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OUTLINE

N

@Frojcct backgrouncl, historg of bridgc
® Assessment of rehabilitation needs,

‘:inclings of structural analysis

&

R ehabilitation construction process,

ESSOoNsS leamcd
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BACKGROUND

@Froject bcgan 2005, comPlcted 2009
@"Froject Participants:

n St Joscpin Countg Road (Commission

s [reservation architect

O 5tructural/Prcscrvation engineer

s MDOT historian

N Contractor

/4 I
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Signi{:icancc of Langlcy Bridgc

N

L/

q@(:omstructc-:cl 1887, timber Howe trusses

® One of four remaining historic covered
bridgcs In Michigan
® One of the longcst historic covered

bridgcs in(]S
® orms part of local identitg

® Still in active use as county road
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The Langlcﬂ bridge 1887
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Raising the bridge fordam 1910
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| ater changcs: deck, Picrs and
abutments replaccd 1950s
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Roof raised and

A\
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Swa‘q braci ng

‘modifications

Tk % i) T
T
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T he {:is!ﬂing window
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TI"IC Structu re

N

@ Hcavg timber Flowe through trusses
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The Howe trusses here are the

uhistorica"g signi{:icant feature
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Thc Langlcy Brndgc trusses

f\

- @&

~ ach truss 94 ft long, 16 fttallh/] =6

®i0 Panels perspan, 9’-2 %” each

@ Dxagonals slopc 60
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T russes built up from sawed
timber, three laminations at chords

A\

L/

(3) 5" x9"/ U

‘ TENSION

/ DIAGONAL 6" x 6"

0 COMPRESSION

\ DIAGONALS,
SIZE VARIES

(2) RODS,
@ VARIES

(3) 5" x 12"
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lron castings at nodes, tension

urod bearing directlg on chords
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ASSE SOING
REHADILITATION

NEEDS; FINDINGS OF
STRUCTURAL
ANALYSIS

NEHIL, - SIVAK

CONSULTING STRUCTURAL ENGINEERS




lssues

N

L/

®
&
@

4

Bridge was Postccl for 3T load limit

.’__,oacl and spccd limits rcgularlg ignorcd
.l__,ast major rcPairs and maintenance
1970’s

P revious modifications and rcPairs
addressed functional rcquiremcnts onlg,
little rcgard for historic Prescrvation
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Kecent \/chiclc ]mpact

A\

L/
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lssues with roof: {:raming and

A\

cove rin g
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|ssues with siding: rot, lead Paint
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pecligng into the river
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1950s steel deck Framing,

corroded, lead paint ccling
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T russ bottom chord rein{:orcing

(/corrodcd, south span sagging
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Low clearance an advantage

during condition aud

A\

’
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Hands on, Picce bg Piecc

A\
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\J

K otti ng, of bottom chord

'Raccobn
(Deceased)
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Rotting and crushing of

compression diagonals
N - —
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Crushing of tension rod

bearings, at top chord...
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And bottom

A\

L/
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Furpose and Need: Defining
/the Loads

N

®\\e recommended Public meetings held to
discuss conversion to Pcclcstrian and
bicgclc use onlg

® | hatidea not endorsed bg community

@Communitg wanted to maintain crossing
over river as a county road
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| oads

N

@ Modern loads per AASHTO vs horse-

drawn carriages and wagons: 30,000# vs
7 O00#

HIGHWAY BRIDGES

lllll 1 L | ']
T t
H 20-44 8,000 LBS. 32,000 LBS.*
H 15-44 6,000 LBS. 24.000 LBS.
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Structural analgsis to assess

Urcpair and strengthcning needs

@®\\e examined roof Framing, deck Framing,
trusses, girclcrs and substructure, no work
below the waterline

°@‘\/\/ant to discuss here three issues:

m | ension caPacitg of bottom chords

s | oad transferat castings

s Role of counterbraces in [ Jowe trusses
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N

]:indings

® | imbers stresses within reasonable limits

for No. 1 white Pinc, thougl‘n at

1igh end

® | ension rods also well within allowable

stresses, ok for Fatiguc
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!

:inéings (cont)

N

L/

® NMax bottom chord tension on gross area
of timbers aPPcared acceptable

® PBut tension chord members were splicccl

T original construction
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Bottom chord sPlicc locations

V
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]:islﬂplatc detail
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Bottom chord splices

N

surraces

@"To support wagon loads, need

@I~ valuate tension on net area and shear
Para"cl to grain in the timbers and
FisEFPlates, and compression on the bcaring

1 3,000# of

load transfer througlﬂ each fishplate if we

rclg on them alone to do thejob
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Assessing bottom chord

tension capacity

N

® Per current code limits on bearing stress, bottom
chord Fishplatc caPacitg Is 5,200#, not
ac]ecluate even to carry self wciglﬂt of bridgc

@ Might then assume all tension carried bg
remaining two laminations (ref S. Fatrick

Srarks, AFT Joumal ZOOﬁ), but theg too are
sp |

ICCCl

@ Need to consider dcvelcgpmcnt of tension
caPacitg of bottom chord as a whole, all three
laminations
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T he weak links
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Fishplates, kegs, bolts acting

NEHIL « SIVAK

CONSULTING STRUCTURAL ENGINEERS



]:ishplatcs, kcgs, bolts acting

A\

L/
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T ension capacity using
and Fis!ﬂplates

N

i(CHS

@® [ our bcaring surfaces and one or two
bolts in singlc shear at critical Path

® | otal capacity = 26,000 # per current

NDS, including Cd and Q.75 |

= imit

@ (or 53%,000# per Prc-ZOO i ND&)

@Acccptalale for wagon loacls, N

ot 115 on

trusses with deteriorated and cobbled

CI"lOl"ClS
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Bottom chord strcngthcning

N

ﬁﬁtccl channels
each side of
each chorcl, ~
hidden bg sicling ~—

@ [ rovided good
beari ng for deck =

beams and
tension rods
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Bolting pattern to dcvclop tension in

\lJ

) steel channels, not to splicc wood lams
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| oad Paths at castings

N

" ®Max vertical = 31k, fc = 200 psi (wagons)
@ Max horizontal component = 18k

@®{c/ on Iug bcaring surface = 1950 Psi! but
Pc/tor EWP S5 T8 T = 834 psi

UL U i el 111} JULILL)
; O G roisnaixa - ‘ ; Lm
Lelole | | fann 1 1 gy
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I"orce transfer at casti ngs

N

L/

®|n recent times, max horizontal load carried

mag l‘!avc b

een = 28k, so fc/ = 3000 psi

ension rods don’t bear on wood, no
®T ds don't b d

dowel bearing to hclp out

1""-" 4 rd
® riction?

@® (_onfined

®|s CD of 1.15 too conservative?

e/ = 3000 psi, » 800  psi?
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No action taken

N

®ad suPPortccl highcr loads in the past

without clamage
® Ductile failure mode
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THE
REFPAIR
FROCESS
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A\

A{:ter lead abatement
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A\

Praced inte

nally
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Accessing the exterior

A\

L/
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Replaced all tension rods and

A\

earing Platcs
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RcPaired bottom chord bcaring

A\

L/
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chlaccd and sup lemented

tension chord rein orcing
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5Pacers between wood and steel

A\

to promote durabilitg
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/ ComEression

/diagonals at
Fisl‘xing window
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Comprcssion diagonal rcPairs

N

EXIST. (2) 6x8,6x7 OR 6 x 6
COMPRESSION DIAGS. W/
(1) 6 x 8 BLOCKING, REMOVE &

EXIST. 6X COMPR. DIAGS.

REINSTALL EXIST 6X BLOCKING REM.
NEW 6 x FULL DIM. WH. PINE NO. 1 OR N\ ke RECESSES FORNUTS,
BETTER AT EA. DAMAGED COMPR. DIAG. e, WASHERS
HALF LAP W/ EXISTING TIMBER W/ ALL N ;
BRG. SURFACES TIGHT W/ (4) 5/8" @ THRU \
BOLTS, NUTS, WASHERS, GALV ‘
/\;>\ . . SEE DETAIL 2/A-7
k | z; .
WOOD DECK EXIST. TENSION RODS L S
N E \ IMPEL RODS,
W12 DECK BM. N\ O\ & SEE DETAIL 8/A-7
EXIST 6 x 6 DIAG. BRAC gggkga%
P EIIC0x e
) W EJgwd
e EXIST BRG - ZELoasSoU
CASTING SnrZdcsl NOTCH AROUND
EXIST THRU BOLTS W/ TO REMAIN Ltop TENSION RODS AS
HISTORIC WAHERS, \ REQD
REPLACE CORRODED “ SR BT EAS
BOLTS, WASHERS TO BE — = -
REINSTALLED BRG. CASTING TO
N I = REM.
(3)5x 12 BOT. —
CHORD, C12 NOT

SHOWN
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Reused timber washers

\V
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Maintenance Painting of steel
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Complcted 2009

A\

L/

LANGLEY COVERED B
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Sag didn’t get removed

A\
\J
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How to camber a Howc
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FHectof tightening rods alone
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Function of the counter braces?

4
N
5

@ \\as Prcstressing the original concept? Canit
Practicauﬂ be maintained?

® \\e found almost all to be loose; thcy don’t
brace the compression cliagonals out of Planc

@ Asscmblg requirement on]g?
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Overall Satisfaction
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