


Progressive Collapse:

A structural failure that occurs when a small event
damages a structures primary load carrying
elements, causing the surrounding structure to
fail. The damage spreads from one structural
element to another, eventually leading to the
collapse of a large part of the building or bridge.




Progressive Collapse of structures

Words by BSBG Media Team, Thursday 19 July 2018

Share f ¥ in

The latest BSBG blog is written by Structural Engineer Mark Juinio, who provides a study of progressive colfapse in structures, which

begins with a minor failure, and results in widespread collapse. BSBG's Engineering division has delivered some of Dubai's most

prestigious developments, and is currently working on a varniety of projects under construction, including Bluewaters Island Residential,
Jehel Ali Park Hotel E15, Festival Plaza, Banyan Tree Residences - Hillside Dubai and BLVD Crescent.

Do you find falling dominoes satisfying to watch? When you line up a series of rectangular blocks in any form you want — a simple line,
a curve, a circle - once everything is arranged, it only takes one gentle push on the first block to start the thrilling chain reaction.
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From International Fire & Safety Journal
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Michigan
Department of
Matural Resources

Snowmobile Trails
Houghton County

Updated: 12/11/2024
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a12
o Miles

E Parking lot

E State forest campgrownd
»x x Temporarily closed trail
— Snowmobile trail
Highway
Paved road
Gravel or dirt road
State forest land
I State park
Federal land
Lakes and rivers
LT3 County boundary

Parking
Parking lot information is currently
unavailabla.

Michigan.gov/Snowmobiling

Trails UP120 and
UP121 cloged.

1211/2024: Trail UP3 is s
temporarily closed near 5
Twin Lakes due to a e

bridge closure over the d

Misery River. A

snowmobile reroute is
available via Trall UP13
and Poyhonen Road.
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Trail UP15 closad
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TRAILS

State forest campground
w = Temporarily closed trail
— Snowmobile trail
— Highway
—— Paved road
Gravel or dirt road
—+ Railroad
State forest land
I State park
Lakes and rivers

Parking
Parking lat information is currently
unavailable.

_# River. Trail 52 can be used|
12 an alternate route.
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Michigan

Department of

MNatural Resources
Snowmobile Trails
Alger County

Updated: 12/03/2024

Trail 418 temporarily closed due to
unsafe bridge conditions at the Au
Train River crossing.
Areroute s located on Trails 7, 8,
and 417.

a2 Temporarily closed trail
— Snowmobile trail
= Highway
—— Paved road
— - Gravel or dirt road
—+ Railroad
State forest land
N State park
I State wildlife land
Federal land
[ Lakes and rivers

Parlun%u
UPE, UPBA" Northside of Adams Trail
East of Int with H 58




1. Seven Span
a. 133" length
b. 50’ Main Span, Steel Plate Through Girder
C. Timber Side Spans

2. Timber Pile Piers & Abutments
3. Age Unknown, Est. ~100 Years Old
4. Originally Designed for Rail Loads

—

5. Second Bridge Built at This Site



e

B

U




Ivs. Hi RN
Rail vs. Highway ¥ b 020018

l_g sls|s| o [se'ls| g |8 |s]sis]| 9 5'5'5'5"

1. Cooper E80 live loads are almost 16x HL-93 Figure 15-1-2. Cooper E 80 Load
loads

2. Dead load weight of center span = 60 Tons

100,000
[ ) 100,000

() 100,000
() 100,000

Figure 15-1-3. Alternate Live Load on 4 Axles

—

L%

8 Kkip (35 kn) 32 kip (145 kN) 32 kip (145 kN)

HL-93 Design Truck AASHTO



1. August2024: 8" of settlement
2. December 2024: 12" of settlement
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No noticeable
distress at the track
level up to this
point.
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Demolition &

1. Waiting for State fundhing to remove the
superstructure.

2. Targeting removal early summer.
3. Close the road AND close the river!
1. River closure part of your EGLE permit

2. Need to contact DNR Law Enforcement
Division to sign the river.
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External links

) WIKIPEDIA ‘ Q_ search Wikipedia Search ‘

Iron Range and Huron Bay Railroad Xa Addlanguages v

Article Talk Read Edit View history Tools

From Wikipedia, the free encyclopedia

The Iron Range & Huron Bay Railroad (IR&HB) is a defunct railroad constructed to a7
haul iron ore in Michigan's Upper Peninsula during the 1890s. Financial and i I
engineering problems prevented the railroad's operation; it remains an unusual
example of a railroad which was completed but never used.

Background fedi)

See also. Upper Peninsula of Michigan § History

Rich iron ore deposits were first discovered in the Upper Peninsula in the 1840s, and
remain a significant source of wealth for the state. By the 1890s Michigan was the O he 48-0 Iocomotwesowd y
largest supplier of iron ore in the United States. Railroads would haul ore from the the IR&HB. They were later sold to the Algoma
mines to great ore docks on the Great Lakes in places such as Escanaba and Central Railway.

Marquette, where it would be loaded on ore freighters and transported to the rest of the

country. The Huron Mountains west of Marquette were known to be rich in ore deposits, particularly around Lake Michigamme (near

Michigamme, Michigan), and were believed to contain marble, granite, silver, gold, lead, graphite, asbestos, and silica.l]

History edt;

The IR&HB was formed on June 27, 1890, by seven businessmen,?! all from

Michigan's Lower Peninsula and all but one from Detroit. Milo H. Davis,[3][4] also of

-

oo Donate Create account Login
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Third bridge at this site, builtin 1992 through a
competitive grant from the Timber Bridge
Information Resource Center

Three Span

a. 73'length

b. 32’ Main Span, Post-Tensioned Box Girder
c. 20’ Post-Tensioned Timber Deck Side Spans

Concrete Piers & Abutments Reused

b
L il -
3 s

=

. 1_ g8 Photo 1: Big Erick’s Bridge Around the 1930's

Bridge
FQCTs

(A8 7 A
Photo 2: Big Erick's Bridge, 1957




Post Tensioned Timber
Bridge

Center Span is a Stress
Laminated Box-Beam

Eastern Hemlock wood
used




Nail-
Laminated

VS. Post
Tensioned




= |k
iy EE
FasF B -
e - s w';-w 0L gt
™ H ’ 2 i = |8}
. ¥ i 5 2
h ’ E E # TR cog) o B 0T -~ o
A ] 3 B4 o SOMPASTED. SO0 o !
. ; g : - g
i | | I "l[ A Ly |
J- £ fon WEE DS O L . Leng . £ T & FAST EN1SWN LTS " e % 5'
R s e evemgmees | 38! S &
- _T e P ek T T R o < AN % -E;
Hrmumrrrﬂl.. ]: (| ._.-_-'I‘ . E Ei
T . " W'w—"’"{" £ a Te
19| JA | I— FUSARE AN t L |24
T Ty - = PG OE ATACCERER : =
| ] I . [ ': [ f e JI._ I !. %
I : L&
o i — o | i i
H i e et g o g | | e |
L 1 i
k i I 1
EE I o [ S - . ~ ' S 1: I
3 i . : e
= ' ) [ I | E " %
A | = i ] T M ) M | 3 i A 1
| | & H F |~ 1 roga e e 1 ) L
! | E {:::I Il. | i i | '|I | ":F.-] AR SEE (TS 1 IL_; E g
s : 5 U ®
o L H o ws_u | il BT ) BT o 2
e o | ~ TR AR AT [l e
/ BT AL N (P SAD-RRY TR \ ", {«-\:I E
| AN - AN AT , b=
# | | vl B
e H ¥ i : i ;g
y 3 H g ) 2 o
A "L frm T § ren ar Fazr o s
: .
/’f et
SRR LA P
[ ) . rane pawize
o S e e i
-\.l .\-._

— I

e (mg Cmds

e BC (RGNS




oAl VERICLE RALING W GGA—|I
|

2" x 8" 545 CCA TREATED TRM 3 [REATED TRYT AT TOP
W 34" ROUNDED FDGES | \
SCREWED TO GLU-LAM BAL /- 574" x G~ CLA TREATED TEM . 143 34" |
W Gl VAMIEED DRYWALL // _ 1 T
SCREWS A — | : g —
/ S | .
\ F e, .. PO = | BTLMNOUS SURFACE o FLiL 27 x 7" 515 :
] a df=====5 =t T X | MOt 11008 LEVELNG L FLANGE LAMNAE = o
T % ‘7& | AND 11007 SURFACE \\ | ‘(, (TYP. TOP AND BOTD -
i i w’ | i i |
2B DOMEHEAD BALT —— 5 187 x 67 GU-LAN ] TN, AT RTTTITITIN, AT, 4 |
W MALLEABLE BON ~{_ CLARDRAE " | i 1 : ML R 11,
WASHER (TYP. oF 22 T £ CTYR oF 22 | ! | \ Y —
S NNy | / T T} [TRTITTIITII / I
8 347 x 10 L2 GLU-LAM — — o P i . . _1 A I .
GLARDRAL POST T e v e R in| PSP e 30 /47 7oA LT, 2 SPA e 3VI0 34" = 79 12
&0 A0, o) ] /r; x 127 CLeR Q f 1 a8 meg f,/
" s i ‘i‘___ i 163 34 S |
— . e A S :
1" DOMEMEAD BOLT (4™ i, | b _:} : ; SEE PANEL SFLICE DETAL- 8 34" x ZE 12T
HEADD W' & x 67 x A-8" =N _ 9 FOF FELD CONNECTION - GLU-LAM WES
FPLATE WASHER o i " ' OF FRE-FAB, HALF
11 " /| : BRIDGE PANELS
_‘___'_F_,__,_-'- i T : T A i B : i P
- L IHANEER ¥ | MID-SPAN SECTION A
&7 x IZ7 CLRE BLOCK — wnipi i | | T A
—‘I-.——-—I']:::: === # :Ib-gl | \\ | -‘il:l‘" bl SeALE: 3-8 = -0 "'\..._,_J'JI
iy | &l | /
ml.]‘ il 1!' L [ II-"' S l
| M, '\\ !
5487 x 187 WASHER MEAD —/ : “ . - . e
e - - &% x 10" x 78 FLLL 27k 7
DRVE SEPE 10127 |5 £ 1-27 SFLIT RNGS - FELD ROLT DFCK N s pare o 2
FELD DREL DECK 1 S8 LU, 7 LAMNAE CTOF + BOTTOMD
3 1o 12" DOMEMEAD BOLTS - FELD DRLL DECK FRESTRESSING . . .
4 REQT EA. FOST ) . \ /,
USE 1777 x 18" DOVMEREAD DRVE SFRES —
AT ABLTMENT OR PER et '
y W SN EA R AN Y
GUARDRAIL SECTION a0 ERREIL o
BCALE 17 = 1m0 g/ — - = Q
L
-

™

\ | 1

i (A NOTE, ADJST PRESTRE SSING ROD
LENGTH AS REQURED TO
FROVEE FoR LoAD GFLLS
SR OTHER MaNMTORNG
AFFARA TLIS

PRESTRESSED DECK ANCHORAGE DETAIL ) }
SCALE: 3.4 = 1-0 8




- x 127 x 7787 FULL 27 x 117

BEARING FLATE 515 LUMBER
LAMNAE
2 x 5" x 1 )
ANCHOR FLATE /---Hf DR

58" DIA. —
FRESTRESSING "\ N7 pe /
rROD : t J ik ».{ A _'_s___.“__. , ~
| EENGUR T ~
JEEL R
[4“ 7O 6~ /

NOTE: ADXIST FRESTRESSING ROD LENGTH
AS REQUIRED TO FROVIDE FOR LOAD
CELLS OR OTHER MONTORING
AFFARATUS

PRESTRESSED DECK ANCHORAGE DETAIL
SouE o -100

S 12




)
O)
5

Icks Bri

Big Er







Big Ericks Brid

I-'r"l'”;r.-

¥






Eastern Hemlock wood is softer
than Doug Fir or Southern Pine

Timber bridges lose post-
tensioning over time

AN

B ri d g e |S S U e S Eﬁg; 3. Visible crushing of approach span, Big Erick's
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1. Timber box beam superstructures
are rare and there are no nationally
approved design specifications

2. Flange Lumber Flexing

AN

Bridge Issues = S

Figure 3: Hange Lumber FHexing
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9. Big Erick's
Stress-Laminated Deck Bridge

James A. Kainz
James P, Wacker
Martin Melson
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Figura 1—Location maps for the Big Erick's bridga,

[

Figura 2—Big Erick’s bridge prior to replacemant
[1980).

The ariginal Big Erick's bridge was constructed in 1957 by
the MI-DNER Fire Division 1o provide access for administra-
tive vehicles, fire equiprent, and logging tuacks. This
bridge was 2 fi wide and consisted of twa 20-fi-long ap-
]mmh Sjrans and a 3 1-[1-|¢u|g Cenler span iFil.',. 2} Beneath
two layers of timber plank deck, the approach spans wers
supported by untreated sawn lumber stringers amd the center
span was supported by steel siringers. Failure of the deck
mderial in 1980 alerted MI-DNR officials o structural prob-
lems wth the bridge. After the decking material was re-
paired, an annual inspection in 1989 revealed cracked and
decayed wood stringers on the approach spans, Several
aptions were examined to repair or replace the strocture. Asa
result of uncertainty regarding the extent of rehabihitation
reguired 1o restore Tull-load capacity, replacerment of the
bridge was deemed the most feasible solution

As g result of the high volume of public reereation in the
area, the MI-DNR chose o timber bridge as a replacement to
tlend with the natwral acsthetics of the area. The Upper Pen-
insula Besource Conservation ond Development Council was
contacted W submil a proposal for partal fusding for a re-
placement demonstration timber bridge under the Forest
Service demanstration progrm, As part of this proposal, o
preliminary bridge design was developed, consisting of two
stress-lominofed decks and one stress-laminated box, Eastern
Hemlock was selected as a primary matenal for the brdge
because it is an underutilized, locally growm species in the
Lpper Feninsula of Michigan, The proposal was submitied
in Jamuary 1997 1o the TBIRC for inclugion under the Tim-
ber Tlridgc Imitiative (LISTA 1993, Atter review by a selec-
1o pael, fusds were awarded and final design of the re-
placement bridge was initiated. During the final design phase
af the project, FPL was contacted 1o monitor the new Big
Erick's timber bridge. As a resuli, FPL and MI-DMNE devel-
aped a mutually ag'ruurl.b]u rnclnllclring plan that was imibixted
at installation.




Figure 5—Eastern Hemlock lumiber for the Big Erick’s
bridge awaiting presarvative troatmant,

Figure &—Prefabrication of the stress-laminated dock
[lep) and stress-laminated box (bottem) in hall-width
panals at an outdoor work sita.

The stressing was aceomplished with o hydraulic jacking
syateny, which consisted of a lypdravlic pump, a single hol-
Ly core jack, and o stressing chair (Fig. 71 Wacker and
Bavter 1942}, After all panels were assembled and siressed, a
secoid design boad stressing was completed August 26,
19492, approximately | month after the initial stressing. The
panels were then loaded on two Matbed trailers and
transported fo the bridge site in preparation tor bridge
inatallation (Fig. 8).

Figura 7—High strangth steal bars wera tansionad
using a single hydraulic jack, eleciric pump, and
steal chair.

Flgure 8—Prefabricated half-wldth panels arriving at
the bridge site prior to installation,

Installation

After demolition and removal of the existing bridpe super-
struchure, an assessment of the reinforced concrete substruc-
ture revealed that the west abwtment had sustaimed freeze-
thaw damayge, To remedy the problem, the damaged part

of the west abutment was removed, and the remaining
partion of the aburment was capped with new conerete, The
remaindir of tee substructure was strocturally adequate, and
the complete substructure was coated with a sealer prior o
the new bridge installation, Wood sleeper blocks, measuring
12.5 by 5.7% in.. were added at the center span piers to raise
the new bridpe to the existing roadway grade, After the addi-
taon of neoprene bearing pads, additional modifications were
nat made to the abutments or piers,

When the substraciure work was completed, the assembled
halfiwidth panels were lifted into place with a lorge sverhead
crang {Fig. 1. After the hallt-widih panels were placed, each
panel was connected o the adjacent panel with high strength
steel couplers on the stressing bars (Fig. 100, After all bars
were coupled. stressing bars were partially tensioned fo bring
the haltowidih panels mio contact, Full-design bar foree was
then introduced inte the beidge by urilizing two separate sefs

Figura 8—Placemant of half-width panals with an
averhead crane.

of hydraulic equipment. The MI-DNR crew began at oppo-
site ends of each span and stressed each bar along the length
of that span (Fig. 11, On the center span, cach set of bars
(tog amd botiom ) was fensiened before moving along the
span length to the next set of bars, After all bars wene fully
temaiomed, the stressing process was repeated to ensure that
the stress level was unifirm amd af the required desigm level

A fter bar stressing, the bridge was attached 10 the substruc-
tire, The two approach spans were connected by steel angles,
comerede anchors, and lag bolis lecated in the comers, at the
abuwtments, and underneath the deck at the prers, The center
span was conpectod by drift ping doven through the end of
each plalam weh o the sleeper block on the conerete pier,

Following substructwre attachment, the timber carb and rail
systern was installed, As o result of expected pedestrion
iraffic from the adjpining campground, CCA-reated lumber
facia boards were installed over the creosote rail members and
a roafing sealer was applied to the curb. The asphalt wearing
aurface was applicd approximately 2 weeks after bridge instal-
latian, The mrnph_"h;d hridgu 1% shiown in Flgu'rc 12,

Figure 10—Connection betwen half-width panels
was achleved by placing couplers on adjacent
bars and stressing the entire deck together,

Figura 11—Two sets of deck stressing equipment
ware used to tension the stressing bars after deck
placement.



Figure 12—Completed Blg Erlck

b 1)

's bridge: side view top), end view (bottom).

Tabla 2—Final costs of bridge superstructurs

Dack Cost (USS)
ara Par
Sgan (1) Malerials  Labor Total 1

Approach® 640 12,380 15,381 27,781 43
Canter 512 24,909 13467 3BATE TS

"Costs are basad on total costs for west and
aast 5pans

Cost

Todal cost of the Big Erick™s bridge superstnicture was
€6, 157 amd included fabnication, materials, labor, and con-
stnaction. As a result of the different design methodologics
wsedd in this three=span bridge, costs for each span type were
tabulated separately and are summarized in Table 2. The cost
per siuare foot is based on the otal cost of the span divided
by thee bistal deck area of that span. The STSAT for the center
span wag almast twice the 5436 for the approach spans.
The increased center span cost i attnibuetable o the greater
quantity of material and longer installation time. The in-
creased material cost of the center span is the result of using
glular timber for the webs; two rows of plates, bars, and
muis; and twi layvers of flange decking material.

Evaluation Methodology

To evaluate the structural and serviceability performance of
the Big Frick’s bridge, MI-DNR contacted FPL for assis-
tanee, Through mulual agreement, 2 3-vear brdge manilor-
ing plan was developed by the FPL and implemented
thraugh a Cocperative Research and Development Agreement
with MI-DME. The plan incleded performance monitoring of
the deck moisture content, stressing bar foree, static-load test
belsavior, and gemeral bridge condition, During the installa-
tion of the bridge, FPL represematives visited the bridge site
1o mstall instrumentation and train MI-DNE personnel in
the data collection process for moisture content and bar force
measuremends, Static=load tesis and j'l_cm:rill hndg: concibion
aspesaments were conducted by FPL representatives during
site visits. The evaluotion methodology employed proce-
dures and equipment developed by FPL and used on similar
structures (Ritter and others 1991,

Moisture Content

To charactenze changes in moisiere content, an electncal-
reaistance msisture meter was used to obain wood madsture
content readings on a manthly basis, Maoisture meter meas-
wrermams were taken by MI-DNR personnel firom the sawn
lumiber in the west approach span and were assumed 1o be
representative of overall bridge mosture content. The west
span was chosen because of safety concems in accessing other
bridge locatyons. Measurements were obtained m accondance
with ASTM [M444-84 (ASTM 19900 by driving the mois-
ture pins inio the underside of the deck of depths of 2 1o

3 in., recording the modsmre content value from the unir,

Figura 13—0na of six load cells installed on stressing

bars to measure changes in bar force.

then adjusting the moisture comtent value For temperature and
waod species, il necessary.

Bar Force

To monitor siressing bar force, two calibrated hoad cells were
placed on each span of the Big Erick’s bridge at the time of
bridge installation, The cells were placed on the stressing
bar, between the bearing and anchorage plates, to monitor bar
forees based on the strain variations in the load cell

{Fig. 131 Load cell measurements were oblained by
MI-DMNR personnel with a portable strain indicator on a
biweekly basis for the first year, and monthly thereafter. The
measurements were then converted to foree levels, based on
labaratary load cell calibrations, 1o delermine the lensile
foree in the bar. Approximately madway through the moni-
toring pericd, the load cells were unloaded and adjusted for
zero balance shifl. Al the conclusion of the moemloring
period, the load cells were removed, adjusted for zero balance
shift, amd recalibred in the lataratary. In addition, hydran-
lie stressing equiprent was wsed at the site visits during the
muomitoring petiod to verify boar foree levels abtained from the
load cells.

Load Test Behavior
To determine lead behavior of the Big Erick’s bridge, two

static-load tests were conducted |]|.|.ril'|gI the munilurmg
period. The first load test was completed on two separate
accasions; the approach spans were tested 2 months after
bridge installation and the center span was tested 11 months,
after installofion. A second and final load test was completed
35 months after bridee installation and ineluded 1ess on all
thres spans,

The static-load test consisted of positioning a fully leaded
truck separntely on each span and measuring the resulting
deflections along the transverse midspan of the loaded span.
For both lead tests, the truck was positioned for three trans-
verse load cases on each span (Fig. 140, The first load case
centered the vehicle over the longitadinal centerling, the
second load case located the vehicle adjacent to the upstream
curl: the third load case located the vehicls adjacent 1o the




1
Flgure 14—Transverss load cases
{looking west) used for all static-load
tests on the Big Erick's bridge.

downstream curb (Fig. 13). Longitadinal vehicle placement

differed, depending upon the span length and vehicle configu-

ration. Messurements of bridge deflections were taben prior
ta testing {unloaded, for eoch load case (loaded), and on the
conclusim of testing (unloded). Measurements of bridge
deflections from an unloaded to loaded condition were ob-
lained by hanging calibrated rules on the underside of the
deck and reading values with a survevor’s level. The acou-
ey of this method for repetitive readings is estimated to be
(04 .

Load Test 1A

The first load test was Movember 19, 1992, and involved
approach span testing only. The test vehicle was a loaded,
three-axle dump treck with a gross vehicle weight of
34,7640 b {Fig, 16). The vehicle was positioned longinadi-
mally, with the tanden rear axles bizecting the midapan witl
the: fromt axle off the bridge, The truck faced west when fest-
img the west span and east when testing the east span, Dal
pints were transversely positionad along the midspan of
each approach span at an interval of 2 it, beginning at the
longitudinal bridge centerline. It should be noted that the
data points were not directly belew the vehicle wheel lines
during load case 1.

Load Test 1B

Load test 1B invalved the center span only and was com-
pleted Awgust 23, 1943, 9 months after the sawn lumber
approach spans were teated, The test vehicle was a loaded,
threg-axle 4,l.|||mp trisck wath a Erass vehigle wcighl ol

Figurs 15—Transverse load test cases used for all
spans! (top) load case 1, centered on roadway; (middle)
load case 2, adjacent to upstream curb; [bottom) load
case i, adjacent to downstream curb.
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Figure 1B—Average trend in bar force, starting at the
third bar tensioning for [a) wesl, (b) center, and
() east spans,

for the west span, 8,700 Ik for the center span, and 12,500 Th
fior the east span, which is 45 w 55 percent of the design bar
foree. With cach bar tensioning, the rate of bar force loss.
decreased, although the overall amount of bar force lost he-
rween stressings remained relatively equal.

The har force loss was probably the result of three factors:

siress relaxation, prefabrication methodology, and crushing of

the timber laminations, The majority of bar force loss was
the result of stress relaxation, a time-dependent phenomenon

12

cansed by the long-tenm compressive force of the steel bars
acting on the wood microstruciane, The e of stress relaxa-
tion was greater on the Big Erick’s bridge when compared
with other stress-lamimated hrdyges and was probably the re-
sult of the high moisture content in the imber laminations.
An sdditienol foctor affecting bor foree koss was the prefabrica-
lon |:|u:I||ud|J|ug}' ul’cmuph:l.ing pwo of the recormmended bar
tensionings on partial-wadih sections. This methodology
diminished the posative effects of repetitive lensionings, be
canse the bars were ot full width until the third tensioning.
Anather plazsible couse of bar force loss was crushing of the
exterior laminations on the approach spana. Crushing was
observed under the bearing plotes during construction and the
munitoring perod. The rate of crushing and the cormespomt-
ing har foree loss decreased with each subsequent bar tension-
ing, This is discussed in detail in the Condition Assessment
section.

The whserved bar force on the center aml approach spans be-
haved similarly, as displayed in Figure 18, The center and
appraach spans have different bor force design values; there-
fore, percentage of bar foree boss was used for comparison, All
spans exhibited similor bar foree losses of 40 o 50 percent
befire the fourth stressing, 30w 8 percent prior 1o the ifth
stressing, and 43 to 535 pereent at the end of monitoring.
These similarities between the approach spans and the center
span suggest that stress-laminated decks and boxes, buile
from comparable materials, perform alike when subjected 1o
the same envirommental conditions.

Load Test Behavior

Resulis of the static-load tests ond analytical assessment of
the Big Enck"s bridge are presented. For cach boad case,
tranaverse deflection measurements are given at the midspan
ol ench span as viewed from the east end (looking west), Mo
permanent pesidual deformation was measused at the conchi-
sion of the load testing, and thers was no detectable mave-
ment al brdge supports. A the tme of load tests 1A and
1B, the average bridge prestress was approximately

L IkAn™, For load test 2, the bridge prestress was
approcimately $6 Ihfin® in the west span, 52 Ih/in’ in the
center span, and 47 Ihfin’ in the east span,

Load Test 1A and 1B

Transverse deflections for load test 1A and TH with the loca-
tions and magnitudes of the maximum measured deflections
are shawn in Figure 19, For each of the three load pasitions
o the west and east approsch spans, the deflections are typi-
cnl of the arthotropic plate behovier ohserved for other stress-
lamiinated decks (Ratter and others 19900, For the west span,
the maximum measured deflection was 0.45 in. for load

cige | and (4% in. for load cases 2 and 3. For the center
apan. the maxinum mezsured deflection was 031 in. for
load case 1, 027 in, for load case 2, and .35 i, for load
case 3. On the cast span, the maxbmom measured deflection
was (.37 in. for load cose | and (.43 in. for load cases 2

amd 3, Ag shown in Figure 19, the approach span maximum
measured deflections oceurred virally in the same locations.
for each load case with mimer varatens, which are withim



The last time the bridge was re-
tensioned was in 2006.

It is recommended that timber
superstructures be re-tensioned every 5
to 10 years.

If you own a post-tensioned timber
bridge, when was the last time you had
it re-tensioned?

Should re-tensioning affect your load
rating?

bearing plates into the Southemn Pine glhulam exterior lamina-
Hoans of the center span, However, erushing of the Eastern
Hernlock laminations on the approach spans was first oh-
served dunng bridge constructien and continued progres-
sively until the end of monitoring (Fig. 297, and seems o
harve contributed to short-term bar force loss after bar tension-
ing. This crushing ocourred even though the bearing plates
were properly designed, based on published values for com-
pression perpendicular to grain adjusted for wet-use conedi
tione. This indicates that the published design values for
EOMpressien p<:r|'.unu,lin.'||l:|r by grain may e e representiive
wf the material for wse in this application. The use of a treat-
ahle hardwood species. such as cak or maple, on the outer
laminations has bieen shown 1o perform well withouwl crush-
ing problems {Ritter and others [%35).

Conclusions

After 35 months in service, the Big Encks bridge is per-
forming satisfactorily and should provide many vears of
acceplable service, Bused on extensive bridge monitoring, we
make the following observations and recommendations:

o The sawn lumber components of the Big Erick’s bridge
were iniially installed at 33-pereent msisture comtent.
The average trend in moisture content indicates that
changes are occurring slowly, with an average decrease of
5 percent during the monitoring period. The high maois-
e comlent contributed b bar force and camber loss dus-
ing the monitoring period. 11 is expecied that the moisiure
content will gradually decrease and Lamination dimen-
awomal change should be expected. Furure bridges con-
structed of this type should wilize laminations with miois-
ure conlent al or below 19 pereent.

Following the finnl design bar tensioning, twa additional
bar tensionings were required due to rapid loss of bar
force, The decrease in bar force was primanly attnibutable
o rmsverse stress relaxation in the wood laminations
with additional effects from crushing of the approach span
exterior laminations near the bar anchorages, Itis antici-
pated that the bridge will require retensioning in the near
future. In addition. as the moisture coment decreases, the
bar force will also decrease until an eguilibrivm moisne
content is reached. Therefore, bar force should be checked
anmully and retensioned as necessary until it reaches a
constant level.

= Load festing: and analvsis indicate that all three spans of
the Big Erick’s bridge are performing in a linear clastic
minner, and the approach spans exhibit orthatropic plate
behavior when subjected w truck leading. HS25 44 vruck
loading conditions produced maxinum deflections of D46
amd {030 . for the west and east approach spans at
100 Tbin” and {56 in.. and 049 for the west and cast
u'ppm:l.f;h spans il 57 and 47 lhiin°, I'k'spl.“:li".'ﬂ'_u'. These
deflections correspond to values of LA490, LISTE, L417T,
and L4460, based on the center—center of bearing span
lemgth,

P
P2

Figura 3T==\'ghicle damage to curb and rail system
observed during a site visil near the and of the
manitering pariod.

L .
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Figure 28—Rulting of asphall wearing surface
measured at the center span durlng a site visit for
load test 2.

Figure 29—Visible crushing of approach span, Eastern
Hamlock lumber lamination, ebserved aftar the
removal of the bearing plate at the final site visit.
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Measured Prestressing Design Long Term Initial Prestressing Re-tensioning
Rod Number Side Tensioned Force Prestressing Force Force Movement Bar Force Loss
Tons Tons Tons in Percent

1 Morth 5.5 5.28 13.2 0.5 5B%
2 South 528 13.2 1009
3 Morth 3.5 528 132 0.75 73%
4 South 3.5 528 13.2 0.5625 73%
5 Morth 0 5.28 13.2 0.5 100
G South 3 5.28 13.2 0.5625 T1%
7 Morth 2.5 5.28 13.2 0.75 81%
a8 South 3.5 528 13.2 0.5 73%
9 Morth 5 5.28 13.2 0.625 62%
10 Morth 4.5 3.36 8.4 0.125 A6%
11 Morth 5 3.36 8.4 0.1875 A%
12 South 4 3.36 8.4 0.25 52%
13 South 4 3.36 8.4 0.25 52%
14 Morth 3 3.36 8.4 0.25 649
15 Morth 3.5 3.36 8.4 0.25 5B%
16 South N 3.36 8.4 0.25 56%

7 South 3.3 3.36 8.4 0.25 61%
18 Morth 2 3.36 8.4 0.25 76%
19 Morth 3 3.36 8.4 0.25 64%
20 South 3.5 3.36 8.4 SB%
21 South 3 3.36 8.4 649
22 Morth 3.8 3.36 8.4 0.375 55%
23 Morth 3 3.36 8.4 0.25 64%
24 South 3.8 3.36 8.4 0.25 55%
25 South 7 3.36 8.4 0.3125 B6%
26 Morth 3.5 3.36 8.4 0.25 5B%

7 Morth 2.5 3.36 8.4 0.25 T0%
28 South 3.5 3.36 8.4 0.25 SB%
29 South 3 3.36 8.4 0.25 649
30 Morth 5 3.36 8.4 01875 A0%
31 Morth 3 3.36 8.4 0.25 64%




1. Bridge Owners: Schedule re-tensioning every 5 to 10 years.
2. Inspectors: Look for signs of post-tensioning loss.

3. Load Raters: Consider temporarily reducing load carrying capacity if the last
re-tensioning was completed over 10 years ago.

4. Designers: Consider that bridge maintenance is often delayed and sometimes
even forgotten about.

32 Sputh 3.7 3.36 8.4 0.25 56%

33 Sputh 35 3.36 8.4 0.25 58%

34 North 5 3.36 8.4 0.1875 40%

35 North 4 3.36 8.4 0.125 52%

6 Sputh 4 3.36 8.4 0.1875 52%

37 South 3.7 336 8.4 0.1875 5E%

38 North 5 3.38 8.4 0.125 40%

19 MNorth a8 336 8.4 0.125 43%

40 North 5.3 5.28 13.2 0.5 60%

41 Sputh 35 5,28 13.2 1 73%

42 North 25 5.28 132 0.75 B1%

43 Sputh 25 5.28 13.2 1.375 B1%

\ e S S O n S 44 MNorth 2.3 5.28 13.2 1125 83%
45 South 25 5.28 132 1125 81%

a5 North 25 5.28 132 1125 81%

L e O rn e d a7 South 37 5.28 132 1 72%
48 North 6 5.28 13.2 0.625 55%
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