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Thank you for joining our live webinar today.
We will begin shortly. Please standby.

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166
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Today’s live webinar will begin shortly. Please stand by.

As a reminder, all lines have been muted. Please type any questions or
comments through the chat feature on the left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(866)-519-2796
Passcode: 945457
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AISC Live Webinars
Audio Options

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(866)-519-2796
Passcode: 945457

\ : Smarter.
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AISC Live Webinars
AlA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing Education Systems
(AIA/CES). Credit(s) earned on completion of this program will be reported to AIA/CES for AIA members.
Certificates of Completion for both AIA members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional education. As such, it does not include
content that may be deemed or construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or dealing in any material or
product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.
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AISC Live Webinars
Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display
and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2019

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any specific
application without competent professional examination and verification by a licensed professional
engineer. Anyone making use of this information assumes all liability arising from such use.
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Course Description

Fabricators’ Insights on Clear Communication of Bridge Design Requirements
January 24, 2019

As project delivery schedules are continually accelerated, clear communication of bridge
design requirements becomes increasingly important in order to maintain the structural
steel delivery milestones. Some of the most common contract plan issues or errors
associated with steel bridges are presented, along with suggestions on how to avoid
them. A brief introduction to BIM for bridges, and its potential advantages, is also offered
from the perspective of a steel bridge fabricator.
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AISC Live Webinars

Learning Objectives
* Describe how excessive reliance on standard details may prevent the timely delivery
of construction projects

* Explain the importance of considering the construction sequence of steel bridges
during the design phase.

* |dentify the functions performed by building information modeling (BIM) in modern
steel design and construction.

* List the steps of the steel fabricators’ preferred workflow that makes use of sharing
digital BIM models.

Fabricators’ Insights on Clear
Communication of Bridge Design

Requirements

Bradley J. Dillman, P.E.

Vice President of Engineering
High Steel Structures LLC
Lancaster, Pennsylvania
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Presentation Overview

Part I: Five Common Design Issues Slowing Projects

Partl: Five Common Design Issues
Slowing Projects

10
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Collective Intent

* Deliver the project to the Owner as o mome
efficiently as possible ==

Number:

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Date:
©S1 Code: Auttor:
Roason:

— Cost, Time, Both . . . =

Roferonce:

* How, from Fabricators’ Perspective? | 00
— Detail steel with as few questions

Clarfcation

as possible
* Presentation Objective — -
— Raise awareness of common -
issues

12
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#5 — Primary Member Designation,
Fracture Critical Member (FCM) Designation
Charpy V-Notch (CVN) Requirements

Ol
...................

13

Primary Member Designation, FCM, CVN

* Objective: Clear definition member designations,
material and testing requirements

 Recognize impact on fabrication:
— Material ordering and testing
— Fabrication methods/techniques

— Quality control requirements (weld testing and
repairs)

14
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Table 6.6.2.1-1—Member or Component Designations

Member or Component Description

Member or Component
Designation

mechanically fastened or welded cross-
frame gusset plates in straight bridges

Girders, beams, stringers, floorbeams, bent Primary
caps, bulkheads, and straddle be:
Truss chords, diagonals, verticals, and portal Primary
and sway bracing members
Arch ribs and built-up or welded tie girders Primary
Rigid frames Primary
Gusset plates and splice plates in trusses, Primary
tie girders, and rigid frames
and cover plates in girders, Primary
ingers, floorbeams, bent caps, and

straddle beams
Bracing members supporting arch ribs Primary
Permanent bottom-flange lateral bracing Primary
members and mechanically fastened or
welded bottom-flange lateral connection
plates in straight and horizontally-curved
bridges
Top flange lateral bracing members or struts Secondary
and top flange lateral connection plates in
straight and horizontally-curved bridges
Diaphragm and cross-frame members and Secondary

Primary Member Designation

« Clear and accurate designation is critical
— AASHTO LRFD Bridge Design Specifications, 8" Ed

Diaphragm and cross-frame members and
mechanically fastened or welded cross-
frame gusset plates in horizontally-curved

bridges

Primary

Diaphragm and cross-frame members, and
mechanically fastened or welded ¢
frame gusset plates and bearing
supports in bridges located in Seismic Zones

Primary

3ord
Bearings, filler plates, sole plates, and
masonry plates

Secondary

Mechanically fastened or welded
longitudinal web and flange stiffeners

Primary

Mechanically fastened or welded transverse

flange stiffeners, bearing stiffeners, and
transverse connection pl

Secondary

Mechanically fastened or welded batten

plates and stay plates, lacing, and

continuous nonperforated or perforated
plates in built-up members

Primary

| Eyebars and hanger plates

Primary

Miscellaneous structural components or
attachments not mentioned above joining

two primary members
Miscell

Primary

al or
attachments (e.g., expansion dams, drainage
material, brackets, other miscellaneous
attachments)

Secondary

15

Primary Member Designation

* Impact on Fabrication - Punching vs. Drilling Holes
— Primary members === Only drilling permitted

12'-24"
30 4 N
! /0 Ve | e 3
" Ll ':?
DOR
pid PLATE DIAPHARGM — MK, PD1 2" 4%
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Primary Member Designation

Impact on Fabrication - Punching vs. Drilling Holes
— Primary members === Only drilling permitted

3
.

3n
Vs (LEVEL) | =

]

50 5" = 2'-3"

PLATE DIAPHARGM = MK, PDI 2n "

7

Primary Member Designation

Impact on Fabrication — Cold vs. Heat Bending
— Primary members === Only heat bending permitted

30
e

30
/° (LEVEL) | "

3

55 =23
585" = 2'-3p"

Ic
=1
E

PLATE DIAPHARGM — MK, PDI 2" 4"
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Primary Member Designation

« Impact on Fabrication — Cold vs. Heat Bending
— Primary members === Only heat bending permitted

®
e

120-2"
. o
= o L A 1
7 ¥
" ‘I‘“ ’:?
- =
DOR
EL
- iy
2 PLATE DIAPHARGM — MK. PDI 2 =
SECTION A
Q“\uuqflp

19
Fracture Critical Member Designation
- AASHTO LRFD Bri i ificati th
ridge Design Specifications, 8" Ed
6.6.2.2—Fracture-Critical Members C6.6.2.2

I'he Engineer responsibility for Secondary members and diaphragm or cross-frame
identifying and desi s which members in horizontally-curved bridges should not be
primary members or portions there - - designated as FCMs.
members (FCMs). The contract documents shall require When designating some rolled shapes as FCMs, it
that all members meeting the definition of a FCM be  may not be possible to secure shapes that are produced
fabricated according to the provisions of Clause 12 using fine-grained practices. In such cases, the fine-
specified in the AASHTO/AWS DI.SM/D1.5 Bridge grained practices should be waived.
Welding Code. Members or portions thereof that are not Where refined analysis has demonstrated that collapse
subject to a net tensile stress under Strength Load would not occur following simulated failure of a member
Combination I shall not be designated as FCMs. for which the redundancy is not known by engincering

Where a refined analysis has shown that a simulated judgment, the members or portions thercof should not be
fracture of a primary member or a portion thereof for subjected to the hands-on in-service inspection
which the redundancy is not known by engineering requirements described in 23 CFR 650. FHWA (2012a)
judgment, does not result in a portion of or the entire recommends identifying such members or portions thereof
bridge to collapse, that member or portion thereof shall as System Redundant Members (SRMs), and noting in the
still be fabricated according to the provisions of Clause 12 contract documents that SRMs are to be fabricated in
specified in the AASHTO/AWS D1.5M/D1.5 Bridge accordance with Clause 12 of the AASHTO/AWS
Welding Code. These special members or portions thereof D1.5M/D1.5 Bridge Welding Code
shall be identified as System Redundant Members (SR Ms)
in the contract documents. The criteria, assumptions, and
other pertinent information related to the refined analysis
used to demonstrate the redundancy shall be retained and
included in the inspection records or permanent bridge file. 20
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Fracture Critical Member Designation

« Case Study — Simple Span Stringer Bridge

§_BRG ABUT 1 (EXP) 48'=0" § BRG ABUT 2 (Fix)
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Fracture Critical Member Designation
« Case Study — Simple Span Stringer Bridge
S & b
R G s | T e
Bridge Section
22
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Fracture Critical Member Designation

« Case Study — Simple Span Stringer Bridge

2.01 MATERIALS

A. Structural Steel: Provide structural steel in accordance with the following specifications
as applicable and as indicated on the Contract Drawings.

1. General Requirements: ASTM A6.
2. Bridge Structural Steel (Weathering Steel):

a. Structural Steel Shapes, Angles and Plates for the Bridge Superstructure:
ASTM A709/A709M, Grade 50W.
b. All new structural steel shapes, plates and bars shall be classified as

Fracture Critical Members and meet temperature Zone 2 requirements with
a minimum service temperature of -30°F.

23

Fracture Critical Member Designation

« Case Study — Simple Span Stringer Bridge

2.01 MATERIALS

A. Structural Steel: Provide structural steel in accordance with the following specifications
as applicable and as indicated on the Contract Drawings.

1. General Requirements: ASTM A6.
2. Bridge Structural Steel (Weathering Steel):

a. Structural Steel Shapes, Angles and Plates for the Bridge Superstructure:
ASTM A709/A709M, Grade 50W.
b. All new structural steel shapes, plates and bars shall be classified as

Fracture Critical Members and meet temperature Zone 2 requirements with
a minimum service temperature of -30°F.

Cost Impact: FCM adds min. 5% to material cost

24
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Fracture Critical Member Designation

 FCM Impacts on Fabrication

— FCM-specific weld PQR’s required

— Pre-blasting steel prior to fabrication may be required

— Higher preheat temperatures required for welding

— Additional requirements for baking and controlling flux

— Additional weld NDT and longer wait periods for NDT

— More frequent QC auditing of welding

—~ Approvals for weld repairs; post-heat required on repairs

GO
2

Fracture Critical Member Designation

« FCM Impacts on Fabrication

— FCM-specific weld PQR’s required

— Pre-blasting steel prior to fabrication may be required

— Higher preheat temperatures required for welding

— Additional requirements for baking and controlling flux

— Additional weld NDT and longer wait periods for NDT

— More frequent QC auditing of welding

— Approvals for weld repairs; post-heat required on repairs
() Impact: Additional time and cost

Copyright © 2019
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Charpy V-Notch Requirements

» Clear and complete requirements are essential

IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:

- ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING

THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH (CVN) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS GIVEN IN
SUBSECTION . TESTING SHALL BE AT THE "H" FREQUENCY.

- TIE BEAMS AND TIE BEAM SPLICE PLATES
- ARCH KNUCKLES
- BRIDGE HANGER ASSEMBLIES

27

Charpy V-Notch Requirements

» Clear and complete requirements are essential

IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:

1 - ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING

THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH (CVN) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS GIVEN IN
SUBSECTION . TESTING SHALL BE AT THE "H" FREQUENCY.

- TIE BEAMS AND TIE BEAM SPLICE PLATES
- ARCH KNUCKLES
- BRIDGE HANGER ASSEMBLIES

28
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Charpy V-Notch Requirements

» Clear and complete requirements are essential

IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:

1 - ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING

THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH ) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS N IN
SUBSECTION . TESTING SHALL BE AT THE "H" FREQUENCY.

- TIE BEAMS AND TIE BEAM SPLICE PLATES

- ARCH KNUCKLES Which plates
- BRIDGE HANGER ASSEMBLIES are subject to

tensile stress?

29
Charpy V-Notch Requirements
» Clear and complete requirements are essential
IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:
- ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING
THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH (CVN) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS GIVEN IN
2 SUBSECTION . TESTING SHALL BE AT THE "H" FREQUENCY.
- TIE BEAMS AND TIE BEAM SPLICE PLATES
- ARCH KNUCKLES
- BRIDGE HANGER ASSEMBLIES
30
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Charpy V-Notch Requirements

» Clear and complete requirements are essential

IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:

- ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING

THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH (CVN) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS GIVEN IN
2 SUBSECTION . TESTING SHALL BE AT THE FREQUENCY.

- TIE BEAMS AND TIE BEAM SPLICE PLATES
- ARCH KNUCKLES
- BRIDGE HANGER ASSEMBLIES

These are FCM values.
Are these FCM?

31

Charpy V-Notch Requirements

» Clear and complete requirements are essential

IN ADDITION TO THE ITEMS LISTED IN . THE FOLLOWING
ELEMENTS OF SHALL BE FURNISHED TO MINIMUM CHARPY V-NOTCH
FRACTURE TOUGHNESS REQUIREMENTS:

- ARCH RIB FLANGE AND WEB PLATES SUBJECT TO TENSILE STRESS
- ARCH RIB SPLICE PLATES
- ARCH RIB LATERAL BRACING

THE FOLLOWING ELEMENTS SHALL HAVE A MINIMUM CHARPY V-NOTCH (CVN) VALUE
OF 25 FT-LBS AT 40° F IN LIEU OF THE CVN IMPACT REQUIREMENTS GIVEN IN
SUBSECTION . TESTING SHALL BE AT THE "H" FREQUENCY.

- TIE BEAMS AND TIE BEAM SPLICE PLATES
- ARCH KNUCKLES
- BRIDGE HANGER ASSEMBLIES

Impact: Material order—accuracy; lead time; cost
32
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#4 — Details of Stiffeners and Connection Plates

33
Details of Stiffeners and Connection Plates
141-0"
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Details of Stiffeners and Connection Plates

« Objective: Clear definition geometry of the plates
and their connection to the component

« Recognize impact on fabrication:
— Plate preparations (beveling for fit, milling)
— Weld details and preparation required

35

Details of Stiffeners and Connection Plates

» Clear definition of plates vertical or normal to grade

ALL ENDS OF GIRDERS AND THE BEARING STIFFENERS SHALL BE VERTICAL. ALL
CONECTION PLATES AND INTERMEDIATE STIFFENERS SHALL BE PERPENDICULAR
TO THE TOP FLANGES.

36
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Details of Stiffeners and Connection Plates

« Clear definition of plates vertical or normal to grade

ALL ENDS OF GIRDERS AND THE BEARING STIFFENERS SHALL BE VERTICAL. ALL
CONECTION PLATES AND INTERMEDIATE STIFFENERS SHALL BE PERPENDICULAR
TO THE TOP FLANGES.

Impact:
« Vertical plates typically required beveled ends

* Perpendicular plates do not require beveled ends

37

Details of Stiffeners and Connection Plates

» Clear definition of the fit and welding requirements
— Tight Fit — Gap up to 1/16” allowed (AWS D1.5)
— Mill to Bear — 75% area in contact (AWS D1.5)

— Weld Details — Fillet weld, PJP, CJP

38
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Details of Stiffeners and Connection Plates

« Clear definition of the fit and welding requirements

! T
TIGHT FIT — / — TIGHT FIT

OR WELD \ OR WELD
: L N
3 e
s={— BRG. STIFF,

SIZE " x8lf"

—ECRON.
p \T RS

BEARING STIFFENER
AT ABUTMENT

39

Details of Stiffeners and Connection Plates

« What'’s less than desirable here?

¢ GIRDER

L
37?€{>44<:UGHT FIT

AL
T —

5
&
]
%" CONNECTION
PLATE (TYP.)

e ,//\ N, FINISH TO
|7 BEAR

R FRAM NNECTION
PLATES INTERIOR

SCALE: 17=1"-0" 40
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Details of Stiffeners and Connection Plates

« What’s less than desirable here?

¢ GIRDER

AN
E7TE{>AA<:UGHT FIT

Finish to Bear unnecessary B

at a connection plate thatis | ~
not a bearing stiffener s

BEAR

R FRAM NNECTION
PLATES INTERIOR

SCALE: 1"=1"-0" 41

Details of Stiffeners and Connection Plates

« What'’s less than desirable here?

¢ GIRDER

h \\3X4737?€{>44<:NGHT FIT
Impact:
Finish to Bear adds at N
least 25% to cost of b —
each connection plate T

L S

FINISH TO
BEAR
N

CROSS FRAME CONNECTIO
PLATES INTERIOR

SCALE: 17=1"-0" 42
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Details of Stiffeners and Connection Plates

« What's less than des

irable here?

-~ ~—¢ GIRDER

% —p—

g N

%

N e r\}__ i STireinen
TIGHT FIT >—C 1> /
He
A % D )
wéf,,éﬂ\ ¥ D |
e W )

% !'f.”-'”_il]:.

BEARING STIFFENER DETAIL
(PIER 11 ONLY)

2V (TrP.

43

Details of Stiffeners and Connection Plates

« What'’s less than desirable here?

3 f~—§€ GIRDER

s

= Tight fit is an unnecessary
constraint for fillet

BEARING
/ STIFFENER

HGHTFH\‘ %f\
a4 welds—AWS D1.5

i :D ) inherently controls fit-up
i g | F | for fillet welds; has
pea %’V_i_\_: B \ provisions for gaps >1/16”

: !'_'.’.T"P_JI]:.

BEARING STIFFENER DETAIL
(PIER 11 ONLY)

2V (TYP.)
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Details of Stiffeners and Connection Plates

« What’s less than desirable here?

j=—¢ GIRDER

——
e}

7= Impact:

/ sweewe  Potential repair and
delays due to

—e D unnecessary fit constraint

(TYP.)
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N e N
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BEARING STIFFENER DETAIL
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#3 — Use of Standard Details (When N/A)

46
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#3 - Use of Standard Details (When N/A)

- Standard details can be very good, IF used properly
— Appropriate for particular geometry
— Appropriate for particular location
— Appropriate for adjacent details

TYP.

C.6. OF MEMBER — % SEE NOTE 6 SLOPED ~ 7
(TP . ' ya
R — ——————— ‘
‘L %' R (MIND (TYP) off 2
N T0P_STRUT T0 BE USED £ (NN (TYP.
\ IN FASCIA BAYS ONLY. /
N /
N / r
N\ @\x\ p/ E El’
N ’\{? 7 A
- NN COMEETION £
CTYP. - WET
3 e i sie ]
: S e === e —
-

3 MIM)

e
\f .
MG
SEE “TYPICAL WELOED— " / %' © 0N (TYP)

" SEE "CENTER GUSSET
CONNECTION DETAILS' BLATE" DETAIL 47

1" NOMINAL ||| |
CLEARANCE

#3 - Use of Standard Details (When N/A)

« Standard details can be very good, IF used properly
— Appropriate for particular geometry
— Appropriate for particular location | zmeHzs..

— Appropriate for adjacent details |
» If one of more of these is not true: g L
. . ‘ V= ] Tl
— Detailer lays out alternatives

— Submits Request for Information |-
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3,

Use of Standard Details (When N/A)

« Case Study — Two Span Girder Bridge, Skewed, Flared

1'=0" LAYER:
OF FINE STORE (TTF)

DA EL, 112n0p  DETARL W

v T e 1w
LIGHT POLE 1Y G R BHIDGE RAILING
L]
Lt TTTIFET | JERIL FROPOSED
) € STRUCTURE DN, EL. 115u.5u—-—-'37f ] ESTIG £ KTHENT oo ~K FINISHED CHOUND
1 P
! [—EXISTING BEGIN ABLTMENT ot FRELBORD ! EL DIALSD N APPROX, EXISTING GROUND
To BE PARTIALLY REMOVED 2z
______________________________________ EXTRA HEAWY STONE »
EM' TPE B N , STEEL W-PRLES

49
Use of Standard Details (When N/A)
T g /m Standard connection
revmrm— < Sl LT detail in Contract Plans
e |4 |
WMSETE%E;ER&SI 50
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Use of Standard Details (When N/A)

. 586 Q
! Y
[3 L

WEB £

/—'- C.G. OF WEMBER (TYP)
f COMHECTION |

Y b I (TR) ——

-1 0.0:
DIAPHRAGM — | p
BOTTON STAUT

/, 1
BOTTOM LATERAL e/ ::
= | - BOTTOM FLANGE
A,

SECTION C-C
(NITH BOTTOM LATERALS)
HOT TO SCALE

N
ey
2|

51

Use of Standard Details (When N/A)

oS @6 =2 ]
Jﬁ
- X L
v
PT 126|- S3xs N GUs. PL. 3

Impact:

+ Beveling Conn Plate
increases cost 25% to 35%

« PJP Weld at Conn Plate is 3x

cost of normal fillet welded
Conn Plate

« Compound beveled fill plates
could be ~$200 ea.
(fabrication only)

52
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Use of Standard Details (When N/A)

{——€ Girder € Girder
711" (CFI)

525" (CF3)

9
= fyp. cnre

Chord, typ.
i j——i - Tignt rir

Standard cross frame
detail in Contract Plans

) ' Onmit connection B
Y Diagonal, typ. — V™ o =
~ i :

"
e

. /— E,an/le,cﬂon £
- o213 NTR, typ.
\\% | see tote 5.

i SN e Member sizes charted

typ. See Deail |
3 Sheet 27 of 61

53

F—e€ Girder f—¢ cirder 78
711" (CFI) i,
5-25" (CF3)
5
- 1yp. 5:D
See Defall A
= Chord, 1 : W
) ord, fyp.
,‘ %,A N
N m—— |
) I
1< Diagonl, typ. — out.
. ext
— 5,
" D
x B NTR o 0 -
yp. < ‘onnection :
i 0’,0 f Tgxi3% NTR. typ. "
L2 [|  see tiote 5.
— N
[ T¢ ~
- Tight fit
] - | |~ Tight fi
Ho }
10" min. £
; vo. See Defall |
. 5 Sheet 27 of 61
7—’ o typ D2
See Detail B &
INTERIOR CROSS FRAMES - CF1 AND CF3 T INT CROSSFRAME TYPE CFIB

GFFM 4 LODKING EAST

Shop drawing o
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Use of Standard Details (When N/A)

Impact:
* Larger gusset plates

* Four additional bolts at
each cross frame
(fabrication and erection
impact)

INT CROSSFRAME TYPE CFIB
GFFe 4 LODKING EAST

55

Standard cross frame
detail in Contract Plans

Member sizes charted

56
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Use of Standard Details (When N/A)

J—
. f 4,‘3 i
Shop drawing 7 .|
A1t '
S e o
B = :
% N 57
» Actual geometry yields -
a vastly different frame -
- At the least, creates ¥
delays for RFl process 1.
for approval of actual
condition
58

Copyright © 2019
American Institute of Steel Construction

29



AISC Live Webinar Fabricators’ Insights on Clear Communication
January 24, 2019 of Bridge Design Requirements

Use of Standard Details (When N/A)

« Suggestions for avoiding the issue:
— Investigate nuances of structure geometry

— Design/Model/Draw connections to-scale

=l WTSX30

£
EY v_.
; SLOPED
i
|

= L OF W24x131

[~ ¢ OF W24x131

59

#2 — Bridge Fit

60
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Bridge Fit

« Objective: Clear definition of the load condition at
which various bridge components “fit” together

* Fit condition defines:

— Load state at which cross frames/diaphragms “fit”
with girders having theoretically plumb webs

— Applies to Skewed and/or Curved I-girder bridges,
and important also for Trusses, Arches and Cable
— Stayed bridges

Bridge Fit — I-girder Bridges

* Generally, components “fit” together in only one
dead load condition

— No Load (Cambered Position)
— Steel Dead Load (Erected Position)

= Total Dead Load (Final Position)

opyright © 2019
merican Institute of Steel Construction
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Bridge Fit — I-girder Bridges

* Define by the load state, not by “webs plumb in .

— No Load Fit (NLF)
— Steel Dead Load Fit (SDLF)

— Total Dead Load Fit (TDLF)

63

Bridge Fit and Shop Assembly

« Case Study — Curved I-girder Bridge

s LA

Sl

LR

64
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Bridge Fit and Shop Assembly

« Specified Fit Condition:

21. DEVELOP SHOP DRAWINGS WHICH DETAIL ALL GIRDER WEBS VERTICAL WHEN TOTAL DEAD
LOADS (EXCEPT FWS) ARE APPLIED. SHOP ASSEMBLE THE ENTIRE STEEL SUPERSTRUCTURE
TO ENSURE PROPER FIT FOR ALL STRUCTURAL STEEL COMPONENTS PRIOR TO FULL SIZE

REAMING OF BOLT HOLES FOR SPLICES AND DIAPHRAGM CONNECTION PLATES. DISASSEMBLE
PRIOR TO SHIPPING.

22. ALL CROSS FRAMES SHALL BE DETAILED TO FIT IN TOTAL DEAD LOAD CONDITIONS. ANY
ADJUSTMENTS FROM SHOP FIT-UP OF BOLTED CONNECTIONS SHALL BE SUBMITTED TO
THE RE FOR APPROVAL.

Bridge Fit and Shop Assembly

» Specified Fit Condition:

21. DEVELOP SHOP DRAWINGS WHICH DETAIL ALL GIRDER WEBS VERTICAL WHEN TOTAL DEAD
LOADS (EXCEPT FWS) ARE APPLIED. SHOP ASSEMBLE THE ENTIRE STEEL SUPERSTRUCTURE
TO ENSURE PROPER FIT FOR ALL STRUCTURAL STEEL COMPONENTS PRIOR TO FULL SIZE
REAMING OF BOLT HOLES FOR SPLICES AND DIAPHRAGM CONNECTION PLATES. DISASSEMBLE
PRIOR TO SHIPPING.

22. ALL CROSS FRAMES SHALL BE DETAILED TO FIT IN TOTAL DEAD LOAD CONDITIONS. ANY
ADJUSTMENTS FROM SHOP FIT-UP OF BOLTED CONNECTIONS SHALL BE SUBMITTED TO
THE RE FOR APPROVAL.

Fit condition
clearly specified
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Bridge Fit and Shop Assembly

« Specified Fit Condition:

21. DEVELOP SHOP DRAWINGS WHICH DETAIL ALL GIRDER WEBS VERTICAL WHEN TOTAL DEAD
LOADS (EXCEPT FWS) ARE APPLIED. SHOP ASSEMBLE THE ENTIRE STEEL SUPERSTRUCTURE
TO ENSURE PROPER FIT FOR ALL STRUCTURAL STEEL COMPONENTS PRIOR TO FULL SIZE
REAMING OF BOLT HOLES FOR SPLICES AND DIAPHRAGM CONNECTION PLATES. DISASSEMBLE
PRIOR TO SHIPPING.

22./ALL CROSS FRAMES SHALL BE DETAILED TO FIT IN TOTAL DEAD LOAD CONDITIONS. ANY
ADJUSTMENTS FROM SHOP FIT-UP OF BOLTED CONNECTIONS SHALL BE SUBMITTED TO
THE RE FOR APPROVAL.

Unfortunately,
does not follow
current industry
guidance

Bridge Fit and Shop Assembly

« Specified Fit Condition with Shop Assembly:

21. DEVELOP SHOP DRAWINGS WHICH DETAIL ALL GIRDER WEBS VERTICAL WHEN TOTAL DEAD
LOADS (EXCEPT FWS) ARE APPLIED. SHOP ASSEMBLE THE ENTIRE STEEL SUPERSTRUCTURE
TO ENSURE PROPER FIT FOR ALL STRUCTURAL STEEL COMPONENTS PRIOR TO FULL SIZE
REAMING OF BOLT HOLES FOR SPLICES AND DIAPHRAGM CONNECTION PLATES. DISASSEMBLE
PRIOR TO SHIPPING.

22. ALL CROSS FRAMES SHALL BE DETAILED TO FIT IN TOTAL DEAD LOAD CONDITIONS. ANY
ADJUSTMENTS FROM SHOP FIT-UP OF BOLTED CONNECTIONS SHALL BE SUBMITTED TO
THE RE FOR APPROVAL. ”

« Be aware of the interaction between
the specified fit condition and any
shop assembly requirements

opyright © 2019
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Bridge Fit and Shop Assembly
« Specified Fit Condition with Shop Assembly

21. DEVELOP SHOP DRAWINGS WHICH DETAIL ALL GIRDER WEBS VERTICAL WHEN TOTAL DEAD
LOADS (EXCEPT FWS) ARE APPLIED. SHOP ASSEMBLE THE ENTIRE STEEL SUPERSTRUCTURE
TO ENSURE PROPER FIT FOR ALL STRUCTURAL STEEL COMPONENTS PRIOR TO FULL SIZE
REAMING OF BOLT HOLES FOR SPLICES AND DIAPHRAGM CONNECTION PLATES. DISASSEMBLE
PRIOR TO SHIPPING.

22. ALL CROSS FRAMES SHALL BE DETAILED TO FIT IN TOTAL DEAD LOAD CONDITIONS. ANY
ADJUSTMENTS FROM SHOP FIT-UP OF BOLTED CONNECTIONS SHALL BE SUBMITTED TO
THE RE FOR APPROVAL.

Incompatibility of fit
condition and specified
shop assembly

> SAFETY CONCERNS

Bridge Fit — Trusses

» Clearly define truss camber and geometry
» Options:
1. Cambered Lengths, Cambered Angles

2. Cambered Lengths, Geometric (Final) Angles

70
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Bridge Fit — Trusses

« Coordinate with shop assembly requirements
1. Cambered Lengths, Cambered Angles

« Can be shop assembled without force fitting

2. Cambered Lengths, Geometric (Final) Angles
« Cannot be fully shop assembled without force fitting
* Thus, top and bottom chords assembled separately

SMETRICA —=f
T 1606

71

Bridge Fit — Trusses

« Coordination with shop assembly requirements

Symm. obT. € unless

otnervise notes—, |

me wz
ot 2375

o e ™ s il

~0,59% O-Sigaa e ' ne'

N af | Ne

4 us ue ut ua
578" -~ 5366
. ' ; . J &8 Ne v e Neo¥ . 3
Nl 2 N B & 3 3, b F5 N S 8 e B & & o W e q 2 x L
&3 %, s N, H 98, B Y%, B N 4 ER %
Y- &8 o o 5 2.8 s 8 & $ b <A .. ]
f 479 X q g 4 ¥ 3 e

o — | gy S TP L g.é!éa"—/' Lq:.n:m“— |
Dsad Lead a5 . Y z v
ooking | al 5 = H

5 L1s L

0. LT0R
053

0.

J 2 e s G, o,
X I A e I A -8 g o
p 7 g 73 E
: i o s - :
L0 X L2 [ L s L6 L L8 L5 Lo Lt iz 13 L4 1
DEAD LOAD CAMBER DIAGRAM

Notes:
Compute the lengths of members for +abrication for geometric shape of fruss per notes on

this sheet applied to +he Elevation of Tr dimensions on Sheet No. 105 with the corrections
indicated above appiied to these Ieng'l‘hs.%ca-res lengthening. - indicates shortening.

What does this require for a
shop assembly? 72
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Bridge Fit — Trusses

« Coordination with shop assembly requirements

Symm. abe. € unlan

® othervise noted— )
|

" ui
" 2037564
" uz u us ue u ua 0" 3 ~
u o052 05105
— +0.5350" -a. ~0.5366" 0. 04e8e. P
. % ; ‘., . ~
. s N w & u Na o .
. . . . : . : | 3 B e \g F A ! - .
. SNl Sl Ne B e 5 84 N, F N & 3 N k| o F I I E, &/ oo .
7 S8 N B g N Y8 N, 2| A3 § g g = Al gl o q A v B 3 Y
h ) = . 5 # o e I ] Y 2 Fro o ¢ 7 9 S & B N B
¥ o E 3 4 4 =l 3 N ¢ ! E: g P
; ] ] g : : E
S N NS N ﬁ_mw DU/ NS/ NI
Boad Lood 5 Al sl e o - = ol Py
Eoneat Fiocking 3] B el HEs i e = e e £
Lo L L2 L3 La Ls L& 8 Le L1 L L1z 3 L4 L L& L7

LT {3

DEAD LOAD CAMBER DIAGRAM

Compute the lengths of members for fabrication for geometric shape of iruss per notes on
this sheet applied to the Elevation of Truss dimensions on Sheet No. 105 with the corrections
indicated above appiied to these lengths. + indicates lengthening. - indicates shortening.

Separate assemblies: 1) Top chord with web
members and 2) Bottom chord with web members 73

Bridge Fit — Arches, Cable Stayed

« Arches and Cable Stay Bridges

— Relationship between main structure camber and
floorsystem / bracing camber and fit

28T -0 ARCH SPAM

r

K 1
iy e 3 peTaL
L -\\ J|— UPPER WORK
1 FOINT
1 4)—‘
i 1 D —RIGHT SPANDREL
LEFT coLuM 3 Lo G i Ill—FLaonaEAu Fry
FETEH *7 ! 1 LEL fur AnoReL f *7 i ‘* HETGHT
(BETWEEN woRx | t (e i cl, 1 C | reeTwEEN womx
POINTS) i | { L POINTS)
T
LOWER MORK POINT—] /] i L LOYER woRk & 4RCH RIB
i i
T : -
H | T
i

i \—aRCH STRUT
G rsueeT em | {4 g OFFSET FROM
! SPANDREL COLUMNS)

74
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Bridge F|t What if 1 have questlons"?"?

INTHIS SECTION Technical Resources

75

| S lengitis up 1o 200 i +/-
| Span langths oreater fian 200 +/-

76
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Bridge Fit — What if | have questions!?!?

Certified Company Search

Map Satellite

Urzed St;\tes " BTN

78
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#1 — Bearing Pad Elevations

79

Bearing Pad Elevations

ELEVATION
SCALE: 'at0"

VARIES

« Anecdotally, the #1 discrepancy in bridge contract plans

Fatz @
ok

80
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Bearing Pad Elevations

 Why does the Fabricator care?
» “Just put steel at elevations provided . . .”
— Essentially, Detailers perform a verification of
structure geometry

— Provides assurance that structural steel geometry
is in conformance with contract plans

bt e | - —

Bearing Pad Elevations

« Detailer checks geometry by working from top of
roadway down to bearing pads

— Deck elevations } Or Bottom of Slab
— Deck thickness

— Haunch thickness
— Girder depth e
— Bearing depth

) Yields =——=) Bearing Pad Elevations )

TPy
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Bearing Pad Elevations

I

—
. ——

| SCCTXCT S

¥
TRANSVERSE . - TRANSVERSE = - <
REWF. (TYP.) T e X 5" M. REINF. (TYP.) %%
SHEAR STUDS L 12 SHEAR STUDS
e ] e — T | oD

= N ) =
| 2 ! w8 7
lg \ g T, b T S oncmupmaL JD ) o4 -
= | o - 3 ) s | REWF. (rre) T o B eiaiil e LONGITUDINAL
{m=.>—®—/l"_.-_r i 1T L Wl REINF. (TYP.)
| ¥ .~ Ilcw,_ e i) =
g o 7 =
=l : | | ¥ *LENGTH OF SHEAR
4 / | = i | sTub waRiES (TYR)
7 4 | | 7 € GIRDER, | K
) il
* € cmoer  © {o | /D
pe - — ~#
SHEAR CONNECTOR
FOR HAUNCHES < 4" EOR HAUNCH > 4"
SCALE: 1 1/2°=1"-0" —r Y SCALE: 1 1/2°=1'-0"
STAGE 20 STAGE 2

PO £ WA ELEVATION CAICULATIONS

83

Bearing Pad Elevations

+ If a discrepancy, Detailer is unsure whether it’s a:
— Bust in roadway geometry
— Bust in concrete haunches
— Bust in cambers

/
— Bust in bearings
— Bust in bearing pad elevations |
¢

r @
84
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Bearing Pad Elevations

 If a discrepancy, Detailer is unsure whether it’s a:
— Bust in roadway geometry
[[=5™ — Bust in concrete haunches
— Bust in cambers

7/
— Bust in bearings
([ — Bust in bearing pad elevations |
¢

r e
8

5

Bearing Pad Elevations

+ If a discrepancy, Detailer is unsure whether it’s a:
— Bust in roadway geometry
— Bust in concrete haunches
— Bust in cambers

/
— Bust in bearings
— Bust in bearing pad elevations |
* Leads to an RFI, and essentially stoppage (

86
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Bearing Pad Elevations

« Suggestions for avoiding the discrepancy
— Include basic roadway geometry with structure
— Clearly define deck slab and haunches

 Constant haunch — state so
» Variable haunch — provide

uifaz e
SH" ASSUNED DESIGH HAUNCH & ITTEE (TR (R T
THEORETICH. BOTTOM
OF SLAR ELEVATION
I I —— N —— —
TS (1 50 (LT TKLD D) (R (ITENR T 05 (L84 T

e _
[‘I [ IELX) -_—_—_—_-
= i
¥ T N R M M M T
i
_( ' i :
TEPTH (€ HAMOH (E) IN TABLE
a4 £
4
i
b e

720 T T MR R TR AT T DEPTH OF HAUNCH (®) IN TABLE

GIRDER HAUWCH DETAIL
WOT 70 SCALE

HAUNCH DETAIL
N.T.S.

Common Design Issues Slowing Bridge Projects

88
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Common Design Issues Slowing Bridge Projects
#5 — Primary Member, FCM and CVN Designation

#4 — Details of Stiffeners and Connection Plates

#3 — Use of Standard Details (When N/A)

#2 — Bridge Fit

89

Part lI: BIM for Bridges in Structural Steel
Fabrication

90

Copyright © 2019
American Institute of Steel Construction

45



AISC Live Webinar Fabricators’ Insights on Clear Communication
January 24, 2019 of Bridge Design Requirements

Traditional BIM in Bridge Fabrication

[ Coordinate Base Seq# MI
Moetric|
Topof Roadway Sdr. Boint,
a Easl Station Elevalion  Cross Slope Azimuth Line Ivpe
1 X 0.00 3895.77200 0.00000 0.0000 57.82763 0 O 0.00
2 576166.51 368725.73 4602.40400 0.00000 0.0000 740792 0 0 0.00
3 679699.39  -427571.92 0.00000 0.00000 0.0000 0.00000 0 O 0.00
4 745175.98 390699.97 4772.83600 0.00000 0.0000 7.40792 0 o 0.00
5  930300.71 427407.92 4961.70400 0.00000 0.0000 1502321 0 O 0.00
6 56196276  1799839.39 0.00000 0.00000 0.0000 0.00000 0 © 0.00
7 169507.80 192519.65 4153.38400 0.00000 0.0000 39.44646 0 0 0.00
8 199011.71 215660.82 4190.88400 0.00000 0.0000 3677075 0 0O 0.00
235784.10 24157463 4235.88400 0.00000
10 273870.20 265387 55 4280.88400 0.00000
1 313420.156 287024 84 4325.88400 0.00000
354020.08 306418.54 4370.88400 0.00000

168812.09 193365.22 4153.38400 9.98528
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» Generation of Shop Drawings,
Fab Data & CAM Files

* Fabrication Planning

* Fit Verification and Clash
Detection

* Quality Control/Assurance

« Steel Erection Planning

« Data Warehouse for Fabrication
Documentation (RFls, QC Data)

« PROJECT DATA for LIFE CYCLE!

B
0 % 3

Current Use of BIM - Fabrication

Traditional Shop Drawing

e

& | oo salp
5

=S5 Communication Tool!

e,
(Y

1

4

Info Can Be Zinc Marked <

O T
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Current Use of BIM - Fabrication
Current Transfer of CAM Data

T =iy ]

97

Current Use of BIM - Fabrication

* Parametric 3D models created for
girder parts

* One associative part model shared by
all disciplines

* Reduces redundant efforts

CNC Code

Part Model

BOM

98
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Current Use of BIM — Fabrication

Individual < 4 Assembly
Components

SNy

GREL ”WQ: >
5
h N\ 4 99

iy e 15

Current Useof BIM - Fit Verification

Traditional Assembly
Labor Intensive
Time Consuming
Costly
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Current Use of BIM - Fit Verification
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(TR [

\
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Current Use of BIM - Fit Verlflcatlon

Physical Assembly avoids
issues here, BUT

Virtual Assembly can achieve
same result

Potential Use of BIM — Info Sharing

Traditional Workflow

Fabricator

|
Engineer :
|

Digital

104
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Potential Use of BIM — Info Sharing

Preferred Workflow

Engineer Fabricator

Electronic Data Transfer

Digital Digital

Paper Digital

105
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Potential Use of BIM — Fab Doc Review

- TRADITIONAL

‘_um-wz_' FABRICATION INFO

FULL DETAILED SUBMIT
._' DRAWINGS OF DRAWINGS 4’.—'- DRAWINGS
ALL FOR 1
COMPONENTS APPROVAL GOVERN!

SHOP DRAWING TO FABRICATION FLOW - WITH ADVENT OF CNC EQUIPMENT

FABRICATION INFORMATION DRAWINGS
FULL DETAILED SUBMIT CREATE CAM
._> DRAWINGS OF DRAWINGS' MODELS FOR - GOVERN, BUT
ALL | FOR CNC /
COMPONENTS APPROVAL EQUIPMENT MODELS/DATA
USED
ST PSIET
&
N SN 107

Potential Use of BIM — Fab Doc Review

SHOP DRAWING TO FABRICATION FLOW - WITH FULL UTILIZATION OF BriM AND CNC EQUIPMENT

SUBMIT INFO
(DRAWINGS)
FOR
APPROVAL

MODELS/DATA
GOVERN!

MODELS/DATA
COMPONENTS

CREATE CAM
MODELS FOR
CNC
EQUIPMENT

L BRI S

O®
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Potential Use of BIM Data Storage

- Project Info Warehouse |-
» Fabrication Details B
* RFls B
» Fabrication QC Docs
* As-Built Docs

[AHIGH B

i

BIM Benefits in Bridge Fabrication

« Optimizes Workflow thru Design — Detailing —
Fabrication — Field .

« Minimizes Errors due to:

* Manual Data Transfer
+ Detailing Misfits

* Provides One Source for Data

» Shop Drawings / RFls
* Fabrication Documentation
* QC Records

 Eliminates Redundant or Manual Efforts

* Manual Programming and Fabrication Processes
cPhysical Assemblies for Fit Verification

110
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Where Do We Go From Here???

« FHWA is setting a path for implementation of BIM

Defined information exchange format in 2016
 |IFC file = Industry Foundation Classes

« Standardized neutral data model/file that describes building
and construction industry

* Overseen and governed by buildingSMART
International

Bridge Information Modeling

Stan alion

U5 Depariment of Transponation

111

« AASHTO T-19 Pooled Fund Study
— Defining the bridge data to be included in the IFC file
— Current effort focused on data exchange from
designer to fabricator
— Industry task groups assisting (A ASHTO/NSBA Steel
Bridge Collaboration)

Where Do We Go From Here???

112
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Where Do We Go From Here???

» Consider the benefits to you

— Owner, Engineer, Fabricator, GC, Erector
* Prepare for the use of IFC files—it’s coming!
* Participate in Industry Development

— AASHTO/NSBA Steel Bridge Collaboration

Remember, the Power is the INFO/DATA!!
(this drives any 3D representation)

113

PRIZE BRIDGE AWARDS NEWS  PUBLICATIONS DESIGN RESOURCES EVENTS ~ ABOUT

A Ny ¢

§ AASHTO-NSBA -~
R COLLABORATION G1.4-2006 GUIDELINES FOR DESIGN DETAILS
\. / L
(T i b £ AASHTO Publication Code: NSBAGDD-1
A Format: PDF
Category: Guide

- Applicable Groups: Engineers, Fabricators
a3 Description: G1.4 is a collection of sample desij

, and st
ders.

G1.2-2003 DESIGN DRAWINGS PRESENTATION GUIDELINES

AASHTO Publication Code: NSBADDPG-1
Format: PDF
) Category: Guide
) Applicable Groups: Engineers, Owners, Fabricators
Description: G1.2-2003 should be used by the engineer in the development of design drawings. The
document advises the engineer on the minimum information required to detail and fabricate a

structure. Included in G1.2 are sample drawings illustrating the needed information.
DOWNLOAD
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Questions?
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CEU / PDH Certificates

* You will receive an email on how to report attendance from:
registration@aisc.org.

* Be on the lookout: Check your spam filter! Check your junk folder!

* Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!

: Smarter.
: Stronger.
> : Steel.
CEU / PDH Certificates
* Reporting site (URL will be provided in the forthcoming email).
* Username: Same as AISC website username.
* Password: Same as AISC website password.
3) : Smarter.
: Stronger.
' : Steel.
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Thank you.
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