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Saving a Structure

Innovations in Strengthenmg and Protection
Lessons from the I-10 Broadway Curve at Western Canal
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Western Project Location and Project Need

Canal
Introduction

l. Located south of US-60 across I-10 in Phoenix, AZ
ADOT

ALY %

-

2. ADOTI-10 Broadway Curve Project A Broadway
WcCurve

Z'ﬁifl

a.Existing 2-cellreinforced concrete box culvert
b.Active Canalmanaged by Salt River Project
c.Adding General Purpose Lanes

d.Adding Collector-Distributor Roads

e. Totalof3 new crossings, 5 lanes




Western
Canal
Introduction

ADOT

ALY %
-

History of Western Canal

1. Originally Built in 1964
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Western History of Western Canal

Canal
Introduction . . . L .
1. Signs of Corrosion identified during *°
ADOT a routine structuralinspection in 2017
FAY % a.Areas of Delamination
DR~ : :
b.Sporadic cracking throughout
c. Majority ofdeterioration in so ffit
oftop slab
2.ADOT worked with SRP
6 to rehabilitate the boxes

a.Removed deteriorated concrete

b.Applied Zinc coating to exposed
reinforcement

c.Replaced severely deteriorated
reinforcement

d.Applied shotcrete grout to
restore original section




Western Western Canal Identified as High Risk

Canal
Introduction
[-10 Broadway Curve is a P3 Procurement
I‘E,D"T A key criteria on P3 Projects is how wella party
Y, ud can EVALUATE, SHIFT, or PRICE risk in design or

construction.

Risk was assessed and evaluated during
procurement and identified:

. Wester Canalis owned by a Third Party

A. Requires Third Party Approvals

2. Corrosion is a progressive condition

A. Continues to worsen overtime Four Types of Risk Mitigation

clelele

Accepl Sovoid Transfer Reduce

3. Location impact entirety of mainline I-10
A. Significant im pact to MOT/Phasing
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Approach to Risk

ADOTmade the decision to Accept
the risk and work with SRP on a
solution.

Issues indicate two concurrent
concerns:

SERVICEABILITY
Factors including durability,
stability, cracking,and spalling.
Not related to strength.

STRENGTH
Factors relating directly to ability
of structure to carry applied loads
imposed on the structure.

REPLACE

or

Need to treat both
issues if we are to
save the structure!






Western Mechanism of Corrosion

Canal

Serviceability Serviceability concerns were driven by corrosion.
Consideration

ADOT

& ZB° 1. Electrical response to environment
SSrr- a.Steelcontributes electrons to water vapor and oxygen
b.Resulting hydroxide combines with free iron

c. Results in rust build-up and section loss

. 2.Requirements Water

a.Oxygen =
b.Water source (Cathode) 2H.0+0,+4¢ —>40H /8
c. Donor Material (Anode) hode R W
d.Electrical Potential

Courtesy of “https//www.cement.org/learn/concrete-technology/durability/corrosion-of-em bedded-m aterials”
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Mechanism of Corrosion

1. Response in Fresh Concrete
a.Concrete is Alkaline (high pH)

b.Initial Protective “Passive” Coating

Courtesy of “https//www.cement.org/learn/concretetechnology/durability/

corrosion-of-embedded-m aterials”

2.Deterioration over time
a.Chlorides and Carbonization reducing pH
b.Cracks form allowing water/oxygen intrusion

c.Results in more cracks and spalls

BEFORE CORROSION. BUILD-UP OF FURTHER CORROSION.
CORROSION PRODUCTS. SURFACE CRACKS.
STAINS.

Courtesy of “https//theconstructor.org/concrete/corrosion-steel-reinforcement-concrete/6179/”

EVENTUAL SPALLING.
CORRODED BAR.
EXPOSED.
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Figure 3: 2 Extension = Soffit, Longitudinal Reinforcement, Full Width of Slab
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Figure 14: 1* Extension, North Cell = Delta Values

Ground Penetrating Radar

* Confirmed reinforcement spacing

“ with Record Drawings

e Exception - 24 Extension
longitudinalreinforcement above
transverse layer

* Coveris within typical construction
tolerances for current RCBC
construction practices (ADOTSD 6
Series)

Corrosion Potential

e Corrosion Potential based
on threshold

* 90% shows low potential
* 0% moderate to high at wall/soffit
* Low potential likely due to arid clim ate

* Corrosion Potential based on Deltas
* Higher values of corrosion potential

e Concentrated in walls and wall/soffit
* 43%1to 99% above threshold in walls

* High potential considered indicator of likely
corrosion in next 6 years
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Chloride Penetration

* Chloride lowers pH increasing potential

e Soffit indicated minimal chloride
penetration

e Walls indicate suitable chloride levels for
corrosion

* Likely due to chlorides in the water
which leach into walls during
saturation

Carbonation Testing

* Dye test indicates presence
ofcarbonation

 Carbonation lowers concrete pH

* No carbonation detected in testing
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Investigation Conclusions

1. Spacing and cover ofreinforcement generally agreed
with as-built conditions
2.Corrosion potential in walls is moderate to high
a.Chloride concentration is elevated in walls
b.43%to 99%1s likely in active corrosion
c.Submerged section lower likelthood ofcorrosion
3.Corrosion potential in soffit is generally low with some
moderate to high

a.lLow levels ofchlorides
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Recommendation Options

1. No Mitigation, Base Repairs as needed

a. Treats the symptom,notthe cause
b. Repairarea and frequency likely to increase

c. Long-term degradation ofreinforcement

2. Cathodic Protection

a. Mitigates corrosion in reinforcement by providing sacrificialanode
b.Provides long-term protection

c. Isreplaceable forcontinued protection

3. Chloride Extraction

a. Enhances passivity of concrete

b. Notrecommended due to long de-watering requirem ents

4.Sealants and Liners

a. Notrecommended as it seals in moisture and hides deterioration

b. Sealants have questionable life in saturated conditions



Western Recommendations for Serviceability

Canal

Recommendations

1. Use combination of Base Repairs and Cathodic Protection
AEE!- a.Potentialmaps can identify corrosion areas missed in last repair
<Y, ' b.Repairspalled and delaminated areas

c. Ongoing ADOT inspections on 4-year cycle to observe condition

2.Cathodic Protection (Bulk Anodes)in Walls

a. Bulk Anodes in the walls,requires saturated concrete
b.Only applicable to the walls

o c. 20-30 year service life, replaceable

3.Cathodic Protection
(Drilled Anodes) in Soffit

a.Installin areas with moderate
to high corrosion potential

b.More can be added in future
ifneeded

c. 20—25 year service life




Western Recommendations for Serviceability

Canal

Recommendations

Galvashield® Fusion™ T2

ADDT Two Stage Anodes

PN
'm— Galvashield CC

alkali-activated anode

.

Single wire
installation
\ Active Corrosion Stage (), Sechrochemical
Self-powered B
- ICCP System
@@@@@@@@a@a

Courtesy of Vector Corrosion Services

CORROSION MAINTENANCE

* On-going profective current
delivered to steel

« Steel passivity is maintained

* Chioride continues to be repelled

« Chloride ions enter the concrete

* Chlorides break down passive film

* Corrosion initiates

* Acidic corrosion pits form on the steel

» Concrete repairs carried out as required
« High charge density delivered
* Alkalinity restored around steel

* Chiorides pushed away from steel surface . : g
« Rust forms and occupies 7-12 fimes the volume * Alkalinity confinues to increase
« Stress builds within the concrete

* Cracking & rust staining is visible

Structure protected for
vpto 30+ YEARS
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18 Courtesy of Vector Corrosion Services
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Capacity Evaluations through Load Ratings

Evaluation Approach

lAVa LR V. \ .ﬂ ; 1 ’ A - s = 8
m-(q—o( ' % : A |8 Q N )
e Evaluation Methods i B LT el Zl & ! :’ )
=0 AN . '\ “ Erar "" _‘w (®) (

 AASHTOWare BrR | 2 g--'- -1k - - X - AP e= 5
* Hand Calculations — =3 \\ Y NS I ) ":-':'L__
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 Existing Load Rating
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Load Rating

Western Canal Load Rating Summary

Load Rating Results Verification Results Deflections (Service Limit State)
Rating .. Live Load
Model Fill Height Limit State Ratin Demand | Capaci Demand Capacit Dead Load DL+LL
Method 8 i PO oy LR i ' L Inv. LR jon**
System Location (k-Ft) (k-Ft) Rating System Location (i-ft) (kft) V. Defle(ni::lun Deflection (in) | Deflection (in)
LRFR Strength | BrR 0.10L (M-) -3.54 -3.12 0.57 FL Program 0.06L (M-} 12.4 155 1.30
2ft LRFR Strength | Bri 0.40L (M+) 28.17 23.78 0.68 FL Program 0.50L (M+) 28.0 20.8 0.74 0.18 0.024 0.204
LRFR Strength | BrR 0.96L (M-) -27.01 -32.06 1.11 FL Program 0.94L (M-) 35.0 289 0.90
Original CBC & LRFR Strength | BrR 0.1L (M-) -0.72 -3.12 1.79 FL Program 0.06L (M-) 10.8 15.2 1.80
First Extension: 5ft LRFR Strength | BrR 0.40L (M+) 24.42 23.78 0.72 FL Program 0.50L (M+) 23.3 20.8 0.80 0.18 0.045 0.225
Exst Condition LRFR Strength | BrR 0.96L (M-) -28.73 -32.06 1.01 FL Program 0.94L (M-) 36.0 28.9 0.58
LRFR Strength | BrR 0.10L (M-) 0.17 -3.12 2.40 FL Program 0.06L (M-) 11.0 15.2 2.00
6.5 ft LRFR Strength | BrR 0.40L (M+) 25.04 23.78 0.56 FL Program 0.50L (M+) 23.8 20.8 0.70 0.18 0.056 0.236
LRFR Strength | Bri 0.96L (M-) -31.38 -32.06 0.68 FL Program 0.94L (M-) 39.0 28.9 0.05
LRFR Strength | BrR* 0.07L (M-) -3.35 -34.14 6.32
2ft
Original CBC & LRFR Strength | BrR 0.40L (M+) 29.50 3895 1.25 0.18 0.020 0.200
LRFR Strength | BrR* 0.93L (M-) -22.39 -34.14 1.13
First Extension:
A LRFR Strength | BrR* 0.07L (M-) -1.78 -34.14 9.82
Strengthening
Alternative 1 4ft LRFR Strength | Bri 0.40L (M+) 25.78 38.95 1.67 0.18 0.031 0.211
(Increase LRFR Strength | BrR* 0.93L (M-) -21.83 -34.14 1.35
* - - -
Chamfer + FRP) LRFR Strength | BrR 0.07L (M-) 1.08 34.14 13.70
6 ft LRFR Strength | BrR 0.40L (M+) 25.90 38.95 1.97 T 0.18 0.042 0.222
LRFR Strength | BrR* 0.93L (M-) -24.99 -34.14 1.22
2t LRFR Strength | Hand Calc. M(-) 321.16 391.32 1.40 Conspan 0.10L M(-) 164.40 281.30 2.50
Eowor] LRFR Strength | Hand Cale. M(+) 312.30 557.90 2.40 Conspan 0.40L M(+) 364.30 590.90 2.17 0.042 0.060 0.102
E . LRFR Strength | Hand Calc. M(-) 256.59 391.32 1.83 Conspan 0.10L M(-) 171.80 281.30 243
xtension: Precast Sft
Slab LRFR Strength | Hand Calc. M(+) 220.80 557.90 5.46 Conspan 0.40L M{+) 382.50 590.90 2.10 0.042 0.077 0.119
a3 LRFR Strength | Conspan 0.10L M(-) 175.50 281.40 2.40 e T
LRFR Strength | Conspan 0.40L M({+) 391.70 550.90 2.06 __4— ] s 0.042 0.086 0.128

* BrR is used to calculate load demands, but capacity is calculated by hand.

** Maximum Allowable Deflection due to vehicular LL = Span/800 = 0.21 in.
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Load Rating

Western Canal Load Rating Summary

Load Rating Results

Verification Results

Rating Demand Capacity Demand Capacity
Location Inv. LR Rating System Location Inv. LR
System (k-Ft) (k-t) =R (k-ft) (k-ft)
BrR 0.10L (M-) -3.54 -3.12 0.57 FL Program 0.06L (M-) 12.4 155 1.30
BrR 0.40L (M+) 28.17 23.78 0.68 FL Program 0.50L {M+) 28.0 20.8 0.74
BrR 0.96L (M-) -27.01 -32.06 1.11 FL Program 0.94L (M-) 35.0 28.9 0.90
BrR 0.1L (M-) -0.72 -3.12 1.79 FL Program 0.06L (M-} 10.8 15.2 1.80
BrR 0.40L (M+) 24.42 23.78 0.72 FL Program 0.50L (M+) 23.3 20.8 0.80
BrR 0.96L (M-} -28.73 -32.06 1.01 FL Program 0.94L (M-) 36.0 28.9 0.58
BrR 0.10L (M-) 0.17 -3.12 2.40 FL Program 0.06L (M-} 11.0 15.2 2.00
BrR 0.40L (M+) 25.04 23.78 0.56 FL Program 0.50L {M+) 23.8 20.8 0.70
Bri 0.96L (M-) -31.38 -32.06 0.68 FL Program 0.94L (M-) 39.0 289 0.05
Programs reported
differences in
negative and positive
moments.
Appeared to be tied
+— to stiffness of wallto
L slab connections

assumed within

programs
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Strengthening Approach

Strengthening Approach

* Workneeded tobe accomplished from inside the box cell

* Needed to increase positive moment = FRP System s

* Needed to increase negative moment = Deepen “beam ”using fillet

Alternative
approach:

Allow negative
moment region

to hinge,and only
strengthen positive
moment region.

Fommmmmmm—————
| P

=1

-

Westarn Canal §
/Symm. Aabout §
1

[
I
i
i
B, AT
e T | &
] : V’r
FPer Manufacturer, 11'-3" Min. | g \F'rc-pos:ed FRF
i
1
1
[
1

IYPICAL SECTION WITH FRP
Original Structure and First Extension RCBC
Scaled)s” = 1-0°

Fllat, Saa
———{[Snaa-r 2-1.03

a
! 1
1
FRP Limits il See Detail A i
See Note & i This Sheat !
! (Typl I
i !
i 1
H I
_______________________________ _lJ_.'I'L_____________________________________I_l"_i
i
_________________________________________ L e e e e




Western Strengthening Approach —Negative Moment

Exst Concrate

1% Chamfer
[Tyl

Canal .
Strength Re g 101N ]

Consideration Fillet Strengthenlng _____________________________ 1
AQQT * Increase depth to reinforcem ent j = I R

-‘.“".".@) * Requires composite action 5:5*[ o

* Improves Negative Moment Capacity o

2="3 cont, . )

* Improves Shear Capacity *5 o 12° Dowels ;

24
FILLET DETAIL O
A

Mo Scale

-Moment
Region d -Moment Region




Western Strengthening Approach —Positive Moment

Canal

Strength RePg ion
Consideration System S A
Agg  Fiber Reinforced Polymers | N :
-‘.*“’.".@ * Increases “Reinforcement” \ ’ il
* Improves Positive Moment Capacity | 22— A . '
* Installed from below top slab pmpmmp/ N
I-a¥y" Max I 0 -i
i
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QuakeWrap

Fiber Reinforced Polymer (FRP)

* APolymer (1e.epoxy,vinylester,etc.)
that hasbeen reinforced with a Fiber
(e.g.carbon, glass,etc.)

* FRP isnon-homogeneous.

* FRP doesnot have the same strength in

alldirections;these types of materials
are called anisotropic.

Reinforcing Fiber (Glass,
Carbon,Kevlar,etc.)

Interphase Coupling
Agent

Polym er Resin Matrix
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Strengthening Approach

Post Construction Load Rati

e Jterative Process

e Exterior Wall

ings

e Bottom Slab
0 0 a SN
&' Brmge AASHTOWare BrR Results
Rating Project; |-10 Broadway Curve
Model: Western Canal - Strengthened Structure
P— .
2' Fill Condition:
= z Heenlory Coeraing Legal Parmi | Eweilory | Opersing |  Legal Pl Teenory | mvenlory : Operstng | Operaling
Live Load | Ralin I Ciperst
Lhve Load mood | s | LongRatng | LosgRatng [LosaRatng{LosaRsmal Ratng | Rang | Ratng | Remng | (oo, | Locsten | Locaton | SPed | Lpcsten | - Locaton
{Tan) {Tem) {Tan) (Ton} Fm:_lnr g Factor Factor Factor i (#) (%) (%) (%)
L33 (U5) hweload: | LRFR 51 1350 1750 Top Ak 1 120 B0000  Topsiani ELECH 80000
HL-33 (US) Eme ORI i BLE, T | RN SR W . L. L . 50000
hvesdory | Operaling Legal Pemi
Limit Stets | Limd Stats | Limit S4ate | LmitState | "P0%F L
_ Flexure: Flexure | i i AsRequested  As Aeguested
Fmare;  Feowrei T As Wequeated | A Al
6’ Fill Condition:
neniory Cpersiing Lasgsl Pamit nweniory Cpersiing Lapal Parmil ) nvandory invanbary Dparating Dperating
Lireboad Luelosd | Reing | oooaen | Lond Rating | Load Raong Load Ranng|  Ratng Fatng | Ratng | Fabng freemary || peaton Locasan Operating | ooaton Lacation
Type Method {Tanj (Tan) {Tan} (Tanj) Factor Factor Factor Factar Component Y N () (1]
HL-83 (U} Al Load .08 5214) Exct. Wil 1 00} &0.000
L33 (U5) _Tongem: LR L S . i
lrvenlory | Opesraing Le=gal Permi
Limk State | Limit State | Liek State | Limt Stata | "o L
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Western Canal §
/ Sym. about §
i

Froposed FRF
S Sheat 3-1.04

P e e

—————

TYPICA TIOW WITH MEW COMCRETE F T
Original Structure and First Extension RCBC
Scale: 1" = |'-0°

L F G Tk

Fillet

Saa Datall A

This Sheat
iTyp)

2-"5 cont,

"5 e 127 Dowels
Archor into
Exst Concrate

I"=0"

1¥a" Chamfer
(Typl

FILLET DETAIL
No Scale @

MOTES:
1. %88 Sheet %-1.02 for limits of
construction,

2. Roughen and clean existing concrete surface,
Apply an approved bonding agent to the
concrete surfaces within the 1imits of
the flllet construction, Submit bondlng agent
to the Englrneer for review and approwval.

3. Contractor shall take care to propsrly
place and consclidate concrete. After
ol acemant, chamfers should be Sounded and
vaids repaicred using epoxy injection, Sas
Sheeat 5-1.058 for determination of repair
type required. This work shall be done at
no addl tlonal cost to the Owner.

4.0ri 11 and Epoxy "5 dowsl anchors per
Marufactyer' s reccommendations, Epoxy
anchorage shall develop a minimum tensile
strangth of 9 kips., Submit anchor system
ta the Engineer for Review and Approval,

S.Flllets shall hawve formed Construction
Jalnts spaced to match existing Jolnts In
the top slab and walls. Joints shall be
Eerﬂendlculx to the centerlineg of the box.
einforcing steel shall project 17 =67
through the joint,

a Wi
il T (23] SALT BIWER PROJECT
[ 1] ol 20
g
‘_‘~ " WESTERM CANAL IMPROVEMEMTS )
FILLET DETAILS gk L
- A0 Broadeay Curves
P a5l 1=17_t5plit) to SR (Santan [ o s 5108
—OF__
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Wastearn Canal §
Symm. about §

! Fllat, Sea
il : ———————————————————————————————————————— Sheat 5-1.03
H !
— B | e
4 r
- Far Manufacturer, 11I'-3" Min. i Proposed FRP
bl FRP Limits il See Detall A
P See Note & b This Shest
. il (Typd
] : i
i i
L e mmmmmmmmmm e m——mm e e
i
_________________________________________ L e m e m e ———
!
1
l.
TYPICA TIOM WI|TH FRF 2

&ngaISTruc+ure and First Extension RCBC
Scaledds” = 10"

3.
Exst 4.
Ralnforcemant

1

! 5.
1
i

' &,
:
1
1
i
i

1 T.
|
1
i
1
1
i
1
l

FRF DETAIL
Scale: fy == 1" -0 @

1
/ ___I 1" Min Overlap
Froposed FRP Ses Note T

LPrior to installation of FRP material, any

CONTINUQUS FRP SYSTEM DETAIL

Scale: Mons

See Sheet 5-1.02 for |imlts of construction.

spalling ar cracking of the culvert shall be
repaired per Sheat S-1, 05,

Claan the surface around the repair araa.
Surface shall be clean of laltance, oll, dust
or debris prior to appllcation of FRP material.

The FRF Strengthening system shall meet the
requiremnant shown n the Constroction
specifications. System shall be sumitted to the
Engineer for review and approval prior to the
ordering of any material,

System shall accomodate futurse drilled anocdes as
part of the futurs Cathodlic Protection System.

Limits Shown ars the minisus width of FREF to
strengthen the positive moment region of the sab,
The Fabricator shall ensure that the FRP system
is fully developed within these imits and
provides full strength capacity as noted in the
spacial provislons.

A minimum overlap of 1° In the direction of the
main fibers shal | be provided a5 shown to maintain
a continuous FRFP system, FRP systems with discrete
elanents muit show system provides strength alang
the entire length of culvert within the limits
shown, Discrete systems must be approved by the
Enginesr. All systems shall be submitted for review
and approval prilor to ordering any materlals. Ses
the Special Provislions for additional information.

[ i
A T3} -5 SALT BIWER PROJECT
[ [T o
DA " [T]
“\ ‘ WESTERN CEANAL IMPROVEMEMTS "
FRF DETAILS %
- VAR ) Broadeay Curewves
el ey o5l 1=IT iSpdit) o SR (S artan) [ o s, 5o
—OF__

R T i) OLTE TSR R ) S T T | O L P L6 TR T, R D
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Conclusions

1. Base Schedule November 2020
ADDT to March 2021

OV 2 a. Aggressive Schedule
b. FRP Construction with Vector Corrosion Services Selected

c. Salt River Project (Owner) Managed
the Construction

d. WSP and VCS provided Post Design Services through ADOT
» 2.Base Repairs —Plan Vs Reality

APPROXIMATE QUANTITIES Exst Reinf
Class "S" Concrete |
Reinforcing Steel

|
(Fillet Only) g\i\\v :/vl’ RS
oY LBS R '

L AR v'v

Y2 " (Typ)

29 2045

Prepare a J, "Surface
Normal to the Surface

No More Than

Galvanic Cathodic Protection by Bulk Anodes..348 EA Ea!ffc’f EXST* of Concrete

Embedded Galvanic Anodes, Type 1A Class C......750 EA neinrorcemen

Embedded Galvanic Anodes, Type 2A Class C.....175 EA is Exposed

Miscellaneous Work ( FRP Strengthening ).......382 LF Repair Surface

Type I, 2 and 3 repair quantities shall be determined in the field. Roughened to
lllliIKBWI'aII“ Quantities shown are for estimating purposes only. Items will be Ve"NMin

pald for actual quantities determined in the field,

Miscellaneous Work (Type | Repair)
Miscellaneous Work (Type 2 Repair).......
Miscellaneous Work (Type 3 Repair)

TYPE 2 REPAIR - PREPARED SURFACE @

Scale: None

[y

* Repairs took 2 ¥2 months and $1.3M
* Estimated replacement cost $25M
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Thank You!

ADOT Project Team

ADOTProject Manager — Amy Ritz
ADOTBridge Manager —Dave Benton,PE
ADOTBridge Engineer —Noon Viboolmate, PE
ADOT Design Manager- Steve Mishler, PE

SRP Irrigation Team
SRP Project Manager —Jorge Garcia,PE
SRP Structural Engineer - Kul Chibber, PE

W SP Design Team

WSP Project Manager —Becky Fly, PE
Engineer of Record —Jason Carlaftes, PE, SE
Senior Structural Engineer — Angie Galietti, PE

Lead Designer —Lauren Swiatkowski, EIT
VCS Services —Brian Pailes,PhD,PE

FRP Construction Team | QuakeWrap Design Tea

Project Manager — Travis Mattson,PE
FRP Design Engineer —Mo Ehsani,PhD,PE
Vector Corrosion —Rick Ellingson,PE

Questions?
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