10" 60 Spa. @ 1-11° 55 Spa. @ 1-10%" i S
SPACING (2 PER GROUP) i )

i 2-9'%" 26" 2.6" 26"

Optional Shop Splice
! L] L LI
o

600"t |
® @ & % l

Palnting Limits* |iifl} Typ., UNO
g il = =2
iy . . . :
2507+ | 250 440"+ .

LI . 30-0"ft 39-0"t1 390t 56-0°tt i '*E
CROSSFRAME CONN. 13 Spa. @ 24-4"= 3164 |
PLATE SPACING !
BOTTOM FLANGE PLATES PL 1% x28x70'9"%6" PL 1% x32x1200" PL 1% x30x88-0" e B

CROSSFRAME C1
g " U ' -

WEB PLATES PL 1x144x70-9'% PL 1x144x120'0 PL 1x144x108-0 s

1240 = Bolts Required {Totsl



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Material Optimization



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Material Optimization is Good, Right?

——1 ——1 ——1 ——1

Alt. A

I 1 1 1

4 ®@10.67'

—mm T DT = /3

Alt. B

5 @ 8.00’



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Material Optimization is Good, Right?

Alt. A
(Probably
Least Weight)
4 @10.67'
Alt. B
5@ 8.00’



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

» Material Optimization is Good, Right?

] Roadway Costs

—— —— — —1 ——
Fewer Field Pieces
Fewer Cross Frames
AlL-A Heavier Field Pieces
Le(:srto\ll)vael?(lgyht) Heavier Cross Frames
I—I — set06r - More Deck Rebar

|  More Flexibility
(Fabricator, Field)

Alt. B Thinner, Smaller
(Cheaper) Plates

More Pieces/Assembly

5 @ 8.00’ Easier Future Rehab
S




Steel Design Considerations for Erection & Constructability

4. Designing for Constructabi

» Material Optimization

At the edge
of the map:
* Avoid Extremes There Be
. expectations,
« procedures, Dragons =
* skills,
« equipment,

e i, B

understanding of risk,

primarily honed on experience
with common member proportions




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

« Material Optimization

» Paradigm Shift: Labor Cost >> Material Cost

« Make pieces less complicated
» Less flange plate transitions, thicker web

« Easier/Faster/Cheaper to Fabricate = to Erect also?
* More reserve capacity, less need for temporary support
» More consistent members, more repeatable work



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

Wider is Betier.
* Wide Flanges 2% o
« are better flanges | ‘l?

 Lateral Bending Performance t

Some Old Magazine



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - Shipping 130 ft

(48")

US 169/1-35 Buck O’Neil Bridge




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

ST T
I ot
¥} ’,-‘d ]
= L e |

g — -

US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - Stability (In-Place)
* Initial piece
« Cantilever
* Drop-in




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - Stress (Wind)

* Reduce or eliminate need for
 Permanent lateral bracing
« Temporary stiffening trusses

431 50-0° ar'-10"
10 5T-0 9w i
38'-1 50°-0" 49'=11" a7r=0 K
36107 N 500-07 . 491" , -3 i
,,,,,,,,,,,,,,,,,,, s I - - i
: i e T AT ks d > T r Y - P
o I £
o | L
HP 12353 2 HR 153 || P 123 e gg E;‘;é ;
30 LONG i 30 LN | 307Lone | | | o
— . - ——— S e e e e e e e X F' e —— N o g F/ ___________________________________ i
16°-10° ér 450" 50'-0' f 73-2 &y
e 50" ) s0-00 i o
66'-107 49’—11"‘ 68-37
68'-2" 49'-11" 86'-11"

|
|

&
FILED SPLICE
Fs7

PLAN VIEW SPAN 3-4 - TEMPORARY LATERAL BRACING

US 54 Champ Clark Bridge US 169/1-35 Buck O'Neil Bridge




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - A Tale of Two Girders
* Flange thickness -> flange width
| 11.375"x21" | ] 1.250"x24" GirderB/ A

Weight: +2%

0.500"x72" 0.500"x72" Strong Axis: +3%

Girder A Girder B




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - A Tale of Two Girders
 Let's go further!
| 11.125"x21" [ ] 1.000"x24" GirderZ /Y

Weight: +1%

0375'x54" 0375'x54" Strong Axs: -11% (FLB)

Girder Y Girder Z




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Wide Flanges - How Wide is Too Wide?
* Flange local buckling

* Fabrication impacts Local Buckiing Capacity Ratio,Fo/F,e
. : : Fe= 50  ksi Fe= 35 ksi Ro= 100 -- y= 915 -
Stiffener width F,= 50 ksi E = 29,000 ksi R,= 1.00 -- i = 1612 -
° Formwork . Flan.ge Width (in.)
Thickness (in.) 12 15 18 21 24 27 30 33 36 39 42 45 48
0.750 0.88 0.79
0.875 0.88 0.80
1.000 0.94 0.88
1125 0.93
1.250
1.375
1.500
1.750
2.000
2.250
2.500
2.750
3.000




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Cross Frames



Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Cross Frames - Type
» Configuration, bay aspect
« Spacing, orientation
* Installation sequence

|

FHWA

[
A

Internal bracing (XFs)
rely on Stiffness Of - (a) X-Type - _t_h_]X—Type; No Top SEI_ - T:} X-Type: No Slru: - (d) K-Type
(e} K-Type: No Top Strut (f) Inverted K-Type (g) Z-Type i h} Struts

NCHRP 962




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Cross Frames - Effectiveness
 When missing neighbors?
« When missing deck?

(a) X-Type {b) X-Type: No Top Strut {c) X-Type: No Struts (d) K-Type
T P [ cmr—] * [ o L] [ ]
| L] I RSN = I [ ]
(e} K-Type: No Top Strut (f) Inverted K-Type (g) Z-Type i h} Struts

NCHRP 962




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

* Cross Frames - Diagonals

* Vertical brace (XF shear)
e VorZ=50% of X
e Lean-on = 0%

3 : (a) X-Type {b) X-Type: No Top Strut {c) X-Type: No Struts (d) K-Type
- ] 4 ‘ \ L ; A
i 2 I I 1
; H-h i . [ ]  J { [ N J
US 169/1-35 Buck O'Neil Bridge —— o |
(e) K-Type: No Top Strut (f) Inverted K-Type (g) Z-Type i h} Struts

NCHRP 962




Steel Design Considerations for Erection & Constructability

4. Designing for Constructability

 Cross Frames - Chords

o Lateral brace (XF moment)
e 1strut <=50%7
e No struts ~= 0%

H A

(a) X-Type {b) X-Type: No Top Strut {c) X-Type: No Struts (d) K-Type
(e) K-Type: No Top Strut (f) Inverted K-Type (g) Z-Type i h} Struts

NCHRP 962




Steel Design Considerations for Erection & Constructability

5. Beyond I-Girders



Steel Design Considerations for Erection & Constructability

5. Beyond I-Girders

e Unusual/Exotic Structures

» “Design’ erection sequence
« Contractor confirms/refines
 Erection Manual = standard

SH 278 Kosciuszko Bridge (NY) Broadway Bridge (AR)




Steel Design Considerations for Erection & Constructability

5. Beyond I-Girders

e Unusual/Exotic Structures

« Alternative Lifting/Placing
 Float-in/SPMT
» Lateral slide

BNSF 0047 66.4 (WA)

P-954 Flyover (Bahrain) Broadway St. Bridge (AR)
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5. Beyond I-Girders

« Unusual/Exotic Structures
 Geometry control - project spec tolerances
« Camber: x, y, z, rotation

L “Pylon camber Gumi
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SH 278 Kosciuszko Bridge (NY) Broadway St. Bridge (AR)
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1. Erection Activities & Planning
2. Methodology & Resources
3. Role of Design Engineer

4. Designing for Constructability

4

Beyond I-Girders

~ US 169/1-35 Buck O'Neil Bridge
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Questions
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