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SECTION I 

INTRODUCTION 

Civil E ThlS rep0r,; des,:rib‘!s a nine-week resesrch program sponsored by the 

vu Engineering Center, Tyndail Air p„roe Base, Florida. The prime objective 

polymerCOnCCaCt 7 ““ °f in n-Jnection with 
c ncrete (synthetic polymer plua aggregate) for expedient runway repair. 

The technology being evaluated was develnnari k «-u e 

Corporation (SURD for M n y Syn,CU'e “"iveraity Research 
( RC) highway maintenance. Ihe results of the research «id 

-esting indicate that the method is an effici if nnH f 
alrnnr^ efficient and fast way to repair damaged 

airport concrete with a high measure of success. During the teatin» f, » 
areas were i 8 tne te8tin8. five patch 

with polymer concrete and cured with microwave power. 

The work conducted in this program has made extensive use of a mobile 

thgCp 77,, mlCI°“aVe P°uer UnIt “d "“«vial» aystem developed by SURC for 

: ::::: rment;f iransporeati,>"and ui :: 

wave ejplt ? ^ ^ 0rlii"al 8P“— “ ^ ^he micro- 

veloped d °r t 8 AF test‘"S program.) Even though the equipment was de- 

iped under another program, descriptions of the equipment and the associated 

■ crowave technology are presented in the present report in an appendix. 

nolo» A:30 PreSented aS a" app8ndix is a discussion of the background tech- 

bette: T nent t0 thlS "leth°d °f PaVeni8n,; rapalr' 1* included for a 

Ci8io„;::r?8 of the te<:hn°l°8Ic',l ^ th. de- 
cisions made by the SURC research team. 

airfield °n C°re 8<“pl“ T-» the 

stand: lua d P C0,,Crete W“ ^ ta -»»Te very favorably with 

section, of this report thee“ ?' ^ “1U ^ ^ subsequent 
report, the compression strmgth exceeded that for PCC. other 

properties also showed favorable comparisons. 
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Although the testing oí this new epproach to the rapid repair of run¬ 

ways ha, been brief, the results have been very favorable, clearly the approach 

represents a potentially valuable tool for the military engineer. 

2 



SECTION II 

MATERIALS 

2.1 MONOMER/CATALYST 
I 

The polyester resin used in this project consisted of an unsaturated 

polyester resin (Reichold Chemical Company Polylite 31-001) which is of an un¬ 

promoted styrenated polyester category. The polyester portion of the resin con¬ 

sists of a 2;1 ratio of phth^lic anhydride to maleic anhydride esterified with 

conventional glycols. The solid polyester material is dissolved in the cross¬ 

link styrene monomer by a 66:34 ratio and a sufficient quantity of inhibitors 

is added to yield acceptable storage life. The recommended shelf life of this 

resin is one year. This shelf life can be extended through the use of chemical 

additions, such as inhibitors, and through selection of protected storage condi¬ 

tions. A storage temperature of 20°C (68°F) is recommended since the storage 

life is inversely related to the storage temperature. However, one drum of the 

31-001 resin has been stored at the SURC facilities at temperatures frequently 

ranging between 23.9° and 26.7°C (75° to 80°F) for approximately two years with 

no apparent detrimental effects. 

The above polyester was mixed with 2 percent of a catalyst [benzoyl 

peroxide paste or MEKP (methyl ethyl ketone peroxide)]. Shelf life of this 

mixture is also temperature dependent. Tests conducted by SURC show that the 

catalyzed mixture can be stored in excess of one month at an ambient temperature 

of 21°C (70°F) and still be polymerized without detrimental effects. When stored 

at elevated temperatures, shelf life decreases in proportion to the storage 

temperature. Exposure to ultraviolet rays (sunlight) shortens the shelf life. 

It is, therefore, recommended that the mixture be stored in a cool (less than 

21®C) dark place. 

2.2 AGGREGATES 

The aggregate used in repairing damaged areas consisted of a mixture 

of No. 1 and No. IB (washed) limestone aggregate and kiln dust [27.5 percent of 

3 



No. 1, 62.5 percent of No. IB (waehed) and 10 percent kiln duet]. The aleve aire 

distribution of No. 1 and IB (washed) la shown in Table No. 1 and the aleve alce 

distribution of the total couposition (including kiln dust) is shown in Table 

No. 2. During investigations of the uae of various aggregates it was determined 

that the addition of kiln dust (a by-product of Portland cement) to the aggre¬ 

gates increases compression strength and improves bonding of polymer to the ag¬ 

gregate. Portland cement could substitute for kiln dust since the primary func¬ 

tion of the kiln dust is to provide the sieve fraction not present when a liquid 

cementing material is used. 

The aggregate was air dried; no attempt was made to dry the aggregate 

at an elevated temperature. On the basta of previous investigations, S0«€ felt 

that the additional expense involved in oven drying of the aggregate was not 

warranted. 

2.3 COMPOSITION OF PC (POLYMER CONCRETE) 

The composition consists of 88 percent (BW) aggregates and 12 percent 

(BW) of the resin mixture, with the latter containing two percènt (BW) catalyst.1 

This mixture has good workability and very little surface bleeding of the mono¬ 

mer during the curing operation. Shelf life of the mixture is limited to ap¬ 

proximately 24 hours when stored at an ambient temperature of 21°C (70°F). Ex¬ 

posure to sunlight and storage at elevated temperatures (above 21°C) will 

shorten the shelf life accordingly. Shelf life can be extended by substituting 

mortar sand for kiln dust. Kiln dust contains chemicals which act as a promo¬ 

ter. A mixture of aggregates containing mortar sand instead of kiln dust was 

stored at SURC for more than one month with no apparent degradation or change in 

workability. However, substitution of mortar sand for kiln dust will result in 

a decrease in compression strength of PC. During field operation in bright sun¬ 

light and ambient temperature of 27°C (80»F) the storage life of the mixture with 

kiln dust is approximately one hour. The shelf life could be extended by cover¬ 

ing the container of PC with light reflecting metalised paper or cloth or enclos¬ 

ing the material so that the evaporation of styrene is reduced. 

Footnote: 

1BW » ’by weight' 
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TABLE 1. SIEVE SIZE DISTRIBUTION OF AGGREGATES 

Limestone Sieve Size 
Quantity Retained 

(Percent) 

No. 1 

No. IB(w) 

1/2 inch 

1/4 inch 

1/8 inch 

1/4 inch 

1/8 inch 

No. 10 

No. 20 

No. 40 

No. 80 

200 

3.9 

91.6 

4.5 

0.3 

25.0 

28.0 

29.0 

10.8 

5.7 

1.0 

TABLE 2. SIEVE SIZE DISTRIBUTION FOR AGGREGATE USED IN POLYMER CONCRETE 

Sieve Size 

1/2 inch 

1/4 inch 

1/8 inch 

No. 10 

No. 20 

No. 40 

No. 80 

No.100 

No.200 

No.250 

<250 

Quantity Retained (Percent) 

1.00 

25.37 

16.85 

17.50 

18.13 

6.75 

3.56 

6.00 

2.83 

1.20 

0.81 

(The reverse of this page is blank.) 
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SECTION III 

FIELD TESTS 

3.1 PREPARATION OF DAMAGED AREAS 

Preparation of damaged areas was started two weeks prior to the actual 

repair with PC. The area was designated by representatives of the NY State Air 

National Guard and consisted of an abandoned aircraft parking area constructed 

40 years ago. The concrete is still in excellent condition. Figures 1 and 2 

show the layout of the damaged areas. A jack hammer was utilized to prepare 

simulated damaged areas. Four large damaged areas were prepared with dimensions 

of 2 by 3 feet by 8 inches in depth (No. 1 through 4), one 2 by 4 feet (No. 5), 

and 16 small holes (No. 6 through 21) approximately 1 foot in diameter and 4 to 

5 inches in depth. One large area (2 by 3 feet) was scaled in depth from 2 to 

6 inches. Damaged area No. 5 (2 by 4 feet) was scaled in depth from 0 to 6 

inches. 

At the time of preparation of the damaged area, the area was dry and 

the base of the holes (i.e., base of the concrete) was dry. All damaged areas 

were cleaned with a broom and compressed air (Figure 4). During the week prior 

to the scheduled repair of damaged areas the weather condition worsened and 

several heavy rainstorms rendered the test site temporarily unusable. The re¬ 

pair of the damaged areas resumed after weather conditions improved. Repair 

of four large and four small damaged areas was completed. 

3.2 MIXING OF MONOMER WITH CATALYST 

Mixing of monomer with catalyst (Polylite 31-001 and benzoyl peroxide) 

was accomplished two days prior to the actual field test. The mixture was 

stored at room temperature (21°C). 

Mixing of the chemical composition was performed by rotating a 

5-gallon polyethelene container filled with 15.87 kilograms (35 pounds) of 

Polylite 31-001 and 320 grams (0.7 pounds) of benzoyl peroxide catalyst 

until thorough mixing had been achieved (approximately 5 minutes). 

7 



NO. 1 

NO. ? 

NO 3 

NO. 4 

NO. 5 

NO 
I 

NO 
n . ?y 

3 (t X 2 (t X 8 in 

3 ft X 2 It X 8 in 

3 ft X 2 ft X 8 in 

3 It X 2 ft X 2 m TO 6 in SCALED 

4 fl X 2 ft X 0 in TO 6 in SCALED 

« 1 *f DIAMETER, 4 in TO 5 in DEPTH 

Figure 1. Layout of Damaged Area 
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figure 3. Preparation of Damaged Area 

Figure 4. Compressed Air Cleaning 
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3.3 MIXING OF AGGREGATES 

Aggregates were premixed at the SURC facilities prior to the field 

test. Measuring containers were marked to indicate the proper ratio of No, 1, 

IB (w) and kiln dust. Proper sieve size distribution of the mixture required' 

4.3 kilograms (9.625 pounds) of aggregate No. 1, 9.525 kilograms (21 pounds) of 

aggregate No. IB (w) and 1.984 kilograms (4.374 pounds) of kiln dust. This re¬ 

sulted in a total weight of 15.87 kilograms (35 pounds)-the maximum that the 

small electrically operated mixer which was used can handle. The mixed aggre¬ 

gates were packed in bags and stored. 

3.4 MIXING OF PC COMPOSITION 

The mixing of the cetalyted monomer and aggregates »a. performed at 

the test site prior to the repair of damaged areas (Figures 5 and 6). The con¬ 

tents of the bag-stored aggregate were placed in a 5-gallon metal pall. After 

adding 1.9 kilograms of catalysed monomer (using marked containers), it mu 

mixed for about 5 minutes In the same mixer previously used to premix the aggre- 

gate. 

3.5 PLACEMENT OF PC COMPOSITION IN THE DAMAGED AREA 

The premixed PC was emptied into the damaged area (Figure 7) and 

spread with a shovel. Afterwards the hole was completely filled and the mix 

was tamped with a hand tamper (Figure 8). The large damaged areas required 

several batches of PC and sectional tamping was utilized. PC in the half-filled 

holes was tamped thoroughly and then the hole was filled again with PC and tamp- 

cd • 

Thermocouples were Inserted in the dueged erees during pincement of 

the PC mixture to meesure the tempereture level during curing operetlon. Therm, 

couples vers placed at a diatance of 1 inch from the base of repair hole No. 2. 

under the reflecting screen in hole No. 3, and in the cuter in the hole No. 19. 

Prior to piuement of PC into the damaged arcs, the concrete surface are. v„ 

painted with a mixture of catalysed polymer diluted with atyren. (10 partent 

BW>. This step ensure, good bonding of the PC to the Portland cement concrete 



Figure 6. Mixing of PC 



I i ¡¿Ure /. l'J acenienl. oi PC ia Damaged Area 

Pigure 8. Tamping Operation 



(PCC). In addition, the base of the large damaged areas was filled with the 

gravel mixed with catalyzed polymer (diluted with styrene; 10 percent BW) and 

mixed with aluminum powder. This step minimizes penetration of the microwave 

energy to the wet sand at the base of the damaged area and, therefore, prevents 

generation of steam which could have a detrimental effect on the polymerization 

and quality of the PC. 

A thermocouple element Inserted under the reflecting gravel regietered 

a maximum temperature of 50"c during the curing operation. This is in contrast 

to the approximately 100°C measured in the PC itself. 

The surface of the PC was screened and sprinkled with fine gravel (Fig¬ 

ure 9). The gravel serves two purposes: (1) to increase the PC skid resistance 

and (2) to prevent the mixture from adhering to the applicator enclosure. 

3.6 CURING OF THE PC 

The polymerization of the PC was achieved by the thermal catalytic 

method. The microwave energy was applied to the PC by an applicator specially 

designed by SURC. A photograph of the microwave applicator placed over PC is 

shown in Figure 10. Uniformity of the energy distribution is imperative since 

it PC should be cured at the optimum temperature. An excessive increase in 

the temperature in the PC could result in vaporizing of the styrene content from 

the polyester mixture to the surface of the PC, making the PC porous and degrad¬ 

ing the compression strergth. The cure time of the PC with microwave energy de¬ 

pends largely on the masa of the material (PC) and applied microwave power level. 

The power level of the microwave energy in the SURC-doveloped system is control¬ 

lable in^ wo oteps. In the high power mode of operation approximately 4 W/cm2 

(26 W/in ) is applied to the PC under illumination. At the low power level, one 

half of the power is available (2 W/cm2, 13 W/ln2). 

The repair of the large damaged areas was accomplished by illuminat¬ 

ing the PC with the microwave energy in the high power mode of operation. The 

small damaged area was cured using the low power mode of operation. 
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Curing of the !'C could be accomplished with either low or high power 

by the appropriate choice of curing time. 

During repair of the three large damaged areas (full depth) a reflect¬ 

ing screen in the form of aluminum coated gravel „as utllited. The reflecting 

paint was manufactured at Sime and consisted of a mixture of catalysed polyester 

and aluminum powder. The main reason for utilising such a reflecting screen was 

excessive moisture at the hase of the damaged areas. The moisture (wet sand) ar 

the base of the damaged area, when subjected to the microwave energy, could gene¬ 

rate steam which could have a detrimental effect on the PC. Inhibition of poly¬ 

mer ration could take place and escaping steam could degrade the compression 

strength of the PC (by Increasing porosity) The „ 
s h lusiLyj. ine reflecting screen minimizes 

penetration of microwave energy beyond the screen. 

PC in damaged area No. 2 was cured at twice the optimum cote time. PC 

“ir “ rmr rrio“pover Bicrowave eMriiy f°r 15 ^ ^ 
edditfonai 9 minutes at high power (4 U/cm2). The curing of PC in all 

foot large damaged areas (No. 1 through 4, was accomplished by moving the eppli- 

cator three times over the PC patch to ensure complete curing. 

PC in small damaged areas did not require segmentei curing, attempts 

to cute PC in the wet dmsaged ates were not successful. The bonding of PC to PCC 

was n etiot and the two could be separated by hitting the sample with a hammer. 

Damaged area No. 19 was damp prior to the placement of PC and required 

drying with the microwave energy (5 minute« ar \ 
t-nergy ^ minutes at low power). Examination of the 

core sample shows good bonding of PC to PCC. 

Table 3 shows the cure time and the level of microwave power required 

^or curing of the PC in large damaged areas (1 through ¢) and small damagsd area 

One nondemaged area was subjected to the microwave energy for 20 min- 

utes to determine detrimental effects, if any on thP PnrM a 
/prr\ rr ,, y» n the Portland concrete cement 

)• Figure 11 shows the examination of PC after curing operations. 
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3.7 CLEANING OF TOOLS 

Cleaning of tools after completion of the repair of the damaged areas 

was accomplished by wiping off the small tools such as rakes and shovels with 

a cloth moistened with methylene chloride. The metal pail from the mixer was 

charged with dry aggregate and after the addition of a small amount of styrene 

was rotated until the surfaces were clean. 

(The reverse page óf this page is blank.) 



SECTION IV 

SAMPLING AND TESTING 

4.1 CORING 

Core samples were taken from each of four large repaired areas (No. 1. 

. 3, and 4) and s small damaged ares (No. 19). One core sample was also taken 

from PCC previously subjected to microwave energy for 20 minutes until the tem¬ 

perature Increased to approximately 120”C (248°r). Additional core samples 

were taken from the area adjacent to the repaired aress-one 6 Inches and an¬ 

other 12 inches from the PC. Photogropha of the core samples are shown in Fig¬ 

ures 12 and 13. Cores extended down to the base of the PCC and PC. The PC core 

samples taken from full depth damaged areas are longer by approximately 1-1/2 

inches than PCC coce samples. 

One set of 14 cores was sent to the Air Force Civil Engineering Cen¬ 

ter. Tyndall AFB, Florida for tests In their laboratories. The other set was 

used in laboratory testing at the SURC and Syracuse University test facilities. 

4.2 COMPRESSION TEST 

Compression tests were performed at the Syracuse University test faci- 

Itles. Due to a tight schedule at the Su test facilities, the soaking of core 

samples for 40 hours (as recommended in ASTM-14 C42) was omitted and the data 

shown in Table 4 are taken on dry core samples. Core samples were cut with a 

masonry diamond tipped saw to the length of 4 inches to allow SURC researchers 

to perform additional tests at SURC on remaining portions of the core samples. 

The diameter of the core samples was 4.2 inches, resulting in an I. to D ratio 

of = 1, instead of 2 as recommended in ASTM-39 (ASTM-14 C-42). A correction 

factor of 0.91 was included In the results due to this L to D ratio. 

Table 4 presents the data collected during compression strength tests. 
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TABLE 4. COMPRESSION TEST DATA 

SPECIMEN 
COMPRESSION FORCE 

IN POUNDS 
COMPRESSION 

IN PSI 
COMPRESSION IN 

PSI (Corrected) 

PC-1 

PCC-K6) 

PCC-K12) 

PC-2 

PCC-2C6) 

PCC-2(12) 

PC-3 

PCC-3(6) 

PCC-3(12) 

PC/PCC-4 

PCC-4(6) 

PCC-4(12) 

PC/PCC-19 

110,000 

57.500 

64.500 

81.500 

65.500 

64.500 

55,000 

61,000 

60.500 

54.500 

60.500 

57.500 

81,000 

7,942 

4,151 

4,657 

5,884 

4,729 

4,651 

3,971 

4,404 

4,368 

3,435 

4,368 

4,151 

5,848 

7,227 

3,777 

4,237 

5,354 

4,303 

4,237 

3,613 

4,007 

■3,975 

3,580 

3,975 

3,777 

5,322 

Note: (6) and (12) in PCC specimen denotes distance in inches from PC 

in the damaged area. 
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4.3 SPECIFIC GRAVITY. ABSORPTION AND VOIDS IN PC (ASIW-C642-T) 

These tests were conducted at the SÜRC laboratories. The balance uaed 

during this test was a Hettler Instrument Co. Electronic Scale. Model No. P1000. 

ore samples were dried in an oven at a temperature of 105“C for 48 hours, 

weighed, and immersed in water (21 "C) for 54 hours. Samples were weighed at 

time iutervais of 24 houra and 54 hour.. The specimens were surface dried (towel 

dried) before weighing. 

Saturated weight was determined by boiling the specimen for 5 hours, 

cooling to a temperature of 21"C, surface drying, and weighing. The immeraed 

weight of the core samples was recorded while the samples were suspended in 

water. Table 5 presents data collected during the teat and computed void volume 

percent, bulk specific gravity, and water absorption. 

4.4 GASOLINE AND JP-4 FUEL TEST 

Core samples were dried in the oven for 48 hours, cooled, weighed, and 

immersed in gasoline and aviation fuel (JP-4) for 7 days. After 7 days immer¬ 

sion in the JP-4 and gasoline, samples were air dried for 48 hour, and then 

weighed. Table 6 shows the data collected during the test and illustrates the 

stability of PC to these materials. No weight loss was detectable. 

4.5 FLAME TEST 

Part °f ^ was subjected to propane flame for 3 minutes. 

The PC burned only when the flame was aonlied to ^ 
. as appiled t0 it: indicating that the material 

is self extinguishing (that is, it does not support combustion). 

ÉSlió 



TABLE 5. VOID VOLUME PERCENT, BULK SPECIFIC GRAVITY AND WATER ABSORPTION 
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TABLE 6. GASOLINE AND JET FUEL (JP-4) TEST 

DRY 

WEIGHT (g) 

WEIGHT AFTER 

SOAKING IN 

GASOLINE 
WEIGHT 

LOSS (X) 
DRY 

WEIGHT 

---- 

WEIGHT AFTER 

SOAKING IN 
JP-4 

WEIGHT 
LOSS «) 

PC-1 

PC-2 

PC-3 

459.1 

506.8 

420.4 

459.1 

506.8 

420.4 

0 

0 

0 

451.9 

332.1 

404.2 

451.9 

332.2 

404.2 

0 

0 

0 



SECTION V 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

The work to date conducted in the area of polymerization of polymer 

concrete with microwave energy (thermal catalytic method) has indicated that 

this approach has good possibilities for rapid runway repair. The danger of 

premature polymerization which exists during the application of PC with the pro¬ 

moter-catalytic method is eliminated with the thermal catalytic method of poly¬ 

merization. By utilizing microwave energy instead of other forms of heat (in¬ 

frared, etc.), all levels of the material are heated simultaneously, with the 

result that the polymer concrete is uniformly cured and of high quality. 

For this contract, various size holes in damaged concrete were filled 

and core samples taken. Each core sample was tested in the laboratory to ASTM- 

39 for failure analysis. As can be seen from data collected during these com¬ 

pressive strength tests, the compressive strength of PC surpasses PCC by almost 

2 • 1 • 

The importance and need of proper tamping of PC prior to the applica¬ 

tion of microwave energy was demonstrated during the repair of damaged area 

No. 3. The PC in this hole was not properly tamped with the consequence that 

the material had low compressive strength. 

The presence of moisture on the surface of the PCC prevents good bond¬ 

ing of PC to PCC and, therefore, the damaged area should be dried prior to the 

placement of PC. This can be accomplished by the application of microwave energy. 

The repair of smaller damaged areas was accomplished more efficiently 

than large damaged areas. This was mainly due to the lack of larger construc¬ 

tion equipment such as concrete mixers and mechanized tampers. Given this 

equipment, larger damaged areas would not pose a problem. . 
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Both full depth and "ariial depth hoies were filled with good results 

h CyPeS ol patcl>lni- SURC l,as develop«,) a good teclmloue iuhi h 
powdered wetal paint) £„r conflnln« th , technique (which usee a 

the repaired area. “ the PC 

log la notT“7! ““ln8 CXP““Ure °f Íhe PC to wicrowave heat- 

hn 1 g o h T "I iT CUrI"B bee" aCC°"PU°hed 3"d’ - 3P violent 

ta7l rU1S 1S aV°ld0d- th°" - P-^ena and strength is n,i„- 

1 , fSI"C° SOme Üi the h0le“ re“^ Urge enough to require over- 
1 PPing ol the microwave applicator, prohle^ could he egpectnd at the Jul „re 

of two microwave energy applications. No effects of this n d h ! 
„nH VM , <-itects of this kind have been noted, 

III:1 S“P1“ Ubtai'- — — -- results in compressive strength 

material Jn ^ ““ “hi3h bleated that this 
t ial » 1 hurn only when exposed to „pe„ fw and will „„t 3„pport Cn.- 

bustion. Also, no adverse effects on th. Pr » u 
soakina in tp_, . V he PC ',aVe ‘'“‘T Produced as a result of 

an gasoline for an extended time period. 

of P0lvmerDUrln8 ^ ^ ^ “ beC‘” «Ident that the mixing 
Iff P y™ oonctete materiais on-site appears to he the most sensible approj. 

nec(.ssiJter a 3 are Pre'tnlxed’ Lhere ls a certain amount of settling out which 
ssitatos mixing before the material can be used n 

ml vino i d i d- rhus* Ki«ce additional 
mixing is required, it would seem best to dn Mitt, i 
the nmi d is °Peration only once. Because 
the polymer material has a relatively short «h^lf ,.r / 

j-ai.Avery snort shelf life (one year), it would hi. 
more economical to replace onlv the Un.,^ , , b 

^ chemicals involved rather than the 

rrrr ”ateriai inciudine the a88re8ate- F-r . ,.00.- 
p 7e 1 6 a88r“8aU' be StOCkpll3d waterproof plastic sheets and the 

expeu d oS ° T a PlaCe “hlCh 18 C“01' dark' and - frp» -ere ir is expected to be used. 
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5.2 RECOMMENDATIONS 

Due to the encouraging positive result, of these initial tests, sev¬ 

eral areas of additional effort seem warranted. SDRC has not had an efficient 

method of mining and tamping the PC for this project, hut it is e..y to .L 

here this operation could he improved upon, ihis would ellow runways to he re- 

*■ d as fast as the microwave equipment is put in Dlanp ni 
».K . P Pla e plus curing time. 

a “ d i r P COnCrete MterU1 18 strong, hoods well, 

fort h M a St°raee C,,iraCterlit1“ are additional research ef- 
o ts should he expended on determining a optimum and cost-effective design 

or he microwave application to the runway surface. This should he accomplished 

n close cooperation with potential users. 

than oth Altl'0,,8l' the "1Cr°UaVe ;Urln8 °f PC 18 “,Ch ■'“O“ “d controllable 
than other approaches, the time for cure is still on th» a c 
Add 11 iona i 0 , he order of £en »tlnutee. 
Additional experimentation with other chemical, and materials should result in 

cure times that ate further reduced. If the totel tepefr process is i“y 

inveir t1”6' dthiS "ay ^ an i”PO':tant faCt°r tr°" b°th th* *»d equipment 
in ; meut standpoint. Practical trade off. between power, coring time! .1 
material have to be established. 

An area that is certain to pay off is the striving to improve the 

C arecter sties of the polymer such that the threshold of exothermic reaction 

H “• für 10 ^ ao-c which it presentí - 
quires. Tills will result In several ad vent.ses- th. n,< 
for cure wll I h i a 8 th l wave «“fSy required 

sirable lu mo ! ! C“n be U8S- d* de¬ 
sirable in most instances because „.ter or moisture, which are always present 

convert to steam when high temperatures are required Also 
J ire required. Also, cure times will be 

gnificantly reduced since the exothermic threshold will be reached m w 
Again thi* i j , W1AA be reacned much sooner. 

, ' 8 'na-eri‘L de''el0p"‘i"t should be accomplished In close cooper.tlon and 
in conjunction with microwave experimentation in order 
. , P ¿mentation in order to ensure that the excel- 

characteristics of the present material ere not compromised. 

A study and test, of storage life cherecterlstic. of th. polymer-cete- 

yst-sggreg«. mixes ere also desirable efforts at this time. „V inhibitor, and 

■etel chelating agent, could pl.y l^rtaut rule. 
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Further experimentation should be performed with regard to filling 

damaged areas of the concrete. The program that SURC undertook initially in¬ 

filling the full depth (8 inches) of damaged area which worked quite well 

owever, if larger areas and deeper areas might be considered, the type of ex¬ 

periments that should be run would be for back-filling the larger excavations 

or holes with regular gravel or other fill material, tamping firmly with proper 

equipment, and then determining if a thin (2- to 3-inch layer) PC top patch 

would hold up even on a temporary basis. Tt may be necessary during time of war 

to expedite the repair of runway surfaces in a manner which would not be recom¬ 

mended tor long range goals. The question would be whether such a thin layer 

would be .able to withstand normal wear and tear of aircraft traffic without 

fracturing or cracking and crumbling due to its thinness. In experimenting with 

larger areas, such as 5 feet or larger on a side, experience and knowledge could 

be gained which might lead to possible future equipment design requirements. 

Additional experiments regarding the bonding of the polymer concrete 

to the Portland cement should be performed in order to find out the level of 

shear forces that the patch material can withstand. Tension or cantilever type 

tests should be adequate for determining this type of characteristic. Fixtures 

would undoubtedly have to be fabricated in order to perform these kinds of tests. 

New core samples would be necessary to test a smooth surface bond between PC and 

PCC in contrast to the jagged surface bond that resulted from jack hammered sur¬ 

faces, such as made in the original effort. 

Some experimentation should be devoted to the examination of microwave 

curing of materials other than polyester in order to patch holes with greater 

quantities of moisture present. For instance, FURAN2 or other type chemicals 

(which can be mixed with water) may be used in these experiments. 

Footnote: 
V • 
Registered trademark; manufactured by Quaker Oats Company. 
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APPENDIX A 

SUMMARY OF RELEVANT TECHNOLOGY 

A.I INTRODUCTION 

The work heretofore diaeuased covera two areas of technology that Mv 

and i amllÍdr L° tlU UStír °f thÍS repürt* These areas are polymer chemistry 

;r ~ P0”er the anticipated lack of faoiliarity 

nologidlVT3’ TS aPPer,dlX Pre8MtS ‘ brÍe£ lntr0dUCtl0n of Patinant tech- 

dtlallo Tn t0 Mka tl,e en“r,! reP°rt ~^ background 
° ° °U 13 n0t desl8ned to Si™ a full background in the reapective 

« eas and should be supplemented with adrHunnai 
, additional sources to fully understand why 

tain approaches were used by the SURC research team. 

A. 2 POLYMER CHEMISTRY 

relati Ch. following aectiona will be di.cusaed 

relative to the Polymer lent Ion procesa and types of materials. 

The chemical process of polymeriiaion is the basis for the chemically 

oriented portion of the work conducted during this contract and related ^ for 

highway-orsnted agencies. The desired polymerisation reaction occurs when a 

mers file ^ ^ Pr°Vlded “ »*« -“h other mono- 
mer . These monomers can he of a single chemical type or of several types. *„ 

analog, for the polymerisation process is a large series of separate to, train 

cars sitting on a track. Since none are moving they are unable to couple with 

one another. Action starts when the engine hits one car and couples to it 

Which then goes on down the track connecting all the cars together. In thé 

analogy, the separate car. are the monomers, the connected chain of cars is the 

polymer, and the proper conditions are armed couplers and a moving engine to 

provide the driving force. 

In the chemical case the reaction osea a free radical or ionic mole¬ 

cule to push the reaction. The work of this program is not believed to involve 
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c polymerization, therefore, no further mention nil! be mad. of thi. ..pent, 

n.e method „here the free radical ia form«! „anally l„,„l„.a the decnmpoaitlon 

of a peroxide catalyst which ia typically divided Into two free radicela. The 

ree radical la a molecule which haa an unpaired electron, the inherent proper- 

flea of which make the molecule very reactive. The., free radicela react with 

a monomer molecule forming a chemical bond and tranaferring the free radical 

Property to the monomer end of the newly formed molecule. Thia proceee conti¬ 

nuée until a chain terminating step occurs. The polymerization reaction can 

be presented in an outline form. For the DurnoRi» ^ 
,, 1 cne Purpose of discussion, benzoyl pero- 

xi e, a peroxide catalyst, and an unspecified monomer "M", will be used. The 

complete Reaction is as follows: 

1. 

will^break ^ in the Peroxide molecule 
bfrepretn^ radÍCalS* Th* ^^ 

'c - o - 0 He .it O 

-> 2 

2' ZhZt,hU fr8< fon^ “m »» 

Oc 
c - o . -'JJ+ CO, 

3. The free radical now formed will react witl a molecule 
of monomers which we will call "M". 

Of + M 

4. This process continues to add 
more monomer molecules: 



5. Tnis process will continue until a reaction occurs that 

stops the process. This type of reaction is called a 

e lain terminating reaction and in one way or another re¬ 
acts with the free radical to deactivate it. 

The primary type of chemical system found effective for rapid pavement 

repair is a styrenated polyester. As the name polyester implies, this material 

is already a polymer. The polyesters of interest are unsaturated, or in other 

words, have available bonding sites which allow a monomer to cross bond and bridge 

two polyester molecules together to form a unified larger molecule. On the large 

scale, this reaction produces a unified solid mass. The crossbonding monomer in 

most cases is styrene, but methylmethacrylate (MMA) and others can be used with 

Íavorable results. The specific chemical system used in this program will be dis¬ 

cussed and comparisons with the experimental results previously obtained in the 

laboratory will be made. These results are pertinent to the applicability of 

microwave energy for expedient runway repair. 

The primary chemical property of the polymerization reaction that the 

SURC system utilizes is the energy of activation. Polymerization, by a free rad¬ 

ical mechanism, can proceed via two primary methods; one is the promoter catalyst 

and the second is the thermal catalytic method. In either method an energy boun¬ 

dary must be overcome to start the chain reaction which, for most cases, is exo¬ 

thermic and self propagating. With the promoter catalyst method the material will 

start to polymerize as soon as all the components are added. This is true as 

long as the ambient temperature is high enough to allow the reaction to proceed. 

With the thermal catalytic method, re¬ 

ference to Figure A-i is helpful. This figure 

gives the typical energy requirements of a chemi¬ 

cal reaction, which could be a polymerization 

reaction. When energy is applied, the energy of 

activation is reached and as long as a suffi¬ 

ciently high energy state-is maintained, the re¬ 

action continues, in the work discussed in this 

report, the energy of activation is provided by 

microwave power. Figure A-l. Chemical Activa¬ 
tion Energy 
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The advantages of the thenaal catalytic method are that cueing can be 

obtained .hen „anted and, foe the applications under diecuasion. the work crew 

oes not have to do extenaive on-site mixing „f the component chemicals. As 

the SÜRC work has shown, a three-day or longer pot life of the complete system 

' !ible- The reaSOn £0r ^°°°^ microwaves is that the time consuming pro¬ 

cess of thermal conduction is not a factor, because the entire bulk is heated 

simultaneously. 

A. 3 MICROWAVE TECHNOLOGY 

The second area of technology pertinent to the contents of this report 

s t e area of electrical engineering concerned with microwave power. The two 

component areas of technology that will be discussed are the properties of dt- 

e ectric materials and the propagation of electromagnetic waves. The method of 

producing microwave power will not be discussed in that it has no bearing on tbi. 

report and commerciaHy available microwave components were used at ali times. 

Before the above topics are discussed, the question of what microwaves 

are s ould be answered. The term microwave, defines a range of electromagnetic 

spectrum which lies between radio waves and infrared light. The primary fre- 

q ncy that is of interest in this report is 2,450 Hegaherts (MHz), or 2.45 bil¬ 

lion cycles per second, with .«eral other frequencies being allocated by the 

cc for power applications. These other allocated frequencies have little ap- 

P 'ability lor the type of repair covered by this report and, therefore, will 

receive no further mention. The wavelength of the 2.450 MHz microwaves is about 

. inches which is the quantum mechanically allowed to pass through an elec¬ 

trically non-conductive material. The important reaction, for our purposes, 

occurs when microwaves pass through a material containing molecule, which have 

a dipole moment. The effect of this action is a reorientation of that dipole to 

align with the field established by the microwave energy. With the 2.450 MHz 

frequency the change in orientation occurs 2.45 billion time, per second, creat¬ 

ing a considerable molecular friction and a consequent heat rise. 
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A.3.1 Properties of Dielectric Materials 

Generation of heat in the material subjected to illumination with 

microwave energy is only possible when the material is of a type which absorbs 

such energy. Material which reflects the major portion of incident energy or 

is transparent (i.e., permits energy to pass through without appreciable loss) 

is not suitable for microwave heating. 

Absorption of the energy is dependent on a property of the material 

which can be expressed in terms of complex relative permeability, p - M' - jp" 

with the loss tangent, 6 - p"/p', and the complex relative permittivity E - c’ - 

It", with loss tangent, c - Both quantltle6 are „ of ^ polar_ 

iration which the material undergoes under an applied electric field. In the 

above expressions j is the complex operator v^T. 

Since the materials under consideration in this program are of a di- 

electric type (non-condurtive), only the permittivity (dielectric constant) end 

lelectric loss tangent or dissipation factor are of Interest. 

The molecules of dielectric materials can be classified either as polar 

or non-polar types. Polar molecules have a dipole moment even in the absente of 

an electric field whereas non-polar molecules require an electric field to pro¬ 

duce a dipole moment. A pair of alectric charges, equal i„ magnitude but oppo- 

‘g , being very close together on the same molecule, constitute an elec- 

trie dipole (dipole molecule). The product of the two charges by the distence 

between them Is called a dipole moment. 

At low frequencies, the loss tangent (dissipation factor or amount of 

microwave capture) of the dielectric material diminishes and only the dielectric 

constant is measurable (static field measurement). An increase In the frequency 

t re applied electric field prevents the dipolar molecules from attaining the 

necessary speed to maintain equilibrium with the electric field. The loss tan- 

gent, therefore, increases. 

The energy necessary to force alignment of thm. i 
.-K« , m. . «^ignment of the dipolar molecules with 
the applied field is dissipated in the form of k ► r, 

ipacea in the form of heat. Penetration by the 
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From the above discussion, it is evident that the ludí < 
of dielectric ^ r h judicious selection 

Heating „£ the „ateriai. ap:iied fieid oouid 0PtlmlZe t,,e 

of material for pavement repair ’«at • sele,:t1»” 
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for highway or runway repaire. Properties require,. 

Frequency selection is dictated by FCC re«»,lni--f . « 
quencies allocated for heat± uses 8 latiohs’ wlth ^veral fre- 

initially considered for o frequencies of 915 and 2,450 «Hs „ere 
nsidered for pavement repair because of their availaMH. a u 

Potential for success Tn n k availability and high 

found more applicah!.' prima::?”' ^ 2’45° 
tration. ? h“““86 °f th' «aociated depth of power peoe- 



APPENDIX B 

A DESCRIPTION OF THE MICROWAVE ROAD/RUNWAY PATCH SYSTEM 

B.L ELECTRICAL DESIGN 

Figure B-l is a simplified block diagram of the complete microwave 

power generating system, including the control panel, 

plicator. 
remote control, and ap- 

rator. 
The system’s primary power is supplied by a 50-kW, 208-240 V. 

Vac gene- 

Eight individual microwave power units supply 2.5 kW each of micro- 

wave power at a freq„ency of 2450 ± 50 MHz. Control units provide all necessary 

controls for operation of the system. Any or all of the 2.5 kW units can be 

readily selected, thus enabling the operator to select the proper segment of 

the applicator to physically match the area to be cured. 

Ihe outputs of each individual unit are fed via circulators and flex- 

“a7“ldeS t0 the aPPliCat<)r- A Prided to protect the mag¬ 

ne tons from possible excessive microwave energy reflected from the media under 

nomination, A high reflection condition could be encountered during road 

runway, or bridge deck patch curing where highly reflective materials such Is 

metal rods are Imbedded in the pavement. 

Although the applicator is an inherent part of the microwave power 

generator system, flexible waveguides are provided to feed the energy to the 

appiicator to minimize the possibility of damaging waveguide flanges and isolate 

ration between applicators and magnetrons. The applicator is of a slotted 

waveguide type which eliminates mechanical stirrers. lests indicate that this 

type of applicator is best suited for the kind of material heating under con- 

sidération. 

A remote control is provided to switch the system from the standby 

to the radiate mode of ooeraMon tk-io ^ * * 

operation. This is one of the many safety features 
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Incorporated ln the ayate*. It is feit that regardless of how reliabie the aya¬ 

te» is in the area of microwave energy leakage, the safest procedure is to keep 

the operator at a safe distance from the microwave power system when radiating. 

Several other safety features are provided to protect operating person- 

nel from possible exposure to excessive microwave energy. 

The individual „„its have interlocks built into all removable enclosure 

panels. (Removable panels are necessary for servicing of the unit.) Removal of 

the panels or any tampering with the interlocks will cause an automatic shut-off 

of the power unit. 

1116 api'IIcator hjs two interlocks alont the periphery of its enclosure. 

These are connected in series so that all must he closed to enable the system 

to radiate. This procedure assures close proximity of the applicator to the 

pavement, thus preventing excessive leakage of the microwave energy to surround- 

ing areas. 

In addition to the automatic system shut-off, the system has a flashing 

warning light mounted on top of the unit wMrh -io -mi j j 
p ui me unit which is illuminated when the system is 

switched into the radiate mode. 

With all these safety precautions, it is thus certain that the opera¬ 

ting personnel will „„t he subjected to any harmful radiation from the microwave 

power generating unit aud applicator under prescribed operating proceduras. 

Performance oi the system has been thoroughly tested. System perfor¬ 

mance in the areas of power ootpot. uniform energy distribution, and ease of op¬ 

eration bus been found to be very good. Versatility of the ayate« 1» excellent 

m terms of placement on the designated patch areas. 

Leakage of microwave energy beyond the periphery of the System is wall 

below established levels. („EK Role, and Regulations stipulate that power must 

be below 1 mw/cm at a distance of 5 cm from the enclosure of the system.) The 

leakage at any point along the periphery of the enclosure of the ays tern wa. mea¬ 

sured at a maximum of 0.5 mW/cm2 at a distante of 5 cm. The aforementioned 
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;f;ty feature!, such as interlocks (panel and applicator) and remote switching 

of the system were tested and found to be reliable. -“itching 

B-2 MECHANICAL DESIGN 

.... “ r - - --- --—- - -. - 
Figures 8-2 and 8-3 depict the highway/runway patch system, 

truck turned o i’“'^ 0t UUnoÍB' ‘"ternational 12 T dump 

: : ; zvrrrthe cab -u—5—— ~ * -it zrz'zz^rztuai rs to - 
A new HIAR 1 , Lt,u co riie truck frame, 

the bed sections. To ^ WaS mOUnteci betwe^ 

—d and new braketilnr^ ^ 

rator from b^n'T í“01“'*0“ '1 iv<1 c»»punents of the microwave gene- 

;rt - br the dl“el «eck vibrations and shock l8 sat- 

generator vibrâtionM b“°" the diesel- 
eracor vibration; however, the energy beinv trancm^^ ^ .e 

hy ing transmitted through the vibration 
isolation mountings under the diesel generator , vibration 
of the boom. 8 n is not enougl, to cause vibration 

»uh the H;r:i:r rd stora8e °f the micro”av' u 
tal (S „ “ d :ur e“ily OP,-rated It”» «ttical, one hotitnn- 

tatot l ’ a e r0taU°Di- ^ »towdge base for the microwave gene- 
ator is equipped with wedge-like guides (on the front rear . 

far i 1{r d►w t . iront, rear, and each side) to 
facilitate quick placement. Although the or i» ¡mi ^ 
tiontnsL of the n ¡ 8 n 1 concept of rotational posi¬ 
tioning or the microwave generator um u t. 
svs^m , generator was to be by remote hydraulic control (the 

system was originally so equipped), it was found rw , 

tloning was easier and ,nicker. ^ POSl- 

Incb (Id) r6 r0U“"8 a"d attaCl“Cnt °f f0ur N°- 2 welding cables ,nd two 1/2 
h (id) heavy-duty hoses for water cooling of n 

cooling of the microwave generator over and 
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iTulrl8 t,,C' ",A“ "“S “l'U- »Hut-OH uat8r (-ouplin^y co„„ertlo„ to th(, nlcr()wavp ge|ierator cooiing systM conve[iiont 

,..r to "l'al ,,Chan8“r d'Sl8Md “J b''“C « -pply conling wa. 
d<,,iv »•*(."( irons tho microwave generator and associated components 

provided ZrTr'1'1'' “ ^ ^ ^ ^ ‘ ^ tMts> the «changer 

limits on"! 90-fT Ti"8 t0 ”al”tain "eSnetr°,‘S “eU WUhi" th‘lr t«P«at„re 
ltS °n d 90 F day during sustained operation. 

rator ^U,0''aI ^ ^ ^ ^ the microwave gene- 

» ; i °;;/ther “'"iLar fa”a atir and -ix —-—o/ dLn tray in the generator. A "inn ,'fm 
,, 300 cfm bl°wer unit removes air from the area im der the anoHeat-nr , . u tne area un~ 

the magnetron's launcher through th^ave^ldl^anTaíHtL' ^ 

—-° - --— 

und releas: :::::::: crtar——-- 
nect, Shut-Oil water coupl l„g7»d 
of the ma , Plug-in electrical power provide easy removal 

the magnetron, power suppig, and control trays for servicing. 

her rope "“Pt.ne-coated nylon covers, secured by rub- 
• hooks, are used over both the diesci generator and the microwave 

generator during travel or while standine , ™lcrowave 
nne standing when equipment is not in use. 
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appendix <; 

NOTES on SYSTEM OPERAI'I UN 

‘ • I KOKMUEATION OK PC (Pol.YMER CONCRETE) 

lolyestt-r (Rcoliold (luinhal Com|>any Polylitc H-001) 

> -l.J Bt'nxoyl r«r«W. Utal,« or Methyl Ethyl Ketone IVroxide Ct.l,« 

C.2 INSTRUCTION FOR MIXING (USING BUDE MIXER) 

1 J w'-‘4;li iiuo tarred . onlainer: 

a. Resin system - 12 percent BW oí aggregate 

h. Catalyst - 2 percent BW of polyester 

C* (:har^' mi*Xur ContaIner with pre-weIghed aggregate 

d* Stir ^roughly to attain good mix 

e' 1>ülir Catalyzt‘d P^iyester and mix for about 5 minutes 

< • t equipment recommended for pc work 

a. Jack hammer 

b. Air compressor 

e. Mixer (Paddle or blade) 

d. Paint brushes 

e. Broom 

1 . Shovel 

K- Weighing scale (100-pound) 

li. Tamper-prelerably motorized 

i. Sc reeding device (2 by 4 board or equivalent) 

J* M1CrOWave 1,owt>r with lifting mechanism 
k. Primary power generator 

•'* SUPPIJ ES NECESSARY FOR PC REPAIR WORK 

Wy-er renin (KeHhnld Chemical Company Polylitc 11-001) 

!.. Catalyst (Benxoyl Peroxide or Methyl Ethyl Ketone Peroxide) 
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c. 

d. 

c • 

f. 

• 

Cleaning solvent (Methylene chloride) 

Aggregate (See Table 2) 

Cloves, cleaning rags, etc. 

Containers for mixing and measuring 

Fine gravel to cover !>L 

SAFETY PRECAUTIONS 

(Materials utilized tor PC polymerized by thermal catalytic method an 

'* ““ ,MU'rl",s '» «hod. H.wr,hel.o, 
.,1.0,.0 be exerriaed in h,ndU„s .he bolder, rat.ly»,. ,„d clcanl„B 

,. Polyester is ilaHniable. Seeking should be prohibited 
m test area and good ventilation should he maintained. 

b. Polyester and catalyst could irritât- skin, therefore 
should be handled with care. Hands should be washed 
using methylene chloride. Acetone is acceptable but 
this chemt,.,1 is flammable and should be handled with 
caution. 

c. Microwave power system should not be tampered with. 
No attempt should be made to bypass safety features 
bul It into the system. 


