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What is a Bascule bridge?
* Type of movable bridge

= Rotates (or rolls) span to create
unlimited vertical clearance

= The lifting span is called a

“leaf”

= May consist of single (shown)
or double leaf
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* 32 bascule type movable
bridges in Wisconsin’'s

inventory

* Located predominantly
along Lake Michigan and
Fox River Valley

communities

= Supports fishing,
manufacturing and shipping

Industries
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Main Load Carrying Members

* A Girder-Floorbeam-Stringer
(GFS) system
= W/ unique support conditions
 Secondary elements

Main Load Carrying Members

Floorbeams

Stringers

+ COUNTERWEIGHT
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Counterweight

 Massive block of concrete
» Usually below the deck
» Keeps machinery modest
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Support Conditions

uplift support
* Large counterweight S S R S .
balances forward span l ET_?__#T__ A S— 2 Ly W —
= Girder is balanced T V\ T
under Dead Load R Centerlock

(LL shear transfer only)

* \When closed the two
leaves are locked at
the center (centerlock)

= Live Load reactions
present at centerlock
and uplift bearing

e r———— ' Moment

LL reactions
(supported ends)

No reaction under DL
- Spans are balanced

(free ends)
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Using BrR to Load Rate a Double-Leaf Bascule

-

A 4

Mew Superstructure Definition

—

(7 Girder Spstern Superstiicture

(7 Girder Line Superstructune

> @

Floor Syztem Superstucture

(1 Flaar Line Superstructune

() Truss System Superstructure

() Truss Line Superstructure

(71 Reinforced Concrete Slab Sys

() Concrete Mulb-Cell Box Superg
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What makes a bascule different than other GFS
type structures?

* Stringers

<= Number of stringers can be different between units __—>
= Concrete and open steel grid deck

* Floorbeams
= Section varies btwn floorbeams fsometimes a truss FB)

= Twice the impact applied to-end floorbeam (nearest
centerlock)

 Bascule Girder
= Varying section
= Support conditions

Reguires some workaround v BrR
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* Stringers
= Number of stri
= Concrete and
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- LENTER BREAK

The codified distribution factors for concrete and
open steel grid decks are different.
Ta. 3.23.1 (Std Spec — LFR) or Ta4.¢6.2.2.2b-1

il i COMCRETE SLAB ROWY. , 5" GPEN GEID ROADWAY [} IN FoWY. FLOOR H H H
o\ ¢ o0 4 > - G § ety Number of stringers different between units
o 0 |1 ! N e «  BrR doesn’t allow
g | | | 5
g | | f N AN Sk 1y ] Adjust ghost stringer DF to zero
T T N AN 2l e
Wl 5 : =5l ; : " .
: [ . 1\\\\ g /’/ - \‘\ B L i | Adjust actual stringer DF to actual spacing
~N A AE | ( i
: £5 7 | and increase DL)
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=[] MEMBER DEFINITIONS
=[] FLOORBEAM DEFIMNITIOMS
CTWT
FE1
FE2

] e O

FB34 Standard Impact Factar

s For structural components where impact i to be included per

4 Floorbeam Definition Loads AASHTO 3.8.1, choose the impact Factar to be used:
FIS Floorbeam Intermediate Supports

- Brefault Matenials
= Impact / Dynamic Load Allowance Standard AASHTO impact | =

= P L+ 125

1 Floorbeamn Profile
=2 Lateral Support

HHHHH

Al

> @ Modified impact = 2.000 times AA5SHTO impact

2 Stiffener Ranges

* Floorbeams ) i of e
= Section varies btwn floorbeams (sometimes a truss FB)

= Twice the impact applied to end floorbeam (nearest
centerlock)

Constant impact overide = 0.0 o

LRFD Dynamic Load Allowance

Fatigue and fracture limit states;  19.0 3

Al other limit states: 33.0 3
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Top Flange Transitions PL 1"x24"x8-3 31/32" PL 1 1/2"x27"x50"-3" PL 1"x16"x41"-3 1/32"

Web Transitions 11701 (/27441 231 1212371122 1211372 1/2 1837144 5801 1/27[144"-130" 153" TIB"[12307-102 " =568
Stiffener Spacing 2110 1902 3 SPA.D 15-6=48-6
Shear Connector Spacing
Top Flange Lat. Supp
Top Flange Deterioration
1/ B iEeb[441- 122" Veb: [12T" NI eb: B 12V N8 [183"-144"]1 1/2"Web: [144™-130"] T/a"Web: [120"-102"]
S

/ GOVV\PVGSS\OV\ = (23 GIRDER MEMEERS
/ = I Girderl
Bottom Flange Deterioration ]
: =& Girder Member Loads
Bottom Flange Transitions PL 2 1/2"x24"x15-3 31/32" FL 2 1/4%24"| Tupe: Plate Girder ,
& Supports
Span Lengths " s w| WP [TopFlange | Botom Flange o (1] GIRDER MEMBER ALTERNATIVES
\ = I Bascule girder (E) (C)
Begin End | ickness) port] S [ Lengm| Ene W LT Default Materials
Depth Depth Wary Depth " \:%g Distance f Distance Material e _1 " .
(i) {in) (| rumbey | M| % Impact / Dynamic Load Allowance
44.00 |Linear x| 4e0000| 1s000| 1 |« @ 25| 125 Grade 35 |w|-— L Live Load Distribution
. 4400 |Linear =] 1230000 1so000| 1 [+ 128 Grade 36 || - “ colice Locations f
® aSCU e Ir er 123.0 |Linear = 1130000 15000| 1 =] 833 9.00 - =T P _ 1
113.0 | Parabolic Convex |=) 1830000 =zs000| 1 |w| 1533| 475 & =1 Girder Profile ]
A M 183.0 |Parabolic Convex j 144.0000 25000 1 j 20.08 5.75 2583 |Grade 36 || — Y | ateral SLIFIFIIZII"t i
| Varylng SeCtlon 144.0 | Linear =] 1300000 15000 2 || 400| 1525 19.25 Grade3s |¥|-— .
130.0 | Parabolic Concave =] 1020000 osrso| 2z [v| 1925 | ssvs| 7600 |Gradezs |v|- i
|
3 gearing ener Locations
(L1 Points of Interest
=1 Deterioration Profile
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Modeling Steps

« Step 1 — model a single leaf

» Step 2 - balance the bascule girder

» Step 3 - record service dead load deflection @ free end

» Step 4 — record service live load deflection @ free end and calc
spring stiffness

» Step 5 — record service dead load deflection with spring and apply
corrective DL force

« Step 6 — verify results
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Modeling Steps

« Step 1 — model a single leaf <mm A benefit +o this approach is reduced
modeling

\

1.

7 1

| General | Elastic

Support Support

Translation constraints

Rotation constraints

IVIH’MI S{APPoH’ ‘ number type
141 1 Roller
conditions oo
3 | Free

Of< O] =
Ofs ©] <
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« Step 2 -

Modeling Steps

balance the bascule girder

Shear [kip]

100

-100

-200

0

= \/DL-51-Load Case 1 -
= VDL-s1-Load Case 2 -

VDL-s1-Load Case 3 -

— VDL-51-Load Case 4 -

Self Load(Stage 1:D,DC) : -58.471

Member Concent'd Loads(DC1:5tage 1:D,DC) : -54.699
Floorbeam Member Dead Loads(Stage 1:D,DC) : -77.718
Stringer Unit Dead Loads(Stage 1:D,DC) : -107.741

iy

10

20

30

———— ]

f——

40

MHBEDTE A, s (s

At this point the bascule self
weight should include everything
but the comterweight (and
machivery room) and will result
n a large reaction at the uplift
bearing

4mmm ~298 kips in uplift
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Modeling Steps

i Girder Member Loads

Pyl‘;ﬁ_P.i{

Distance

4|-/M

Pedestrian load:

Ib/ft

Uniform ] Distributed | Concentrated ) Settlement )

M
=y

Load case Support Distance Px Py M
name number (ft) (kip) (kip) (kip-ft)

[DC - |1 6.33 295.00

DC1 -1 15.33 295.00 }

DC1 -2 11.50 4.00

DC1 -2 27.00 6.70

DC1 -2 4250 6.70

DC1 -2 58.00 6.70

DC1 -2 73.50 4.00
SCONS,
/ %

o;tnj

MHBEDTE A, s (s

Add mntil small nplift ~2 kips
Appropriate (tip heavy)

Counterweight loads —]

Sidewalk/ppt loads

200
I S
a
= 0
= .l
©
L
v
-200
-400
0

0

= VDL-s1-Load Case 1 - Self Load(Stage 1:D,DC) : -58.471
= VDL-s1-Load Case 2 - Member Concent'd Loads(DC1:Stage 1:D,DC) : 242.598

VDL-s1-Load Case 3 - Floorbeam Member Dead Loads(Stage 1:D,DC) : -77.718 —_—]
= VDL-s1-Load Case 4 - Stringer Unit Dead Loads(Stage 1:D,DC) : -107.741

2VDL = -1.4 kips (uplift)

10 20 30 40
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Modeling Steps

Atip = 1.11”

» Step 3 - record service dead load deflection @ free end

0 - — —— — - P
————tm—a 978333
. — YDL-s1-Load Case 1 - Self Load(Stage 1:0,0DC) : -0.239 |
E =— ¥DL-s1-Load Case 2 - Member Concent'd Loads(DC1:5tage 1:0,0C) : -0.107
g -0.2 YDL-s1-Load Case 3 - Floorbeam Member Dead Loads(Stage 1:0,DC) : -0.304
‘3 — ¥DL-s1-Load Case 4 - Stringer Unit Dead Loads(5tage 1:.0,DC) : -0.464 ™
(1]
g
()
-0.4
0 20 40 60 80 100

Distance [ft]
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The live load deflection in the
cantilevered state represents

i the stiffuess of a single leaf (o
MOdel I ng Ste ps assistance from the second leaf
— because i+ isn’t modeled)
were the second leaf wmodeled,

* supports we'd expect the maximum
; deflection +o be cut in half (or
t nearly)
X —
o — B .
Step 4 General Elastlcw X A -
1 2
Support Support Translation constraints .Z
number type X Y | General || Elastic \'|
| 1 I Roller v |:|
5 Pinned . Translation spring constant | Rotation spring constant Override
Support {kip/ft} (kip-in/rad) computed Z
3 Roller - O number rotation spring
Y z constant | |
Tteratively adust spring 0
: . 2 ]
stiffuess to -chr LL d@ﬂ@&ﬂom‘ v T p— =
half (or consider 40% reduction)
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% Girder Member Loads

o
I Distance

«lt-"M

[

Pedestrian load:

L

Ib/ft

|' Uniform ] Distributed ] Concentrated h Settlement--\"

+yr’+H
rat

eling Steps

The addition of a spring will
reduce the DL deflection. This
needs to be offset with a
concentrated load at the tip

i

Load case Support Distance Py Py M
name number (f) (kip) (kip) (kip-ft)

F|DC1 =2 = 11.50 4.00
DC1 -2 - 27.00 6.70
DC1 -2 - 4250 6.70
DC1 -2 - 58.00 6.70
DC1 -2 - 73.50 4.00
DC1 |1 - 6.33 295.00
DC1 |1 - 15.33 295.00

[ pc -2 - 76.00 54.00 |

= 978333

— YDL-s1-Load Case 1 -
— YDL-s1-Load Case 2 -

YDL-s1-Load Case 3 -
— YDL-s1-Load Case 4 -

40 60 30 100
Distance [ft]

» Step 5 — record service dead load deflection with spring and apply

sCONg,
Q‘*\ {‘* -

(B

OF TR

corrective DL force

(1.11-0.57)/(12”/")*600*2=54k

i} AR L s Ee—n

Vou can determive the corrective force by
takivg the differevce between deflection
recorded n step 3 (141”) and here (0.5F"),
multiplied by the spring constant

(X2 becaunse +wo leaves)
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5000

-5000

-10000

-15000

Moment (kip-ft)

-20000
-25000

-30000

* Step 6 -
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30

40 50 60 70 80

Location (ft)

verify results

Modeling Steps

Factored Moment Diagram - Bascule Girder

90

100

DL (BrR)
DL (Plan)
e DL +LL (BFR)

e e= DL+LL (Plan)

) SBRM L s E e

(B

BrR distributes load uniformly
mstead of discrete FB locations

Factored Shear Diagram - Bascule Girder

1800
1600

1400

DL (BrR)

DL (Plan)

e DL +LL (BFR)

e «= DL+LL (Plan)

0 10 20 30 40 50 60 70 80 90 100
Location (ft)
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Thank you! Questions?

andrew.smith@dot.wi.gov

; Q‘\Q,CONSW*
B AR T o s & s & Hitémes
OF TR




	Slide 1
	Slide 2: What is a Bascule bridge?
	Slide 3
	Slide 4: Main Load Carrying Members
	Slide 5: Counterweight
	Slide 6: Support Conditions
	Slide 7: Using BrR to Load Rate a Double-Leaf Bascule
	Slide 8: What makes a bascule different than other GFS type structures?  
	Slide 9: What makes a bascule different than other GFS type structures?  
	Slide 10: What makes a bascule different than other GFS type structures?  
	Slide 11: What makes a bascule different than other GFS type structures?  
	Slide 12: What makes a bascule different than other GFS type structures?  
	Slide 13: Modeling Steps
	Slide 14: Modeling Steps
	Slide 15: Modeling Steps
	Slide 16: Modeling Steps
	Slide 17: Modeling Steps
	Slide 18: Modeling Steps
	Slide 19: Modeling Steps
	Slide 20: Modeling Steps
	Slide 21: Thank you! Questions?

