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SUMMARY 

OBJECTIVE 

The objective of this study was to evaluate the effectiveness of repairing a delaminated 
bridge deck by epoxy injection. 

SCOPE 

The test site selected was a four-lane bridge located in Mankato, Minnesota. 

The work plan called for repair of all delaminated areas using the epoxy mJection 

procedure; however, it was not possible to do this in the five working days allowed for the 
work. Approximately one-half of the deck was repaired by epoxy injection, the other half 

being patched by conventional methods. 

The deck repair was done by Mn/DOT maintenance personnel from the Mankato Dis­
trict under the guidance of Lyle Mueller, Bridge Foreman. Assistance was provided by per­
sonnel from the FHWA Demonstration Projects Division. Testing and evaluation were done 

by Mn/DOT Physical Research personnel. 

CONCLUSIONS 

The following conclusions appear warranted: 

1. The areas filled with epoxy appear to have remained solid through two years. 
The percentage of delamination has stayed almost the same for both epoxy injected and 

conventionally patched areas. 

2. Some "new" delaminations seem to have formed around the repairs, but the 

repaired areas themselves have remained sound. 

3. Epoxy injection seems to be practical for larger delaminations. Small delamina­

tions are difficult to locate and may not be worth the trouble. 

4. An improved method of drilling holes is desirable. 

5. It may be practical to periodically repair larger delaminations and ignore the 
smaller delaminations. 

6. Based on this limited-scale test, it appears epoxy injection may be a cost effective 

repair procedure. 

7. It probably would have been more efficient to have located and marked the 
delaminated areas with a chain drag shortly before the repair work was done, instead of 
using the maps derived from Delamtect testing. 
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INTRODUCTION 

One of the most difficult and costly problems facing transportation agencies across 
the country is the maintenance of concrete bridge decks. The application of deicing salts 
leads to rebar corrosion and delamination of the deck, and eventually to spalling and pot­
holes. A rough and unsafe riding surface results, with repair work being expensive and time­
consuming, often causing great inconvenience to the driving public. 

The Minnesota Department of Transportation (Mn/DOT) participated in one aspect 
of Federal Highway Administration (FHWA) Demonstration Project No. 51, "Bridge Deck 
Repair and Maintenance". Mn/DOT's interest was epoxy injection, a method for repairing 
delaminations by filling the voids with epoxy and rebonding the unsound areas. De­
laiminated areas with an intact surface would not need to be removed for deck repairs. 
These removals are typically a very expensive bid item. 

The bridge selected was No. 9241, T.H. 169 over Sibley Street in Mankato, Minnesota. 
The deck is 157.2 feet long and 56 feet wide, the deck area being 8803 square feet. The 
bridge carries four lanes of traffic. It was constructed in 1961 and was overlaid in 1976 
with two inches of low slump dense concrete. Average daily traffic is 16000, including 
about 1980 trucks and heavy commercial vehicles. 

PRELIMINARY TESTING 

In September 1982, the entire structure was examined by personnel from the Mankato 
District as part of their routine annual bridge inventory. A chain drag survey of the deck 
was included as part of their work. This survey found 40 percent of the northbound side 
and 31.3 percent of the southbound side to be delaminated or debonded. 

In March 1983, a battery of tests were performed on the deck by Physical Research 
personnel. These tests included copper-copper sulfate half cell corrosion testing, drill dust 
sampling to determine chloride ion content, a visual survey, a pachometer survey to deter­
mine depth of concrete cover over the reinforcement and a delamination survey with an 
SIE Delamtect. Data collected from these tests are detailed later in the report. The con­
clusions drawn from these tests were as follows: 

1. There was sufficient concentration of chloride ions at the level of the rebars to sup­
port corrosion. 

2. Some areas of active corrosion were found, amounting to about 4% of the total 
deck area. These areas corresponded well with areas found to be delaminated. 

3. The Delamtect survey indicated that about 27% of the deck was delaminated. A 
chain drag survey done by a district bridge crew the previous year had determined that 
35% of the deck was delaminated. This is a good correlation between the two test 
procedures. The test data generated from the Delamtect survey were later plotted as a map 
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which was used at the time of repairs to locate and mark out the larger delaminations. 

District personnel believed the delaminations to be the result of debonding at the interface 

of the original deck surface and the low slump overlay rather than corrosion-induced de­
laminations at the rebars. No core samples were taken to confirm or disprove this. 

4. The deck was extensively cracked. The cracks had been patched with epoxy. 
Approximately 5% of the deck surface had been patched. 

MATERIALS AND EQUIPMENT 

The epoxy used for the injection project was manufactured by the Rocky Mountain 
Chemical Company. The product names were Niklepoxy Injection Resin No. 3 and 
Niklepoxy Catalyst. The epoxy was mixed at the ratio of four parts A (resin) to one part 
B (catalyst). It is 100% solids, thus eliminating shrinkage. It typically cures completely 

in 48 to 72 hours, depending upon the ambient temperature, The epoxy was provided by 
the FHWA. Cost to the FHWA was $29 per gallon. Retail cost in 1983 was $40-$45 per 

gallon. 

There were three injection pumps used in the demonstration. One was supplied by the 

Rocky Mountain Chemical Company and the other two were manufactured by Otto 

Engineering, Inc. (see Figures 1, 2 and 3). 

All three machines had several features in common. Each was driven by a small air 

compressor set at 100 psi. Each had a positive displacement piston pump system to insure 

the proper proportioning of resin and catalyst. Each had 20-25 feet of dispensing hoses 
carrying resin and catalyst to a static fluid mixing tube. The resin and catalyst were blended 
immediately prior to injection because the components begin to cure as soon as they are 

combined. The epoxy was injected into the deck at a pressure of 30 psi. Higher pressures 
could possibly break off the concrete over the delamination. 

The Rocky· Mountain Chemical Niklepoxy Injection Machine Model 31A utilized a two 

cylinder, common drive, positive displacement piston assembly. It was mounted on a four 

wheeled cart. This machine was capable of pumping four to five gallons of material per 
hour, which was slower than either of the Otto units. Cost in 1983 was $4525. It seemed to 

be a very reliable machine, but it should be mentioned that this was the only one of the 
three pumps that was new. A possible drawback of this machine is that the reservoirs 
for the resin and the catalyst were the same size and it could be possible to continue to 
pump catalyst after the resin tank had been emptied. Figure 1 shows a view of the Rocky 
Mountain injector. 

There were two Injection pumps used on the project manufactured by Otto 
Engineering, Inc. They were models A3-8 and A3-9. 

Otto Model A3-9 was a portable machine about the size of a small suitcase, not includ­
ing the material reservoirs. It was capable of pumping up to five gallons per hour. It was 
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an effective machine but was not always operational. The unit brought by the FHWA had 
apparently seen much use and was prone to minor breakdowns. The most common problem 
was leaking valves. When this happened, the pump would have to be shut down for a short 
time. This often required that the mixing tube be disconnected from the supply hoses and 
put into a container of solvent, as after about 15 minutes the mixed epoxy would begin to 
gel. Its portability was a desirable feature because equipment was moved frequently form 
one delamination to the next. In 1983 this machine cost $3925. It can be seen in Figure 2. 
(Author's note: the A3-9 has been upgraded and is now designated A3-10. This unit is 
available for rental on a monthly basis from Otto.) 

Otto Model A3-8 was a larger unit which was mounted on a two-wheeled cart. It was 
the most powerful of the three pumps on the project, with a capacity of ten gallons per 
hour. This unit had also seen previous use, and was occasionally down because of "air lock" 
in a material supply hose, caused by a malfunctioning valve. When this occured the problem 
supply hose would have to be disconnected and purged. This machine could be equipped 
with a material level sensor in the tanks to shut down the dispenser when the level was low. 
The cost in 1983 was $6450. It is shown in Figure 3. 

All three epoxy injection machines provided the proper final results. The larger Otto 
unit, Model A3-8, seemed to be the best of the three because of its greater power and larger 

material capacity. 

Figure 1. Preparing the nozzle. Rocky Mountain Chemical pump is at right. 
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Figllre 2. Otto Model A3-9 with compressor with a reservoir. 

Figure 3. Otto Model A3-8 epoxy dispenser. 
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REPAIR WORK 

A basic outline of the epoxy injection procedure would be as follows: 

1. Set up traffic control. 

2. Locate and mark out delaminations. 

3. Drill holes down to voids. 

4. Fill voids with epoxy. 

5. Plug holes and clean up overflows. 

6. Take down traffic control and reopen lane. 

Traffic control was handled by the bridge crew from the Mankato District. One lane at 
a time was repaired. At the end of each work day, traffic control was taken down and the 
lane was reopened. 

Work began on Tuesday, August 23rd, 1983. On the first day the FHWA Demon­
stration Projects Division crew did most of the work while demonstrating the equipment 
and procedures. The first lane to be repaired was the left lane on the northbound side. 

The first step was to locate and mark out delaminations. A map generated from the 
Delamtect testing done in March 1983 was used as a general guide. Delaminations were 
located by sounding with a hammer and marked with a crayon. It soon became apparent 
that the larger delaminations were easy to locate in this manner, but small delaminations 
(approximately one square foot or less) were very difficult to find. 

The next step was to drill access holes (Figure 4) down to the delamination. The 
FHWA provided two drills specially equipped for this purpose. These were rotary hammer 
drills with a vacuum attachment on the chuck. The drill bits used were 1/2 inch diameter, 
four inches long, hollow core, with a carbide tip. As the drill cut into the concrete, the 
vacuum would pull the drill dust away. This was very important, as any dust forced away 
from the bit could clog the void and make it impossible for epoxy to be injected into the 
void. 

Within each delaminated area, holes were drilled from 12 to 18 inches apart. There was 
no particular pattern for selecting drill hole locations. This spacing was suggested by the 
FHWA people based on their experience, An extensive delamination could thus require 
many holes. The reason for multiple holes was to allow air to escape and to check on the 
progress of the epoxy as it filled a void. 

The drills were set on light hammer action to prevent damage to the vacuum attach­
ment. This, combined with the hardness of the coarse aggregate in the overlay, resulted in a 
time of approximately three minutes to drill a three-inch-deep hole. Progress was thus 
considerably slower than expected, because the controlling factor in the speed of the 
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Figure 4. Drilling holes. 

process seemed to be the drilling operation keeping well ahead of the injection operation. 
It was not uncommon for one or two injection machines to be idle because the drilling was 

so slow. 

When all the holes in a delaminated area were drilled, the epoxy injection could begin. 
Epoxy was generally pumped through one hole in any given delamination. Separate holes 
carried parts A and B to a mixing head which fed a short metal nozzle (Figure 5). This 
nozzle was inserted into the hole in the deck. A shaft rubber stopper sealed around the 
nozzle to attempt to prevent leakage onto the deck surface. A steel plate with a notch cut 
into it helped to hold the nozzle in position, This plate was held down with sandbags. The 

multiple hole pattern allowed the progress of the epoxy to be checked and to allow air to 
vent out. As epoxy would reach a drill hole, it would well up to the surface. Corks were 
used to plug the holes, and epoxy on the surface was covered by sand. This would be 
scraped up with a shovel when the epoxy began to gel. 

On the second day an attempt was made to speed up the drilling process by drilling a 
1/4-inch pilot hole and following with the hollow core bit. This cut drilling time to about 20 
seconds per hole. As it was near the end of the work day, these holes were plugged with 
corks and the lane was reopened to traffic. 
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Figure 5. The injector nozzle. 

On Thursday, the next day, the corks were removed and injection began. It was found 
that no epoxy was being injected through these holes, as epoxy would well out of the access 

holes immediately after the pumps were turned on. An attempt was made to clean the holes 
by an air blast, but this did not work. It is likely that when drilling the pilot holes, drill dust 

was forced into the surrounding void, thus effectively blocking it. It was necessary to redrill 

these holes using only the hollow drill bits and vacuum. 

The time required to fill a delamination with epoxy depended upon the extent and 
thickness of the void. Epoxy could be pumped into a thicker gap faster than a narrow gap. 
One large void required two hours to fill, while some small ones would fill almost immed­

iately. The greatest horizontal distance epoxy was pumped was approximately ten feet. 

Core samples (Figure 6) were taken on Thursday from areas injected on Tuesday. When 
the deck surface was struck with a hammer, these areas now sounded solid. The cores 
revealed that the fracture plane was below the overlay-original deck interface, that there was 
a network of cracks and that epoxy could be injected into cracks as fine as .005 inch. 
Several cores were retained by the FHWA to be taken back to their laboratory for bond 

strength testing. Core holes were filled with BCO 62 gray and regular sand. 

Several cores were also taken from a small delamination where holes had been drilled 
but injection was unsuccessful. These cores confirmed the presence of the delamination but 

showed no trace of epoxy. It was suspected that either the drills missed the delamination or 

else the holes weren't drilled deep enough. This example showed the difficulty of repairing 
very small delaminations. 
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Figure 6. Core showing cracks filled with epoxy. 

All of the delaminations in the northbound left lane were repaired by epoxy injection. 
This required all of Tuesday and Wednesday and half of Thursday. Originally it had been 
planned to repair the entire deck by epoxy injection in five working days. It was apparent 
that this could not be done. The options were for the district bridge crew to continue the 
epoxy injection on their own or to do as much injection as possible in the remainder of the 
five days and patch the rest of the deck conventionally. The latter choice was made, with 
the idea that the conventional patches would make good control sections. 

On Thursday afternoon, the northbound right lane was repaired by injection. On 
Friday and Monday, the north end of the left and right southbound lanes respectively were 
injected. Overall, about half of the deck was repaired by epoxy injection and half by 
conventional concrete patching methods. 

In several instances, injected epoxy was noticed coming up through pinhole-sized 
openings in cracks on the deck surface which had previously been sealed with an epoxy 
crack filler. The injected epoxy had a milky appearance from the moisture being forced 
out. On Friday morning, epoxy was observed coming out of the bottom of the deck along 
two diaphragms and through a crack at the north end of the southbound left lane (Figure 
7). 
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Figure 7. Epoxy being forced through surface crack. 

The epoxy injection part of the project was completed on Monday, August 29, 1983. 
A portion of the completed deck is shown in Figure 8. 

Figure 8. View of the deck after injection completed. 
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The delaminations in the areas not injected were repaired on August 31, September 7 
and September 13, 1983. Delaminated concrete was removed down to the level of the steel. 
Any unsound concrete around the steel was also removed. TSA 2 001 epoxy and slurry were 

used as bonding agents. The concrete was cured using Tricote and Burlene. Figure 9 shows 
the areas where removals were done being prepared for patching. 

Figure 9. Preparing the deck for conventional patching. 
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TESTING AND EVALUATION 

After all repairs were completed, further Delamtect testing was done. This was 
repeated after one year. In 1985, two years after repairs, a full battery of tests was done, 
including a Delamtect survey, chloride content testing, a corrosion survey and a visual 
survey. 

The survey conducted about one month after repairs were completed showed that 
there were still numerous delaminations remaining, but the average size was considerably 
smaller than prior to repair. The percentage of delaminated areas was reduced from 25% 
to 8.0% on the northbound side and from 28% to 3.6% on the southbound side. Some of 
the remaining delaminations were likely missed because of their small size or were perhaps 
too deep to reach with drills. It is also possible that some of the voids were narrower than 
.005 ", which is the approximate lower limit that the epoxy can penetrate. There also 
seemed to be some small delaminations found in the followup survey which do not appear 
in the March data. After one and two years the tests were repeated. 

Delamtect testing data, including the preliminary test, are presented in Table 1. The 
data are given as the percentage of the deck area found to be delaminated. The section 
labeled "control" refers to the half of the deck repaired by conventional patching methods. 
The section labeled "test" refers to the half of the deck repaired by epoxy injection. 

Table 1. Delamtect testing data. 

March Sept. 
1983 1983 1984 1985 

Percent of Deck Delaminated 
Entire Deck 
Northbound 25% 8.0% 6.0% 8.2% 
Southbound 28 3.6 2.5 3.5 

Control (patched) 
Northbound 7.5 7.3 8.3 
Southbound 4.3 3.3 4.5 
Overall 5.3 4.7 5.8 

Test (injected) 
Northbound 8.2 5.3 8.1 
Southbound 1.1 0.5 1.1 
Overall 6.0 3.7 5.9 

The data show that the extent of delamination has remained relatively unchanged in 
both the test and control sections for two years after repairs were done. This would seem 
to indicate epoxy injection is as effective a repair method as conventional patching. 
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Drill dust samples w~re collected for chloride content analysis as part of the pre­
liminary testing in March 1983 and again in September 1985. These data are presented in 
Table 2. Data are given in parts per million (ppm). The significant increment is 2.5"-3", 
as this indicates the amount of chloride ion closest to the level of the reinforcing steel. 
A concentration greater than 350 ppm is sufficient to break down the natural protection 
from corrosion that concrete imparts to steel and allows corrosion to occur. It can be seen 
that this level is exceeded in both years of testing. 

This finding is not a reflection of the effectiveness of epoxy injection as a repair 
technique. Epoxy injection has nothing to do with retarding the penetration of deicing 
chemicals into the deck, although some localized protection could probably be expected 
where large delaminations have been repaired. Therefore the conclusions to be drawn 
from these data are that further corrosion activity and delaminations are likely to be seen 
in the future. 

The maps created from the Delamtect data are presented in the appendix. 

Table 2. Chloride content data. 

Depth Into Deck 
0-.5" 
.5"-1" 
1"-1.5" 

1.5 "-2" 
2"-2.5" 
2.5"-3" 

Year Tested 

1983 1985 
Average Choride Content (PPM) 

2410 2800 
990 
500 
440 
660 
900 

920 
380 
440 
790 

1020 

Copper-copper sulfate corroswn potential measurements were taken five months 
before and two years after the repair work was done. The results are shown in Table 3 
and in Figure 10. Values less negative than -0.20 volt generally indicate no corrosion, while 
values more nagative than -0.35 volt usually show active corrosion. Data between -0.20 
volt and -0.3 5 volt are indeterminate. 

The extent of active corrosion was nearly the same in both the 1983 and 1985 tests. 
This was to be expected, as the epoxy injection repair work caused little change in the 
various factors affecting corrosion activity, such as chloride content and availability of 
moisture and oxygen. 
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Table 3, Summary of half cell corrosion test data. 

Test date 
March 1983 
September 1985 

% < -0.20V 
49 
58 

PERCENT AGE 0 F VALUES 
Half cell potential 

-0.20V <% < -0.35V 
48 
38 

% >-0.35V 
3 
4 

There was some correlation between areas of high potential and delaminated areas 
found in the testing done in 1983 (before repair work). This would tend to indicate at least 
some of the delaminations were the result of corrosion of the reinforcing steel. A graphic 
presentation of the data is shown in Figure 10. 

The results of the visual survey tend to be qualitative rather than quantitative. The 
extent of cracking and patching (those patches inplace before repairs) remained relatively 
unchanged. The only new features present were the surface stains left by the epoxy over­
flows. These do not detract from the performance of the repairs but are aesthetically un­
pleasing. However, it does appear that with time these stains are eroding away. 
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COST INFORMATION 

A partial breakdown of the costs for each type of repair method is given below in 
Table 4. Because the areas repaired by epoxy injection and concrete patching were ap­
proximately the same, the cost comparisons are considered to be valid. 

Table 4. Bridge repair cost comparison. 

Epoxy Epoxy 
injection Concrete injection 
(actual) patching (projected) a 

Material $ 7b $1625 $2727c 
Labor 2518 7044 2518 
Equipment 68d 679 568e 

Total $2593 $9348 $5813 

a This is a projection of the costs if Mn/DOT were to supply all materials and equipment. 
b The epoxy was provided by the FHWA. Mn/DOT supplied the sand used for cleaning up 

spills. 
c This figure assumes Mn/DOT purchasing 68 gallons of epoxy at a retail price of $40 

per gallon. 
d The compressors and injection pumps were supplied by the FHWA. 
e This includes an estimate of the rental costs for two air compressors and two injection 

machines for five days. 

A more details breakdown of the expenses plus manpower and equipment usage 
as provided by the district is given in the appendix. 
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Mn/OOT (7·62) 
TP·l7ll6·02 

Depmtmr.nt of Transportation 
Officr, of llridq"' and Structures 

BRIDGE MAINTENANCE COMPLETION REPORT 

COUNTyj wonK I UI11Dr;f NO. I T.ll. No.I HIITJJflE cnossco/LOCIITION I 1,g1r;s;u-
~~ txloniDGE 1 19121 4111 1 -r M~'TO( 

DNON·BHIDGE • ~ 6 7 s 9 169 Over T.l!. 66 Sibley Street 6~ 

SEE BACK SIDE FOR APPROPfliATE CODES Maint. Area I Or. Crew No. 
7-A 

~ TYPEOF l!J ITEM OF lj REASON FOR Mankato 7-A 
WORK 

24 BRIDGE .9 \:::~ 25 
WORK 

Trilffic Damilge T1..1y No. 

Work Performed Epoxy inj ec tio~1'ror research project on -
Br. #9241. See remarks section below. 

ACTUAL BRIDGE HEPAIR COST 
NO. DESCRIPTION RATE COST 
3 Bags Silica Sand 2.27 6.81 

51 Gals. of 229303 Epoxy Resin N.C. N.C. 

M 17 Gals. of 229323 Epoxy Catylist N.C. N.C. 
A Notes: 
T Epoxy materials paid bv FHA - Demonstra ion 
E Projects Division 
R 
I 
A 
L 

Name Title Hours Rate Cost Expenses 

R. Boomgarden Bridge Worker 20 15.03 300.60 
M. Hanly Bridge Worker 40 15.03 601 .20 

L B. Blakely Bridge \~orker 37.5 15.03 563.62 
A D. Griebel Bridge \hrker 20 15.03 300.60 
B s. Bailey Bridge \·/orker 20 15.03 300.60 
0 H. Ford Bridge V/crker 30 15.03 450.90 
R 

TOTAL I 0 , I 617 .5 
HOURS 44 45 46 47 

Unit No. Description (•Mark Rentals) Units Rate Cost 

E 81419 GMC 6 Pass 100 Mi. .49 49.00 
Q 80702 Chev. 6 Pass 55 t1i. .34 18.70 
u 
I 
p 
M 
E 
N 
T 

Remorks: Passing lane north bound Has epoxy injected the full length. TOTAL 
The 3 remaining lanes Here ~artially injected, \-lith the REPAIR 
remainder conventionally pa ched, COST 

Distribution: Brlduc Foreman Date 

Wo1 k OrdPr No. 

o 11 l ()I ol 2! o In T 3 
)tl 11 J :' }3 1•1 J !J I• 

Date 
Started 8-23-83 

Dote 
Suspended 

Date 
Resumed 
Date Comrleted 

~1° 13 1~1 2 19 1~18T3 
20 .. ""I ""I fJUI J 

$ 6.81 

Total Materinl Cost 

olo I ol ol oloTo T7 
36 37 38 39 40 41 42 43 

Code to Neilrest Dollar 

$2,517.52 
Total Labor Cost 

I I 1215-, 118 
48 49 50 51 52 53 

Code to Nearest Dollar 

$ 67.70 

Total Equipment Cost 

1 o lo 1 o 1 o 1 6l 8 
54 55 56 57 58 59 

Code to Nearest Dollar 

$ 2,592.03 

% Bridge Construction & Maintenance Enaineer {C.O) Lyle A. Mueller 9-15-83 Area Muintcnance Enginerr OverhP.ad 
Bridge Maintenance Supervisor 13rid~JfJ Milint. Supervisor \0 Date GRAND Bridge DJta Section NoPmnn A. Hilson(\ 10-10-83 TOTAL $ 2,593.00 Bridge Foreman 

Research Operations col 
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Mn/DOT (7·02) 
TP·1711B 02 

Department of Transportation 
Office of Bridges and Structures 

BRIDGE MAINTENANCE COMPLETION REPORT 

COUNTY! WORK I BRIDGE NO. I T.H. No.I FEATURE CI10SSED/LOCATION I 11EF 

~IXJoRIDGE I l91214111116910verT.H. 
POINT 

66 Sibley St. JU:k+~U 0 NON-BRIDGE 4 5 6 7 8 9 .665 
SEE BACK SIDE FOR APPROPRIATE CODES Maint. Area I Br, Crew No. 

7-A pi TYPEOF w ITEM OF w REASON FOR Mankato 7-A 
WORK 24 

BRIDGE 
25 

WORK 
Trnffic Damage Tug No. 

Work Performed Removed and replaced delaminated areas of -
deck not repaired by epoxy inJection. 

ACTUAL BRIDGE REPAIR COST 

NO. DESCRIPTION RATE COST 

14 Upper Sleeves Sm 2.98 41.72 
12 Retainer Springs 1. 05 12.60 

M 
10 Gals. 2001 Epoxy 36.69 366.90 

A 8 2004 Rubber Buffers 1 .00 8.00 
T 10 2005 Rubber Buffers .85 8.50 
E 10 L01-1er Sleeves 4.67 46.70 
R 14 3/4 Yds. of 3Y33A Readv t1ix 58.80 8Q1.30 
I 4 Bags of Portland 5.30 21 .20 
A 32 Feet of 2 x 8 Lumber .42 13.44 
L 10 Small Hoil Points 7.08 70.80 

6 Bags of Silica 2.27 13.62 
5 Gals. of Tricote 7.85 39.25 

l--L- 8 Gals. 2501 Epoxv 14.43 115,114 

Name Title Hours Rate Cost Expenses 

R. Boomgarden Int. Foreman 10 16.04 160.40 
R. Boomgarden Bridge 1-Jorker 64 15.03 961 .92 

L :-1. Hanly Bridp:e \•lorker 70 15.03 1 052.10 
A f..-D. Griebel Bridge \olorker 60 15.03 901 .80 
B B. Blakely Bridge Horker 30 15.03 450.90 
0 s. Bailey Bridge \·lorker 70 15.03 1 052.10 
R H. Ford Bridge Harker 70 15.03 1 052.10 

R. Borchardt Laborer 70 q,42 6sq,4o 
G. Mans Laborer 80 9. 42 753.60 

TOTAL IO 51 2j4 
HOURS 44 45 4G 47 

Unit No. Description (*Mark Rentals) Units Rate Cost 

E 80702 Chev. 6 Pass 370 Mi. .34 125.80 
0 81419 GHC 6 Pass 150 Mi. .119 73.50 
u 76676 Sullair Camp. 19 Hrs. 9.13 173.47 
I 74276 Ford Stake Bed 5 Hrs. 11 .96 59.80 
p 77829 Int. Tool Van 95 Mi. .58 55.10 
M 82420 Concrete Sm-1 1') Hrs. 12.77 101 ill 
E 
N 
T 

Rcmorks: This repair was done on designated portions of deck for TOTAL 

monitering on r·esearch project, REPAIR 
COST 

Distrib~Jtion: Oridge Forcmnn D;nc 
Odduc C<mstruction & M11intcnnnce Enuim:cr (C,O} 

l•tO'f'k. Order No. 

~ I zl o I o !2l1 I sl_3 
lL' 11 1~ L> 14 l!.J H• 17 
Date 
Started 8-30-83 
Da~e 
Suspended 

Date 
Remmed 
Date Completed 

::;p I 91~1 1 13 I~ Is p 
"" . "_"]• "UJ.:!..! 

$ 1,625.47 

Total Material Cost 

1 3~3~~3~13~1;)~1 1 4~JtJ 
I coo~ (0 Nearest Dollar 

$ 7,044.32 

To1al Labor Cost 

l oj_ oj7 jo 1414 I 
48 49 50 51 52 53 

Code- to Nearest Dollar J 

$ 679.22 

Totat Equipment Cost 

1 o1 o 1 o 16 1 119 
>4 ~~ ~G ':.I 7 58 59 

Code to Nearest Dollar 

$ 9,3'19 .01 

% 
ArC!il M.~intcntHICC Fn!1i1wer 

Lyle [\, l-1ueller \ 9-?0-83 Ovrrhenrl 
Oridqe M;tintcnnnce !.iupefvisor lJridac Mault. Sup1:rvisor I Date GHAND llridtHJ Data Section Norman [\, Hilson ;,E._ 10-10-fl3 TOTAL t· 9. 3118.00 
DrJ.dLe Foreman 
He,':cnrch Opera t.ions, CO t/· 
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