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Deep Impregnation of Concrete 
Bridge Decks 

RICHARD E. WEYERS AND PHILIP D. CADY 

The deep monomer impregnation (depth of impregnation 3 to 
4 in.) and in situ polymerization of a bridge deck using the 
grooving technique is presented. The study shows that the 
process is commercially feasible and the work can be success
fully completed to a set of specifications by contractors with 
no experience with the monomer impregnation and in situ 
polymerization process. Laboratory estimates of operation times 
are compared with field performances. Field operation times 
were significantly less for the impregnation time and the poly
merization time but slightly greater for drying times. Safety 
procedures and cost estimates are also presented .. 1:he d~ep 
impregnation process is shown to be cost competitive with 
cathodic protection. 

The nation's bridges continue to d teriorate at an alarming 
rate. In June of 1985, the Federal Highway Administration 
reported that about 75,000 bridges on the federal aid sys
tem and about 184,000 bridges off the federal aid system 
were clefici nL (J). Essentially. there ha been no red uction 
in the backlog f clefici nl bridges de pite ignificant 
increase in bridg rehabilitati n and replacement efforts 
by the state ·. The 1986 rehabi litati n or replacement upgrade 
co ·t for all the deficient bridge · was about $48.3 billion, 
about $3 billion more than the 1984 estimate. Approxi
mately on -half of the deteriorari n co. t i related to con
crete bridge decks with much f the deteriorati n related 
to chlorid deicer salts pen "trating the ncrete and cor-
roding the reinforcing steel (2). ··· -

The average bridge deck in the snow belt constructed 
with uncoated reinforcing steel with a 2-in. average cover 
depth will begin to pall about 7 yr after onstruction and 
will require rehabilitati.on at an age of22 yr ( ). This implie 
that onc-halfofthe bridge constructed wi rh unc atcd rein
forcing steel and 2 in. of cover will deteriorate at a more 
rapid rate. 

In 1973, the first bridge deck to be constructed with 
epoxy-coated reinforcing teel wa built in We L onsho
hocken, Penn ylvania. To date , it appears that epoxy-coated 
reinforcing steel will ignifi.ca ntly increa e bridge deck li fe 
(4, 5) . However. v 11 in P nn ylvan ia , Lhe pioneer in the 
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u e of epoxy-coated r inforcing ·tee I, acceptance was I w. 
Of 625 n w bridge decks built in Pennsylvania from 1973 
to 197 • 468 were built wi th uncoated reinforcing . teel, 90 
with galvaniz d reinforcing steel and only 67 with epoxy
coated reinforcing steel (5). More than half (36) of th 
new bridges built between 1973 and 1978 in Penn ylvan_ia 
using poxy-c ated reinforcing teel in th deck were .built 
in 1977 (22) and 197 (14) . Thus , pre ently ther ex1 t a 
igni-l'icant number of bridge built with unc ated rei '.1-

fo rcing teel that are still in sound condi tion, but the e will 
begin to deteriorate in the 11 ar future. 

From 1967 to 1975, exten ive laboratory testing clearly 
demon ·trated the capability of de p impregnati n t c m
bat the bridge deck problem (6- 12). Deep impr gnation 
con ·i t of drying the concrete, using pr pane fired infrared 
heaters to the desir cl depth of impregnation, oak
impregnating the concrete with a m nomer, and lhermally 
polymerizing the monomer in itu . The monomer ystem 
i. a mixture of 100: 10:0.5 part of mechyl methacrylate , 
trimethylolpropanc trimethacrylat (promotor and er ss
linking monomer and 2 2-azobisi obutyronitrile initiator 
(MMA-TMPTMA-AZO) . D ep impregnati n stop cor
ro ion by encapsulating the chloride, replacing lh cor
ro ion cell electrolyte (concrete p re water olution) with 
a dielectTic material (polymer), and restricting the ingress 
of moi ture and oxygen ne ded in an acti e corrosion cell 
by partially filling the capillary void system. · 

In 1975, a small test section (3.5 ft by 11.5 ft) on an 
-yr-old heavily trafficked bridge deck nea r Bethlehe~n , 

Penn ylvania was impregnated to a depth of 3 to 4 m. 
(13). At the tim of impregnation no pall or palche 
exi. ted on the deck. However, Lh d ck wa criti ally con
taminated with chlorides at the depth of the top reinforcing 
steel. In 1984, 9 yr after the impregnation, the deck had 
numerous palls and delamination planes but there wa no 
evidence of palling or delamination in the test area (14) . 

palling was adjacent to , and delamination plane exte~d~d 
t the b rdet" of, the impregnated area, ut was not w1th111 
it. In addition, the surface w ar f th impregnated area 
was 65 percent less than the surrounding nonimpregnat cl 
area and the chloride content within th impregnated area 
wa significantly less at the 99 percent confidence level. A 
micro copi examin ation reveal cl the most ignificanl 
finding, a preexisting corrosion c II that had been arre ~ d 
by the impregnation process, and the d p 1mpregnat1on 
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significantly retarded the ingress rate of chloride at all 
depths even though the shrinkage or thermal cracking, or 
both, was not filled with polymer. 

Although !'he deep impregnation by soaking was shown 
to be capable of ·topping reinforcement corrosion, two prob
lems remained. First, the time requi1·cd for th J- to 4-in . 
deep impregnation was too long, about 4 days. Second , large, 
nonhorizontal deck cracks requi red large exce ·ses of mono
mer in order to pond thei:r ·urface . Also, probl ms of con
tainment of the monomer and potential hazards of having a 
large area of monomer, a highly volatile and fl ammable 
material exposed during the impr gnation proce s had to 
be addressed. The grooving technique (15, 16) alleviated 
these problems. Gr ove;:s cut along lines of equal elevation 
act a vessels for the monomer and minimize the amount of 
monomer while reducing the exposed monomer surface area. 
Because th impregnation takes place rhrou h the side and 
bottom of the gro v , 1- and V2- in . deep grooves reduced 
the 4-in. depth impregnation time from about 4 day to 
about 16 hr. The gr oves are cut to a depth of 1/2 in . above 
the top rein forcing steel and th width and pacing are 
siz d to accommodate the total volume of monomer required 
to impregnate U1e concrete to the desired depth. 

How ver, ·mall- cale Jab ratory tests and fie ld trials of 
deep impregnation were not ·ufficient to re olve a number 
of significant questions that had to be addressed before 
the technique could become a commercially feasible fi eld 
procedure. The questions i eluded the effect of heating 
large areas of the <leek to the temperatu re required for 
raµit.I and adequate drying, potentia l problem of bridge 
geometry on groove cutting. ability of the grooves to 
provide adequate containment after drying. mean, of 
providing effective weather protection during drying and 
in1prcgnation. and potenti al problems in provid ing uni
form groove- 1lling in the fi eld . Al ·o. there i a question 
of whether a typical bridge contract r. unfamiliar with 
the process, would be capable of impregnating a bridge 
deck to a given set of specifications . 

The following presents the re ults of a full -sc1:1le deep 
impregnation of a bridge deck using the groovin tech
nique to determine the comm rcial fea ·ibility of deep 
impregnation and t compare laborat ry re ults with field 
results. 

TEST BRIDGE 

The te t bridge i a three- ·pan multigil'der bridge with 
simply upported steel plate girders, permanent steel deck 
fo rm. , and composite design. The end spans are 42 ft and 
38 ft and the center span is 13 l ft. The deck width. curb 
to curb, is 44 ft (two 12-ft traffic lanes and two 10-ft aprons}. 
The deck concrete wa placed in April 1972 and the fir l 
live load (construction equipment ) application occurred on 
May 12, 1972. The bridge is located on the ML Nittany 
Expre way (US-322) over Pennsylvania Route 45 near 
Boal burg, Pennsylvania. The bridge is on a ·kew, 7 degrees, 
40 minutes, 03 econd · essent ially on a tangent . and is on 
a light upgrade of about 1.4 percent. According ro the 
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deck plans the traffic lane are cro sloped Vx in ./ft and 
the apron are cro s slopt:: tl 3/ 11 in ./ft. The de ign deck thick
ne s L 8 in., with a 2-in . minimum cover depth . The main 
reinforcement (transverse direction) is made up of N . 5 
bars on 6-i11 . center -, top and bottom. The top longitudinal 
bars are No. 4 bars 12 in. on center, and the bottom bars 
are No. 5 bars 9 in. on center. The concrete mixture was 
Penn ylvania 'lass AA concrete using No. 57 crushed 
lime tone and a natural bank sand with a 28-day com
pressive ·tr ngth of 3,750 psi. 'he design lump <tnd air 
c ntent values were 2.5 in . and 6.5 p rcent. Mea. Ul'ed 
slump values averaged 2.25 in . and the air conrenr varied 
from 5.4 to 8.0 percent. Averages of two concrete com
pressive strength cylinders were 3,440 psi at 6 days and 
3,643 psi at 10 days. 

Sixty fc, or approximately one-half of the center pan, 
was s I t d for the deep impregnation trial installation. 
The i'emaim.it:r of the span is to serve as a control for future 
performance reference purposes. The bridge had been open 
to tra ffic for 13 yr before the trial deep impregnation. 

PRELIMINARY TEST WORK 

Precise leveling survey was performed on the test area to 
establi -b the equal elevation groove cur lines. The leveling 
urvey elevations and mean direction · are pre ented in 

figure 1. The determined groove orientations were sub
sequently verified using a 6-ft spirit level. 

A hand-held pachometer was used to take rebar depth 
of cover mea ur ments at a sufficient number of points to 
determine the distribution of the rebar depth at u statist ical 
significance level comparabl Lu the:: reported accuracy of 
the in trument (17) . The average cover is 2.86 in. with a 
range of 2.3 to 3.3 and a standard deviation of 0.22 in. 
Thus. there is a probability of aboul l in 20,000 of having 
any teel in the deck with a cover depth of less than 2 in. 
A rolling R-meter (pachometer) et at a cover depth of 2 
in . verified the h<111d-held results by showing no rein force
ment with les than a 2- in . cover depth. 

The groove width , depth , and spacing are interrelated 
function · of reinforcement depth ii nd impregnation rate 
and time. Three 4-in. diam by approximately 6-in. deep 
cores were taken to determine the rate of impregnation 
and perce nt by weight of polymer loading. The cores w re 
dried in an oven at 230°F ± 5°F for 72 hr , allowed to cool 
and be soak impregnated from the top urface only for 16 
hr using the MMA·TMPTMA-AZO monomer y tem. and 
polymeri zed in a hot water bath . The result of the depth 
of impregnation for the tluee cores are presented in Table 
1. The average 16-hr impregnation wa 2.9 in ., unit weight 
of the unimpregnated concrete wa 141 lb/ft~ and the 
monomer loading was 3.5 percent by weight. 

Using pre viously developed procedures (18). various 
combination of groove dime nsion and ·pacing and 
impregnation times were evaluated. However. the primary 
consideration for this deep impregnation rest trial was to 
evaluate a combination of factors that are representative 
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FIGURE 1 Results of precise leveling survey on deck surface and resulting groove orientations 
(indicated by direction of cross-hatching). 

of typical bridge decks. Tuer fore, the gro ve width depth 
and pacing were determined for a typical over depth of 2 
in. depth of impregnation of3.63 in. , and the impregnation 
time based on tbe rate of impregnati n of the test cores. 
Given these conditions th foll0wing groove-impregnation 
characteristics were selected: 

= 0.75 in., 
1.50 in., 

Groove width 
Groove depth 
Groove spacing 
Impregnation time 

3.00 in. center to center, and 
16 hr. 

The estimated quantity of monomer was 3,950 lb, based 
on an average depth of penetration of 4 in. and 3.5 percent 
by weight monomer loading determined from the cores. 

GROOVE-CUTTING OPERATION 

Approximately 11,000 lineal ft of grooves had to be cut to 
cover the 2,640-ft2 test area. The specificat ions required 

TABLE 1 IMPREGNATION OF 
PRELIMINARY TEST CORES 

Core Length 
No. (in.) 

1 4.7 
2 4.5 
3 2.8 
Average 

"Complete penetration. 
bOmitting Core 3. 

16-hr Impregnation 
Depth (in.) 

3.0 
2.8 
2.8" 
2.9b 

that the grooves extend to within 1 ft of the curb lines, 
and meet the following tolerances: 

1. Groove spacings: 
(a) ± 0.25 in. between any two acljacenl gr oves, 
(b) number of whole groove widths (including the 

equivalent of partial width al ends) over any 10-
ft length measured perpendicular to grooves 
40 ± 1, 

2. Groove width: ± 0.0625 in., 
3. Groove depth: from a straight edge resting on the 

pavement surface to all points vertically below on the groove 
root·: ± 0.125 in. 

The contractor used a standard water-cooled concrete 
saw with two diamond set blades sandwiching a smaller 
diameter abrasive cut-off wheel to cut the groove width in 
one pas . The grooves were cut one al a time with nap 
line et ab ut every 5 ft for controlling the gro ve ori
entation" A wheel and guide on the front f the machine 
assisted in maintaining proper groove spacing between 
adjacent grooves. The groove-cutting operation is illus
trated in Figure 2. 

omc early problems were exp rienced by lhe contrac
ror' forces in maintaining the direction and spacing of the 
groove . However , after cutting about fi groove (about 
60 lineal it) they became accu. t med ro the operation and 
were producing acceptable work at a rate f 120 ft/hr . The 
groove ·pacing and depth were within specifications for 
the entire job. However, the groov width wa generally 
0.125 in. narrower than the 0. 75 specified width or ab ut 
0.6 in. narrower than the lower specification limit. This 
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FIGURE 2 Groove-cutting operation. 

deviation was conside red acce1 table beca u ·e the depth of 
the grooves was 0. 1 in . greater than L. 50 in . (the depth 
and wid th d vi a tions off et each olher). 

There were no significa nt problems with th gr ove
cull'ing operalion . Only minor lea rning tlifficul ties were 
experienced . T his was als tru f r the small- ca le labo
ratory trial impregnation . Th ta, k was time con uming 
but improveme nts can be made by u ·ing larger equipment 
with gang saw . Also the remov·i l of the sed iment i a 
problem if they are allowed to dry out in the grooves . Any 
equipment development should include a tailings vacuum 
system. 

WEATHER PROTECTION 

or the drying and impregnation phase of the deep impreg
nation proce s, decks need to b prol ted fro m precipi
ta tion and urfacc runoff. A t1ml a rrangement wa d vel
oped consisting o f heavy plastic tn rpa ulin suppo rt d on 
half-arch pipe ·ections attached to Lhe parapet · and railing 
and supported by cables. The tent was ·ubjected to ~ v ra l 
period of modera tely beavy rainfa ll up to \12 in . and 20 
mph winds. Water collected in sag, f the rent and threa t
ened to collapse it. The problem was eliminated by using 
lollipop support props in the tent. 

Surface runoff was collected by two diversion dams con
structed with asphalt cold mix and sealed wi th asphalt 
emulsion. Four-in. diam holes through ch deck in fro nt 
of the second dam on each side f the deck drained the 
water from the deck. 

The performance of the weather protection devices was 
exceptional. The deck remained dry during the drying and 
impregnation phases. 

DRYING 

The drying equipment was specia lly designed and built for 
the contractor. The drying train consisted of six units 36 
in . deep, 60 in. wide, and 86 in . long. T h train fo rmed 

TRANSPORTATION RESEARCH RECORD fl84 

TABLE 2 SURFACE HEATING 
RATE SPECIFICATIONS 

Time 
(min) 

St:::rt 
15 
30 
45 
Until dry 

Surface T emperature 
OF 

A n1 bient 
375 ± 25 
475 ± 25 
575 ± 25 
575 ± 25 

by bolling the six units together was abl to d ry a 4 -1'1 
long se ti n (the fulJ wid th of the 44-ft wide deck) vering 
5 ft of th bridg a t a time. Each uni t h used thre 120,000 
BTU/hr , propane-fired , infrared radiant heate rs operating 
al p i pr ·ssure. Pressure regulat rs were in ·rnlled in U1e 
fuel line of each heating eiement and permitted individual 
heating adjustments for the 18 heater elements . 

To minimize tJ1ermal gradients and Lliu thermal stresse , 
th hearing rate was controlled by surfac temperatures in 
a rda nc with the specificati n pre e nted in Table 2. 
Ln additio n the d ried areas wer c ve red with R- 19 gla s 
wool insulation immediately after the heate1 were removed 
to r due thermal gradients during cool down . A 24-in .
wide trip of R-1 9 glass wool insulati n wa. placed on the 
dec k in fro nt o( the heate r to redu heating 1 sse and to 
re luce thermal gradients in front of the h a ting train . T h 
fro nt ~ide vf rhe heating train is shown in the photograph 
in Figure 3. 

Small scale laboratory drying trials with a 600°F surface 
temp rature h wed tha t Jrying to a de pth of 4 in. be low 
d1 urfa took about 3.5 hr at an ambient te mpera ture 
of 7.'i°F (TR) . T he dryin tim s on rhe trial d ck impreg
natio n t o k somewhut I nge r a nd ra nged tr m .9 hr to 
.0 h r, with an ave rage of 4 .6 hr for the J4 drying pe.r

ations (4 .5-ft advance with 0 .5 ft ove rlHp per c tup). The 
mean ambie nt temperature was omewhat lower than 7 °F 
and ranged from 57°F to 82°F, with a mean ambient tem
perature of 60°F . 

The increased drying times were most likely related to 
lower temperature experienced in the field and wind veloc-

FIGURE 3 Front side of heating train during drying. 
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ities not experienced in the laboratory. To determine wben 
the concrete is dry at the desired depth of impregnation, 
it appears necessary to measure the temperature of the 
concrete at the desired depth of impregnatfon. The con
crete is to be considered dry at a temperature of 220°F. 
For thermocouples set from the top of the deck to measure 
the temperature at the desired depth of impregnation, a 
correction factor must be appli d to account for the false 
high temperature · cau ed by the conduction of heat to the 
junction of the thermocouple. Laboratory experiments 
indicat d the corr ction factor co be ab ut 50°F. However, 
field measures indicate the correction factor to be about 
25°F. 

Laboratory and mall-scale fie ld trial howed that the 
high surface t mperature cau. ed shrinkage or thermal 
cracking, or both . Generally , the e crack were minor and 
extended to a depth of about 1 in. Fine drying shrinkage 
or thermal crack were also ob e rved i·n the field trial. 
These cracks are generally oriented perpendicular to the 
groove directions . A typical shrinkage or thermal crack is 
shown in Figure 4. 
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FIGURE 5 Two-man crew filling individual grooves. 

impregnation for either the laboratory or field trial impreg
nations. 

IMPREGNATION 
One week after the field impregnation trial was com

pleted (i.e., backfillingo the grooves) L24-in. diam cores 
by approximately 6 in. in depth were taken. Three were 
taken from the control ection and 9 from the impregnated Laboratory experiments indicated that 0.75-in .-wide by 1.5-
section. The shrinkage or thermal cracks were observed in.-deep grooves cut to impregnate to a depth of about 4 
in the impregnated cores and generally ranged in depth in. would empty io about 16 hr (18). The filling of the 
from 0. 10 in . to 1.35 in. and were not filled with polymer. groov · with monomer wa carried out by three 2-man 
Only in ne ca e did a hrinkage or thermal crack exceed crew working simultaneously. Oro ve filling wa done at 
the depth of the groove (1.5 in .). That crack depth was the end. of the grooves· polyethylene sheets covering the 
2.98 in. However a core taken from the control area also deck were folded back just enough to expose the groove 
contained shrinkage cracks to a depth of about 0.60 in. ends thus minimizing direct exposure of the monomei: to 
and there was no significant difference in the cracking the atmosphere. All the grooves were fill ed in ab ut 4 br. 
between the impregnated area and the control (unimpreg- The grooves were refilled a the concrete ab orbed the 
nated) area. A microscopic examination of the other two monomer. Refilling continu d until all 14 drum · (5 600 lb) 
cores taken from the control area was not performed because of monomer were used (4,000 lb or 10 drums was the 
these two cores were taken for compressive strength tests. estimated amount r quired to impregnate to a depth of 4 

The shrinkage or thermal cracks were visible to the in.) . T he entire process, from mixing of the first drum until 
unaided eye during the heating phase of the drying cycle the last drum was empti.ed took about 6.5 hr. A two-man 
for both laboratory and-fielc:rtrialS.-Th-ese cracks were-nur ---crew filling the groovesisshown in Figure 5._Ihe m nomer 
visible on cooling and presented no problems during was allowed to soak for an additional 15 hr. However , it 

appeared that all of the monomer that was going to soak 
in did so within the first 4 hr. 

FIGURE 4 Typical minor drying shrinkage/thermal crack. 

The reduction in the field impregnation time from the 
estimate of 16 hr based on laboratory results to about 4 
hr i most likely related to the higher fie ld drying tem
peratures (600°F field surface temperature. 450°F at 1 in . 
380°F at 2 in . 300° at 3 in. and 220°F at 4 in . at the end 
of the heating cycle compared with a 230°F oven-drying 
temperature). 

As previously stated, the estimate f monomer ne ded 
Lo impregnate the deck test area to an averag depth of 4 
in. wa 3,950 lb based on the laboratory loading of cores 
of 3.5 percent by weight. A total of 5,600 lb of monomer 
was placed in the grooves. Approximately 1,000 lb of excess 
monomer was vacuumed from the grooves after 21 .5 hr of 
s ak impregnation time. lt is difficu lt co estimate vaporiza
tion I ses, but it appears that about 4.000 lb of monomer 
soaked into the deck. Therefore grooves h uld be only 
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filled once and the polymerization process begun imme
Lliately once the grooves are empty. 

POLYMERIZATION 

Hot water ponding polymerization in the laboratory on 
full-depth simulated 6 ft2 deck slabs indicated whether the 
water was maintained at about 205°F; the concrete tem
perature at a depth of 4 in. reached a steady state tem
perature at 122°F in about 16 hr. The p lymerization tim 
for impregnated concrete at 122°F' i about 4.5 hr. There
fore , the estimated total polymerization time is about 21 
hr. 

Precast"concrete barriers placed across the ends of the 
test section and the parapets acted as the lateral supports 
for the bridge hot water polymerization pond. A vinyl 
tarpauiin was used to cover the deck and act as the hot 
warer pond containment ves e l. Th weatherproofing te nt 
was spread over the deck surfa t pr tect the vinyl tar
paulin. Two distribution heaters. one o n each of rhc two 
200-hp portable boilers, injected live ·t am into the. 0,000 
ga llon polymerization hot water pon I. The minimum depth 
of lO in. wa. maintained at th highest lcva tion p · int 
within the test area. The surface of the hot wnter p ly
me riza tion pond \ a open t the a tmosphere during the 
polyme rization process. 

Except for leakage and evaporation losses , the heating 
system was a closed loop. The boiler feed was drawn con
tilrnously from the water bath. Boiler No. 1 was fired and 
boiler No . 2 came on about 2 hr later. The temperature 
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of the pond was slightly less than 200°F 6 hr ;ifter boiler 
No. 2 came on . 

The temperature at a depth of 4 in. in the concrete 
reached a steady level of 135°F (123°F actual temperature, 
corrected for therm8J conductivity). The ten1peraturc of 
the pond was difficult to maintain at 200°F because of water 
I abge. tlnd evaporation lo. ses , whi h had t be replaced. 
Pond and c ncrete temp ratures thr ughou t the polymer
ization proce · are pre nt d in igur 6. 

The polymerization process took about 17 hr or about 
4 hr less than the estimated time of 21 hr. This occurred 
in spite of the adverse w ather (l 1111 era lures f 45°F to 
600F, sporadic ligh t rain , and a , t · ady 11uf'lhwe t wind at 
about 20 mph) and equipme nt malfunction · and water loss 
that kept the temperature l0°F below the desired 205°F. 
Thus, it appears that hot water polymerization of large 
areas is more efficient than small laboratory test slabs. 

GROOVE FILLING 

The grooves were backfilled with a latex-modified mortar 
with o 10-in . slum p u ing rubbe r- dged ueegee to dis
tribute and compact the mortar. Th groove were easily 
filled in 1 working day. The gro vc-filling peration is 
hown in igure 7 and a close-up of the surfac a(ter l day 

is shown in igurc . 
Se tions of core · 1, 2, 3 and 6 were ubjecte I to 300 

cycles of rapiLI freezing and thawing in wa te r (AS'J'M ' 
666 Procedure A) . he primary purpo·e f treeze-thaw 
Le.:: ·ting was to eva luat the p rformance of the latex -mod-
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FIGURE 6 Deck polymerization temperatures. 
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FIGURE 7 Groove-filling operation. 

ified mortar groove filler. The range of results is presented 
in Figure 9. As shown, the latex-modified mortar groove 
filling fared well . In most instances, nil to very light 
scaling of the groove filling occurred and the groove 
filling remained intact. The photographs presented in 
Figure 9 also illustrate the expected superior perfor
mance of polymer-impregnated concrete. The dashed lines 
indicate the approximate depths of impregnation and the 
arrows the groove filling. 

SAFETY PROCEDURES 

Potential safety hazards inherent in the process of deep 
monomer impregnation of bridge decks are related to the 
nature of the chemicals used. The monomer is volatile and 
flammable, and its vapor is explosive (explosion limits of 
2.12 to 12.5 percent). Therefore, the prevention of sources 
of ignition, the minimization of monomer exposure to the 
atmosphere, and the provision of emergency facilities must 
be thoughtfully provided for. 

Fire protection wa provided during the periQd begin
ning with the mixing of the monomer until the completion 
of the polymerization. The fire-fighting facilities were staged 

FIGURE 8 Deck surface 1 day after groove tilling. 

FIGURE 9 Condition of core remnants after 300 freeze
thaw cycles in water. 
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upwind, beyond the monomer mixing and distribution area. 
Water and foam facilities were provided. The catalyst was 
added to the monomer and mixed in electrically grounded 
55-gallon drums with air-driven, propeller-type stirrers. 
Polye thylene sheets covered the deck during the mono
mer groove-filling and impregnation operation and min
imiz d monome r evap ration. The air in the weather 
protection tent and b low the bridge was checked at 
frequent interval f r monomer vapor concentrations. 

one ntration · remained well below the lower explo ive 
limit (2.12 percent) throughout the groove-filling and 
impregnation operation . At the end of the soaking period 
the polyethylene heeling was removed and the exc~ s 
mon mer remaining in the groo e was vacuumed up using 
an air-motor-driven, explosion-proof industrial vacuum unit. 
Thi step proved to be the most potentially dangerous 
activity of the entire operation. Monomer vapors in the 
atmosphere within a radiu of ab ut 1 Yi ft from the vacuum 
exhaust showed concentrations typically in the range of 
1.5 to 1. 75 percent, but at times exceeded the lower explo
sive limit of 2.12 percent. 

In addition to fire and explosion hazards, the chemicals 
used are toxic to varying degrees. The monomer compo
nents are considered to be moderately toxic (primarily 
irritant ) . Theref re , personn I protection against skin 
c ntact and breathing high vap r concentrations must be 



48 

provided for . Work r involved in monomer mixing and 
distribuUon wore one-piece hooded coveraJls goggle , long 
rubb r gloves, and dust ma k . Those distributing the mon
omer to the grooves inside the tent wore canister masks 
as protection against organic vapors . 

COST 

Pilot projects, such as the one being reported here, always 
have associated with them extraordinary high costs related 
to the lack of contractor familiarity (risk factor) and suit
able, efficient equipment . With respect to deep monomer 
impregnation and in situ polymerization, based on the 
experience of this project, process inefficiencies were iden
tified and initial cost estimates were calculated using a 
capital equipment amortization rate of 10 percent. Because 
the amortization costs of large capital equipment are an 
inverse function of the square footage of bridge deck to 
he treated by a contractor per year, costs were determined 
for 1, 4, and 10 bridges per year using a typical bridge 
deck size of 44 ft wide, curb to curb, by 120 ft long. 
Obviously, larger bridges at a given location will result in 
lower unit costs . The total initial cost per ft2 in 1985 dollars 
for 1, 4, and 10 bridges treated in a year by a contractor 
is $16.98, $13.05 and $11.96, respectively. Unit cost per 
process and construction item is presented in Table 3. 

For cost comparison purposes, costs for the installation 
of a cathodic protection system, the only other process capa
ble of arresting the corrosion of black steel in concrete, were 
obtained for four 10-yr-old bridge decks. The inslallalion of 
the cathodic protection systems was performed under one 
contract. The cathodic prntec.tinn <>ystem used was a plat
inized wire primary anode with secondary carbon-strands 

TABLE 3 ESTIMATED INITIAL COSTS BASED ON 
VOLUME APPLICATION ($/ft2) 

No. of Bridges/Yr/ 
Contractor 

Item 4 10 

Grooving 1.82 1.75 1.57 
Drying 2.15 1.29 1.08 
Weather protection 2.76 1.49 1.23 
Impregnation 2.67 2.35 2.29 
Polymerization 1.16 0.56 0.40 
Groove filling 0.71 0.71 0.71 
Monitoring (process 

control) 0.33 0.25 0.23 
Fire protection 0.45 0.45 0.45 
Lightning and electric 

power 0.54 0.54 0.54 
Construction superintendent 1.24 1.24 1.24 
Mobilization 0.93 0.72 0.66 
Traffic maintenance and 

protection 0.39 0.30 0.28 
Surety bonds 0.08 O.D7 0.06 
Profit 1.05 0.81 0.74 
General overhead 0.70 0.52 0.48 

Total 16.98 13.05 11.96 
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anodes placed 1 ft on centers with transverse locations for 
redundancy and covered with a 11/4 in.-thick latex-modified 
concrete overlay. The initial 1985 cost per ft 2 for the four 
bridge decks, not including deck repairs carried out pre
liminary to the inst<i.!!ation of the cathodic protection sys
tem , is $13.34 (monomer impregnation and in situ impreg
nation work did not require preliminary deck repairs). For 
a valid comparison between deep impregnation and ca
thodic protection, it is necessary to compare life-cycle cost 
rather than initial cost because cathodic protection has 
additional future costs of electrical power, system main
tenance, and periodic monitoring. These costs total, in 
1985 dollars, $0.13/ft2

• Using an average true (inOalion
adjusted) interest factor of 5 percent (19), the break-even 
point for cathodic protection and deep impregnation based 
on life-cycle costing is $15.57/ft2

• This would occur at about 
two bridges/yr/contractor. However, it needs to he pointed 
out that the cost of cathodic protection was based on four 
bridges under a single contractor with both systems, ca
thodic protection and deep impregnation, having a 40-yr 
service life. Thus, on an equivalent comparison life-cost 
basis, deep impregnation of concrete bridge decks would 
be a least cost solution to corrosion protection over ca
thodic protection or no less than a cost-competitive solu
tion. 

RESULTS AND DISCUSSIONS 

Nine 4-in. diam cores were taken from the impregnated 
area as stated previously. Four were along the center line 
at the joint of two heaters, three within the interiors of 
heating units, one in a heater overlap area and one next 
lo the parapet. The field and laborato1 y 11nµ1 eg11alion depth 
measures for the nine cores are presented in Table 4. Cores 
5, 7, and 12 were taken from areas under heating units 
and thus should represent typical conditio11. The Jeplh of 
impregnation of about 3.5 in., which agrees with labora
tory estimates, is indicated in Table 4. 

The project clearly demonstrated the technical feasibil
ity of deep impregnation of bridge decks and that it can 
be done on a commercial basis . A contractor who had no 
experience with deep impregnation was able to successfully 
impregnate a deck area of about 2,600 ft2 to the depth of 
3 to 4 in. Although the drying times were greater than 
laboratory estimates, impregnation times appear to be sig
nificantly less and field polymerization times also appear 
to be less than laboratory estimates. 
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TABLE 4 DEPTH OF IMPREGNATION DETERMINATIONS 

Impregnation Comments 

Depth (in.) 

Core No. Field" Lab" 

1 3.25 3.0 Cores 1 through 4 taken along center 
2 3 3.2 line, coincided with jointure of 
3 3 3.5 heating units; expect lowest 
4 2.75 3.5 impregnation depths. Also , 

looking for gradient because of 
time lapse before impregnation 

5 3.25 Interior of a heating unit (typical 
conditions) 

6 4.5 4.6 Overlap area of heater set-ups 
(expect deepest impregnation) 

7 3.25 Interior of a heating unit (typical 
conditions) 

11 2to2.75 2.3 Core taken 6 in. from parapet 
(expect shallow impregnation) 

12 3.75 3.4 Interior of heating unit (typical 
conditions) 

"Acid etched along one narrow vertical line immediately after coring. 
"Average of at le as t four measurements on etched face of vertical slab cut from 
core. 
'Compressive strength specimen-not sectioned. 

REFERENCES 

1. Bridge Program Cited. Engineering News Record, Vol. 214, 
No. 23, June 6, 19 5, p. 6. 

2. R. . Weyers and P. D . ady. Cathodic Protection 0f on
crete Bridge Decks. A m erican 011crete Jo11r11al, Proceed
ings. V I. 81, No. 6, Nov.- Dec . 1984 , pp. 18- 622. 

3. P. D. ady and R. E . Weyer . D e terioration Rate of on
crete Bridge Decks. Joumal of Trc111sporttuio11 Engineering. 
American ocicty of 'ivil E ngineers. Vol. .110 . .I . Jan. 
19 4, pp . 34-44. 

4. Y. P. Vinnani. K. C. lear, and T. J . T homa . Ti111e-10-
Corrosio11 of Rei11forci11g reel in Co11cre1e labs. \I, nlciwn 

itrire Admfr111re or Epoxy oated Reinfor ing Bars as or
rosion Prorecrion System . Repon o . FHW /RD/ 3/012 . 

edernl Hi ghway Administrat ion . U. ', Departm e nt of 
ran portation. Washington. D . .. ept. 19 3. 

5. R . E. Weye rs and P. D . ady. D ete ri ration of oncrete 
Bridge Deck Fr m orro ion of Reinf rcing tecl. Concrete 
Jntema1ional Design & Co11s1ructio11. American ncrece 
lnstitute, Vol. 9 No . I, Jan. 1987. pp. 15- 20. 

6. M. . reinberg e t al. onc:rete-Po/y111er Marerial , First Top
ical Report . Report No . B L 501 4 (T-509) and USBR Gen
eral Report o. 41. Brookhaven Nationa l Laboratory. Upton , 
N. Y .. a nd U.S. Bureau of Reclama1jon Denver. olo., 1968 . 

7. M. T . teinberg et al. 011cre1e-Poly111er Materials, Second 
Topical R11port. Report No. BNL 50218 (T-560) and U BR 
RE -0 'E-70-L. Brookhave n Na tional Laboratory. Upton , 
N.Y., and U.S. Burea\lof Reclamation , Denver, Colo .. 1969. 

8. J . T. Dikeou et al. 011cre1e-Poly111er Mmerial , Third Topical 
Report. Report No. BNL (T-602) and USBR REC-ER -71-
6. Brookhaven Nati na l Laboratory, Upton , N .Y., and U.S . 
Bureau of Reclamation, Denver, Colo., 1971. 

9. J. T. Dikeou et al. Cor.crete-Polymer Materials, Fourth Top
ical Reporl. Report No . BNL 50328 and USBR REC-ERC-
72-10. Brookhaven Nati nal Labora tory, Upton, N.Y., and 
U.S. Bureau of Reclamation, Denver, Colo., 1972. 

10. G . W. Depuy e t al. 011crete-Poly111er Materials, Fif1'1 Topical 
Reporr . R eport No BNL 50390 and USBR R - R -73-
.12. Brookhaven Na ti na l Lab ratory. Upton . N. Y .. and U .. 
Bureau of Reclamation, Denver, Colo., 1973. 

11. L. E. Kukacka et al. Concrete Polymer Materials for Highway 

Appliclllio11s, Progress Report No. 3. Report No BNL 50417 
and HWA-RD-74-17. Brookhaven Narional Laboratory. 
Upton , N .Y ., and f'edernl Highway Administration U .. 
Depal'l.ment of Transportati n, Wa hington , D. ., 1973. 

12. E. Dahl-Jergen en ct al. Polymer-Impregnated Concrete : 
Laboratory tudie . Transpor101io11. £ 11gi11eeri11g Journal, 
ASC - , Vol. 101. o. T 1, Feb. 1975. pp. 29-45. 

13. J. A . Manson et al. N f/RP Report 190: Use of Polymers i11 
Highway Concrete. TRB, National Research Council, Wash
ingtOn , D. . , 197 

14. P. D. ady and R. E. Weyers. ie ld Performance of Deep 
Polymer Impregnation. Tra11spor1a1io11 E11gi11eering Jo11m11/, 
AS E, Vol. 113, No . I. Jan. 19 7, pp . 1- 14. 

15. R . E. Weyers and P. D. Cady. Development : Deep Groov
ing- A Method for impregnating oncrete Bridge Deck . In 
Trl111sporm1io11 Research Record 962, T RB , ational Research 
Council, Wash in ton , D.C., 1984, pp. l4 - 18. 

16. R . E. Weyers and P. 0 . Cady. Applicati n: Deep Groov
ing- A Method for Impregnating 'o ncrete Bridge Dec;ks, 
In Tran porw1io11 Research Record 962, TRB National 
Re. earch ouncil, Washington, D ... 1984 , pp. 19-21. 

17. P. D. Cady. A 111dy of Policie · for the Pro1ectio11 , Repair, 
Relwbiliwtio11, a11d Replaceme111 of oncrere Bridge Decks. 
Report No . PTl 8103, Penn ylvania Transporration Insti tute, 
1981. 

18. J. A . Manson et al. NCHRP Report 257: Long-Term Reha
bilitation of Salt-Contnmi11111ed Bridge Decks. TRB, National 
Re earch Council, Wa hington, D . ., 1983. 

19. J_ R. raig, D. . Commer, and J. J. Ahlskog. Economics 
of Bridge Deck Protection Systf!ms. Paper No . 82. Interna
tional orro ion Forum , Nation<il A sociatio n of orro i a 
Engineers, Houston, Tex., March 1982. 

The aurhors are responsible for the accuracy of the data and the 
conclusions and opinions expressed in this paper. 

Publi~ation of this paper sponsored by Committee on Adhesives, 
Bonding Agents and Their Uses. 

I' 


