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[bookmark: _Hlk100207979]Implementation Statement Title:
[bookmark: _Hlk44579674] Effectiveness of Magnesium-Alumino Liquid Phosphate=Based Concrete as a Repair Material

Problem Statement:
Magnesium-alumino Liquid Phosphate (MALP) is a relatively new material for concrete structure repair. MALP concrete consists of a pre-packaged magnesium-alumino aggregate dry powder with a mono-aluminum-liquid phosphate activator and is fast-setting with high-early strength (Phoscrete 2014). MALP materials should not be confused with traditional magnesium-ammonia-phosphate cements even though they produce similar properties. No water is used for mixing and placement of MALP concrete. In general, magnesium phosphate cements set and gain strength very rapidly, have high bond strength and have high durability (e.g., Ding and Li 2005, Yue and Bing 2013). Traditionally, magnesium-phosphate cements consisted of magnesia and ammonium phosphates, which react rapidly, but produce ammonia gas during mixing and after setting (Yue and Bing 2013, Ding et al 2014). MALP was initially developed for patching concrete industrial floors but has recently found use as a repair material for transportation structures (Fournier 2014). This material can be used for repair of horizontal, vertical, and overhead surfaces with a rapid strength gain that brings the structure to service faster. Once the MALP is cast, it expands and creates an excellent bond with the substrate and provides very low permeability for chloride ions. It also stops the corrosion of steel reinforcement by converting the iron oxide to metal phosphate which coats the reinforcement and prevents further corrosion (Concrete repair products 2020). Limited research has been conducted specifically on MALP concrete.

Proposed Research:
This project should address the corrosion performance of conventional reinforcing steel in uncracked and cracked MALP concrete in simulated repairs of Portland cement concrete of both high and low quality. Reinforcing bars will be evaluated in both a clean and passive state and in an actively corroding state. The project will also evaluate the ability of MALP concrete to withstand freeze-thaw cycles both as an individual material and in conjunction with Portland cement concrete, and the ability of MALP concrete to provide minimum crack widths at the boundaries of a repair. 

[bookmark: _Hlk44505901]Suggested Tasks:
The work to be performed includes, but is not limited to the following:
1. Perform literature search
2. Evaluate corrosion performance of uncorroded and corroded reinforcing steel in uncracked and cracked concrete, including bars that extend from sound existing concrete into MALP repair concrete. Consider use of MALP repair concrete in conjunction with both high quality and low quality Portland cement concrete.
3. Evaluate the freeze-thaw performance of MALP concrete individually and in conjunction with Portland cement concrete.
4. Measure shrinkage properties and ability of MALP concrete to minimize crack widths internally and adjacent to sound concrete at a repair site.
5. Prepare research deliverables

Benefits:
If the evaluation tests indicate that MALP concrete is an effective repair material, the primary benefits will be a reduction in labor, leading to a reduction in cost for repairs, and minimum periods required for repair operations and, thus, time out of service, greatly improving safety during repairs for both the repair personnel and the traveling public while minimizing traffic disruption.

Deliverables:
All projects require the submission of the following reports:
· Monthly Progress Reports
· Multi-Year Projects require a Year-End Annual Report
· Copies of the project Draft Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats 
· Copies of the project Final Report in Microsoft Word and ADA accessible Adobe Acrobat pdf electronic formats

The Year-End Annual Report, Draft Final Report, and Final Report should be submitted to satisfy all federal and state requirements pertaining to the accessibility of documents including but not limited to:
· Oklahoma State Statute 62 § 41.5e and the Americans with Disability Act (ADA) of 1990, 42 USC 12.01 et seq.

The PI must also participate in the following project meetings:
· New project initiation meeting
· Semi-annual project meeting
· Close-out project meeting
· Continuing project meeting
Existing Research Found in Separate attached file:
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This is a new and proprietary material that is sold under the name of Phoscrete® HC, so literature is scarce.

ODOT (2021) “Evaluation of Ultra-High Performance Concrete, Fiber Reinforced Self-Consolidating
Concrete, and MALP Concrete for Prestressed Girder Repair”

https://rosap.ntl.bts.gov/view/dot/57403
https://trid.trb.org/Results?txtKeywords=Magnesium+Alumino+Liquid+Phosphate+#/View/1866541

MALP has been used successfully for expansion joint headers in Washington, Oregon, North Carolina, and
Florida, with data showing adequate performance after 5 years in service (Mintz 2018a). It has also been used as
a patch material on bridge decks in Kentucky, California (Mintz 2018b), and New York (Fournier 2014). The
fast set, rapid strength gain, and high durability provided by Phoscrete® make it a desirable repair material for
portions of a bridge subject to extreme environmental impact. However, the current lack of performance
information limits its use.

Ultra-high performance concrete (UHPC), fiber-reinforced self-consolidating concrete, and magnesium-
alumino-liquid-phosphate (MALP) concrete all have significant potential for use in bridge repair in Oklahoma.
The project described in this report examined the use of these materials in repairs of prestressed concrete girder
continuity connections and beam end regions including both experimental testing and field implementation.
Bond between the repair materials and conventional concrete and corrosion behavior were examined for each
repair material. Twelve composite beam and continuity joint specimens were damaged and repaired using FR-
SCC, MALP concrete, and UHPC. All repair materials restored capacity of the joints. Six girder specimens
were loaded to failure in shear and repaired using FR-SCC, MALP concrete, and UHPC. Repaired specimens
exhibited similar performance for all three repair materials and measured capacities exceeded those for the
original beams in all cases. The soffit of the bridge deck cantilevers on the S.H. 3 bridge over Fulton Creek in
Beaver County, Oklahoma was repaired using pneumatically placed MALP mortar and the repairs were
monitored over time. Some difficulties were encountered in placing the material, but the repair exhibited good
performance over time. The continuity joints on the U.S. 183/412 bridge over Wolf Creek in Fort Supply,
Oklahoma were replaced using UHPC and load tests indicated the repair reestablished continuity.

Magnesium-Alumino-Liquid Phosphate (MALP) is a relatively new material for concrete structure repair.
MALP concrete consists of a pre-packaged magnesium alumino-aggregate dry powder with a mono-
aluminum-liquid phosphate activator and is fast-setting with high-early strength (Phoscrete 2014). MALP
materials should not be confused with traditional magnesium-ammonia-phosphate cements even though they
produce similar properties. No water is used for mixing and placement of MALP concrete. In general,
magnesium phosphate cements set and gain strength very rapidly, have high bond strength and have high
durability (e.g., Ding and Li 2005, Yue and Bing 2013). Traditionally, magnesium-phosphate cements consisted
of magnesia and ammonium phosphates, which react rapidly, but produce ammonia gas during mixing and after
setting (Yue and Bing 2013, Ding et al 2014). MALP was initially developed for patching concrete industrial
floors but has recently found use as a repair material for transportation structures (Fournier 2014). This material
can be used for repair of horizontal, vertical, and overhead surfaces with a rapid strength gain that brings the
structure to service faster. Once the MALP is cast, it expands and creates an excellent bond with the substrate
and provides very low permeability for chloride ions. It also stops the corrosion of steel reinforcement by
converting the iron oxide to metal phosphate which coats the reinforcement and prevents further corrosion
(Concrete repair products 2020). Limited research has been conducted specifically on MALP concrete.

The commercially available proprietary product Phoscrete® is a fast-setting MALP concrete. It has a small
aggregate and can be used for thin applications down to the point of a feather edge. It can reach compressive
strengths in excess of 4000 psi in 30 minutes, which can allow for fast repair and return of the structure to
traffic. Higher temperatures can result in a faster reaction, so care must be taken when using Phoscrete® to



https://rosap.ntl.bts.gov/view/dot/57403



ensure that the material temperatures are controlled, and the desired result is achieved. Phoscrete® has a small
expansion factor which can help mitigate differential shrinkage between the base concrete and repair. The
chemical composition of Phoscrete® results in a strong bond to corroded reinforcing steel and an acidic
environment, which reduces the possibility of the halo effect when used to encapsulate reinforcement that has
already exhibited corrosion (K. Bartfay personal communication June 25, 2018). Phoscrete® bonds chemically
to the base concrete creating a strong bond between the base concrete and repair.

ShareOK (2021) Theses based upon the preceding ODOT work
https://scholar.google.com/scholar?hl=en&as sdt=0%2C37&g=magnesium-alumino-liquid-
phosphate+%28MALP%29+concrete+&btnG=

Google Scholar (2022) https://scholar.google.com/scholar?hl=en&as sdt=0%2C37&qg=Magnesium-Alumino-
Liquid-Phosphate&btnG=

Only sources listed above — with the exception of one non-OU other source citing the work for UHPC, not
MALP: https://www.sciencedirect.com/science/article/pii/S0141029621015960

AASHTO TSP2 Bridge Preservation (2022) “Innovative Technology Demonstration (ITD) Application:
MALP Concrete Repair” https://tsp2bridge.pavementpreservation.org/industry/itd/malp-concrete-itd-program/
A vendor (Phoscrete) representative provides highlights about MALP and the ODOT bridge project.

Oregon DOT (2019) “Bridge Maintenance Training” (ppt)
https://www.oregon.qov/ODOT/Programs/T2/Documents/2019%20Bridge%20Workshop/4%20Concrete Patch

ing.pdf
Slide 27 shows a video

Slide 13 shows MALP as an approved material in the “Patching Product Categories” [1 Magnesium-
AluminoLiquid-Phosphate Concrete (MALP Concrete) [ Chemically bonds to adjacent concrete and steel [
Doesn’t require sand blasting [ Sets in 5-10 minutes

INDOT (2021) slides show studies — only Oklahoma DOT studies cite MALP
https://www.in.gov/dot/div/contracts/standards/bridges/2022%20Bridge%20Conference/Fiber%20Wrap%20for
%20Beam%20End%20Repair.pdf

RESOURCES
(Not an Exhaustive List)

Past End Region Repair Studies
* FRP Repairs
= Andrawes et al. (2018) — University of lllinois study
= Petty et al. (2011) — Utah State University study
= Ramseyer and Kang (2012) — University of Oklahoma study

* End Block Repairs
= Needham (1999, 2000) — Michigan DOT study/implementation
= Shield and Bergson (2018) — University of Minnesota study/implementation
= Floyd et al. (2020) — University of Oklahoma study/implementation (UHPC, FR-
SCC, MALP)

= Patching Using Specialized Concrete
= Shafei et al. (2020) — lowa State University study (UHPC, HESC)

INDOT/JTRP Study
* Pewvey et al. (2021)

* Richetal. (2021)
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https://www.sciencedirect.com/science/article/pii/S0141029621015960

https://tsp2bridge.pavementpreservation.org/industry/itd/malp-concrete-itd-program/

https://www.oregon.gov/ODOT/Programs/T2/Documents/2019%20Bridge%20Workshop/4%20Concrete_Patching.pdf

https://www.oregon.gov/ODOT/Programs/T2/Documents/2019%20Bridge%20Workshop/4%20Concrete_Patching.pdf
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CDOT (2021) PRE-APPROVED PRODUCT EVALUATION REQUEST & SUMMARY
https://codot.gov/content/apl/Form595/4089.pdf
Product info

Specifications: (listing those applicable is required)

CDOT  :601.09

ASTM : ASTM C928 including: ASTM C109; C157; C143; C882; C672; C403; C78; C666; C1012

AASHTO: AASHTO T260; T277

L1 FHWA

other : Caltrans California Test 417, 550, 551

Certificate of Compliance (COC) provided ||:| Certificate of Verification (COV) provided for select categories ONLY

Product Testing: (National/independent laboratories or universities with Report Date.) Certified Test Report (CTR) provided to validate all claims.
NTPEP-AASHTO: RSCP 2015-01-002
] FHWA
other . Independent Laboratories: Tourney Consulting Group (TCG); Testing-Engineering-Consulting (TEC)
[ other :
[] other

Kentucky (2016) Product Evaluation
http://kypel.engr.uky.edu/ProductDetails.aspx?prolD=11649

Vendor (Phoscrete) (2018) Warm Temperature Concrete Repair Guidelines
073efc3f-276a-4882-a067-da788ff982ac.pdf

According to vendor, its material has been approved by 25 DOTSs for the following uses:
https://www.phoscrete.com/

Phoscrete is a safe, fast-setting, long-lasting MALP concrete
repair material that's been approved for use by the DOT in 25 US

states. Phoscrete can repair many different concrete structures,

including:

INDUSTRIAL
BRIDGES D/FLOORS
MRUNWAYS MWALLS
MRrRoOADS [ SIDEWALKS
M CULVERTS M sTAIRS
M PARKING DECKS [ DRIVEWAYS

[ LOADING DOCKS



https://codot.gov/content/apl/Form595/4089.pdf

http://kypel.engr.uky.edu/ProductDetails.aspx?proID=11649

file:///C:/Users/DOM/Downloads/073efc3f-276a-4882-a067-da788ff982ac.pdf

https://www.phoscrete.com/
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