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Abstract 

Magnesium phosphate cements (MPCs) have been used for decades in 

proprietary products for pavement repairs. However, products with high 

exothermic temperatures have short working times, and research is 

needed to overcome these unfavorable characteristics. The effects of 

different boric acid and water contents on the fundamental properties of 

concrete was investigated through 34 trial batch modifications on the 

following commercially available MPC products: (1) Premier Magnesia’s 

PREMag PGDM, (2) BASF Master Builder’s MasterEmaco T545, and (3) 

CeraTech Inc.’s Pavemend TR. Overall results indicated that the increase 

of boric acid and water content produced favorable decreased 

temperatures and increased set times but retardation in the early age 

development of compressive strength.  

Modifications in the PREMag PGDM product resulted in poor workability, 

inaccurate time of setting due to a thixotropic nature, and unacceptable 

compressive strength loss. The Pavemend TR product was significantly 

affected by the addition of boric acid resulting in non-recoverable 

compressive and bond strength loss, excessive expansions, failure at low 

freezing and thawing cycles, and unacceptable times of setting for rapid-

repair applications. The T545 product showed promising performance with 

28-day recovery in compressive, flexural, and bond strengths and minimal 

differences in other properties when compared to the control mixture.  

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

Magnesium phosphate cements (MPCs) are increasingly being used in 

proprietary rapid-repair products for pavement projects due to the many 

advantages MPCs have over ordinary portland cement (OPC). Some of 

these advantages include better heat resistance, faster setting time, higher 

early strength, quicker setting at low temperatures with additional heat, 

bonding well to existing concretes, acid resistance, chemical and mold 

resistance, good durability with respect to cycles of freezing and thawing, 

low drying shrinkage, low coefficient of thermal expansion, and use of the 

material helps reduce CO₂ emissions compared to OPC. However, there 

are some disadvantages of MPCs including short working times due to the 

rapid setting nature, the materials evolve substantial amounts of heat, and 

water can potentially dissolve unreacted phosphates, thus increasing the 

porosity and making the hardened MPC substantially weaker. Another 

disadvantage of rapid-repair proprietary products is they are often 

intended for small patch repair sections using volumes less than 0.5 ft³.  

Proprietary products are primarily pre-bagged mixes to which a 

manufacturer-prescribed amount of water is added.  The materials are 

formulated by the manufacturer with a prescribed water-content-to-binder 

ratio with a targeted strength and, as such, are rarely adjustable for other 

applications. Material properties are often very dependent on the prescribed 

water content, yet the sensitivity of the product is often unknown; i.e., if 

there are any deviations in the amount of water added or how the product 

might react to a retarding admixture. Before investigating the raw materials 

for development of a potentially unique MPC design, the nature of 

modifying existing proprietary products was investigated.  

1.1 Objective 

The primary objective of this research was to investigate the effects of 

adding boric acid as a retarder to existing commercially available MPC 

products on fundamental concrete properties. Variations in the water 

content were also investigated to determine the sensitivity of the products. 

The goal was to determine the use of boric acid as a retarder that would 

delay the time of setting and decrease the heat generation without 

compromising the fundamental fresh and hardened properties of the 

proprietary product. Target requirements included (1) minimum 5,000 psi 
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compressive strength at 28 days’ age, (2) minimum 500 psi flexural 

strength at 28 days’ age, (3) approximately 60-min. setting time, (4) good 

bond strength, (5) adequate workability, and (6) good durability. 

1.2 Research approach 

Three commercially available MPC products were selected based on 

previous laboratory testing experience. Each product was tested to 

determine the sensitivity of the product to the manufacturer’s water 

content and the effects of using boric acid on multiple properties. Initial 

trial batching only included early age compressive strength properties, 

time of setting, and temperature of the material after mixing due to the 

economics and logistics of testing a large range of fresh and hardened 

properties simultaneously. Once optimal mix designs were identified, full-

scale testing was executed to determine if modifications to the proprietary 

products could meet applicable requirements.  
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2 Materials   

The three single-component, water-activated proprietary MPC-based 

products selected for investigation were (1) PREMag MPC PGDM Cement 

manufactured by Premier Magnesia, (2) MasterEmaco T545 manufactured 

by BASF Master Builders, and (3) Pavemend TR manufactured by 

CeraTech Inc. The retarder admixture commercially known as Three 

Elephants Boric Acid manufactured by Searles Valley Minerals was used 

for the MasterEmaco T545 and Pavemend TR trial batches. The PreMag 

MPC RET product was used as the retarder for the PreMag MPC PGDM 

cement for potentially better compatibility with the Premier Magnesia 

products. All product data sheets are in Appendix A. A summary of the 

materials with the Concrete Material Branch (CMB) identifying serial 

number is shown in Table 1.  

Table 1. Summary of proprietary products investigated.  

Material Name Manufacturer CMB Serial No. 

Pavemend TR CeraTech Inc. 150121 

Master Emaco T545  BASF Master Builders 150123 

PreMag MPC PGDM Cement Premier Magnesia, LLC 150125 

PreMag MPC RET  Premier Magnesia, LLC 150126 

Three Elephants Boric Acid  Searles Valley Minerals 150134 

 

2.1 PreMag MPC PGDM   

Premier Magnesia’s PREMag MPC PGDM cement is a fully formulated, 

high-performance, quick-setting cement based on MPC binder 

chemistries. The material is activated upon the addition of water to the 

material. This product is formulated to be used in a wide variety of 

applications, including patching mixes and repair mortars.  

Premier Magnesia’s PREMag® MPG RET is a boric acid-based set 

retarder specially designed for use with MPCs. This product was used in 

conjunction with the PREMag MPC PGDM cement to achieve the best 

material compatibility. 
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2.2 T545 

MasterEmaco T 545 is a one-component, magnesium phosphate-based 

mortar formulated for ambient temperatures below 85°F. This product 

was formerly known as the “Set 45” product manufactured by the same 

company. This concrete repair and anchoring material uses a chemical 

action for quick curing. Only water is required for mixing, but up to 60% 

rounded, sound aggregate can be used if extension is required.  The 

material cures in air only, and no wet curing compounds are required. 

Applications for this product include roadway repair, airport runways, 

heavy industrial repairs, dowel bar replacement, concrete pavement joint 

repairs, bridge deck and highway overlays, horizontal and formed vertical 

or overhead repairs. 

2.3 Pavemend TR 

At the time of testing, Pavement TR was part of CeraTech’s family of 

products comprised of MgO natural-mineral-based non-traditional 

cementitious materials activated by water. According to the manufacturer, 

Pavemend TR is a rapid setting slope grade (up to 60%) structural repair 

mortar with a gel-like consistency suitable for troweling on horizontal 

and/or slopped grades and for aggregate extension. Only 3/8- or ½-in.  

clean-washed fractured stone up to 50% maximum by weight is 

recommended for aggregate extension.  The product is an ideal repair 

material for roads and bridges, airport runways, warehouse or 

manufacturing facility floors, loading dock ramps, parking garages, post-

tension cable repairs, form and pour projects, overlay of concrete surfaces, 

joint repair, pavements, etc.   

2.4 Boric acid 

Due to the short working times, the addition of a retarder was tested with 

the commercially available products to determine its effects on selected 

properties. Boric acid (H3BO3) was selected as the set retarder for this 

study due to its wide availability. Other retarders such as sodium tri-poly 

phosphate (STP) were considered but, due to the significant higher cost of 

this material, it was eliminated from the testing plan. The granular boric 

acid used in this research was manufactured by Searles Valley Minerals in 

Trona, CA, with a purity of 99.76%. 
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3 Trial Batching 

3.1 PreMag MPC PGDM   

Table 2 details the test matrix of trial batch proportions for the Premier 

Magnesia’s PREMag MPC PGDM product. The influence of the variations in 

water content and retarding effects of boric acid indicated by compressive 

strength were investigated. Test parameter variations included water 

contents of 22% 24%, 26%, 28%, and 30% by weight of cement and boric 

acid addition of 0, 1%, 2%, and 3% by weight of cement. The selection of the 

water content range was based on the manufacturer’s recommendation of 

22-28 lb of water used for every 100 lb of cement. A batch size of 1,150 g of 

cement was selected based on the ASTM C109 batch size for a 6-cube mix 

(500 g) and the ASTM C191 batch size for a Vicat time of set (650 g). Only 

up to 3% of the retarder addition was used in efforts to prevent a significant 

loss of strength. The boric acid was added by a mass percentage of the 1,150 

g of PGDM cement (e.g., 1% = 11.5 g boric acid).  

Table 2. Test matrix for Premier Magnesia PREMag PGDM product. 

Mix # PGDM Cement (g) Retarder (g) Water Content (%) 

1 1,150 0 22 

2 1,150 0 24 

3 1,150 0 26 

4 1,150 0 28 

5 1,150 0 30 

6 1,150 11.5 22 

7 1,150 11.5 24 

8 1,150 11.5 26 

9 1,150 11.5 28 

10 1,150 11.5 30 

11 1,150 23.0 22 

12 1,150 23.0 24 

13 1,150 23.0 26 

14 1,150 23.0 28 

15 1,150 23.0 30 

16 1,150 34.5 22 

17 1,150 34.5 24 

18 1,150 34.5 26 

19 1,150 34.5 28 

20 1,150 34.5 30 
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3.1.1 Mixture proportions 

Mixes of the premier magnesia PGDM product were prepared at different 

water and retarder contents in order to determine the effect on the 

compressive strength of 2-in. cubes after 24 hr. Overall, 20 mixes were 

attempted, but the lowest water content (22%) gave insufficient 

workability with all variations in the retarder amount, so specimens could 

not be fabricated. The details of the 16 mixture proportions and results of 

the compressive strengths tested in accordance with ASTM C109 are given 

in Table 3.  

Table 3. Table of mixture proportions and properties of PGDM trial batches.  

Mix 

ID 

PGDM 

cement 

(g) 

Water 

(mL) 

Retarder 

(g) 

Water 

content 

(%) 

 Retarder  

(%) 

24-hr 

compressive 

strength (psi) 

1 1,150 253 0 22 0 - 

2 1,150 276 0 24 0 4,117 

3 1,150 299 0 26 0 3,375 

4 1,150 322 0 28 0 2,200 

5 1,150 345 0 30 0 2,000 

6 1,150 253 11.5 22 1 - 

7 1,150 276 11.5 24 1 3,760 

8 1,150 299 11.5 26 1 2,880 

9 1,150 322 11.5 28 1 1,835 

10 1,150 345 11.5 30 1 1,270 

11 1,150 253 23 22 2 - 

12 1,150 276 23 24 2 3,570 

13 1,150 299 23 26 2 2,430 

14 1,150 322 23 28 2 1,700 

15 1,150 345 23 30 2 930 

16 1,150 253 34.5 22 3 - 

17 1,150 276 34.5 24 3 2,980 

18 1,150 299 34.5 26 3 2,010 

19 1,150 322 34.5 28 3 1,490 

20 1,150 345 34.5 30 3 810 
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3.1.2 Compressive strength 

The 24-hr compressive strengths as a function of water content and boric 

acid are shown in Figure 1.  As the boric acid and water content increases 

in the mixtures, there is a concomitant drop in strength.  The individual 

curves show the influence of the boric acid on the strength of the material. 

Strengths were generally reduced by approximately 1,000 psi for each 1% 

of boric acid. At a 24% water content, a 3% addition of boric acid reduced 

the compressive strength by a factor of 1.4 compared to no retarder. At the 

30% maximum water content, the compressive strength with the 3%t boric 

acid was reduced by a factor of 2.5 compared to no retarder.  

Figure 1. 24-hr compressive strength of 2-in.-cubes in the PGDM trial batches. 

 

3.1.3 Discussion 

Set times on all mixtures were attempted, but unsuccessful due to the 

thixatropic nature of the material. The freshly mixed cement pastes were 

fluid during mixing, then became very thick and viscous under static 

conditions prior to setting. The mixtures appeared to set. but once 

agitated, they became workable again. This made the attempts to 

determine the time of set unsuccessful. The temperature was also 

periodically monitored by an infrared temperature gun, and extreme 

exothermic heat generations (>160°F) were observed. No further testing 

was conducted on the PGDM products due to the uncertainty experienced 

in the microstructure change of this proprietary product.  
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3.2 T545  

The test matrix shown in Table 4 details the nine mixture proportions with 

water content and boric acid retarder variations used during testing of the 

proprietary product MasterEmaco T545. The manufacturer’s maximum water 

recommendation of 40 pints of water per 50-lb bag of T545 was used as the 

standard dosing of water. Deviations of 20% more and less of the 

recommended water were tested. In addition, 1% and 2% of the boric acid 

retarder was tested by dry blending the powder material into the proprietary 

product before adding to the water content. For each mixture, the setting time 

was determined using the penetrometer method in accordance to ASTM C403. 

Concrete cylinders for determining compressive strength were cast in 4-in. x 8-

in. plastic molds and consolidated by rodding. Testing followed the procedures 

of ASTM C39 and were performed at 1, 7, and 28 days. The temperature of the 

fresh concrete was also measured in accordance to ASTM C1064. 

Table 4. Test matrix for T545 product testing. 

Mix # Description Cement Water Retarder 

1 
High water testing (+20% over 

standard) with no retarder 
(1) 50-lb bag 5.0 lb 0% ret 

2 

Standard water testing (4 quarts or 

4.165 lb) with no retarder *Control 

Mix 

(1) 50-lb bag 4.2 lb 0% ret 

3 
Low water testing (-20% under 

standard) with no retarder 
(1) 50-lb bag 3.3 lb 0% ret 

4 

High water testing (+20% over 

standard) with 1% retarder by 

weight of cement 

(1) 50-lb bag 5 .0 lb 
1% ret  

(0.5 lb) 

5 
Standard water testing with 1% 

retarder by weight of cement 
(1) 50-lb bag 4.2 lb 

1% ret  

(0.5 lb) 

6 

Low water testing (-20% under 

standard) with 1% retarder by 

weight of cement 

(1) 50-lb bag 3.3 lb 
1% ret  

(0.5 lb) 

7 

High water testing (+20% over 

standard) with 2% retarder by 

weight of cement 

(1) 50-lb bag 5 .0 lb 
2% ret  

(1.0 lb) 

8 

Standard water testing with no 

retarder with 2% retarder by weight 

of cement 

(1) 50-lb bag 4.2 lb 
2% ret  

(1.0 lb) 

9 

Low water testing (-20% under 

standard) with 2% retarder by 

weight of cement 

(1) 50-lb bag 3.3 lb 
2% ret  

(1.0 lb) 

Notes:  

Standard water testing is equal to 4 pints of water per 50-lb bag as recommended by the manufacturer.  
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3.2.1 Temperature 

Temperature results based on variations in boric acid and water content of 

the T545 product are illustrated in Figure 2. As expected, Mix 3 with the 

lowest water content and 0% boric acid produced the highest temperature of 

77.3°F. However, the range of temperatures (excluding Mix 3) is only 3.6°F. 

For any of the boric acid percentages (0%, 1%, or 2%), the mixtures with the 

highest dosage of water resulted in the lowest temperature when compared to 

mixtures at the same water content, i.e., Mix 1, 4, and 7. As the boric acid 

increased, the temperature decreased, but only approximately 1°F lower for 

each 1% increase in boric acid. This indicates that the temperature was not 

significantly affected by modifications to the T545 product.  

Figure 2. Initial temperatures after mixing of T545 trial batches Mix 1-9. 
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3.2.2 Time of setting 

Time of setting is important because it strongly influences the workability, 

finishing, and load-carrying capacity of fresh concrete.  Time of setting 

results based on modifications in the T545 product are illustrated in 

Figure 3. The dosing of the boric acid significantly affects both the initial 

and set time. As expected, the longest set time resulted from Mix 7, which 

was proportioned with the highest water content and boric acid 

percentage. This mix resulted in an initial set of 69 min. and final set of 76 

min. The shortest set time was produced from Mix 3, which was 

proportioned with the lowest amount of water and no retarder. Mix 3 

resulted in an initial set of 10 min. and a final set of 12 min.  

Figure 3. Results of time of setting on trial batches 1-9 of T545. 
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3.2.3 Compressive strength 

The strength development of the T545 trial batches with variations of water 

content and retarder at ages of 1, 7, and 28 days are in Figure 4. As 

expected, the compressive strength of the T545 series had an inverse 

relationship with the water and boric acid content at all ages. At higher 

water and boric acid contents, the compressive strength decreased. 

Furthermore, there appeared to be a greater reduction in strength at 24 hr 

compared to the 28-day samples.  This may be simply explained that the 

retarder changes the hydration properties such that a similar strength 

occurs later due to the retarder, and then at later ages, i.e., 28 days, the 

resultant strength is attained. For example, the 24-hr compressive strength 

of the control mixture with no boric acid and lowest water content was 

4,730 psi; the strength of the T545 mixtures with the addition of boric acid 

at 1% and 2% were 3,750 and 2,750 psi, respectively. This is an approximate 

1,000 psi strength reduction for each 1% increase of boric acid. The 28-day 

compressive strength of the control mixture with lowest water content was 

6,510 psi; the strength of the T545 mixtures with the addition of boric acid 

at 1% and 2% were 6,190 and 5,920 psi, respectively. This is only a 

reduction of 320 psi for the 1% addition of boric acid and 590 psi for the 2% 

addition of boric acid. This suggests most of the compressive strength 

values are regained with time but are reduced at early ages with the 

increased boric acid. Similar patterns of strength development were 

comparable for each water content tested.  
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Figure 4. Effect of water content and boric acid on the compressive strength of T545 

trial batches.  

 
(a) Strength development of T545 product with 0% retarder. 

 
(b) Strength development of T545 product with 1% retarder. 

 
(c) Strength development of T545 product with 2% retarder. 
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3.2.4 Summary  

Table 5 summarizes trial batch T1-9 results for the T545 product.  

Table 5. Results of T545 Mix 1-9 trial batch variations.  

Mix ID 

Mixture  

Description 

Temp. 

(°F) 

Compressive Strength 

(psi) 

Time of 

Setting (min) 

1 day 7 day 28 day Initial Final 

Mix 1 

High water testing  

(+20% over standard) with 

no retarder 

68.7 3,380 4,610 5,370 10 15 

Mix 2 

Control Mix  

Standard water testing with 

no retarder 

70 4,190 5,090 6,040 11 16 

Mix 3 

Low water testing      

(-20% under standard) with 

no retarder 

77.3 4,730 5,980 6,510 7 12 

Mix 4 

High water testing  

(+20% over standard) with 

1% retarder 

65.8 2,880 3,350 5,190 33 39 

Mix 5 
Standard control water 

testing with 1% retarder 
67.5 3,490 4,340 5,810 32 38 

Mix 6 

Low water testing         

 (-20% under standard) 

with 1% retarder 

67.6 3,750 5,180 6,190 35 41 

Mix 7 

High water testing  

(+20% over standard) with 

2% retarder 

67.2 1,170 3,010 4,330 69 76 

Mix 8 
Standard water testing with 

2% retarder 
68.3 2,140 4,220 5,200 59 65 

Mix 9 

Low water testing      

(-20% under standard) with 

2% retarder 

69.4 2,750 5,360 5,920 44 52 

Notes:   

¹Compressive strength performed in accordance to ASTM C39 using 4-in. x 8-in. cylinders. The results 

provided are an average of a minimum of three specimen.  

² Time of setting performed using the penetrometer method in accordance to ASTM C430. 

³Standard (control) water testing was defined by the manufacturer recommended water content of 4 pints of 

water per 50-lb bag.  
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3.3 Pavemend TR  

Mixture proportions for the Pavemend TR product are detailed in Table 6. 

These mixes were numbered mix 10-18 continuing from the sequence of 

mix 1-9 of the MasterEmaco T545 product. The manufacturer’s maximum 

water recommendation of 1 gal of water per 47-lb bag of Pavemend TR was 

used as the standard dosing of water. Similar to the T545 trial batch 

variations, deviations of 20% more and less of the recommended water 

were tested. In addition, 1%-2% of the boric acid retarder was tested by dry 

blending the powder material into the proprietary product before adding 

to the water content. For each mixture, the setting time was determined 

using the penetrometer method in accordance to ASTM C403. Concrete 

cylinders for determining compressive strength were cast in 4-in. x 8-in. 

plastic molds and consolidated by rodding. Tests followed the procedures 

of ASTM C39 and were performed at 1, 7, and 28 days. The fresh concrete 

temperature was also measured in accordance with ASTM C1064.  

Table 6. Test matrix for Pavemend TR product. 

Mix # Description Cement Water Retarder 

10 
High water testing (+20% over standard) 

with no retarder 
(1) 47-lb bag 10.0 lb 0% ret 

11 
Standard water testing (1 gal or 8.3 lb) with 

no retarder *Control Mix 
(1) 47-lb bag 8.3 lb 0% ret 

12 
Low water testing  (-20% under standard) 

with no retarder 
(1) 47-lb bag 6.7 lb 0% ret 

13 
High water testing (+20% over standard) 

with 1% retarder by weight of cement 
(1) 47-lb bag 10.0 lb 1% ret (0.47 lb) 

14 
Standard water testing with 1% retarder by 

weight of cement 
(1) 47-lb bag 8.3 lb 1% ret (0.47 lb) 

15 
Low water testing  (-20% under standard) 

with 1% retarder by weight of cement 
(1) 47-lb bag 6.7 lb 1% ret (0.47 lb) 

16 
High water testing (+20% over standard) 

with 2% retarder by weight of cement 
(1) 47-lb bag 10.0 lb 2% ret (0.94 lb) 

17 
Standard water testing with no retarder with 

2% retarder by weight of cement 
(1) 47-lb bag 8.3 lb 2% ret (0.94 lb) 

18 
Low water testing  (-20% under standard) 

with 2% retarder by weight of cement 
(1) 47-lb bag 6.7 lb 2% ret (0.94 lb) 

Notes:  

Standard water testing is equal to 1 gal of water per 47-lb bag as recommended by the manufacturer.  
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3.3.1 Temperature 

Temperature results based on variations in boric acid and water content of 

the Pavemend TR product are illustrated in Figure 5. Note that highly 

exothermic temperatures (100.4°F average) were observed in the mixtures 

with no boric acid (Mix 10, 11, and 12). Minimal temperature differences 

are observed as the water content is varied within each boric acid variable 

group. With the addition of 1% boric acid, about 30°F decrease in 

temperature is observed. The addition of an additional 1% of boric acid 

dropped the temperature by approximate 3°F.  

Figure 5.  Initial temperature after mixing of T545 trial batches Mix 1-9. 
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3.3.2 Time of setting 

Time of setting results based on modifications in the Pavemend TR 

product are illustrated in Figure 6. The boric acid increased the setting 

time significantly, particularly when compared to the T545 results.  As 

expected, the shortest set time was produced from Mix 12, which was 

proportioned with the lowest amount of water and no retarder. Mix 12 

resulted in an initial set of 8 min. and a final setting time of 27 min. The 

longest set time resulted from Mix 16, which was proportioned with the 

highest water content and boric acid percentages. Mix 16 resulted in an 

initial set of 260 min. and final setting time of 450 min.  

Figure 6. Time of setting results from trial batches 10-18 for Pavemend TR. 
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3.3.3 Compressive strength 

The strength development of the Pavemend trial batches with variations of 

water content and retarder at the age of 1, 7, and 28 days are shown in 

Figure 7. As expected, higher water content in the mixtures resulted in 

lower strength development. The boric acid retarder did greatly influence 

the compressive strength of Pavement TR. The strength reduction was 

most noticeable at early ages (1 day). For example, strengths decreased 

almost 50% with 1% boric acid and almost 90% with 2% boric acid with 

mixtures at the lowest water content (Mix 12, Mix 15, and Mix 18). For the 

same mixtures, results also show the strengths were not recovered by 28 

days when compared to the control mixture. At 28 days, the strength with 

1% boric acid was approximately 2,000 psi less with 1% boric acid and 

approximately 3,500 psi less with 2% boric acid.  
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Figure 7. Effect of water content and boric acid on the compressive strength 

of Pavemend TR trial batches. 

 
(a) Strength development of Pavemend TR product with 0% retarder. 

 
(b) Strength development of Pavemend TR product with 1% retarder. 

 
(c) Strength development of Pavemend TR product with 2% retarder. 
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3.3.4 Summary  

Results of the effect of the addition of water and boric acid retarder on the 

temperature, compressive strength, and time of setting for the Pavemend 

TR product are shown in Table 7.  

Table 7. Results of Pavemend TR Mix 10-18 trial batch variations.  

Mix ID 

Mixture  

Description 

Temp. 

 (°F) 

¹Compressive Strength 

(psi) 

²Time of Setting 

(min) 

Initial 1 day 7 day 28 day Initial Final 

Mix 

10 

High water testing 

(+20% over standard) 

with no retarder 

100.1 2,517 2,890 3,940 15 40 

Mix 

11 

Control Mix ³Standard 

water testing with no 

retarder 

101.1 3,890 5,350 6,720 10 32 

Mix 

12 

Low water testing         

 (-20% under standard) 

with no retarder 

100.1 5,990 7,300 7,940 8 27 

Mix 

13 

High water testing 

(+20% over standard) 

with 1% retarder 

69.1 1,637 3,080 3,860 180 335 

Mix 

14 

Standard water testing 

with 1% retarder 
68.8 2,250 3,580 5,440 160 325 

Mix 

15 

Low water testing         

 (-20% under standard) 

with 1% retarder 

70.3 3,100 4,850 6,030 150 300 

Mix 

16 

High water testing 

(+20% over standard) 

with 2% retarder 

65.1 197 1,150 1,490 260 450 

Mix 

17 

Standard water testing 

with no retarder with 

2% retarder 

65.9 430 2,460 3,890 250 440 

Mix 

18 

Low water testing      

(-20% under standard) 

with 2% retarder 

67.3 780 2,980 4,600 240 430 

Notes: 

¹ Compressive strength performed in accordance to ASTM C39 using 4-in. x 8-in. cylinders. The results 

provided are an average of a minimum of three specimen.  

² Time of setting performed using the penetrometer method in accordance to ASTM C430. 

³Standard water testing defined by manufacturer recommended water content of 1 gal of water per 47-

lb bag of Pavemend TR material. 
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4 Full-Scale Laboratory Testing 

4.1 Methodology 

Based on the results of the trial batch mixtures of T545 and Pavemend TR, 

the following three mixture proportions were selected for full-scale testing, 

i.e., (1) control mix with no modifications from manufacturer’s 

recommendation, (2) addition of 1% boric acid and standard water 

content, and (3) addition of 1% boric acid and 20% reduction of standard 

water content. The mixture identifications selected for the T545 and 

Pavemend TR trial batches are in Table 8. All mixtures were extended 50% 

with a 3/8-in. pea gravel from a local source.  

Table 8. Summary of modifications to products T545 and Pavement TR by Mixture ID. 

T545 Pavemend TR Description of Mix 

Mix 2 Mix 11 Control mix with no modifications from the 

manufacturer’s recommendations 

Mix 5 Mix 14 Addition of 1% boric acid by mass of cement 

with standard manufacturer’s water content  

Mix 6 Mix 15 Addition of 1% boric acid and 20% less 

water than standard manufacturer’s water 

content 

 

The performance measures for comparing the T545 and Pavemend TR 

mixtures included compressive strength, flexural strength, bond strength, 

splitting tensile, modulus of elasticity, coefficient of thermal expansion, 

length change, time of setting, and freeze-thaw durability. Table 9 

summarizes the experimental test methods for the mixtures selected for 

full-scale testing.  
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Table 9. Test matrix for full-scale laboratory testing.  

Test Property Testing Specification Testing Details 

Compressive Strength ASTM C39 1 day 

7 day 

28 day 

Flexural Strength ASTM C78 28 day 

Splitting Tensile ASTM C496 28 day 

Bond Strength 

(RS/RS) 

ASTM C882 1 day 

7 day 

Bond Strength 

(RS/PCC) 

ASTM C882 1 day 

7 day 

Modulus of Elasticity ASTM C469 28 day 

Time of Setting ASTM C403 Initial Set 

Final Set 

Slump ASTM C143 - 

Length Change ASTM C157 Air and Water Cure 

Coefficient of Thermal Expansion ASTM C531 - 

Freeze-Thaw ASTM C666 Procedure A 

 

4.2 Results and discussion 

Complete results of all laboratory testing is provided in Table 10 followed 

by additional discussion for each test method.  
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Table 10. Results of full scale testing for T545 and Pavemend TR. 

Property 

Testing 

Specification 

Testing 

Details 

T545 Pavemend TR 

Mix 2 Mix 5 Mix 6 Mix 11 Mix 14 Mix 15 

Compressive 

Strength 

(psi) 

ASTM C39 

1 day 4,190 3,490 4,750 3,890 2,250 3,100 

7 day 5,090 4,340 5,360 4,350 3,580 3,640 

28 day 6,040 5,810 6,190 5,220 4,630 4,710 

Flexural 

Strength 

(psi) 

ASTM C78 28 day 610 555 655 560 480 585 

Splitting 

Tensile (psi) 
ASTM C496 28 day 550 540 560 440 430 490 

Bond 

Strength 

(psi) 

(RS/RS) 
ASTM C882 

1 day 1,600 1,150 1,450 1,560 950 1,120 

7 day 1,780 1,390 1,660 1,770 1,330 1,610 

Bond 

Strength 

(psi) 

(RS/PCC) 

1 day 1,240 1,010 1,050 1,790 600 1,030 

7 day 1,530 1,290 1,340 1,920 1,060 1,310 

Modulus of 

Elasticity 

(ksi) 

ASTM C469 28 day 5350 4650 5200 4650 3650 3700 

Time of 

Setting (min) 
ASTM C403 

Initial 11 38 32 10 160 150 

Final  16 41 35 32 325 300 

Slump (inch) ASTM C143 - 7 7 4 11 11 6 

Length 

Change (%) 

Water Cure 

ASTM C157 

28 day 0.025 0.042 0.036 0.0315 0.0483 0.0355 

64 

weeks 
0.040 0.055 0.053 0.055 0.076 0.063 

Length 

Change (%) 

Air Cure 

28 day 0.013 0.026 0.015 0.019 0.027 0.022 

64 

weeks 
-0.003 0.012 0.005 0.008 0.019 0.013 

Coefficient 

of Thermal 

Expansion 

ASTM C531 - 7.2 6.5 8.1 7.2 6.3 8.5 

Freeze-Thaw ASTM C666 
Method 

A 

DF 18 

@ 78 

cycles 

DF 9 

@ 44 

cycles 

DF 16 

@ 55 

cycles 

DF 10 

@ 69 

cycles 

DF 5  

@ 32 

cycles 

DF 11 

@ 43 

cycles 
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4.2.1 Compressive strength 

Compressive strength testing was performed on all mixes in accordance 

with ASTM C39 “Standard Test Method for Compressive Strength of 

Cylindrical Concrete Specimens.” For each mix, nine 4-in. x 8-in. concrete 

cylinder specimens were prepared by the rodding method. The strength 

tests were obtained for samples at 1, 7, and 28 days (3 cylinders at each 

age). The average compressive strength data are shown in Figure 8.  

Overall, the T545 product resulted in slightly higher compressive strengths 

compared to the Pavemend TR product on all mixture variations. For the 

T545 product, the 1% addition of boric acid was shown to significantly 

affect the early 1- and 7-day strengths but gained similar strengths by 28 

days. Somewhat surprisingly, when the water was reduced 20% with the 

1% boric acid in Mix 6, all strengths increased when compared to the 

control Mix 2. This indicated that the water content was the controlling 

factor for T545. This effect was not observed in the Pavemend TR product. 

Strengths were much lower with the 1% boric acid retarder at all ages and 

not recovered with the 20% water reduction.  

The target compressive strength requirement was a minimum of 5,000 psi 

at 28 days. All T545 mixes exceeded this requirement, while only the 

control mixture reached the target compressive strength requirement for 

the Pavemend TR product.  
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Figure 8. Effect of boric acid and water content on the compressive strength of T545 

and Pavemend TR.  

 
(a) Control. 

 
(b) 1% boric acid. 

 
(c) 1% boric acid addition and 20% water reduction. 
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4.2.2 Flexural strength 

Flexural strength tests were performed in accordance to ASTM C78 

“Standard Test Method for Flexural Strength of Concrete (Using Simple 

Beam with Third-Point Loading).”  The triplicate test specimens were 

rectangular beams with dimensions of 3 in. × 3 in. × 12 in. with loading 

applied at third-points of the span. Figure 9 compares the 28-day flexural 

strength for mixture modifications to the T545 and Pavemend TR 

products. The 1% addition of boric acid reduced the flexural strength by 

9% and 14% for the T545 and Pavemend TR products, respectively. 

However, when the water is reduced by 20%, the flexural strength 

increases over the control by 7% and 4% for the T545 and Pavement TR 

products, respectively. This suggests there is some reduction in flexural 

strength using boric acid, but it can be compensated for by decreasing the 

water in both products. The target flexural strength requirement was a 

minimum of 500 psi at 28 days. All T545 mixes exceeded this 

requirement, and only the mixture with 1% boric acid failed for the 

Pavemend TR product.  

Figure 9. Comparison of 28 day flexural strengths for T545 and Pavemend TR. 
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4.2.3 Splitting tensile strength 

The splitting tensile testing was accomplished in accordance with ASTM 

C496 “Standard Test Method for Splitting Tensile Strength of Cylindrical 

Concrete Specimens.” Results of the average of triplicate 4-in. × 8-in. 

cylinders at 28 days are shown in Figure 10. The addition of 1% boric acid 

reduced the splitting tensile strength by 10 psi in both products. When the 

water was reduced 20% in addition to the 1% boric acid, the splitting 

tensile strength exceeded the control mixture in both products. This 

indicates that, while the 1% addition of boric acid slightly reduces the 28-

day splitting tensile strength, it can be compensated for by reducing the 

water by 20%. Overall, the splitting tensile was not significantly affected 

by the boric acid or deviations in the water content. In all mixtures, the 

T545 outperformed the Pavemend TR product.  

Figure 10. Comparison of 28-day splitting tensile strength in T545 and Pavemend TR. 
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4.2.4 Bond strength 

Bond strength tests were performed in accordance to ASTM C882 “Bond 

Strength of Epoxy-Resin Systems Used with Concrete by Slant Shear.” 

Triplicate slant shear 3-in x 6-in specimens were cast for each test age. 

Both repair slant to repair slant (RS/RS) and repair slant to portland 

cement concrete (RS/PCC) were tested at 1 and 7 days as illustrated in 

Figure 11 and Figure 12. Pavemend TR resulted in higher strengths 

compared to T545 for the PCC/RS control mixes. Results were comparable 

between the two products for the RS/RS bond strengths. For the PCC/RS 

bond strengths, both products were significantly affected by the 1% boric 

acid addition. For example, the 1-day PCC/RS bond strength of the 

Pavemend TR product was almost 3 times lower compared to the control. 

At 7 days, the PCC/RS bond strength was still almost half the control. 

Decreasing the water 20% compensated for some of the strength 

reduction, but it was not fully recovered at 7 days. Interestingly, the T545 

product outperformed the Pavemend TR in all the modified mixes. This 

indicates that bond strength of the Pavemend TR product is more sensitive 

to the boric acid and changes in the water content. It is also of interest to 

note that the PCC/RS bond strengths were more affected by the 

modifications than the RS/RS bond strengths. This suggests the modified 

materials will not bond well to the parent substrate.  

ASTM C928 provides minimum performance requirements for this test of 

1,000 psi at 1 day and 1,500 psi at 7 days for cementitious, rapid-setting 

materials.  Based on this criteria, all 1 day PCC/RS and RS/RS bond 

strengths met the target requirement with the exception of the Pavemend 

TR with 1% boric acid.  Both the T545 and Pavemend TR with 1% boric 

acid RS/RS and PCC/RS failed the 7 day requirement.   In addition, the 

PCC/RS Pavemend TR and T545 with 1% boric acid and 20% reduced 

water failed the 7-day requirement.  
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Figure 11. Comparison of bond strengths for portland cement concrete (PCC) 

material to repair slant (RS) material at 1 and 7 days. 

(a) PCC/RS at 1 day. 

 
(b) PCC/RS at 7 days. 
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Figure 12. Comparison of bond strengths for repair slant (RS) material to repair slant 

(RS) material at 1 and 7 days. 

 
(a) RS/RS 1 day. 

 
(b) RS/RS at 7 days. 
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4.2.5 Modulus of elasticity 

Modulus of elasticity (MOE) testing was accomplished in accordance with 

ASTM C469 “Standard Test Method for Static Modulus of Elasticity and 

Poisson’s Ratio of Concrete in Compression.” Triplicate 4-in. x 8-in. 

cylinders instrumented with an unbounded sensing device were attached 

to the cylinders at mid-height for the purpose of measuring vertical 

deformation. The modulus of elasticity was calculated as change in stress 

divided by change in strain, where strain is calculated as vertical 

deformation divided by gauge length. A comparison of the T545 and 

Pavemend TR product’s MOE at 28 days is illustrated in Figure 13. 

Overall, the T545 product performed better than the Pavemend TR 

product. Adding 1% boric acid to the Pavemend TR product reduced the 

28-day results by 1,000 psi with minimal improvement when the water 

content was reduced 20%. The T545 product also showed a reduction in 

the 28-day MOE with the 1% boric acid addition but recovered 

significantly when the water was reduced 20%. Once again, this indicates 

the Pavemend TR is more sensitive to any modification to the 

manufacturer’s recommendations.  

Figure 13. Comparison of 28-day modulus of elasticity for T545 and Pavemend TR. 
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4.2.6 Time of setting 

The time of setting was accomplished in accordance to ASTM C403 

“Standard Test Method for Time of Setting of Concrete Mixtures by 

Penetration Resistance.” Periodic penetration tests were performed using 

a penetrometer with an analog gauge by inserting a standardized needle of 

known surface area into the fresh concrete material and recording the 

resistance force. The penetration resistance (in psi) was calculated by 

dividing the recorded force (in pounds) by the bearing area of the needle 

(in square inches). The initial time of setting was the time elapsed between 

the initial contact of cement and water and the time when the penetration 

resistance equaled 500 psi. The final time of setting was reached when the 

penetration resistance equaled 4,000 psi.  

The time of setting for the T545 and Pavemend TR mixtures are shown in 

Figure 14. The addition of boric acid is interpreted to more significantly 

affect the Pavemend TR as compared to the T545 product. For the 

Pavemend TR product, the initial time of setting increased from 10 min. in 

the control mix to 160 min. when 1% boric acid was added. In addition, 

even greater affect was shown for the final setting times, which increased 

from 32 min. in the control mix to 325 min. with the 1% boric acid 

addition. This setting time is outside of the target setting time of 60 min. 

and is unacceptable for rapid repair applications. For the T545 product, 

the initial setting time was tripled and final setting time doubled when the 

1% boric acid was added. However, the maximum final setting time was 41 

min., which also failed to reach the target requirement of 60 min. For both 

products, the 20% decrease in water reduced the setting times but only by 

a few minutes. It is notable to mention that only approximately 5 min. 

typically elapsed between the initial and final setting times for any of the 

T545 mixtures. This indicates a very short working time might be available 

during full-scale placement.  
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Figure 14. Time of setting for T545 and Pavemend TR products. 

 
(a) Initial set. 

(b) Final set. 
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4.2.7 Slump 

Adequate workability was a project requirement for the products tested. 

The workability was accomplished using the slump test in accordance to 

ASTM C143 “Standard Test Method for Slump of Hydraulic-Cement 

Concrete.”  Slump test results are illustrated in Figure 15.  The control 

mixture slump of the T545 product was 7 in., and the Pavement TR 

product was 11 in. The slump was unaffected in both products by the 

addition of 1% boric acid. As expected, reducing the water 20% resulted in 

a loss of workability in both products. Pavemend TR displayed a higher 

slump loss of 5 in. compared to 3 in. in the T545 material. Results indicate 

the products still maintain adequate workability with the test 

modification, and water content is the controlling factor.  

Figure 15.  Slump comparisons for modifications to T545 and Pavemend TR 

products. 
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4.2.8 Length change 

Length-change testing was accomplished in accordance with ASTM C157 

procedures with both air and water storage curing. Six 3-in. x 3-in. x 11.25-

in. beam specimens with embedded gauge studs were prepared from each 

concrete mix. Specimens were demolded at the age of 24 hr, and an initial 

reading was taken with a length comparator. Visible expansion was 

observed in the mixtures with 1% boric acid upon demolding at 24 hr as 

shown in the photos provided in Figure 16. The beams were then wet-

cured in a 73°F lime-water bath until the age of 28 days. At this time, a 

zero comparator reading was taken, then the specimens were moved to 

their appropriate test environment. Three of the prisms specimens were 

re-submerged in the water bath environment until subsequent readings. 

The remaining three specimens were openly stored in a room maintained 

at 73°F and a relative humidity of 50%. Readings were taken during the air 

and water curing periods after 4, 7, 14, and 28 days and then at 8, 16, 32, 

and 64 weeks. Similar length-change trends between the T545 and 

Pavemend TR results are presented in Figure 17 and Figure 18. Clearly, 

mixtures with 1% boric acid resulted in the highest expansions and 

subsequently the lowest shrinkage. Mixtures with 1% boric acid and 20% 

less water produced results in between the control and 1% boric acid 

mixtures. Pavemend TR Mix 15 resulted in the largest 64-week expansion 

when cured in water of 0.076% and lowest shrinkage when cured in an 

ambient air environment of 0.019%. Overall, length-change results 

indicate expansions are potential concern for both products.  
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Figure 16. Visible expansion in prisms with 1-% boric acid at 24 hr. 

 
(a) T545 Mix 5. 

 
(b) Pavemend TR Mix 15. 
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Figure 17. Summary of ASTM C157 average percent length change of T545. 

 
(a) Expansions of T545 specimens cured in water. 

 
(b) Shrinkage of T545 specimens cured in air. 
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Figure 18. Summary of ASTM C157 length change specimens for Pavemend TR. 

 
(a) Expansions of Pavemend TR specimens cured in water. 

 

 
(b) Shrinkage of Pavemend TR specimens cured in air. 
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4.2.9 Coefficient of thermal expansion 

The coefficient of thermal expansion was accomplished in accordance to 

ASTM C531 “Standard Test Method for Linear Shrinkage and Coefficient 

of Thermal Expansion of Chemical-Resistant Mortars, Grouts, Monolithic 

Surfacings, and Polymer Concretes.”  Test bar specimens with dimensions 

of 1 in. x 1 in. x 11.25 in. with embedded gauge studs were measured daily 

for two weeks at 73°F to determine the length change. Test specimens then 

cycled between environmental conditions of 210 and 73°F until a constant 

CTE expansion was determined.  

Figure 19 illustrates the similar CTE values for the modifications to the 

T545 and Pavemend TR products. Both control product mixtures showed 

an identical 7.2 in./in./°F value. The 1% addition of boric acid reduced the 

CTE value to 6.5 in./in./°F in the T545 product and to 6.3 in./in./°F in the 

Pavemend TR product. When the water was reduced by 20%, the CTE 

values increased to 8.1 in./in./°F for the T545 product and to 8.5 in./in./°F 

for the Pavemend TR product. These results suggest that boric acid 

reduces the heat generation. However, a lower water content will still 

increase the heat generation and control the mixture’s CTE value even in 

the presence of the boric acid.  

Figure 19. Comparison of final CTE values T545 and Pavemend TR products. 
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4.2.10 Freezing and thawing  

The freeze-thaw resistance testing was accomplished in accordance with 

ASTM C666 Procedure A. Test specimens with dimensions of 3 in. × 4 in. 

× 16 in. were moist-cured for 14 days before testing, then subjected to 

freeze-thaw cycles until failure (60% loss in dynamic modulus) or at a 

maximum of 300 cycles. During testing, specimens were weighed, and 

their fundamental transverse frequency was measured approximately 

every 36 cycles. Results are reported as the durability factor, which is a 

function of the number of cycles survived by the specimens, and the 

relative dynamic modulus of elasticity at the time the test is terminated. 

The relative dynamic modulus of elasticity,𝑃𝑐, is defined by equation 1: 

 𝑃𝑐 =
(𝑛1)²

(𝑛)²
 x 100  (1) 

where: 

  𝑃𝑐   = relative dynamic modulus of elasticity after c cycles 

  n  = fundamental transverse frequency at 0 cycles  

  𝑛1 = fundamental transverse frequency after c cycles 

 

The durability factor, DF, is defined by equation 2:  

 DF = 
P x N

M
 (2) 

where: 

  DF = durability factor of the test specimen 

  P = relative dynamic modulus of elasticity at N cycles, percent 

  N = number of cycles at which P reaches the specified 

minimum value for discontinuing the test or the specified 

number of cycles at which the exposure is to be terminated, 

whichever is less 

  M = specified number of cycles at which the exposure is to be 

terminated (300 cycles in accordance to procedure A) 
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The graph illustrated in Figure 20 presents the durability factor with 

respect to the cumulative number of freezing and thawing cycles for the 

Pavemend TR and T545 mixtures. The freeze-thaw and length-change 

properties were significantly affected by the variations of water and 1% 

addition of the boric acid. Both the durability factor and number of cycles 

decrease by approximately half with the addition of 1% boric acid. 

However, when the water was reduced 20%, the number of cycles and 

durability factor increased closer to the control results.  

Figure 20. Durability factor and number of cycles completing freezing and thawing for 

Pavemend TR and T545 specimens.  
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5 Summary and Conclusions   

The objective of this research was to determine the effects of boric acid 

and variations in the water content on fundamental concrete properties of 

the following three proprietary MPC products: (1) PREMag MPC PGDM 

manufactured by Premier Magnesia, (2) MasterEmaco T545 manufactured 

by BASF Master Builders, and (3) Pavemend TR manufactured by 

CeraTech Inc. 

The following summary and conclusions can be drawn from the research. 

• Sixteen variations of the premier magnesia PGDM product were 

prepared at varying water contents and boric acid dosages. As 

expected, the lower the water content and boric acid dosage, the higher 

the compressive strengths. Strengths at 24 hr were reduced by 

approximately 1,000 psi when 3% boric acid was used. The time of 

setting was attempted but unsuccessful due the rapid setting and 

thixatropic nature of the PGDM cement. This proprietary product is 

not recommended due to poor workability, extreme reactivity, and low 

compressive strengths.  

• Eighteen trial batches (9 for each product) were prepared at varying 

water contents and boric acid dosages for the T545 and Pavemend TR 

products. For each batch, the measured concrete properties included 

temperature, time of setting, and compressive strength. Overall, 

additions of boric acid favorably decreased exothermic temperatures 

and increased the time of setting but led to an increasingly pronounced 

retardation in the early age development of compressive strength. The 

addition of 2% boric acid caused the most significant decrease in the 

early age strengths; thus, no further investigation was conducted on 

other concrete properties.  

• Based on analysis from the T545 and Pavemend TR preliminary trial 

batching, three similar mixture proportions from each product were 

down-selected for additional concrete property investigation. The 

mixture proportions consisted of (1) control mix with no modifications 

from manufacturer’s recommendation, (2) addition of 1% boric acid 

using standard manufacturer’s water recommendation, and (3) 

addition of 1% boric acid and 20% reduction in manufacturer’s water 

recommendation. Concrete properties investigated included 

compressive strength, flexural strength, bond strength, splitting 
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tensile, modulus of elasticity, coefficient of thermal expansion, length 

change, time of setting, and freezing and thawing durability.  

• Results showed the properties most effected by the addition of boric 

acid and variations of water content included early age compressive 

strength, bond strength, time of setting, length change, and freezing 

and thawing durability.  

• Properties least affected by the mixture modifications included 28- day 

compressive, flexural, and splitting tensile strengths, modulus of 

elasticity, slump, and coefficient of thermal expansion.  

• The 28-day minimum compressive and flexural strength requirements 

were 5,000 psi and 500 psi, respectively. The T545 met these target 

strengths for all modified mixtures presented in this study. The 

Pavemend TR product failed the compressive strength with modified 

mixtures and flexural strength with the addition of boric acid. 

However, flexural strength was recovered with 20% water reduction.  

• Both products failed to meet the time of setting requirement of 

approximately 60 min. The addition of 1% boric acid resulted in an 

excessive 5-hr final set time that is unacceptable for rapid-repair 

applications. The outcome of the T545 product with the same 

modification was 41 min., which fell short of the target time.  

• Although a quantitative value was not specified for required durability, 

results showed freeze-thaw specimens with 1% boric acid failed at 

approximately half the cycles as the control for both materials. This 

indicates poor durability with modifications to the proprietary products.  

• A quantitative value was also not specified for bond strength. Both 

products revealed decreased bond strengths with product 

modifications that were not fully recovered at 7 days. Larger variations 

were expressed in the PCC/RS bond strengths compared to the RS/RS. 

The Pavemend TR product indicated high sensitivity to the addition of 

boric acid and deviations in the water content. 

• Slump tests revealed no change in the workability when only boric acid 

was added and all other variables held constant. A reduction in the 

water content resulted in lower workability, which is expected for any 

typical concrete mixture.  

• Overall, the T545 product outperformed the Pavemend TR product and 

showed less negative variability. The Pavemend TR product was 

significantly affected by the addition of boric acid resulting in non-

recoverable compressive and bond strength losses, excessive length-

change expansions, failure at low freezing and thawing cycles, and 

unacceptable times of setting for rapid-repair applications. No 
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modifications researched in this study are recommended for the 

Pavemend TR product. The T545 product showed promising 

performance with 28-day recovery in compressive, flexural, and bond 

strengths and minimal differences in modulus of elasticity and 

coefficient of thermal expansion tests.  

• Field testing is recommended for the T545 product with 1% boric 

acid dosage.  
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Manufacturer Data Sheets 

A.1 PREMagMPC PGDM Cement 
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A.2 PREMagMPC Set Retarder 
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A.3 BASF MaterEmaco T 545 
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A.4 Ceratech Pavemend TR 
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A.5 Boric Acid 
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Laboratory Data Reports 

B.1 T545 Mix 2, 5, and 6 Worksheets 

Mix 2. 
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Mix 5. 
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Mix 6. 
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B.2 Pavemend TR Mix 11, 14, and 15 Worksheets 
 

Mix 11. 
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Mix 14. 
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Mix 15. 
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Unit Conversion Factors 

Multiply By To Obtain 

cubic feet 0.02831685 cubic meters 

cubic inches 1.6387064 E-05 cubic meters 

cubic yards 0.7645549 cubic meters 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

ounces (mass) 0.02834952 kilograms 

ounces (U.S. fluid) 2.957353 E-05 cubic meters 

pints (U.S. liquid) 4.73176 E-04 cubic meters 

pints (U.S. liquid) 0.473176 liters 

pounds (force) 4.448222 newtons 

pounds (force) per foot 14.59390 newtons per meter 

pounds (force) per inch 175.1268 newtons per meter 

pounds (force) per square foot 47.88026 pascals 

pounds (force) per square inch 6.894757 kilopascals 

pounds (mass) 0.45359237 kilograms 

pounds (mass) per cubic foot 16.01846 kilograms per cubic meter 

pounds (mass) per cubic inch 2.757990 E+04 kilograms per cubic meter 

pounds (mass) per square foot 4.882428 kilograms per square meter 

pounds (mass) per square yard 0.542492 kilograms per square meter 

quarts (U.S. liquid) 9.463529 E-04 cubic meters 

square feet 0.09290304 square meters 

square inches 6.4516 E-04 square meters 
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