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Northwest Arm Drive Brldges
HFX244A & HFX244B

Built in 1975

* 5 span concrete AASHTO
girders (‘I’ shaped Girders)

e 6 girders per span

* Each span approximately
16.6m long

 83.2m total length

e Supported on concrete
hammerhead piers on spread
footings

e Pier height ranges from 6m to
10m tall
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HFX244A & HFX244B
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EXISTING GIRDER CONDITIONS
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EXISTING GIRDER CONDITIONS
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EXISTING GIRDER CONDITIONS
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EXISTING PIER CONDITION
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EXISTING PIER CONDITION
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EXISTING DECK & BARRIER

NOVA SCOTIA




&

Northwest Arm Drive Bridges HFX244A &
FX244B

Rehabilitation Approach




TRADITIONAL REHABILITATION

* Traditional Method and Typical Longevity:
* Bearing Repairs / Replacement (15-20 years?)
e Girder End Repairs (7-10 years?)*
e Diaphragm Repairs (10- 15 years?) *ooverns
e Deck End Repair (20 years?) life of repairs
e Joint Replacement (5-10 years?)*

* Depends on Multitude of Factors Both During Construction and
Afterwards.
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TRADITIONAL REHABILITATION

* 5-10 years maximum before rehabilitation required again.
* Additional traffic delays

* Additional expenditure

* Poor Performance

. . sy NOWSDTIA



PROJECT GOALS

* Long Lasting Rehabilitation
e Cost Effective

e Addresses all Concerns with Bridge
Condition

* Minimize Traffic Disruption
* Prevent Future Water Damage

NOVA SCOTIA




NEW BRIDGE DESIGN
MEASURES FOR
LONGEVITY

* Integral or Semi-Integral
Abutments

e Continuous Girders and deck

* |Improved materials and
construction practices

-
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REHABILITATION APPROACH

Trial a new approach to rehabilitating concrete bridges that have
multiple simple spans and expansion joints

Eliminate all joints in bridge through engineering design
Integrate all piers with the bridge girders and deck
Convert abutments to semi-integral

First application of this approach in Nova Scotia
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PIER INTEGRATION

G PIER (EXISTING FREE BEARINGS)

SURFACE INTENTIONALLY ROUGHENED TO

DECK REMOVAL (FULL DEPTH DECK REMOWAL (FULL DEPTH

REMOVAL OF CONCRETE WITH REMOVAL OF CONCRETE WITH

COMPLETE PRESERVATION OF COMPLETE PRESERVATION OF

EXISTING LONGTUDINAL EXISTING LONGITUGINAL ferET3|GEPaL&Us?Ec’TEAﬁB%B ﬁ’;m EFO"?JI:D'IP:J%

REINFORCING STEEL AND REINFORCING STEEL AND SURFACE INTENTIONALLY ROUGHENED TO
GIRDER STIRRUPS) AGENT PRIOR TO CASTING NEW CONCRETE I Smim AMPLITUDE AT ABOUT 15mm SPACING,

NEW CONCRETE ABRASIVE BLAST CLEAN AND APPLY EBOMNDING
AGENT PRIOR TO CASTING NEW CONCRETE

DECK TG BE CAST
MONOLITHICALLY WITH

GIRDER STIRRUPS)

EXISTING

CONCRETE NEW CONCRETE PIER

DECK INTEGRATION EXISTING
CONCRETE

DECK

e ——
| DIAPHRAGM REMOVAL ——= i
L 5

LU 10BTE T
TO MATCH EXISTING

T.0. PIER INTENTIONALLY ROUGHENED
TO Smm AMPLITUDE AT ABOUT

g DIAPHRAGM REMOVAL |

| (FULL DEPTH REMOVAL k
OF CONCRETE AND OF | : L
SrEAN FORCING o OF CONCRETE AND OF 15mm SPACING, ABRASIVE BLAST o it Bl
AN A AFPLY MNDING Al
CLE ND LY BONDING AGENT o e e NEW CONCRETE
) [ PIER INTEGRATION

|7 STER, EXCEFT
L__MNNTNN EXISTING

THROUGH GIRDER
| REINFORCING)

__EXISTING REINFORCING
STEEL, EXCEFT

HANTAIN EXISTING PRIOR TO CASTING MEW CONCRETE
THROUGH GIRDER
RENFORCING)

EXISTING FREE —_—
BEARINGS (TO |
REMAINY
SEE NOTE 5
AopLY REPAR . ALL BEARINGS TO REMAIN IN_PLACE —| | ALL BEARINGS TG REMAIN IN PLACE
A v Pl AND ARE TO BE ENCAPSULATED BY | AND ARE TO BE ENCAPSULATED BY
ANY VERTICAL K PIER INTEGRATION CONCRETE PIER INTEGRATION CONCRETE
SPALLING,/ E
DELAMINATION e e S e all s e
P el . NORTH FACE OF ——=| =——— SOUTH FACE OF
BY_DEPARTMENTAL EXISTING PIER L EXISTING PIER
REFRESENTATIVE L
REFER TO OWG.
S ok 'REpa PLUG ALL EXISTING PIER CAP DRAINS PRIOR
PROCEDURE 1) TO CASTING PIER INTEGRATION CONCRETE

FROM THIS TO THIS
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SEMI-INTEGRAL ABUTMENTS

¢ ABUT. BRG'S

7000+
#
I
— ABUTMENT BACK WALL PARTIAL REMOVAL
(PARTIAL DEFTH REMOVAL OF CONCRETE WITH
COMPLETE PRESERVATION OF BOTTOM 250mm
OF EXISTING VERTICAL REINFORCING STEEL)

— EXCAVATION BEHIND ABUTMENT
BaCk waLl REULIED FOR — DECK REMOVAL (FULL DEPTH
2SUTMENT BACK WALL PARTIAL MOl OF GOl CRETE Wi
REMOVAL AND CONSTRUCTION COMPLETE PRESERVATION OF
OF NEW APPROACH SLAB ! EXISTING LONGITUDINAL
REINFORCING STEEL AND
GIRDER STIRRUPS)

ExISTING
ASPHALT

REMOVED ASPHALT

1000+

il
g
H | e DIAPHRAGH REMOVAL (FULL |
2 {7 DEPTH REMOVAL OF ]
Wl . COMCRETE AMD OF EXISTING |
i REIMFORCING STEEL, EXCEFT
1 4 MAINTAIN EXISTING THROUGH |
¥ 1 Mo GIRDER REINFORCING) |
Wil LS
EXISTING FIXED BEARINGS |
: (T0 BE REPLACED)
ﬁg (SEE MOTE &) =7
30%% - f=——— AFPLY REFAIR
. PROCEDURE t FOR
S ANY WERTICAL
BEARING REMOWALS. FOR BEARING —- ey SPALLING,

MODIFICATIONS (SEE DETAIL 175117 R DELAMIMATION,/

Lo e g % CISINTEGRATION
| AREAS AS DIRECTED

By DEPARTWENTAL
REFRESENTATIVE

(REFER TO OWG.
53 FOR REPAIR
PROCEDURE 1)

FROM THIS
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§ WNORTH ABUT. BRG'S

SEMI-INTEGRAL ABUTMENTS

1000+

SURFACE INTENTIONALLY ROUGHEWED TO Smrm AMPLITUDE AT ABOUT 15mm SPACING,
AZRASIVE BLAST CLEAM AND APPLY BOMOGING AGENT FRIOR TO CASTING NEW CONCRETE
|

r— 80mm THE. ASPHALT & WATERPROOFING MEMBRANE
I

MEW SEMI-INTEGRAL COMCRETE DECK —
I

ISTING ASPHALT

FNEW ASPHALT
[

EXISTING
COMCRETE
DECK

TYPE 1 GRAWULAR COMPACTED TO 100% SPMDD

J00mm THK. APPROACH SLAB —
MEW BEARING MODIFICATION

(SEE DETAIL 4/515)

2 SHEETS OF Emil. POLYETHYLEMNE

ABUTMENT BACK WALL REHABILITATION (SEE DWG. $19)
- |=——— FACE OF EXISTING ABUTMENT

TO THIS
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PIER INTEGRATION & SEMI-INTEGRAL
ABUTI\/IENTS

Eliminates need to jack and support girders during rehab
* Eliminates the need to replace existing bridge bearings
* Reduces quantity of girder repairs
* Eliminates LEAKING JOINTS
* Improves surface smoothness

Iy — NOVA SCOTIA



PIER INTEGRATION & SEMI-INTEGRAL
ABUTMENTS

* Will lead to a longer lasting repair (perhaps 40 years + with
minimal maintenance)

e Minimal increase in cost

ey Now3dIA
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Northwest Arm Drive Bridges HFX244A &
FX244B

Analysis




Analysis Approach

* Analysis Scope

e To assess the feasibility of joining (integrating) the pier cap with the girders to
form a fully continuous bridge

e 16.3 m becomes 83 m+
* Temperature effects become very important

* To determine the load effects on all structures in the bridge as well as their
resistances upon integration
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Analysis Approach

* Finite Element (FE) Model: Simple vs Continuous Span
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Analysis Approach

* Finite Element (FE) Models:
* Beam and shell models in SFrame
e Simple span model
» Uncracked properties, Dead Loads
e Continuous span model
» Uncracked properties, SLS Cracking check
e Continuous span model
» Cracked properties over pier, Full assessment of load effects
* Pier and footing models — shell models
* Capture settlement effects and new shear and bending effects
* Tangent girders with curved deck
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Analysis Approach

Finite Element (FE) Model

NORTH ABUTMENT

SOUTH ABUTMENT
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Analysis Approach

* Finite Element (FE) Model: Concrete Dead Load (Continuous)
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Analysis Approach

* Finite Element (FE) Model: Live Load Truck
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Analysis Approach

ing

: Transverse Wind Load Bend

ite Element (FE) Model
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Analysis Approach

* Finite Element (FE) Model: Forced Settlement of Piers on
Different Soils
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Northwest Arm Drive Bridges HFX244A &
FX244B

Tendering




Tendering

* Major effort was put into defining the scope of the work and detailing it:
e 23 detailed drawings
e Full procedures for all repairs
e Extents and boundaries for all key repairs

e First application, so contractors not familiar with new approach
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Tendering

 Example of Girder End Repair level of detail:

HFX 244A — SOUTHBOUND BRIDGE GIRDER REPAIRS
croer | SOEN O | separ DETAL croer | SOENT 0T | sepa e | oRoEr | ERENL S| mepair DETAIL
END ) TYPE END ) TYPE END i TYPE
a1 1500 4 4525 [ S00 z 27525 El 1700 2 27523
AE 200 3 34523 ch o0 z 225 EZ Sl 1 1/523
Ak HSA ChH 00 1 17523 Ex &0 1 1,533
A M A cT h_,r"-‘- E= 1000 1 I,"EEJ
AL AR (] N8 ES 180D 1 1/523
AB Wi ca Hia ES 300 1 1/523
E1 S00 1 1;“52.‘; C10 L E7 h_,r'l‘l.
B2 HAA c11 N8 EE L
B3 1000 1 1,-"5?3 C12 h_.-"'.ﬁ Es h_.-’.fq
Fed 1200 1 1523 o1 3100 z 27525 Eid h_,r'n".
BS 2100 1 1/523 oDz 1000 2 2/523 E" M8
=151 WA (BN} 500 1 1,-"5?3 Evz h_.-’.fq
BT atala] 1 1523 &L} &00 1 1/523 Fi BOO 3 37523
ES H/A [ 300 1 14523 Fz 1100 4 4523
=] M A (K15 h_.r'n'- F2 S0 3 3_.-"’5.?3
a1 A o7 1400 z 27525 F4 MAA
211 WA 1] N/& F& h_,-'rh
a137 N A o8 300 1 1/523 F& M8
c1 1400 1 1/523 nkle WA
LEGEMD:
cz M an N/A
NSa — WO GIRCER EMD REPalRS REJUIRED
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Tendering

 Example of Girder End Repairs outside integration

— Saw CUT GROOVE FOR FRE
WRAPFING (SEE DETAIL 5/523)

lfNE‘I\' SEMI-INTECRAL ABUTMENT &ML CECK

-
$—y OROUP OF 7 o i EXISTING CIRDER ——= _
T TCW BARS— | — = | _— PRCMDE FRP o T FRP WRARPING
3 WRAFPING ALL ) /
TR e | mouNn GIRoER EE‘EBEHDSDEATEE N T4mm Dl4 CORED HOLE
F?Elmupu ?,_.E:,—-—— ___(UP TO BOTTOM \ e
T_ SPACED AT 123 or 3ot OF TOP FLANGE) N\ &7 125 ac Ezerm
[ I 2 — 10M, ES OF —
| GIFOER ADHESIVE N
ANCHORED INTOD - GROUP OF 2 — 10M
[ NEW FIER CAR M, /7 BARS SPACED AT
1%k 13 125mm o, £25mm
/ EPOXY EMSECOED
CHAMFER AT EMD CRIGIHAL —. INTD CORED HOLE 1N
- OF REPAIR (TYP.) OUTLIKE OF ., WEE OF GIRDER
i cONCRETE  JffiRye fgsﬂr;&:g&g} clﬁ_(lggps
[ BOTTOM :
o | Fance sua 11 CORED HOLES ES5.
AMODE AT 500 oo ! WER)
(SEE NOTE 6) | |: |
ANDDE AT 500 o.c.
———EnsTnG R | . (SEE NOTE 6
\_ 40 _CWR. 360 MIN. 4P i
| o M. DETH T '\ CHIPPED SURFACE
| U - N OF EXISTING
e | ELEN S 3 Q. SAC'S EE&M END (CHIF
o — = 1200 sy ] | BOTTOM F\III_ANGE oMLY D
REFER 10 NOTE (MOT WEB), DO WOT !
| Em | EUT FRE—STRESSING 4 — 1oM COMCRETE), TvP.
4 EXIENT OF Repag **  WErsungp | STEEL OF STRRUPS. |-._1—.-|EEI.U.L.}

FACE OF EXETING A ASUTH
ENT (SEE T “
DWC. 59 FOR ExTENTS AT EAZH c:gi??}o”

— LOCALLY GRIND EDCE COF BEAM SEAT TC FROVIDE MOTED CLEARANCE

SECTION “A—a'

/ 4\ DETAIL (ABUTMENT GIRDER END REFAIR — TYPE 4)

\s_g/ 110

HOTE:

SEE DWG. 58
FOR TYPICAL
GIRDER END
BOTTON BuLE
REFAIR
GEOMETRY
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Northwest Arm Drive Bridges HFX244A &
FX244B

Construction
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Concrete Removal
P
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Concrete Removal
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Concrete Removal
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Barrier Refacing

/— OUTLINE COF EXISTING BARRIER

EXPOSED EXISTING
REIMFORCING

CHIP SURFACE OF EXISTING
BARRIER FACE DOWW TO
SOUND CONCRETE
(EXTENTS OF CHIPRING TO ;
BE DETERMINED IN FIELD), '08'2017 09.48
MIMIMUM OF 25mm CLEAR
BEYOND LONGITUDINAL
REINFORCING

VARIES, TO BE DETERMINED

BY DEPASTMENTAL REFPRESENTATIVES
BASED OM EXTENT OF DETERIORATIOM,

B

/ A\ SECTION (TYPICAL DECK
W 1: 10 BARRIER DEMOLITION)
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Barrier Refacing
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Barrier Refacing
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Deck Repairs
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Crack Injection
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PIER INTEGRATION

1000+

¢ PIER (EXISTING FREE BEARIMGS)

T 1000+
| | i
SURFACE INTENTIONALLY ROUGHENED TO
Srorm AMPLITUDE AT ASOUT 15mm SPACING, J
AGENT PRIOR TO CASTING NEW CONCRETE | Smm AMPUTUDE AT ABOUT 15mm SPACING,
NEW CONCRETE ABRASIVE BLAST CLEAN AND APPLY BONDING

EXISTING
COMCRETE
DECK

DECK TO BE CAST
MONOLITHICALLY WITH
NEW CONCRETE PIER |

ﬁ;GENT FRICR TO CASTING WEW CONCRETE

EXISTING
CONCRETE
DECK

T.0. PIER INTENTIOMALLY ROUGHENWED
TO Srarm AMPLITUDE AT ABOUT

INTEGRATION
k -H

15mm SPACING, ABRASIVE BLAST

CLEAN AND APPLY BOMDING AGENT

FRICR TO CASTING NEW COMCRETE
| T —

—

ALL BEARINGS TO REMAIN IN BLACE — |

AND ARE TOr BE EMCAPSULATED 8Y
FIER INTEGRATION COMWCRETE

NORTH FACE OF — |

T N R e S — -
IR 1Y - =
T T0 MATCH EXISTING - r
"7 PIER DIMENSION ;.0 I
e e NEW CONCRETE |
: ‘ | PIER WNTEGRATION |
- -
: — EL

[ ALL BEARINGS TO REMAIN IN PLACE
AND ARE TO BE ENCAPSULATED BY
PIER INTEGRATION COMNCRETE

SOUTH FACE OF
iy S EXISTING FIER

EXISTING FIER

h L S
PLUG ALL EXISTING FIER CAP DRAINS FRIOR
T CASTING PIER INTEGRATION COMCRETE

AT NORTHBOUND PIER 'C" & NORTHBOUND/SOUTHBOUND PIER 'E’
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PIER INTEGRATION
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PIER INTEGRATION
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PIER INTEGRATION

\
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PIER INTEGRATION

NOVA SCOTIA




PIER INTEGRATION
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PIER INTEGRATION
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SEMI-INTEGRAL ABUTMENTS
T

__Booo: 7
D 1000+
E—
SURFACE INTENTIONALLY ROUGHEKED TO Smm AMPLITUDE AT ABOUT 15|'r1rn SPACING, —1
AHRASIVE BLAST CLEAN AND APFLY BOMDING AGENT PRIOR TO CASTING NEW CONCRETE
[STING ASPHALT

*MQTE'
ASPHALT BEYONWD
EDGE OF AFPROACH
SLAE TGO MATCH
THICKEMESS OF
| EXISTING ASPHALT |
I "-H N A
— 80mm THK. ASFHALT & WATERFROOFING MEMBRAME | \ |
I |
*FNEW ASPHALT WEW SEMI—INTEGRAL CONMCRETE DECK — Il'ul |
\
| 4
3
516

EXISTING

COMCRETE
DECK

TYPE 1 GRANULAR COMPACTED TO 100% SPMDD

J00mm THE. APPROACH SLAB —
2 SHEETS OF &mil. POLYETHYLENE

ABUTMENT BACK WALL REHASILITATION (SEE DWG. 519)

NEW BEARING MODIFICATION
(SEE DETAL 4/515)

=—— FACE OF EXISTING ABUTMENT
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SEMI-INTEGRAL ABUTMENTS
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AYT
{ GIRDER
x 400 ] 400

EXIST. GIRDER STEEL
TAPERED PLATE

HNEW BEARING SEAT FLAT SENEATH
NEW MASONRY PLATE (THIS IS TO BE
LEVEL) WHILE SEMAINDER OF BEARING
SEAT TO BE SLOPED AT 1.0% DOWN
TOWARDS FACE OF ABUTMENT

SEMI-INTEGRAL ABUTMENTS

L NORTH ABUT. BEARINGS

|
I-— FACE OF

EXISTING GIRDER

— NEW CONCRETE
TO MATCH TGP
| OF EXISTNG

ABUTMENT

TOP OF
EXISTING
ABUTMENT

L. LAMINATED

cw NEW SEAT ELEVATION
DETERMINED TN 5]
TO SUIT EXISTING

CONDITIONS.  MINIMUM
COVER TO EXISTING

A | RENFCRCING SHALL SE
e, | o L
| 2 X3 NOT BE ACHIEVASLE
i v / I CONTRACTOR SHALL NOT
FROCEED. UNTIL WRITTEN
¢ sTuos ZPPROVAL IS GETAINED
NEW REPAIR CONCRETE —| DS BY DEPARTMENTAL
(CONTRACTOR TG ENSURE MASCNRY FLATE (TO REPRESENTATIVE
PROPER CONSOLIDATION BE GALVANIZED AFTER
HENEATH MASONRY PLATE FABRICATION)

SECTION 'A—A"

EXIST. GIRDER
STEEL TAPERED
PLATE

*1.0% DN "

EXISTING |
GIRDER

EXISTING ASUTMENT SACK WALL

FACE OF
EXISTING
ABUTMENT

LAMINATED
ELASTOMERIC
BEARING

\— NEW REFAIR

CONCRETE

L— STEEL MASONRY PLATE

6-8

SECTION *
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SEMI-INTEGRAL ABUTMENTS
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SEMI-INTEGRAL ABUTMENTS

»
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L le—— EXISTING GIRDER

NEW CONCRETE
BULE REPAIR

14mr Dl&. CORED
HOLE IN GIRDER WES
SPACED AT 125 o.c.

2 — 10M, ES. OF £25mm

GIRDER ADHESIVE
ANCHORED INTO
NEW PER CAR

GROUP OF 2 — 10M
BARS SPACED AT
125mm o.c. £25mm
EFOXY EMBEDDED
INTO CORED HOLE M
WES OF GIRDER
(STAGGER GROUPS
EMBEDDED [MTO
CORED HOLES E=.

WERB) @

ANODE AT 500 o.c.
{SEE MWOTE &)

ORIGINAL
OUTLINE ©F
CONCRETE
BOTTOM
FLANGE BULE

40 CWR. 380 MIM. LAP

) CHIPFED SURFACE
U.N.D.) ) OF EXISTING

3 EQ. SPC'S BEAM END (CHIF
TO SOUND
CONCRETE), TYP.

' 4 — 10M
—_—pe L~
| {B.u.L) |

| NOTE:
o SEE DWG. S9
SECTION "A—A FOR TYPICAL
GIRDER EMND
SO0TTOM BULR
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Girder Repairs

e zoomillh

Y TS ST STEAI, CVR
SISS I LSS SIS EL ISP ISP SIS, .
PLLOLL LIPS
prsl s
-~ -r— NEW CONCRETE BULB REPAIR
SIIIIIIIIII LIPS
SO II LIPS
VUVA NN R AR RN
ST T T et 2220 2 7 7
N i 13 x 13

AR, R RS T ® CHAMFER AT END

z
R Y s Z —_—
P s | e 1 e OF REPAIR (TYP.)
s R 2 /zl//,/'l
oy vy i |
=L o [ I |
! > iy — e
A T ———
v ] R [ B 1 i
ll IEE | R e
| ] H "
SR | S e ANODE AT 500 o.c.
NIN T I (SEE NOTE 6)
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Girder Repairs

FRP
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Northwest Arm Drive Bridges HFX244A &
FX244B

Finished Condition Comparison
December 2018




Girder Repairs + Wrapping

From This:

To This:
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Pler Repalrs

From This:

To This:
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Semi-Integral Abutments

From This:

To This:
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Barrier Repairs

From This:

To This:
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Resurfacing

From This:

To This:
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So why not use this everywhere?

* This procedure is broadly applicable
e Applications will need to be carefully chosen
e Traffic maintained in workzone?

e Continuous conversion does not favour lane-by-lane
construction

* Design effort is more extensive and complex
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Summary - Life Cycle Cost

* Low bid was CdnS2.1Million (USS1.6Million) for both
bridges
e Significant life cycle cost savings

e Significantly less impact on the public over the
remaining life of the structure
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Questions?
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