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Project Issues

Known Project Issues (prior to investigation)

+ PT Tendons used old generation of grout
material and procedures

+ Old generation of post-tensioning hard-wares
system

+ Lack of anchorage corrosion protection system

+ The presence of PT blisters, deck, and web
cracks

+ In-span hinge
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Investigation Strate

nase 1: Planning
nase 2: Walk-through inspection
nase 3: Limited site investigation

nase 4. Report of Condition
assessment and recommendations

+ Phase 5. Completion of the
Investigation and repair plans

+ Phase 6: Rehabilitation

¥+ >
v U U U
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Timeline

Project Timeline Highlights

'

US - 54 CBD Preliminary Engineering for Investigation and
Evaluation: NTP/ project award on 8/20/2009

Visual Site Inspection : October 16 to 21, 2009
= Final Report submitted in November 2009

Limited Site Investigation : Dec. 15, 2009 to March 27, 2010
= Final Report submitted in June 2010

Project Repair Plans:
= Final Plans submitted in June 2013

Bridge Rehabilitation: April 2014 to June 2014
= Final Report submitted in October 2014
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: Limited Site Investigation

Tested 10% Critical PT Elements

Number Number with Percentage Total Feet Approximate Feet
Tendon Type Tested Voids Voided Tested Voided

Strategically selected elements were inspected
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Tested ALL Accessible Critical PT Elements

+ Draped Web tendons: 46% of tendons inspected have voids

+ Longitudinal Top tendons: 6% of tendons inspected have voids

+ Diaphragm Transverse Tendons: 25% tendons inspected have voids
+ Transverse Deck Tendons: 5% tendons inspected have voids

+ Hinge Tendon: 5% of tendons inspected have voids

+ Soft grout in the duct at six locations

+ Water in the duct at multiple locations; some voids dry

+ Low rates of corrosion at present
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Repair Options

+ Vacuum Grouting i \
+ Vacuum Assist Grouting =L I

+ Pressure Grouting

i

Note: Due to tendon failure of Varina-
Enon Bridge in Virginia after re-grouting
of the tendon, there is a concern on the
potential formation of corrosion cell
when re-grouting of old / existing grout
with new grout. “Dissimilar Grout
Research” was initiated by PB/KDOT
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Existing Grout

+ Showed presence of
portland cement based
grout

+ Showed negligible
chloride content

. pH,
S le
ample 1:1 by mass

Sample 1 Station 14
Sample 2 Station 87
Sample 3 Tendon T1

Sample | Station 14
le 2 Station 87
Sample 3 Tendon T1

Acid-Soluble Chloride,
% by mass of sample
<0.006

<0.006
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Research Approach

+ Determine if using a second grout will provide improved
corrosion protection for prestressing strands or result in
accelerated corrosion

+ Determine the possible consequences of leaving the
voids unfilled

Testing Methods

+ Half-cell Potential Test (probability of corrosion)
+ Macro-cell Current Test
+ Linear Polarization Resistance (corrosion rate)
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AT FDOT Dissimilar Grout Research
Grouting Systems Examined FDOT)

+ SikaGrout 300PT (Sika Corp.)
+ MasterFlow MB1205 High Performance Duct Grout

Testing Methods

+ Half-cell Potential Test (probability of corrosion)

+ Macro-cell Current Test

+ Linear Polarization Resistance (corrosion rate)

+ Electrochemical Impedance Spectroscopy (corrosion rate)
+ Chemical analysis and pH of grouts
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Research Results

KU/FDOT Conclusions

+ Leaving prestressing strands unprotected from elements has the
potential to result in rapid corrosion of the exposed strands

+ Significant corrosion activity developed in the presence of bleed
water

+ When paired with Portland cement grout, the pre-packaged anti-
bleed grouts resulted in corrosion losses

+« Of the anti-bleed grout materials evaluated, Masterflow 1205
appears superior
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Condition of Brid

BRIDGE 375 - SUMMARY OF BRIDGE RATING

p— CITY (COUNTY): WICHITA (SEDGWICK)

BRIDGE NO.: 54-87-25.95 (375)

CARRIES: US 34 WESTBOUND (WB KELLOGG CBD VIADUCT)
OVER: LOCAL URBAN STREETS, ARKANSAS RIVER

RATINGS (TONS)

Load Factor Ratings for Load Posting Purposes
Load Ratings in Englsh Tons
INVENTORY

VEHICLE TYPE OPERATING
H 23.6 41.0

TYPE3 275 44.0

BRIDGE NO.: 54-87-25.95 (375)

CARRIES: US 54 WESTBOUND (WB KELLOGG CBD VIADUCT)

BRIDGE COMPONENT

INVENTORY RATING
LOAD FACTOR METHOD
(RATING FACTOR)

OPERATING RATING
LOAD FACTOR METHOD
(RATING FACTOR)

HS

284

453

TYPE 352

36

50.7

TYPE TYPE|TYPE ! TYPE|TYPE
3 HS 382 | 3-3 K HS 382 1 3-3 T130

TYPE 3-3 332 56.4
T130 98.8
T170 119,40

TRANSVERSE - MULTI CELL

Serviceability Concrete Heavy Equip. Transporter 857

LFD - Flexural Strength

M518 Load Factor Ratings m Metric Tons (tonne)
Provided m Compliance with the Decemeber 1995
FHWA NBIS Coding Guide

LONGITUDINAL

Serviceability Concrete : L.10°] 0. 0.88 | 0. 205 1. 1.26 | 1.41

OPERATING
MS Equivalent

INVENTORY
[tem 66 MS Equivalent
257 14.3 41.0 228

LFD - Flexural Strength . Les | LI5S LIS | L. 3421276 192 1.97

Itermn 64

LFD - Shear Strength 2.04 | 218 | 1.67 | 1.61 | 156 | 3.40 | 3.64 | 2.78 | 2.69

For Joint Locations of Transverse Top Deck and Longitudinal Box Girder, see Appendix C.
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NDT Inspection

+ Non-destructive Testing

= Void detection by sonic/ultrasonic T —
A KDOT PROJECT No. : 54-87 KA-1647-01
testing concrete

= All accessible draped web, longitudinal
top deck, diaphragm, and transverse
tendons were tested

+ Verification Testing Uil

= Void verification by drilled holes
identified by sonic testing

= Boroscope used to find limits of void
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Web Post-tensioned Ducts

Kellogg Bridge, Wichita, Kansas Unit 6 Westbound

Cell 2 Web 3 (EED
Span 16 Span 1? East
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N\ Limits of Bird
creen Assembly

Screen assembly
@ Bearing Seais)

mesh_barriers
)

g" steel £'s wiih
washers and anchor
bolts

Lower Hinge Upper Hinge

Ad Just spacing of anchor bolts as needed to avoid conflict with
gxisting reinforcement. Confractor shalf check for conflicts in the
field prior to fabric
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Concrete Crack Repair

KANSAS
DEPARTMENT OF TRANSPORTATION
s
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EPOXY RESIN CRACK REPAIR: Pressure inject epoxy grout info the cracks on the
Blisters and Webs in accordance with the manufacturer’s specifications and as

directed by the Engineer. Repair the cracks that are 0.02" wide or larger. Work
shall be performed by individuals qualified fo work with this form of

rehabilitation. Pay limits for this bid ifem are estimafed crack lengths. Perform
work and supply materials and equipment in accordance with KDOT
ron 730). All work and materials required shall be included

specifications (Se
in the bid item “Bridge Repair’, Lump Sum.
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NO POUR-BACK

(Type 1)
(Anchor Only)

EASTBOUND TABLE OF BLISTER POUR-BACKS

-
--_

-
7

I N W7
(2l | €6 |moBisers] - |

Repair Plans

PARTIAL POUR-BACK
(Type 2)

FULL POUR-BACK
(Type 3)

EXISTING POUR-BACK CLASSIFICATION

WESTBOUND TABLE OF BLISTER POUR-BACKS
NUM. OF TYPE
BLISTERS| OF ANCHOR 3-#4 Bars

WE |72 | Anchor Oy / Drill & Grout
/
Anchor & Parfia

We | & | dnchor Ony_|

We |76 | Anchor ony_|

& [ ws_| 6 | Patid |

o w1 e o o |

e
—We

I
I
I O .

I 7

STA.

POUR-BACK REPAIR DETAIL
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Grouting Operations

Kellogg Bridge, Wichita, Kansas Unit 1 Eastbound

Cell 3 Web 4
Span 3 @  East

4 / "@ (Webs)
52" @ (Pier Diaphragms)

as per plans

JVIBCIwTr.:/'S“'
SPA#o0 1 80 %, e

Open/Drill Holes/Install Valves —
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Grouting Operations

Span 16WB — Tendon with Water o
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Drill Hole # 5037 Span 10 EB
Cell 1 Web 2 Tendon W9 at 16 feet
Grout Repair Post Inspection

Station

4.20 100.00

|

4.14 100.00

I
Tl P i L
3,97 100,00

3.85 100.00

3.74 100.00

Thickness

44510000 Chan ge

s Full Thickness
Frequency

4.45 100.00

1.00 100,00
Void, Sonic
1.00 100.00 O' n
Elastomeric

Void Found i
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Repair Plans

TYPICAL WEB ELEVATION
(Showing Test Lead Wire Location)

¥ TEST LEAD WIRE LOCATIONS

£ xeovated DIR CELL | WEB |TEND.| QUANTITY

Soldered/Coated Strand :
Connection \ NOL | ONOL | MO EACH
EB wa

Eill £ xcavation N A A % The listed fendons confain Soft Grout B We
with MAPC cwf - Fxisting Wetal and will be monitored for potentiol 5 "o
: /{W!m}_ corrosion as shown on this sheet B We

PVEC Junction Box 25 N See elevation view for location of

Mx 3 fesf lead wires. o

. . W3
Test lead Wire ) ' Wi

Testing per ASTM C876 W3

Interior Concrete %, * . - "o
Surface o WATER FILLED TENDON

CELL | WEB [TEND)
NO. | NO. | NO.

WB ! | w5 Water

DiR. DEFICIENCY

SECTION A-A
(Test Lead Wire for This Tendon shall be drained and re-grouted
corrosion monitoring} as per project plan nofes.

Test Lead Wires i
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Half-Cell Potentials Along Tendon Half-Cell Potentials Along Tendon
U6S16WBC1W1TWS - Span16WB U5S14EBC2ZW3TW6 - Span14EB
*=10/05/11 54.44%2-200 mV 5.56% < -350 mV

*—-07/07/14 47.87%2-200mV 12.77% s -350 mV —=—10/5/11 =—7/8/14

Potential
Millivalts vs. Copper-Copper Sulfate Electrode

Potential
Millivolts vs. Copper-Copper Sulfate Electrode

e

ﬂw*“‘
i r_‘__.d' F
.’ _.-—H__'/.
40 50 60 20 30 40 50 60 70 80
Cumulative Percent Cumulative Percent

Figure 1 (Void with water 2011) Figure 2 (Voids with soft/wet grout in 2010 but dry at STA 110 in 2011)
More positive than -200 mV: 90% probability of no corrosion
Range of -200 and -350 mV: Corrosion is uncertain
Maore negative than -350 mV: 90% probability of corrosion

{Note: Potentials versus copper copper-sulfate electrode)

Half-Cell Potentials Along Tendon Half-Cell Potentials Along Tendon
U3ISBEBC2W2TWSE W-CBDS3W2TW3

—==7/7/14 95.93% 2z -200 mV —=—7/8/14 95% = -200 mV

Millivolts vs. Copper-Copper Sulfate Electrode
Milliwolts vi. Copper-Copper Sulfate Electrode

in 20 an 40 50 &0 70 a0
Cumulative Percent

Figure 7 (Void with soft/wet grout and/or accumulated water 2011)

10 0 a0 40 0 &0 70 80
Cumulative Percent

Figure 4 (Void with soft/wet grout and/or accumulated water 2011)
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Outline

Presentation Outline

Introduction
Background
Site Investigation

Bridge Repair Plans & Repairs
= Clean Bridge & Install Bird Screens

Epoxy Resin Crack Repair

Blister Pour-backs/Anchorage Repair

Duct Grouting Operations
NDT Grout Verification
Test Lead Wire Installation
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+ 14 Bird Screens

1,236 Linear Feet of Crack Repair (>0.020” wide)
268 Blister Pour-Backs Replaced

380 Blister Pour-Backs Coated (all in bridge)

147 Voids Filled (with 142 ft3 grout, approx. 290 bags)
= 15% vacuum grouted
= 1% vacuum assist
= 84% pressure grouted

+ 119 Tendons Tested by NDT for Verification

= 119 tendons tested by sonic/ultrasonic (80% of filled voids)
= 64 tendons verified by drilled holes (43% of filled voids)
= 1 voided tendon found, re-grouted on 8/20/2014

+ 18 Test Lead Wires (on 9 tendons)
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SUCCESS !
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Recognition

Ken Hurst & Loren Risch — KDOT State Bridge Engineer
Mark Hurt — KDOT Sr. Squad Leader
Calvin Reed — KDOT State Bridge Engineer (current)
Annette Ratcliff — KDOT Inspector
Hideki Fields — KDOT Construction Engineer
Pci Roads — Contractor
VSL — Subcontractor
NDT Corporation — Field Investigation
Rodney Powers & Associates — Field Investigation
Wildcat Construction — Field Investigation
University of Kansas — Dr. David Darwin
PB Staff

= Teddy Theryo — Technical Director

= Rick Earley — ASBI Certified
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