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PREFACE 
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Mr. Bruce L. McCartney, and Dr. Tony C. Liu. Technical Monitor for this study 

was Dr. Liu. 

The study was performed at the US Army Engineer Waterways Experiment 

Station (WES) under the general supervision of Mr. Bryant Mather, Chief, 

Structures Laboratory (SL), and Mr. John M. Scanlon, Chief, Concrete Technol

ogy Division (CTD), and under the direct supervision of Mr. James E. McDonald, 

Research Civil Engineer, (CTD), who prepared the report. Program Manager for 

REMR is Mr. William F. McCleese, CTD. 

The following individuals provided information for this report: 

Mr. Cecil H. Best, Kansas State University, Manhattan, KS 
Mr. Keith Ha~s, USAED, Rock Island 
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Mr. Donald L. Logsdon, USAED, Rock Island 
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Mr. John H. Plump, Jr., USAED, St. Paul 
Mr. A. T. Remaly, USAED, Pittsburgh 
Mr. Charles Spitzack, USAED, St. Paul 
Mr. Thomas A. Story, ETE Corp., State College, PA 
Mr. Richard L. Stowe, WES, Vicksburg, MS 

COL Dwayne G. Lee, CE, was Commander and Director of WES during the 

publication of this report. Dr. Robert W. Whalin was Technical Director. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

Multiply 

bag (94 lb mass) 

cubic feet 

cubic yards 

degrees (angle) 

Fahrenheit degrees 

feet 

gallons (US liquid) 

horsepower (electric) 

inches 

kips (force) 

kips (force) per square inch 

miles (US statute) 

ounces (avoirdupois) 

pounds (force) per 
square inch 

pounds (mass) 

pounds (mass) per cubic 
foot 

square feet 

tons (2,000 lb mass) 

By 

42.6377 

0.02831685 

0.7645549 

0.01745329 

5/9 

0.3048 

3.785412 

0.746 

25.4 

4.448222 

6894.757 

1. 60934 7 

0.02834952 

6.894757 

0.4535924 

16.01846 

0.09290304 

907.18464 

To Obtain 

kilograms 

cubic metres 

cubic metres 

radians 

Celsius degrees or kelvins* 

metres 

lit res 

kilowatts 

millimetres 

kilonewtons 

kilopascals 

kilometres 

kilograms 

kilopascals 

kilograms 

kilograms per cubic metre 

square metres 

kilograms 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use the following formula: C- (5/9)(F- 32). To obtain Kelvin (K) read
ings, use: K = (5/9)(F- 32) + 273.15. 
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REHABILITATION OF NAVIGATION LOCK WALLS: CASE HISTORIES 

PART I : INTRODUCTION 

Background 

1. The Corps of Engineers currently owns and operates 269 navigation 

lock chambers at 232 project sites along inland waterways. Approximately half 

of these lock chambers were built prior to 1940. The average age of these 133 

older lock chambers is nearly 67 years or well beyond the 50-year design ser

vice life. Since these structures were built prior to 1940, the concrete does 

not contain intentionally entrained air and is therefore susceptible to dete

rioration by freezing and thawing. Since the majority (78 percent) of these 

older lock chambers are located in the Corps North Central and Ohio River 

Divisions, areas of relatively severe climatic exposure, it is not surprising 

that the concrete in most structures exhibits significant deterioration. 

2. A few of these structures have oeen rehabilitated with typical costs 

in the range of $10-20 million. The general approach in navigation lock reha

bilitation has been to treat the projects as new work. Procedures followed 

for concrete operations have been those with which designers and contractors 

are familiar from past experience on new construction. However, there is 

increasing evidence that rehabilitation work is often more complex and that 

normal new construction procedures often do not produce satisfactory results 

in rehabilitation work. Obviously, in a rehabilitation program which could 

ultimately cost more than $2 billion there is a need for development of appro

priate technology to ensure optimum utilization of available resources. 

Purpose 

3. The objective of this study was to develop, review, and analyze 

selected case histories involving rehabilitation of navigation lock walls. 

Scope 

4. Information on the rehabilitation of navigation lock walls was 

obtained through (a) review of periodic inspection reports, (b) visits to 
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project sites, (c) discussion with project personnel, and (d) discussion with 

designers and contractors. Although the information obtained from the various 

sources varied widely from project to project, attempts were made to obtain 

(a) a description of the project, (b) the cause and extent of concrete deter

ioration, (c) descriptions of rehabilitation materials and procedures, 

(d) rehabilitation costs, and (e) performance to date of the rehabilitated 

lock walls. Based on a review and analysis of the information ob tained, rec

ommendations for future rehabilitation were developed and areas which could 

benefit from research were identified. 
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PART II : CASE HISTORIES 

5. Sufficient information to prepare a case history was obtained for 

10 lock wall rehabilitation projects. Descriptions of the repairs, which 

spanned a period of approximately 35 years, are arranged in rough ly chronolog

ical order in the following. 

Lock No. 5, Monongahela River 

6. Lock No. 5 was located at Brownsville, Pennsylvania, about 55 miles* 

above the mouth of the Monongahela at Pittsburgh, Pennsylvania. The lock had 

twin chambers each 56 ft wide and 360 ft long (Figure 1) with a lift of ap

proximately 12.4 ft between normal upper and lower pools . The locks were con

structed during the period 1907-1910 and received normal maintenance during 

the years following construction. 

~ 56.5 MILES TO PITTSBURG 
'::(1: . 150' 100'~ .. .. 
~ ., ' .. , 

UPPER POOL EL 149.89 0 ' .------- .... LOWER ~I DISPOSAL 
: AREA i i1 

FLOW ...._ V) ' <::> Lu I (TOPEL: <::> 
ct I I -t.> I 720) I 

L-----.J 

POOL EL 737.50 

FILLING VALVES FOR 
R GUARD W~L_\ RIVER CHAMBER~ 

RIVER WALL 

UPPE EMPTYING 

~~ RIVER 
VALVES FOR 

CHAMBER 

PER UP 
GUIO E WALL"'' 

~ 

'rl-1:B:r 'rl 'rl d e:1w rr~ 1 
1 "" ·-NEEDLE DAM..__?: { 56' X 360' LOCK CHAMBER ~ ~NEEDLE DAM 

~ I 

FILLING VALVES FO';) -------I> c::::J ~All: J EMP ------· 
L LAND CHAMBER ~~ 

NEEDLE DAM- ~ 
56' X 360' LOCK CHAMBER I ~NEEDLEDA 

TYING VALVES FOR 
AND CHAMBER 

M \ ,...... 

MONONGAHELA RA!LWA y CO l~ LAND WA LL 
10 = r 

~LOWER G, c::J VIDE WALL 

.,..-

v 

Figure 1. General layout of Lock No . 5, Monongahela River 

7. By 1949, concrete deterioration had progressed to the point that 

refacing of the lock walls was required . Plans for the repair called for the 

removal of approximately 18 in. of old concrete from an area extending from 

the top of the lock walls to about 18 in. below normal pool elevation and the 

refacing of this area with reinforced concrete. In addition, the contract 

* A table of factors for converting non-SJ units of measurement to SI 
(metric) units is presented on page 3. 
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included such incidental work as the furnishing and installation of structural 

wall armor and new corner protection, and the removal and replacement of 

existing corner protection, check posts, ladder rungs, hand railing, and gate 

anchorages. The specifications provided that the replacement concrete could 

be either conventional concrete or preplaced-aggregate concrete (Minnotte 

1952). 

8. Four bids ranging from approximately $85,000 to $259,000 were 

received. The low bid was submitted by Intrusion-Prepakt Company, Cleveland, 

Ohio, to whom the contract was awarded. The low bid was almost $60,000 lower 

than the second lowest bid. The successful bidder elected to use preplaced

aggregate concrete. 

9. The contractor was required to keep one of the two chambers open to 

navigation at all times. The contractor elected to perform the work without 

constructing cofferdams, a procedure permitted by the specifications. This 

method necessitated the removal of existing concrete below pool elevation "in 

the wet," and required that the new concrete below pool elevation be placed 

behind watertight bulkheads to exclude pool water from the spaces to be filled 

with concrete. 

10. The existing concrete was removed by line drilling the vertical 

face with holes spaced 6 in. on centers. Line drilling of the lower limit of 

the concrete to be removed was not specified, but the lower surface was re

quired to be reasonably level. Light blasting for removal of existing con

crete was permitted. Concrete removed from the lock walls was retrieved from 

the lock chambers and transported by barge to a designated disposal area. 

11. After the old concrete had been removed and the face scaled, prepa

rations were made for placing the mesh reinforcing and constructing the forms 

for the new concrete. Anchor bar holes, spaced 3 ft 4 in. vertically and 

horizontally, were drilled in the concrete to a depth of 2 ft 0 in. The holes 

were drilled on a slight downward slope to facilitate grouting. Wedge anchor 

bars were then inserted into the drilled holes and driven up on the wedges 

until the ends of the bars were fully expanded against the sides of the holes 

(Figure 2(a)). A grout mixture, composed of one part portland cement and two 

parts fine sand, with sufficient water to produce a plastic mixture, was then 

rodded into the holes around the bars. The grout was allowed to set at least 

72 hr before being loaded in any manner. 

12. Anchor bars were of two types. One type, 3/4 in. round, was hooked 
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.. ... 
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Figure 2. Repair details, Lock No. 5, Monongahela River 

a t the end and used to carry the reinforcing mesh. The mesh was spot welded 

to the anchor bars at a point 9 in. from the face of the form. The other 

type, 1 in. round and carrying a 1- by 6-in. hexagonal sleeve nut, was uti

lized to secure the forms. 

13. Forms were built in panels of various dimensions constructed of 

2-in. lagging with 4- by 4- in. studding spaced 14 in . on centers with 2- by 

6-in. walers spaced 3ft 4 in. apart (Figure 2(b)). Sidewall armor was bolted 

to the forms before erection and anchored in the new concrete with steel 

straps. The take-up, necessitated by the curvature of the wall armor, was 

obtained by using 1/2- in. plywood. 

14. When completed, the forms were filled with graded crushed limestone 

aggregate placed in layers, using a 1/4- cu yd crawler crane. Pyramiding was 

avoided in order to prevent segregation and maintain proper grading . The 

limestone was tamped and rodded during placing to keep voids to a minimum. 

Specified aggregate gradings were as follows: 
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Fine Aggregate 
Sieve Designation 

U.S. Standard Percent Passing 
Square Mesh 

No. 16 
No. 30 
No. 50 
No. 100 
No. 200 

By Weight 

95-100 
60- 85 
20- 45 
15- 30 
0- 5 

Coarse Aggregate 
Sieve Designation 

U.S. Standard 
Square Mesh 

Percent Passing 
By Weight 

Aggregate Aggre gate 
• 

s~ze size 
No. 4 to 3/4 to 
3/4 in. 1-1/2 in. 

1-1/2 in. • • • • 90-100 
1 in. • • • • 20- 45 
3/4 in. 90-100 0- 10 
3/8 in. 30- 55 0- 5 
No. 4 0- 5 

15. Each mortar batch consisted of the following components: three 

bags (94 lb each) of air-entraining portland cement conforming to Federal 

Specification SS-C-192, Type 1-A; one bag (75 lb) of Alfesil, a pozzolanic 

material supplied by the Concrete Chemicals Company, having a specific surface 

of not less than 3,000 sq em per gram, and composed essentially of compounds 

of silicon, aluminum, and iron which combine with the lime liberated during 

the hydration of portland cement; 4 cu ft of sand of which from 1 to 3 percent 

passed the U.S. Standard No. 200 square mesh screen; 2-1/2 lb of Intrusion 

Aid, alsc manufactured by the Concrete Chenicals Company, which imparts to the 

mortar properties of colloidal suspension; and 18 gal of water. 

16. The mortar was thoroughly mixed for at least 1-1/4 min, or until a 

smooth slurry of about the consistency of thick cream was obtained. The mix

ture was kept agitated to ensure its uniformity until it was pumped into the 

forms. The mortar was designed so that no appreciable set would occur for 

1-1/2 to 2 hr after mixing was started so as to avoid seams or horizontal 

joints in it due to the layer pumping procedure. 

17. The mortar mixture was fed by gravity to a three-cylinder, air

operated pump from which it moved through three l-in. rubber hose lines 

attached to 3/4-in. pipes approximately 2 ft in length which were inserted 

through the forms. The pipes, each provided with a valve at the connection to 

the hose, were placed initially 4 to 5 ft apart along a horizontal line at the 

lowest elevation of the space to be filled. 

18. Each cylinder of the pump was equipped with a bypass which per

mitted closure of any of the valves leading to the hose lines in case of 

clogging of the lines or when the discharge pipes were moved to other 
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locations in the form. Pumping was continued until the mortar appeared in 

holes provided in the form about 18 in . above the pjpe centers. The pipes 

were then removed, the pipe entry points plugged, and the pipes raised to the 

next line of holes. 

19. This operation continued until the grout appeared at the top of the 

form, indicating that the entire mass had been consolidated. The top surface 

was given a wood-float finish . Forms were left in place at least 48 hr after 

pumping was completed, and the concrete was cured with water for 14 days. 

20. There were, of course, no horizontal joints within the new concrete 

since the refacing of each monolith was completed without interruption. Ver

tical joints, which coincided with the joints of the original monolith, were 

treated in a conventional manner by bulkheading. Expansion joints were made 

by installing premolded asphaltic joint filler after both surfaces of the 

joint had been painted with bituminous material. 

21. Equipment used, in addition to that for mixing and pumping the mor

tar, included two 100-ft barges, two wagon drills, and one 1/4-cu yd crawler 

crane. The project force averaged 55 m~n, working one shift the greater part 

of the time. All the contract work, including cleaning up, was completed in 

five months. 

22. Contract specifications required that concrete have a minimum com

pressive strength of 3,500 psi at 28 days. Steel molds were used for the 

forming of test cylinders. The cylinders were made by filling the molds with 

coarse aggregate and pumping the mortar mix into the aggregate through an 

insert in the base of the molds. The 6- by 12-in. test cylinders showed com

pressive strengths ranging from 2,880 to 4,300 psi. The average strength of 

seven cylinders was 3,800 psi. Results of compressive-strength tests on 

6- by 12-in. cored cylinders, drilled from the refacing concrete one year 

later, ranged from 4,060 to 7,000 psi, the average of four cores being 

5,385 psi. 

23. Lock No. 5 was removed from service and, with the exception of the 

land wall, razed in conjunction with the construction of Maxwell Lock and Dam 

in 1964. A visual examination of the remaining wall in July 1985 showed that 

the preplaced- aggregate concrete had some cracking and leaching (Figure 3) but 

overall appeared to be in generally good condition after 35 years exposure. 
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a. Overall view 

b. Close-up 

Figure 3. Condition of land wall, July 1985, 
Lock No. 5, Monongahela River 
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Marseilles Lock 

24 . The lock is located at the downstream end of the Marseilles Canal 

at mile 247 on the Illinois Waterway (Figure 4). The lock chamber is 110ft 

wide and 600 ft long with a normal lift of 21 ft. The lock has concrete 

gravity walls and miter ga tes. The project was completed in 1933. 

25. The lock was dewatered for major repairs during January and Febru

ary 1952. The repair work included the following major items: (a) repair 

upper and lower gates, (b) reconstruct upper and lower miter sills, (c) repair 

recess in guide walls for cofferdam, (d) sandblast and paint upper and lower 

gates, (e) valve and valve well repairs, (f) reconstruct stop log recesses 

(valve), and (g) install flange reinforcement ties in upper and lower gates. 

Total cost of the repairs was $331,500. Although there appeared to be some 

slight scaling of the lock chamber walls between upper and lower pool eleva

tions (Figure 5), overall the concrete appeared to be in good condition. 

26 . After almost 30 years exposure to severe weathering, horizontal 

concrete surfaces had scaled to an average depth of 3/4 in. Similar condi

tions existed on vertical surfaces, particularly at the joints. In addition, 

abrasion by vessels and ice had chipped concrete surfaces, particularly at 

upper and lower pool elevations and at the top of the wall (Figure 6). As a 

result, it was proposed to resurface portions of the top surface of the lock 

walls (Chicago District 1963). Also, portions of the vertical surfaces near 

the top of the walls were to be resurfaced and corner armor installed (Fig

ure 7). This work was completed in 1965 at a cost of $80,000. 

27 . The first periodic inspection of Marseilles Lock was conducted in 

August 1967. Concrete erosion of the chamber walls above low pool was re

ported to be in excess of 6 in. deep in some areas . The deterioration was 

attributed primarily to cycles of freezing and thawing of the w~t concrete 

surfaces and abrasion by barges during normal operation of the lock. Tops of 

the walls resurfaced in 1965 remained in good condition. 

28. The second periodic inspection was conducted in August 1972. Con

crete resurfacing on top of the north lock chamber wall was in good condition; 

however vertical surfaces were severely deteriorated, particularly at monolith 

joints (Figure 8). Similar conditions existed on the south wall with the 

addition of a few minor cracks on top of the wall. The chamber walls had 

eroded to the point that the downstream miter gate was vulnerable to barge 
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Figure 5. Lock chamber dewatered for repairs, 1952, Marseilles Lock 

traffic when the gate was in the open position. It was concluded that if al

lowed to progress, loss of section through erosion would impair the stability 

and integrity of the lock walls. Therefore, it was recommended that the lock 

chamber walls be resurfaced. Since such a repair would have to be accom

plished with a minimum of lock downtime, the Office of Chief of Engi-

neers (OCE) suggested that precast concrete stay-in-place forms be studied as 

a potential repair technique. The Little Rock District (1963) had investi

gated this system of forming for new construction, and the Bureau of Reclama

tion had used it in the restoration of Barker Dam (Davis 1948). 

29 . In 1973, the depth of concrete erosion was established through a 

detailed survey of the vertical surfaces of the lock chamber walls. In the 

survey, erosion depths were measured at 5- ft intervals horizontally and verti

cally. Generally, the depth of erosion ranged from 0 .20 to 0.65 ft, with an 

overall average of about 0.40 ft of concrete eroded from the original surface. 
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The maximum depth of erosion (1.10 ft) was measured in a few isolated areas. 

The surface of a typical monolith (31) is shown in Figure 9, and the results 

of the survey on the monolith are shown in Figure 10. Erosion of the concrete 

ranged from slightly above low pool elevation to approximately 2 ft below the 

top of the wall with the most severe erosion in the upper portion of the 

walls. 

30. A program to assess the quality of the remaining concrete and to 

establish the depth of deteriorated concrete was also conducted. Six horizon

tal concrete cores, 6-in. diameter by about 3 ft long, were obtained from each 

wall and tested at the Ohio River Division Laboratory (Chicago District 1974). 

A typical log of the concrete core is shown in Figure 11. Specimens for com

pressive strength tests were taken from those portions of the cores located a 

minimum of 0.7 ft behind the existing face of the wall. Compressive strengths 

ranged from 5,070 to 7,760 psi with the average of nine tests being 6,440 psi . 

No increase in strength was noted with increasing depth; in fact, the deeper 

test specimens generally exhibited lower compressive strengths. Depth of 

fracturing in the concrete, as determined by petrographic examination, ranged 

from 0.1 to 1.1 ft with an average depth of 0.5 ft. Other observations based 

on the petrographic examination are summarized in the following: 

a. Although the coarse aggregate was predominantly dolomite and 
dolomitic limestone, no evidence of carbonate-alkali reactivity 
was noted. 

b. Aggregate did not appear "dirty," but several particles with 
weathered rims were noted in each boring. 

c. Most of the weathered particles appeared to be weathered silt
stones which were quite soft, porous and absorbant, and sus
ceptible to freeze-thaw action. 

d. The depth of iron-staining appeared to be the depth of penetra
tion of water from the lock chamber. This surface was very 
irregular and always deeper than the depth of deterioration of 
the concrete. 

e. The series of fractures parallel to the lock wall surface which 
were present in the top portion of each boring appeared to be 
due to freeze-thaw action. 

f. The percent of air voids in the specimens ranged from 0.72 to 
2.12. 

~· The air voids were due to entrapped air and were generally 
associated with the porous dolomite particles. 

h. The concrete contained no entrained air. 
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a. Monolith 31 

b. Gate block monolith 

Figure 9. Typical concrete conditions, 1973, 
Marseilles Lock 
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i. The depth of deterioration appeared to be greater between 
elevations 482.7 and 471.5 (average of 1.08 ft) than between 
elevations 471.5 and 465.0 (average of 0.76 ft). 

i· The core from all borings was tested with the Schmidt Impact 
Hammer. The results were inconclusive due to the inconsistency 
and variability of the readings. 

No conclusions were drawn from the test results regarding the causes of con

crete erosion. Lack of air entrainment, weathering of siltstone particles, 

and severe freeze-thaw environment were believed to be some of the factors 

contributing to the erosion. 

31. Since it appeared that erosion had progressed to the point that the 

integrity of the structure was endangered, a study of materials and 
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construction methods for resurfacing the lock chamber walls was conducted 

(Chicago District 1974). Various methods used for refacing the hydraulic 

structure were studied including shotcrete, preplaced aggregate concrete, con

ventionally placed concrete, precast concrete panels, and epoxy mortar. Case 

studies were made of previous resurfacings to evaluate methods as to their 

performance and suitability for lock resurfacing. In addition, cost and time 

estimates were made for each acceptable scheme under various operational re

quirements of the lock during construction. 

32. Only those methods and procedures which had been successfully used 

for similar types of resurfacing were considered. Each method was selected on 

the basis of the following criteria: 

a. It must be thoroughly and permanently bonded to the existing 
concrete. 

b. It must be sufficiently impermeable to prevent moisture reach
ing underlying existing concrete. 

c. It must, after drying, be free of shrinkage cracks through 
which water could reach the supporting concrete. 

d . It must be resistant to cyclic freezing and thawing. 

e . It must have sufficient resistance to abrasion. 

f. It must not require a long time to complete. 

33 . Based on an evaluation of the advantages and limitations of the 

various repair methods, detailed cost estimates were prepared for the 

following: 

a. Shotcrete . Pneumatic application of concrete to lock surface 
by either dry or wet process. 

b. Precast Panels with Cast-in-Place Concrete. The method con
sists of anchoring 4-in.-thick precast panels and placing con
crete in the space between the panels and the existing lock 
wall by conventional methods (Figure 12). 

c . Precast Panels and Preplaced Aggregate Concrete. Same as b 
above, except the space between the panels and the lock walls 
is filled by preplaced aggregate concrete . 

d . Conventional Concrete. In this method, forms are erected and 
concrete is placed by the tremie method. 

e. Preplaced Aggregate Concrete. In this method, the space 
between the forms and the lock walls is filled with preplaced 
aggregate concrete. 

I n all cases, removal of existing concrete to sound concrete is required. For 

cost comparison purposes it was assumed that, on the average, a 2-in. layer of 

surface concrete would have to be removed. 
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34. Three construction schedules were studied for each repair method. 

a. Schedule A. Close the lock to navigation and perform all 
phases of construction in the dry. 

b. Schedule B. Perform removal of concrete to sound concrete by 
closing of the lock for 8 hr/day. Close the lock upon comple
tion of removal and complete remainder of construction in the 
dry. 

c. Schedule C. Under this schedule, complete closing of the lock 
was not required . However, for part of the construction 
period, the lock operations were restricted to 8 hr/day for the 
shotcrete repair and 16 hr/day for the other repairs. Also, 
during the entire construction period, lockages were limited to 
two barge widths . 

35 . Estimates of cost and construction time for the various repair 

procedures are summarized in the following: 

Repair Procedure 

Shotcrete 

Precast panels and cast-
in-place concrete 

Precast panels and pre-
placed aggregate 
concrete 

Conventional concrete 

Preplaced aggregate 
concrete 

Shot crete 

Precast panels and cast-
in-place concrete 

Precast panels and 
placed aggregate 
concrete 

* Five-day week. 
** Seven-day week. 
t Calendar days. 

pre-

Construction Time, Work Days 

Lock Construction 
Cost, $K 8 hr/day* 

Schedule A 

672 

1,786 

1,842 

726 

732 

Schedule B 

624 12 

1,687 25 

1,742 25 

(Continued) 

23 

Closed 
24 hr/day** 

21 

30 

30 

26 

26 

20 

25 

25 

Total 
Construction 

Timet 

30 

40 

40 

36 

36 

48 

70 

70 



Repair Procedure 

Conventional concrete 

Preplaced aggregate 
concrete 

Shotcrete 

Precast panels and cast-
in-place concrete 

Precast panels and pre-
placed aggregate 
concrete 

Conventional concrete 

Preplaced aggregate 
concrete 

Construction Time, Work Days 

Lock Construction 
Cost, $K 8 hr/day 

Schedule B (Continued) 

678 12 

684 12 

Schedule C 

762 60 

1,372 60 

1,416 60 

638 60 

643 60 

Closed 
24 hr/day 

24 

24 

Total 
Construction 

Time 

54 

54 

84 

84 

84 

84 

84 

36. The cost comparisons indicate that shotcrete and formed concrete, 

either conventional or preplaced aggregate concr ete , are comparabJe in cost. 

Shotcrete was more economical under construction Schedules A and B while 

formed concrete was more economical under Schedule C. Removal of concrete by 

closing of the lock for 8 hr each day and complete closing of the lock for 

shotcreting operations was found to be the most economical. However, it was 

the opinion of the Operations Division that the impact on navigation would be 

less if the lock were comple tely closed for the entire construction, and this 

reduction would more than offset the added cost of construction. Also, there 

were some apprehensions concerning the removal of concrete with the lock in 

operation. It was feared that accidental dropping of concrete debris during 

removal could clog the lock valves . 

37 . Shotcrete was found to be slightly less cos tly than the selected 

repair plan using formed concrete . Shotcrete was not selected because it was 

generaJly agreed that the quality of shotcrete is dependent to a large degree 

on the skill of the nozzleman. Therefore , rigid and extensive controls would 

be required for quality assurance of shotcrete repairs. Also, should removal 

of unsound concrete be more than assumed, the cost of shotcrete would rise 

24 



sharply, while it should remain relatively the same for the formed concrete. 

Therefore, it was proposed to chip back the wall surfaces to sound concrete, 

install reinforcement, place form work to the original surface line of the 

lock, and place either conventional concrete or preplaced aggregate concrete. 

38. The average depth of concrete removal was estimated at 2 in.; how

ever removal to sound concrete would be established by judgment. Absence of 

visible cracks and absence of a flat, dull sound as the concrete surface is 

hit by a hammer would be the basic criteria for establishment of sound con

crete. I t should be noted that it was not proposed to remove the surface con

crete to the depth of microscopic cracks, average depth of microscopic cracks 

being 6 in. It was believed that anchored refac i ng made removal to the depth 

of microscopic cracking unnecessary and also the depth of microscopic cracking 

could not be established in the field. 

39 . Construction was to be done with the lock completely closed and 

work performed 24 hr /day using three wor k shifts each day. It was estimated 

that the construction with t he lock closed would require 26 calendar days to 

complete on the basis of a 7-day work week. The total construction time in

cluding mobilization and demobilization would be 36 calendar days. 

40. Resurfacing of the lock chamber walls was accomplished during a 

30-day period in Apri l and May 1975. Specificat i ons required removal of 

existing concrete to sound concrete and limited the methods of removal to 

hand-operated tools. Blasting was not permitted to avoid cracking of the 

remaining concrete. After award of the contract, the contractor submitted a 

Value Engineering (VE) proposal , to remove the concrete by close drilling and 

blasting. In evaluation of the VE proposal, the contractor was allowed to 

test-blast a section of the lock. The purpose of t he test blasting was to 

ensure that no cracks developed in the lock walls and also t o determine the 

optimum blast-hole spacing for r emoval of concrete. Spacings of 8, 10 and 

12 in. were tried. Based on results of the test, a spacing of 10 in. was 

adopted for production removal. Concrete was removed to a depth of 14 in. 

from the original face of the wall. 

41. Corner armor previously installed was left in place during resur

facing of the chamber walls. Blast holes and holes for concrete placement by 

pumping were drilled behind the existing armor (Figure 13). The replacement 

concrete was placed t o the underside of the resulting overhang. The cavity 

between the new concrete and the existing concrete was filled with epoxy 
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mortar. Tremie holes and blast holes were filled with nonshrink grout and 

were topped with a layer of epoxy mortar. The cracks that resulted from the 

blasting operations were pressure grouted with epoxy. Below the top of the 

wall, resurfacing details were the same as for Dresden Island. 

42. The epoxy applications were a "fiasco" (Juzenas 1979). Delamina

tion of the epoxy layer below the top corner protection plate of the lock wal l 

started within days after reopening of the lock to the waterway traffic. In 

many places the epoxy mortar was rubbery and easily bent by hand. The Water

ways Experiment Station (WES) was engaged to determine the causes of the fail

ure. Upon performance of a battery of tests on the materials and on samples 

taken from the wall, WES concluded that delaminations were predominantly 

caused by barge impacts on the epoxy mortar overlay that was poorly bonded to 

the underlying material. Lack of cleaning and smoothness of the underlying 

material were thought to be the principal contributing factors in producing a 

poor bond. The extraction tests indicated that insufficient curing caused the 

epoxy mortar to be soft. Insufficient curing was attributed to improper mix

ing or proportioning. As a result of the epoxy mortar failure, a horizontal 

~teel plate was used to cover the failure area (Figure 14). 

Figure 14. Steel plat e below corner protection armor used to cover 
expoxy mortar failure, May 1985, Marseilles Lock 
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43. The epoxy layer at the top of the lock also delaminated (Fig-

ure 15). A large percentage of the epoxy overlay has spalled off, is cracked, 

or has disintegrated. A large thermal coefficient of expansion of the epoxy 

mortar as compared to that of the concrete is the most likely cause of 

failure . 

44. The condition of the replacement concrete was examined from a work

boat during an emptying cycle as part of the third periodic inspection in 

August 1977. A pattern of tight vertical cracks at about 4- to 5-ft spacing 

down t o low pool was reported on the right (north) wall. A similar pattern 

was not observed on the south face; however deposits and staining made detec

tion of any fine cracks very difficult. The cracks observed were not consid

ered uncommon and were attributed to volume changes in the concrete related to 

drying, temperature, or both. It was concluded that with the exception of the 

minor cracking noted, the resurfaced walls appeared to be in generally good 

condition. This minor cracking, which was observed upon completion of resur

facing in 1975, had not resulted in any apparent deterioration at the replace

ment concrete. It was recommended that resurfacing of the gate bays, which 

was not accomplished during the 1975 contract because of time limitations, be 

comple ted. 

45. A contract was advertised in April 1978 for removal of surface con

crete from the gate bays and the downstream face of the sill of the upper ser

vice gate and replacement with new concrete, including g~outed anchors and 

metal wall-armor tees; removal of existing corner protection plates and 

installation of new ones in the gate bays, forebays, and the upper guide wall; 

and rehabilitation of the miter gate machinery. The low bid was submitted by 

Thomas Madden Company, Chicago, Illinois, in the total contract amount of 

$1,265,000. The majority of this work was completed during a two-month shut

down of the lock starting 1 August 1978. 

46. The fourth periodic inspection of Marseilles Lock and Dam was con

ducted in September 1982. The condition of the concrete in the lock was 

described as follows: 

a. Upper right guide wall: The surface of the guide wall is 
spalled in places, especially around lamp pedestals, embedded 
steel plates, and joints . The river edge of the wall has been 
resurfaced and is generally still in good condition. Alignment 
of the guide wall is straight . 

b. Lock: 
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Figure 15. Typical delamination of epoxy overlay, May 1985, 
Marseilles Lock 
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( 1) The top surface of the concrete in the upper right emer
gency gate bay monolith is moderately scaled. The 
upstream right gate monolith has reflective cracks that 
are typical of all resurfaced gate monoliths. There are 
weeds growing out of the monolith joint next to the down
stream right service gate. 

(2) The sidewalk adjacent to the right lock wall monoliths has 
subsided. According to the lockmaster, Walt Gatza, the 
problem began with dewatering of the lock chamber for 
rehabilitation work. Mud jacking was undertaken in 1978 
to raise the slabs, but the problem remains. 

(3) The lock chamber walls are generally in good condition, 
although there is some minor cracking and occasional epoxy 
spalled out on the top edges. 

(4) The downstream vertical faces of monoliths 55 and 56, 
resurfaced in 1978, have large shrinkage cracks and some 
leaching (Figure 16) • 

• 
---·---*-----~~~1---~----~~----~ , 

Figure 16. Cracking in downstream 
face of monolith 55, September 1982, 

Marseilles Lock 
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c. 

(5) The upstream end of the lower right and lower left gate 
bays have minor spalling along the construction joints. 

(6) There is some spalled concrete on the downstream edge of 
the upper gate sill. 

Lower left guide wall: 
especially at monolith 
fers from abrasion due 
wall was resurfaced in 
no shrinkage cracks. 

The vertical face of the guide wall, 
joints, is severely weathered and suf
to contact with barges. The top of the 
1981 and is in very good condition, with 

Old Lock No. 14, Mississippi River 

47. The lock was constructed in 1922 in conjunction with a 2.5-mile

long canal as part of the 6-ft channel project on the Mississippi River. It 

is located adjacent to the new Lock and Darn No. 14 at LeClaire, Iowa, which 

was constructed in 1939. After construction of the larger Lock No. 14, the 

old lock was considered an auxiliary lock and used only for access of Corps of 

Engineers boats to the Rock Island District service and maintenance area. In 

1969, the old lock was returned to operation for pleasure craft use on week

ends and holidays from Memorial Day until the first weekend in October. Peak 

loads for the auxiliary lock are in excess of 400 craft carrying 1,700 to 

1,800 passengers per weekend. This lock also continues to be used for access 

to the District service base by floating plant equipment. 

48. The usable lock chamber is 80 ft wide by 320 ft long with concrete 

gravity walls founded on rock. The lock walls as constructed were 27 ft high 

measured from the lock floor, with a base width of 20 ft. Both chamber walls 

retain backfill material. The upper guide wall is a concrete gravity wall 

retaining backfill material. The downstream guide wall is a free standing, 

timber, rock- filled crib wall. In about 1940, the landside wall and the down

stream, riverside gate monolith were modified. Six inches of the original 

concrete was removed and replaced with concrete containing natural gravel 

aggregate. 

49. After 55 years exposure to the elements, lock concrete surfaces 

were severely scaled (Figures 17 and 18). An investigation was initiated in 

1977 to determine the extent and causes of the concrete deterioration. Two 

6- in.-diarn holes were core drilled vertically through the landside lock wall 

and 5 ft into the underlying bedrock. In addition, 6-in.-diam cores were 

obtained from a total of 12 horizontal and vertical holes drilled to depths of 
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Figure 17. General view of lock looking upstream 1977, 
Old Lock No. 14, Mississippi River 

about 2 ft in each lock wall. Following a petrographic examination, compres

sive strength, modulus of elasticity, and resistance to freezing and thawing 

test s were conducted on representative cores. Results of this investigation 

(Rock Island District 1978) are summarizP.d as follows: 

a. The nonair-entrained concrete contained significant amounts on 
nondurable aggregate which had been damaged by cycles of 
freezing and thawing. The deterioration was considered to be 
progressive because the scaled areas and cracks allow more 
moisture to penetrate the concrete. Such moisture penetration 
would enhance further concrete damage when subjected to addi
tional cycles of freezing and thawing. 

b. There were traces of silica gel and calcium sulfoaluminate in 
some of the cracks and air voids. However, alkali-silica 
reaction and sulfate attack were not considered to be of any 
consequence in this concrete. 

c. The concrete in the top of the riverside wall was deteriorated 
to a depth of about 10 in. The 6-in. concrete cap on the 
landside wall was in good condition; however the concrete 
beneath the cap was deteriorated to a depth of about 12 in. 
The downstream gate monolith on the riverside wall exhibited a 
similar condition (Figure 19). The depth of deterioration on 
vertical surfaces ranged from 2 to 7 in. 

d. The compressive strength of the concrete tested ranged from 
2,000 to 3,500 psi. The average chord modulus of elasticity of 

the horizontal cores was 2.0 by 106 psi. 
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a. Riverside wall 

b. Landside wall 

Figure 18. Typical concrete deterioration, 
1977, Old Lock No. 14, Mississippi River 
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Figure 19. Photographs of selected concrete cores, 1977, 
Old Lock No. 14, Mississippi River 
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50. The rehabilitation project began with the award of a contract for 

the cofferdam and dewatering in July 1978. Dewatering was accomplished by 

constructing steel sheet pile cell cofferdams upstream and downstream of the 

lock and pumping with contractor-furnished pumps. Backfill excavation and 

dewatering were required for wall stability during the initial dewatering of 

the lock. The old lock floor was removed, and a new 18-in.-thick reinforced 

concrete slab anchored to the foundation rock was constructed. This slab 

increased the sliding stability of the gravity walls and eliminated the 

requirement for backfill excavation and dewatering for the remainder of the 

rehabilitation work and future dewatering. Type V cement was used in grouting 

floor slab anchors to provide resistance to the possibility of sulfate attack. 

51. Concrete deterioration on vertical surfaces was generally confined 

to those areas of the lock walls above low water level (Figure 20). There

fore, concrete removal and replacement was confined to the top 17 ft of the 

walls except for the outer gate monoliths where extensive concrete removal was 

necessary to accommodate new gates and operating machinery (Rock Island Dis

trict 1980). Twelve inches of concrete was removed from the vertical face 

of the walls, and two feet of concrete was removed from the top of the walls 

(Figure 21). 

52. Removal of the concrete on the vertical face of the walls was ac

complished by line drilling 2-1 /2-in.-diam holes on 12-in. centers, loading 

with 50-grain detonating cord with one-fifth of a stick of water gel attached 

at 18-in. intervals, and stemming the entire hole. This explosive was approx

imately equivalent to 600-grain detonating cord . The new lock floor was pro

tected from damage by placing timber mats on the floor in the area where 

debris from the blasting operation would fall. Concrete removal by line 

drilling and blasting proved to be efficient and precise (Figure 22) . Damage 

to the remaining portions of the walls was minimal. Some drill holes drifted 

out of alignment, but most were straight and accurate. 

53. The concrete on the top surface of the walls was removed by drilling 

2-1/2-in.-diam holes in a grid pattern and blasting. The holes were loaded 

with 50-grain detonating cord with one-fifth of a stick of water gel attached 
• 

at 18-in. intervals and stemmed the full depth. The debris was contained by 

placing timber mats on the top of the walls and hanging rubber tire mats on 

the vertical face of the walls. The bid prices for concrete removal was $140 

per cubic yard. 
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Figure 20 . Typical concrete deterioration, February 1980, 
Old Lock No . 14, Mississippi River 
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Figure 21 . Typical sections showing extent of concrete removal and 
replacement, Old Lock No . 14, Mississippi River 
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Figure 22. Lock walls following removal of deteriorated concrete, 

April 1980, Old Lock No . 14, Mississippi River 

54. The replacement concrete was anchored to the existing concrete by 

No. 6 dowels spaced 4 ft on centers . The dowels were grouted into the exist

ing concrete using prepackaged polyester resin grout cartridges. A reinforc

ing mat, No. 6 bars on 12-in. centers each way, was placed near the face of 

the replacement concrete for crack control. Forms for the new concrete were 

attached to the existing wall (Figure 23). 

55. A concrete mixture proportioned with crushed dolomite coarse aggre

gate (l-in. maximum size), natural quartz fine aggregate and a water

cementitious ratio of 0.44 for a 3-in. slump, 5 percent air content, and a 

compressive strength of 4,000 psi at 28 days was used in the lock rehabilita

tion. Concrete mixture proportions, based on a l-eu yd batch, were as 

follows: 

Material 

Portland cement, type I 
Fly a sh, type F 
Fine aggregate 
Coarse aggregate 
Water 
Air-entraining admixture 
Water-reducing admixture 
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Weight, lb 

510 
110 

1,347 
1,560 
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Figure 23. Concrete forming system and gate installation , 
August 1980, Old Lock No. 14, Mississippi River 

56 . The concrete was hatched, usually 7 cu yd at a time , from a semi

automatic batch plant and transported to the jobsite, a distance of about 

6 miles through urban areas, in transit mixers. Concrete placement was by 

crane and bucket using varying lengths of elephant trunk . The concrete was 

cured using pigmented curing compound. Very few shrinkage cracks were noted 

in the replacement concrete (Rock Island District 1980). The bid price for 

the cast- in- place concrete was $325 per cubic yard. 

57. A testing program was conducted by the Rock Island District to 

evaluate the use of accelerated strength tests to predict the potential 

strength of concrete containing fly ash. For the accelerated tests, 6- by 

12-in. test cylinders were prepared and cured in accordance with ASTM- C-

684-74, Procedure A. A reusable steel mold having machined plates which were 

securely connected at both top and bottom of the mold was used for casting the 

24-hr test cylinder. Immediately after molding, the test cylinders were 

placed into a curing tank. The temperature of the water at the time of immer

sion and throughout the curing period was 95° + 5°F . After curing for 

23-1/2 hr + 30 min, the cylinders were removed from the curing tank and 

demolded. They were then capped and tested at 24 hr + 15 min. 
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Paraffin-coated, single-use molds conforming to ASTM-C-470-76 were used in the 

field for casting the 7- and 28-day test cylinders. The 6- by 12-in. test 

cylinders were prepared and cured in accordance with ASTM-C-31-69. 

58. Results (Burke 1981) confirmed that accelerated strength testing 

was reliable for quality assurance monitoring of concrete containing fly ash 

and for predicting the 28-day strength of concrete under field laboratory 

conditions. Based on these tests, the Rock Island District has adopted 

accelerated concrete strength testing for quality assurance at subsequent 

rehabilitation projects. 

59. The lock was reported to be in excellent condition during the 

fourth periodic inspection, August 1984, although a number of cracks were 

evident in the replacement concrete (Figure 24). 

Dresden Island Lock 

60. The Dresden Island Lock and Dam is located immediately downstream 

of the confluence of the Des Plaines and Kankakee Rivers and is located at 

mile 271.5 of the Illinois Waterway near Morris, Illinois. The lock has a 

usable chamber of 110 ft by 600 ft with miter gates at both ends. Normal lift 

is 21.75 ft. The lock walls are concrete gravity type founded on rock (Fig

ure 25). The upper guide wall consists of concrete piers with a concrete beam 

at the top of the piers. The upper guide wall is free standing with water at 

upper pool on both sides of the wall. The lower guide wall is a concrete 

gravity wall and retains backfill from the landside. The upper miter gate 

sills are concrete arches, and the lower sill is a thin concrete paving over 

the foundation rock. The dam includes an overflow spillway, tainter gates, 

ice chute, head gates, and a concrete arch. The arch is constructed over what 

was to be the sill of the smaller navigation lock which was never built. The 

project was completed in 1933. 

61. In 1954, deteriorated portion of the lock chamber walls and the 

gate bays of the upper and lower service gates were resurfaced. Resurfacing 

in the lock chamber (Figure 26) extended over the even numbered monoliths 12 

through 20 for the land wall and over the odd numbered monoliths 11 through 29 

for the river wall. Also, portions of the back side of the river wall were 

resurfaced. Resurfacing consisted of removal of weathered concrete and refac

ing with anchored and reinforced shotcrete (Gunite). 
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Figure 24 . Typical concrete condition, August 1984, 
Old Lock No . 14, Mississ ippi River 
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Figure 25. Plan and typical section, Dresden Island Lock 
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Figure 26. Wall monoliths that were refaced with shotcrete, 1954, 
Dresden Island Lock 
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62. A minimum of 4 in. of concrete was removed back of the finished 

faces of walls at the work locations. Where existing concrete walls had 

wholly or partly disintegrated surfaces, the finished faces were reestablished 

by means of bronze wire lines stretched between the sound areas of the walls. 

Following concrete removal, surfaces were sounded and loose or shattered areas 

of concrete were removed to solid concrete. 

63. One layer of anchored wire mesh reinforcement (4 by 4 in., No . 6) 

was used for each layer of shotcrete applied. The anchor bolts for the wire 

mesh were 5/8-in. diameter with 2-in. right angle bend at the outer end and 

were spaced 24 in. on centers vertically and horizontally. In addition, when 

the depth of concrete removal from the finished face of the wall was 18 in. or 

greater, bar reinforcement doweled into the existing concrete was installed. 

Where successive layers of mesh were required, each layer was fastened to the 

same set of anchor bolts with No. 16 or No. 18 iron wire. 

64. The concrete surface to receive the shotcrete was thoroughly 

cleaned and washed with water and compressed air to remove all dust, dirt, and 

other foreign materials. The prepared surface was moistened not more than one 

hour prior to placement of the shotcrete, then scoured with an air and water 

jet and finally with an air jet alone to remove all traces of water. 

65. The shotcrete, approximately 1 part cement to 3- 1/2 parts sand by 

dry volume, was mixed in a stationary mixer and transported by conveyor to the 

shotcrete apparatus (Figure 27). The shotcrete nozzle was held at a distance 

of 3 or 4 ft from the surface and at such a position as to direct the flowing 

material at approximately right angles to the surface being covered. At the 

end of a day 's work, the shotcrete was sloped off to a thin, clean, regular 

edge, at approximately a 45-deg slope . No square joints were permitted. 

Shotcreting was carried upward from the bottom of each monolith to the top. 

Shotcreting at a particular level was carried back and forth across the shoot

ing platform as deemed necessary to avoid slump. Where the average thickness 

for the area being worked was 5 in. or less, the wall was built out to the 

finished face without waiting for the shotcrete to set . In large pockets, a 

layer of mesh was used for each layer of shotcrete, and each layer was allowed 

to set at least 3 hr before successive layers were applied. The thickness of 

a layer did not exceed 5 in. except in certain limited areas where in a series 

of successive layers, one layer not greater than 6 in . in thickness was 

allowed. Shotcreting through more than two layers of mesh was not allowed . 
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Figure 27. Shotcrete mixing and delivery equipment, 1954, 
Dresden Island Lock 

66. After shooting to within 1/4 in. of the repaired face of wall, 

high spots in the shotcrete were cut off with the edge of a steel trowel. 

Upon completion of an entire monolith, the surface was sealed with a flash 

coat not more than 1/4 in. thick, except where additional shotcrete was 

required to bring any remaining low areas to grade. No projection of the 

refaced wall beyond the established finished face was allowed. The finished 

face of any wall was not more than 1/4 in. back of the established face. 

Curing was accomplished by means of an approved pigmented curing compound of 

the surface membrane type. The curing compound was applied by power spraying 

equipment as soon as free water disappeared. 

67. All work was performed in a 30-day period during the winter when 

the lock was shut down. The maximum number of men practical was used working 

three 8-hr shifts. During the peak construction period, 190 men were engaged 

in the work. Cost of the resurfacing was $158,000. The lock chamber immedi

ately prior to flooding following the repair is shown in Figure 28. The shot

crete resurfaced monoliths can be seen in the background. 

68. During the original lock construction, horizontal surfaces were 

finished without any slope. As a result, water pending on these surfaces 
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Figure 28 . Chamber immediately prior to reflooding after 1954 
repairs, Dresden Island Lock 
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contributed to the concrete deterioration through cycles of freezing and thaw

ing (Figure 29). In 1961, the top surfaces and the upper 3ft of the vertical 

walls of the lock were resurfaced. This repair involved removing a minimum of 

4 in. of concrete and replacing with new air-entrained concrete reinforced 

with wire mesh. In addition , corner armor was added to the lock chamber 

walls. 

69. During the second periodic inspection in August 1972, random 

cracking of the resurfaced concrete on top of the lock walls was observed. 

This cracking was attributed in part to reflective cracking from the original 

concrete. Concrete deterioration to depths of about 8 in. was reported for 

those portions of the lock chamber walls which had not been resurfaced. The 

concrete and shotcrete lock chamber resurfacing was reported to be in excel

lent condition except for spalling at the monolith joints. Introduction of 

expansion joint material at lock wall monolith joints during resurfacing was 
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Figure 29. Typical concrete deterioration on tops of 
lock walls, 1961, Dresden Island Lock and Dam 
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believed to have contributed to spalling at the joints. Since there are no 

expansion joints in the lock walls, the expansion joint in the resurfaced zone 

cannot function and only absorbs water which causes spalling through cycles of 

freezing and thawing. It was recommended that expansion joints not be used in 

future resurfacing projects. 

70. An extensive core drilling and laboratory testing program was con

ducted during 1976 and 1977 to ascertain the extent and cause of concrete 

deterioration (Stowe et al. 1980a). Four drill holes were located in areas 

that had been resurfaced with concrete in 1961. The new concrete was found to 

be structurally sound by itself, but in certain locations it was considered 

susceptible to barge impact because of the frost-damaged concrete beneath 

(Figure 30). The original concrete in the lock walls was nonair-entrained 

Figure 30. Downhole view showing newer good quality 
concrete overlay and underlying deteriorated concrete, 

1977, Dresden Island Lock 

concrete that was well consolidated during placement. It was structurally 

sound in areas which had not been affected by frost action. 

71. Average physical properties, as determined from tests on concrete 

core taken from the land wall, were as follows: 
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Test 

Effective unit weight, pcf 

Compressive wave velocity, fps 

Compressive strength, psi 

Modulus of elasticity x 106 , psi 

Poisson's ratio 

Near Surface 
Concrete 

149.7 

13,438 

5,840 

2.75 

0.13 

Results 
Bottom of Core 

Specimens 

150.0 

15,258 

5,860 

4.57 

0.21 

The compressive strength and unit weight of the surface concrete were essen

tially the same as that of concrete at greater depths. However, results of 

the remaining tests were lower for near surface concrete as compared to con

crete at greater depths. This difference is attributed to microscopic crack

ing in the near surface concrete. 

72. Deterioration of the exposed and near surface original concrete 

ranged from light to severe. About 80 percent of the exposed vertical sur

faces of the concrete in the lock walls had been effected by frost action 

(Figure 31). The average depth of concrete deterioration as determined by 

petrographic examination were as follows: lock chamber walls, 0.7 ft; river

side of river wall, 0.9 ft; and the upper gate bays, 1.5 ft. Severe loss of 

concrete was evident at most monolith joints. 

73. Three borings were drilled from inside the lock chamber into the 

river wall section previously refaced with shotcrete. The shotcrete had a 

minimum thickness of 12 in. (Figure 32) and exhibited excellent bond to the 

original concrete. Air-void data determined according to CRD-C 42 indicated 

the shotcrete had about 3 percent total air with approximately 2 percent of it 

in voids small enough to be classified as useful for frost resistance. The 

air-void spacing factors ranged from 0.010 to 0.014 in. While these values 

are larger than is desirable (0.008 in. is considered the maximum value for 

air-entrained concrete), they may have imparted some frost resistance. Also, 

there were no large voids or strings of voids due to lack of consolidation 

such as have been observed with other shotcrete specimens. Typical surface 

conditions of the shotcrete are shown in Figure 33. 

74. A major rehabilitation program for Dresden Island Lock and Dam was 

developed by the Chicago District in 1977. The condition of existing struc

tures, need for rehabilitation, and proposed rehabilitation design were 

described in a Design Memorandum (Chicago District 1977). Major features of 
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Figure 31. Typical concrete deterioration, 1977, 
Dresden Island Lock 
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Figure 32. Horizontal core taken through shotcrete 
resurfacing, 1976, Dresden Island Lock 

the rehabilitation included: (a) resurfacing of lock chamber walls, upper and 

lower gate bays and forebays, back side and top of river wall, and stairs at 

lower end of lock; (b) repairs to upper and lower service gates, invert of 

lock culverts and miter gate machinery, and stabilization of lower guide wall; 

(c) replacement of electrical system; (d) resurfacing of the tainter gate 

piers of the dam and head gate section; (e) reconstruction of counterweight of 

one tainter gate; (f) repair of ice chute abutments, walkway bridge, and 

tainter gate seals; (g) installation of heating-deicing units for two gates; 

and (h) construction of scour protection below the tainter gates. Total cost 

of the rehabilitation was estimated at $8,300,000. 

75. A contract to accomplish items (a) and (b) above was advertised in 

January 1978, and a contract was awarded in April 1978 to the low bidder, 

J. M. Foster, Incorporated, of Gary, Indiana, in the amount of $4,444,444. It 

was anticipated that the majority of the work covered under this contract 

would be completed during a two-month shutdown of the lock scheduled to begin 

1 August 1978. 

76. The contract required removal of deteriorated concrete to a depth 

of approximately 15 in. from the face of the lock wall prior to resurfacing; 

however the contractor elected to remove concrete to a depth of 17 in. to 

avoid complications in removal at the top of the wall. Height of concrete 
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a. River wall 

b. Interface between shotcrete (left) 
and original concrete 

Figure 33 . Shotcrete surface conditions, 1977, 
Dresden Island Lock 
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removal was about 28 ft as measured from the top of the lock wall. Use of 

explosives in the concrete removal was permitted. The contractor was required 

to submit a detailed blasting plan that included the diameter, depth, and 

spacing of the blast holes; the size, location, and type of charges; the 

blasting sequence; the monitoring plan; and the safety precautions to be fol

lowed. The contract limited the extent of blasting to one 30-ft-wide monolith 

at a time. To minimize the tensile stresses on the removal plane, the spacing 

of the blast holes was limited to 8-in. centers. Each blasting was to be mon

itored by three seismographs as a minimum. One seismograph was to be located 

at the lock control house, and two were to be at the gate block monoliths 

nearest to the blast located on opposite sides of the lock. 

77. The contractor employed a subcontractor for blasting operations who 

in turn used the services of another firm for development of the blasting plan 

and monitoring of the blasting activities. Three test blasts were performed 

prior to the adoption of the plan for production blasting. The blasting plan 

for the three tests is shown in Figure 34. The test data are summarized as 

follows: 

Test Blast Data 

Total Max. Explosive 
No. of Explosive Delay Weight/Delay 

Test Holes Weight, lb msec lb 

A 17 12.2 0, 2 to 6 3.56 

B 18 15.75 0, 2 to 7 5.8 

c 39 38.8 0, 2 to 9 8.3 

Seismograph Data 

Particle Scaled 
Seismograph Velocity Energy Distance 

Test No. in./sec Ratio ft/16-1/2 

A 1 0.16 0.007 105. 9 
2 0.30 0.025 92 . 7 
3 0.97 0.26 22.8 

B 1 0.18 0.0089 87.2 
2 0.41 0.046 76.8 
3 1. 04 0.30 18.7 

(Continued) 
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Seismograph Data (Concluded) 

Particle Scaled 
Seismograph Velocity Energy Distance 

Test No . in. /sec Ratio ft / 16-1 /2 

c 1 0.07 0 . 0013 78.1 
2 0.39 0.042 67.7 
3 1.55 0.66 12.15 

Typical condi t ions of the concrete in the lock wall following blasting are 

shown in Figure 35 . 

78. From the nine test points, a linear regression of particle velocity 

versus scaled distance was developed for guidance in production blasting (Fig

ure 36) . While all three tests produced satisfactory results, generally a 

clean break without cracking in the remaining structure, the size of charges 

and delays of test blast A were adopted for production blasting. Forty-five 

holes at 8-in. spacing, constituting the width of one monolith, were detonated 

at a time. The size of charges and delays· are extremely important factors in 

concrete removal . In an almost identical Jock resurfacing project, at Starved 

Rock, the contractor test blasted a 30-ft-wide monolith with 45 holes at 8-in. 

centers, each hole loaded with 150-grain detonating cord (no dynamite) and no 

delays. The results were disastrous with numerous cracks developing at 

corners of cable galleries and elsewhere. The contractor modified the blast

ing procedures by decreasing the detonating cord to 100 grain and using 

delays. Excellent results were obtained with the modified system (Juzenas 

1980). 

79 . Following removal of concrete to a depth of 17 • 1n. from the origi-

nal wall surface, the lock walls were resurfaced as shown in Figures 37 

and 38. Concrete anchors were No. 6 reinforcing bars spaced on 2-ft centers 

each way. The anchor s were embedded using two-component polyester resin grout 

cartridges. Insertion of the anchor into the drill hole ruptured the seal 

between the two- component resin in the previously installed cartridge . Mixing 

of the grout was accomplished by spinning the anchor using an electric drill. 

A straight anchor bar was selected for ease in attachment to the drill chuck. 

The size, length of embedment, and spacing of the anchors were arbitrarily 

selected using engineering judgment. To assure adequate embedment of the 

anchors, pull-out tests were specified. Three anchors were specified t o be 
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tested initially and 2 percent of all the anchors thereafter. Specified 

anchor pullout load was 8 tons, which is equal to 90 percent of the yield 

strength of the anchor of grade 40 reinforcing steel. None of the bars failed 

under the test load. Embedment of the anchor bars into the new concrete was 

about equal to that required for development of a tension bar. 

80. The concrete reinforcement, No. 5 bars on 12-in. centers each way, 

was arbitrarily selected. The reinforcement was somewhat more than specified 

in EM 1110-2-2103, "Details of Reinforcement-Hydraulic Structures," which re

quires, for slabs restrained on one face, reinforcement to be equal to 

0.20 percent of gross cross-sectional area half in each direction, placed near 

the unrestrained face. The Guide Specification (CW-03301) for Cast-in-Place 

Structural Concrete was used in preparation of contract specifications. Com

pressive strengths of 4,000 psi at 28 days were specified. To minimize 

shrinkage cracking, a water-cement ratio of 0.5 maximum was specified. The 

drawings specified a construction joint at the midheight of the 28-ft resur

facing or, as an alternative to a joint, required the contractor to submit a 

concrete vibrating plan. The contractor chose the latter. 

81. In the earlier shotcrete resurfacing, 1/2-in.-thick expansion joint 

material was placed at the monolith joints. At the time of the concrete re

surfacing, the monolith joints exhibited considerable spalling. It was be

lieved that the expansion joint material becomes saturated and, through cycles 

of freezing and thawing, contributed to spalling at the monolith joints. 

Based on this observation and the fact that the existing monolith joints were 

tight, only asphalt saturated felt paper (30-lb weight) was used in the mono

lith joints to serve as a bond breaker. 

82. Wall armor was installed in that portion of the lock walls previ

ously repaired by shotcreting as shown in Figure 39. Note that at the bottom 

removal line drilling and broaching was specified to prevent cracking in the 

concrete below. Similar armor was installed in the concrete resurfacing. 

83. The 12-in. thick concrete overlay on the backside of the river wall 

was placed over the existing weathered concrete (Figure 38). The new concrete 

was intended to serve as a sealer and to protect the concrete below from fur

ther disintegration. The existing weathered concrete was not removed for rea

sons of economy. It was believed that with anchored concrete, where struc

tural and user considerations permit, this method may be the optimum repair 
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solution. This repair section will serve as a prototype test on durability of 

this type of resurfacing. 

84. Calculations using conventional methods showed that the lower guide 

wall was usable under normal operating conditions. The fact that the wall had 

stood for about 40 years while the lock was in operation appeared to say some

thing about the reliability of the analysis when performed by conventional 

methods. However, when analyzed by the finite element method, the wall was 

found to be stable with about 25 percent of the base in compression. Stabili

zation of the lower guide wall by posttensioned tendons was considered neces

sary to increase its stability against overturning. The anchors were nine

strand, seven-wire anchors, designed for 225 kips working load (Figure 40). 

They were spaced at about 7-1/2-ft centers. The anchors were about 48-ft long 

with a bonding length in rock of about 25 ft. The anchors were embedded in 

grout their full length. 

85. Shrinkage cracks in the replacement concrete were observed during 

the resurfacing operation. The cracks were about 4 to 8 ft apart and gen

erally ran in both horizontal and vertical directions. Since such cracking 

may accelerate concrete disintegration, the cracks were considered undesir

able. It was suggested that fiber-reinforced concrete or shrinkage compen

sating cement might be beneficial in eliminating such cracking (Juzenas 1979). 

86. Although there is some minor spalling at monolith joints and at the 

interface between the shotcrete and the concrete placed in 1978 when horizon

tal armor was installed (Figure 41), overall the shotcrete remains in excel

lent condition after more than 30 years in service. With the exception of 

some isolated spalling (Figure 42), the concrete resurfacing inside the lock 

chamber is in good condition. Cracking previously reported in the replacement 

concrete has generally been obliterated by staining on the concrete surface. 

The concrete overlay on the back side of the river wall appears to be in gen

erally good condition although there are a number of cracks in some areas 

(Figure 43). Minor seepage occurs sporadically through a horizontal cold 

joint located at midheight on the wall. 

Lock and Dam No. 3, Monongahela River 

87. Lock and Dam No. 3 is located on the Monongahela River in Allegheny 

County immediately upstream of the town of Elizabeth, Pennsylvania. It is 
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Figure 41. Typical condition of wall sections resurfaced with shotcrete, 1986, Dresden Island Lock 

Figure 42. Condition of replacement concrete, 1986 
Dresden Island Lock 



Figure 43. Typical condition of concrete overlay on 
back side of river wall, 1986, Dresden Island Lock 
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about 24 miles upstream from Pittsburgh, Pennsylvania , where the confluence of 

the Monongahela and Allegheny Rivers form the Ohio River, and about 105 miles 

be low the navigable upstream limit of the Monongahela River at Fairmont, We s t 

Virginia. 

Pro j ect history 

88. The original locks and dam were constructed between 1905 and 1907. 

The locks were constructed by the Dravo Contracting Company of Pittsburgh, 

Pennsylvania, and the darn by the US Army Engineer Office, Pittsburgh, Pennsyl

vania, using hired labor. The structure has been operated and maintained 

since 20 May 1907. The construction history is summarized in Figure 44. 

89. The original lock structure consisted of two 360-f t l ock chambers 

situated on the right bank of the river. The landward lock chamber was pro

vided with gate recesses and miter sill at rnidlength that would reduce the 

chamber length to 180 ft. These provisions were incorporated for low water 

lockages if necessary. Control of the filling and emptying systems was by 

8-ft-diarn cylindrical valves of the air-operated vertical lift type. The land 

chamber was filled through an intake in the land wall gate recess discharging 

through six ports in the upper miter gate sill, through an intake in the river 

wall upstream of the upper miter gate sill, and through an intake in the river 

wall through five ports in the middle wall. The chamber was emptied through 

valves in the gate monoliths of the land and middle walls discharging into the 

river downstream of the lower miter gates. The river chamber was filled 

through a valve in the river wall gate monolith discharging through six ports 

in the gate sill and through an intake in the river face of the river wall 

downstream of the upper gate, discharging through five ports in the river 

wall. The chamber was emptied through two valves in the river wall upstream 

of the lower gate, discharging into the river through the river face and down

stream end of the river wall. 

90. The original dam provided a gated structure with air-operated re

verse sector type gates. The crest of the concrete section was at eleva-

tion 723.9 with the gate providing pool elevation 726.7. The concrete struc

ture is supported on timber piles spaced on 4-ft 2-in. centers transversely 

and 4-ft centers longitudinally. No records exist defining the type and s ize 

of the bearing piles. It is speculated that the piles are 12-in. oak, consis 

tent with normal practice at that time and with piles used in similar struc

tures. Wakefield piling provides an upstream cutoff with a row of timber 
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sheets driven at the downstream end of the section. An 18-ft-wide rock-filled 

timber crib was constructed downstream of the dam. 

91. In 1919, a power house was constructed on the river wall by build

ing an additional concrete monolith over the dam section adjacent to the river 

wall. The extra miter gate recesses at midlength in the land chamber provid

ing for low water lockage were filled in with concrete at this time. Also in 

1919, after the desired effect of the gated dam was not achieved, the gates 

were removed and a concrete section was added to the original concrete and 

stone-filled crib to create a fixed crest dam with crest elevation 726.9. 

92. Major modifications, which included lengthening the land chamber to 

720ft and revising its filling and emptying system (Figures 45 and 46), were 

made to the lock structure during 1923 and 1924. The lock chamber was length

ened by extending the middle wall, land wall, and lower guide wall. Revision 

of the filling system consisted of constructing a flumeway adjacent to and 

behind the existing land wall. Five intake ports located in the land wall 

upstream of the needle dam sill filled the chamber through seventeen 54-in.

diam ports in the land wall face. Seventeen discharge ports of the same 

diameter were provided in the middle wall extension. Control of the filling 

and emptying ports was achieved with a hydraulically operated, air-powered, 

54-in.-diam butterfly type valve in each port. 

93. In 1926, the upper guide and guard walls were extended. The upper 

guard wall consisted of a concrete cap supported on a rock-filled crib. The 

upper guide wall monoliths were founded on rock. 

94. By the 1970's, deterioration of the concrete and operating features 

was accelerating, necessitating more frequent repairs. The chamber faces of 

the locks had been repaired twice and were in need of repair again. The gates 

and related features had been repaired a number of times and the gates re

placed several times. Budget cuts had just about eliminated "normal mainte

nance" and reduced repairs to those labeled "emergency." The repairs that 

were made tended to be more extensive, more costly, and closed the lock cham

ber for longer periods of time. A summary of the large repair items since 

1930 is presented as follows: 
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Date 

1919 
1930 

1931 
1932 
1932 
1935 
1936 

1936 

1938 
1939 
1939 

1940 
1940 

1943 
1944 

1944 

1946 
1949 
1949 

1951 

1951 
1952 
1952 
1952 
1952 

1954 

1955 
1955 

1957 
1958 

Repair History 

Repair 

Fill land lock gate recesses 
Land lock; repair sills and replace 

upper gates 
River chamber; valves and sills 
River chamber; valves and gates 
Replace turbine and valve stems 
Reface land lock chamber walls 
River chamber; repair sills and replace 

lower lock gates 
Land chamber; valve, lock walls, and 

miter sills 
Land chamber; emptying valves 
Repair apron of dam 
River chamber, repair valves, upper gate 

and sills 
Gunite river wall 
Land chamber; repair miter sills and 

replace gates 
River chamber; replace upper lock gates 
River chamber; repair miter sills, quoin 

seals, and valves 
Land chamber; repair valves, gates, and 

miscellaneous repairs 
Repair top of lower guide wall 
Land chamber; replace lower gates 
River chamber; repair sills and valves, 

replace gates 
Repair gate anchorage and gate operating 

machinery 
Repair upper middle wall gate 
Reface land chamber by guniting 
Land chamber; replace upper lock gates 
Repair top of river wall 
Land chamber ; repair miter sills , valve, 

and lower gate 
Reface upper guard wall and river chamber 

lock walls by gunite 
Land chamber; repair sills and valves 
River chamber; repair sills, gates, and 

valves 
Spot reface river face of river wall 
Repair top of middle wall 

* Estimated cost (actual not available). 
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Cost, $ 

2,300 
Not given 

Not given 
8,574 

23,781 
29,936 

7,130 

12,951 

6,467 
4,742* 

13,829 

11,072* 
15,971 

7,846* 
20,612 

63,760 

4' 145 
13,981* 
55,156 

17,365* 

1,500* 
19,981* 
13,409* 
6,480* 

27,951 

17,310* 

52,898 
44,880* 

14,795 
66,064 

Days Lock 
Closed 

15 

15 
16 

Extended 

22 

15 

Extended 

37 

14 

Extended 

13 
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Condition evaluation 

95. The condition of the structure was evaluated by WES during the 

period October 1974 through June 1975 (Pace et al. 1976). The objective of 

the study was to conduct a detailed condition survey of the structure and 

operating systems along with an in-depth engineering evaluation and review of 

the condition, stability, and stress analysis of the lock masonry. As part of 

the preliminary work for this study, several related items were accomplished. 

In the Spring of 1973, the District conducted a crack survey which was supple

mented later that year when WES performed a similar survey. Also in 1973, the 

District awarded a drilling contract for eight vertical 6-in.-diam cores 

through the concrete into the foundation rock, and 28 horizontal NX cores 

drilled into the wall faces. Ten additional vertical NX cores were later 

taken. These cores were used by WES in evaluating the condition of the con

crete and foundation materials. The 6-in.-diam holes were also used for bore-

hole photography. 

96. From general observations, it was noted that the lock walls were 

badly spalled and scoured. Previous shotcrete repairs of the wall faces were 

almost completely deteriorated (Figure 47). The structural beams supporting 

Figure 47. Concrete deterioration in river chamber, June 1978, 
Lock No. 3, Monongahela River 
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the slab over the filling flume were crushed at the ends and cracked with 

reinforcing steel exposed. Cracks were noted in the top of the slab and were 

found to extend through the slab. The concrete under the gate operating 

machinery was cracked and deteriorating. 

97. The 6-in.-diam cores, the horizontal NX cores, and the borehole 

photography showed that the top 2 to 6 ft of concrete was badly weathered and 

deteriorated. The cores contained fairly close spaced parallel fractures 

characteristic of cyclic freezing and thawing action. There were several rea

sons, in addition to the age of the project, for the extent of concrete dete

rioration. At the time of the original lock construction (1905- 1907) and the 

lock extension (1923-1924), the state of the art was such that the required 

quality control on items such as aggregate type and origin, cement quality, 

concrete mixture designs, placing and curing requirements, source of water, 

strength requirements, and testing procedures was much less restrictive than 

presently required. The lack of quality control and the absence of protective 

wall armor, steel reinforcement, and air entrainment admixtures made the lock 

walls susceptible to extensive abrasive and erosive action over the years . 

The high acidity of the river water resulting from mine acid drainage further 

aggravated the condition by destroying the cementitious material in the sur

face concrete. The wear and aging process was accelerated by all these condi

tions and deficiencies. 

98. The foundation drilling disclosed several zones of possible weak

ness in the foundation rock. The foundation rocks recovered were essentially 

flatlying, cyclic sediments consisting of shale, limestone, siltstone , and 

undurated clay. Coal is present in minor quantities. Cores taken in the gate 

monoliths indicated weathered and badly fractured rock for an average depth of 

8.5 ft. Borehole photo logs showed areas where there is poor contact between 

the concrete and foundation rock. 

99 . A stability analysis was made on selected monoliths of the locks, 

the dam, and the abutment to determine if adequate resistance against over

turning and sliding and excessive base pressures existed. Only one monolith 

of each typical configuration and loading was analyzed. The results of the 

stability investigation showed the land wall monoliths did not meet the re

quired values for percent active base and shear-friction factor of safety. In 

most cases, the values were significantly below the allowable with the posi

tion of the resultant for several of the monoliths falling outside the base. 
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The land wall monoliths were also checked using active earth pressures with 

the resulting values still being below the allowable values. Foundation pres

sures were considered excessive for the majority of the monoliths. The middle 

wall monoliths generally met the required minimum percent active base but were 

deficient in shear-friction factor of safety. The river wall monoliths also 

generally met the required active base, but there were several exceptions. 

The shear-friction factors of s a fety were lower than the allowable with sev

eral of the allowable base pressures exceeded. 

100. For the stability analysis of the fixed crest dam the normal 

operating condition was analyzed, assuming normal upper and lower pool levels, 

and the results were within acceptable limits. Allowable pile loadings were 

assumed based on prior experience with similar structures (horizontal, 

6 kips/pile; compression, 48 kips/pile). The actual loadings were within 

those values. The dam abutment was analyzed using the assumed allowable pile 

loads for the fixed crest dam analysis. The position of the resultant fell 

outside the base of the abutment and caused excessive tensile and compressive 

stresses in the supporting timber piles. These stresses account for the 

riverward cant of the abutment wall. 

101. In summary, the investigation identified five areas as critical 

and in need of emergency repairs. These areas were the upper guide wall, the 

upper guard wall extension, the filling flume retaining wall, the lower gate 

monoliths on the middle wall, and the lower guide wall end monolith. 

Rehabilitation 

102. When it became apparent that major repairs would be required to 

assure the continuation of the locking capability of Lock No. 3, a rehabilita

tion plan was formulated (Pittsburgh District 1976) and carried out which 

included replacing the upper guard wall extension, anchoring unstable walls, 

renovating gate and valve operating wachinery, refacing and resurfacing lock 

walls, changing the operating system from air to hydraulic, and renewing the 

electrical system. Replacing the upper guard wall extension and anchoring the 

land chamber filling flume wall were considered critical items and were accom

plished under separate contracts in 1977. The remaining work was included 

under a contract awarded in June 1978 to the Dravo Corporation of Pittsburgh, 

Pennsylvania. 

103. Several plans for accomplishing the major rehabilitation work 

while minimizing the impact on the local economy were studied. It was 
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determined that the most practical and least economically damaging alternative 

was to close the chambers one at a time and extend the river chamber from 

360 to 720 ft to adequately pass traffic while the land chamber was closed 

(Figure 48). Under this plan, the work was carried out in two phases 

(Pittsburgh District 1980a). The first phase covered all work in the river 

chamber, including extending it by constructing a sheet-pile cell river wall 

extension, a lower gate monolith, and miter sill. The contractor also per

formed work on the land chamber which did not interfere with locking during 

the first phase. The second phase included all work on the land chamber which 

necessitated the closure of the chamber. 

104. The upper guide wall was constructed during the period 1905-1907 

and extended in 1926. Severe scouring and gouging had occurred at areas where 

tows had hit the wall in lining up for lock entry. Wall faces had been 

scoured back an average of 6 to 8 in. Maximum gouge depth in one reach of the 

wall was 36 in . (Figure 49). Wall thickness in the area of the gouging is 

4 ft from the top of the wall to elevation 731.83 and 5 ft 2 in. between ele

vations 731 . 83 and 728 . 17. Continued scouring and gouging could have resulted 

in failure of the guide wall. One section from Station 4+25A to Station 6+52A 

was designated as extremely critical, and the repairs were started by District 

hired-labor forces in August 1976 . 

105. The work was done on one monolith at a time beginning at Sta

tion 4+25A . Old concrete was removed from the face of the wall by jackhammer 

where necessary to provide a minimum depth of 12 in. for the new concrete. 

The repair extended from the top of the wall to the waterline (approximately 

6ft). After the concrete was removed, No. 7 dowels were grouted into the 

wall on 2- ft centers . Initially Sikadur Hi-Mod Gel, as manufactured by the 

Sika Corporation, was used to anchor the dowels. The gel proved difficult to 

inject into the holes, so a sand- cement grout was used instead. Wire mesh, 

6 by 6, No. 6, was attached to the dowels . Three 35-ft sections of used 90-lb 

railroad rail were positioned in the wall, so the rail would extend 1/2 in . 

past the face of the wall. The rails were spaced 1 ft 8 in. apart vertically 

to act as wall armor (Figure 50) . When the reinforcing and rails were in 

place, forms were erected for the wall face and concrete was placed. Ready

mix concrete with Type II cement was used. By mid- December, the work had been 

completed to Station 5+87A . High water and adverse weather conditions made it 

impractical to continue. The rest of the upper guide wall was repaired by the 
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Figure 49. Upper guide wall deterioration, 1974, 
Lock No. 3, Monongahela River 

Dravo Corporation in 1980 under the major rehabilitation program. The total 

cost of the hired-labor work was $89,600. 

106. The 200-ft-long upper guard wall extension was constructed in 

1926. It consisted of a concrete cap on rock-filled cribbing. Investigation 

in 1975 revealed the entire guard wall extension had settled approximately 

9 in. and was canted riverward about 5 or 6 in. The wall was visibly out of 

alignment. A diver's inspection revealed that the top timbers of the wider 

bottom section upon which the top section and concrete cap rested were broken. 

Although all the timbers in this area could not be inspected because of silt 

and debris, it was suspected they had also failed and caused the riverward 

cant. The stability analysis confirmed this area as a problem area because of 

excessive bearing pressures at the plane between the upper and lower cribs. 

It was concluded that tow impact, along with deterioration of the timbers and 

potential loss of crib fill, would ultimately have caused the complete col

lapse of the wall. 

107. The remedial solutions considered included bracing on the river

ward side by means of sheetpiling or a rock berm. These solutions were 

rejected since they would not have deterred the vertical settlement. The 

sheet-pile bracing by itself would not have provided any appreciable lateral 
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Figure 50. Upper guide wall repairs, December 1976, Lock No. 3, Monongahela River 



support. A rather substantial rock berm would have been necessary to be 

effective. Neither of these, or other s upport measures, would have remedied 

the deteriorated condition of the concrete cap and cribbing. A decision was 

made to remove the entire wall and replace it with a new guard wall extension 

of s teel sheet- pile cell construction. A contract for this work was awarded 

to Crain Brothers, Incorporated, Sewickley, Pennsylvania, in January 1977. 

108. A derrick-boat was used to remove the existing wall. The concrete 

cap was broken with a headache ball and then loaded into barges with a clam

shell bucket for disposal . The timber cribbing and rock fill were also 

removed with a clamshell bucket. The river bottom was cleaned and graded in 

preparation for sheet-pile placement. 

109. The new guard wall extension consists of six circular sheet- pile 

cells, 24.4 ft in diameter, connected by five arcs. The downstream most cell, 

No. 6, was not attached to the upper guard wall. Its downstream side is 

located approximately 12 ft from the wall to maintain an opening to improve 

approach conditions during high flows. The total length of the wall is 

208.7 ft. Government-furnished PS-28 steel $heet piling was used for the 

cells. All sheet piles were driven to rock. Prior to driving, the portion of 

the piling which is 2 ft above and 2 ft below normal upper pool was sand

blasted and painted with coal tar epoxy. 

110. The upstream- most cell, No. 1, was filled to elevation 729.0, 

2.1 ft above normal upper pool, with tremie concrete, then later filled to 

elevation 736.0 to make a totally concrete- filled cell. The tremie concrete 

was a 7 . 0- bag/cu yd mixture, with a 7-in . slump and 4.2 percent air entrain

ment . Type IS cement was used. All the contractor's concrete was ready- mixed 

concrete delivered by truck from a local supplier. The concrete was trans

ferred to 4-cu yd buckets on barges at a dock 0.4 miles from the jobsite . In 

order to maintain a continuous pour of tremie concrete, two towboats with 

barges and buckets were used. At the cell, the tremie concrete was trans

ferred to a hopper on top of an 8-in. - diam tremie pipe. 

111. All other cells and arcs were filled with clean, free - draining 

sand and gravel and capped with 2 ft of concrete. The sand and gravel was 

dredged from the Monongahela River immediately below Lock and Dam No . 2. This 

material had previously been used for cell fill with good results. The con

crete for the caps was a 5.5- bag/cu yd mixture, with an 8-in. slump and 

4.0 percent air entrainment. The caps are reiQforced by two layers of 6- by 
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6-in. W4 by W4 wire mesh. A curing d H 30D f d b compoun , orncure , manu acture y W. 

R. Grace and Company, was applied to the surface. The concrete was also 

covered with light burlap to protect it from the sun. 

112. A steel fender system, consisting of four rows of TS 10 by 10 tub

ing filled with concrete, was constructed on the landside of the cells. The 

upper guard wall extension (Figure 51) was completed in September 1977 at a 

Figure 51. Upper guard wall extension, October 1977, 
Lock No. 3, Monongahela River 

total contract price of $520,448. The contractor, Crain Brothers, Incorpo

rated, had a lot of prior experience with cell construction and thus was in

strumental in successfully completing the work on schedule. There was no 

settlement in any of the concrete caps, and the caps were free of cracks. The 

uppermost cell, which is concrete-filled, had a few hairline cracks in the top 

surface. 

113. The filling flume for the land chamber was constructed in 1924. 

The landward retaining wall was found to be inherently unstable, relying on 

the flume deck bearing against the land wall to support it. The deck is of 

concrete beam and slab construction. Structural cracks extended through the 
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slabs and beams. The beams were c rushed at both ends, and the deteriorated 

concrete in the beams exposed the reinforcing steel . There was evidence that 

some movement of the flume wall had occurred. With continued deterioration of 

the slab and beams, failure of the wall would have occurred. 

114. It was determined that the best method of stabilizing the flume 

wall was with rock anchors (Figure 52). The original design called for the 
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Figure 52 . Section through land. chamber filling flume 
looking upstream, Lock No . 3, Monongahela River 

installation of 97 rock anchors on an average spacing of 6 ft. Tendons were 

to be 1-1/4-in.-diam high tensile steel Dywidag thread bar anchors. Four of 

the anchors were to be tested to 140 kips or 75 percent of the ultimate bar 

strength, and all the bars were to be locked off at 112 .5 kips or 60 percent 

of the bar strength. The design procedure was to drill a 4-in.-diam hole 

through the concrete wall and a 3-1 /2-in .-diam hole through the overburden. 

Then a 3-in. -diam casing was to be installed in the hole. The hole into rock 

was 3 in. in diameter. The specifications called for testing for watertight

ness and pregrouting if necessary with subsequent redrilling. The bond length 

of the bars in rock, 20 ft, was t o be grouted with a cement grout, and after a 

minimum setting time of 7 days, the bar was to be stressed . After stressing 

and checking, the stressing length of the bar would be grouted for corrosion 

protection. 

115. In May 1977, a contract for the installation of the rock anchors 

was awarded to Nicholson Anchorage Company of Bridgeville, Pennsylvania . The 

work commenced on 3 June 1977. Nicholson proposed, and the Corps approved, 

several modifications to the specified materials and procedures. The tendon 

used was a 1-3 / 8-in.-diam "Stressbond" bar manufactured by Stressteel 
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Corporation of Wilkes-Barre, Pennsylvania, from 160-ksi minimum s teel. The 

ultimate strength of this bar is 237.6 kips. The spacing was increased to an 

average of 8 ft, and the total number of anchors was reduced to 72. The test

ing requirement was modified so that the first 10 anchors installed, and 

thereafter one every monolith or not less than one out of five be tested to 

190 kips, 80 percent of the ultimate strength of the bar. The l ock-off load, 

60 percent ultimate, was 142.8 kips. 

116. Anchor boreholes, 4-1/2 in. in diameter, were drilled on a 1.5V on 

lH slope through the concrete and the overburden. A s tandard 4-in.-diam 

Schedule 40 pipe was placed through the overburden and 1 ft into rock. A 

3-1/2-in.-diam hole was then drilled 20 ft into r ock. The drilling equipment 

used by the contractor consisted of a crawler-mounted hydraulic drill rig spe

cially designed and built for anchor installation (Figure 53). Because of the 

~ 

Figure 53. Crawler-mounted 
installation, Lock No. 

drill rig used for anchor 
3, Monongahela River 

limited load-carrying capacity of the concrete slab over the flume, the con

tractor was required to place planking across the beams spanning the deterio

rated slab. A high-pressure water flush was used to remove drill cuttings and 

clean the boreholes. 

117. Installation of the filling flume anchors was especially difficult 
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because downstream of the operations building the anchor heads are located 

5 ft below the top of the filling flume slab (Figure 54). Another difficulty 

was that high water is fairly common at Lock No. 3, and the contractor had to 

install scaffolding or work platforms inside the flume that could be easily 

raised. The contractor had to break an opening in the slab and drill at a lV 

on 1.5H slope through the concrete retaining wall and the overburden material 

while advancing a 4-in. diam casing and, finally, into the rock for a depth of 

at least 20 ft. The slope and the vertical location of the anchors were opti

mized by many trials using various slopes and locations. The controlling cri

terion for the design of the anchors was to keep the resisting-to- overturning 

moment ratio around 1.3. This value is not usually computed for new struc

tures. In the Pittsburgh District when investigating stability for existing 

structures undergoing rehabilitation, it is found that this ratio gives a 

better perspective of possible overturning failure, more than just the percent 

active base criteria (Krysa 1982). 

Figure 54. Installation of filling flume anchors, 
Lock No. 3, Monongahela River 

118. The requirements for testing watertightness and pregrouting were 

eliminated. Instead the contractor adopted a one-stage grouting process which 

assured all crevices and fissures were filled. Grout was pumped into the 

borehole through a 2- in. grout pipe. Pumping was continued until fresh grout 

overtopped the 4-in. casing at the surface. The grout level was monitored for 
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a period to see whether there was any loss into voids or fissures in the rock. 

In only two cases was there any grout loss, and this loss was caused by small 

interconnecting fissures between boreholes. In these cases, grouting was done 

in a manner which filled the interconnected holes at the same time. 

119 . The grout used was Atlas Type III cement mixed in a high speed 

colloidal mixer with water at the rate of 5 gal per 94-lb bag of cement. No 

admixtures were used. An expansive agent had been specified, but the contrac

tor requested a variance on technical grounds. He contended that based on his 

experience, expansive grouts worked effectively only when fully constrained. 

In an anchor borehole, full constraint is not possible, and thus the grout is 

free to expand without restraint up the borehole. This loss of density is 

accompanied by a loss of strength. Since the grout is a main structural mem

ber in the load-carrying system , this expansion was undesirable. The variance 

was allowed. 

120. After it was established that the grout level was stable, the 

anchor bar was inserted to full depth using a cherry picker to handle the 

bars. The stressing length of the bar was coated with No- Ox-Id Type A grease 

and encased with polyethylene tubing. This coating was done for debonding 

purposes and corrosion protection. By testing grout cubes, it was determined 

that the grout was not attaining the specified strength of 4,000 psi in 

7 days. Therefore, the contractor waited 14 days before stressing and testing 

the anchors. A standard Stressteel arrangement of a 7- by 7- by 2- in. wedge 

plate and three-piece wedge s et was used to lock off the r equired load . 

Stress was applied by means of a hollow center 100-ton capacity jack that was 

situated on top of a second smaller jack which was used to set the lock-off 

wedges. The anchors were stressed to 142.8 kips, and the tendon elongation 

was recorded at 20 percent, increments of the design load. The anchors were 

then further stressed until approximately 1/4-in. additional extension was 

achieved, and the wedges were then set hydraulically wi th the small seating 

jack. The extra extension was to allow for losses during seating of the lock

off wedges. Immediately after lock-off, a lift-off test was performed to 

determine the actual stress in the bar. Where losses had been too great dur

ing wedge seating, the lock-off operation was performed again. A minimum of 

1 hr after the first lift-off test, a second lift-off was performed . The 

second lift-off load was required to be within 3 percent of the first. All 

anchors achieved this requirement. 
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121. Testing was carried out by loading the bars in 10-kip increments 

up to 190 kips, 80 percent of ultimate, and recording the elongation at each 

load level. The maximum load was held for 2 hr. After any load loss was 

noted, the anchor load was reduced to zero with elongation recorded at 

100 kips, 50 kips, and zero. All test anchors performed satisfactorily and 

upon completion of tensioning, the anchorage recesses were filled to the orig

inal concrete surface with nonshrink mortar. 

122. The design and installation procedures described resulted in a 

final product of high quality and reliability. The fact that none of the 

72 r ock anchors was rejected for failing to meet performance standards sup

ports that conclusion. The contractor's experience with installing rock 

anchor s contributed significantly to the efficient and timely progress of the 

work. When used to drill long sloping holes, the drill rod may have a ten

dency to deflect downward causing problems later when the casing and the 

anchor bars are installed. For the drill rod, the contractor used 3-in.-diam 

steel pipe which had sufficient strength to minimize deflection. 
~ 

123. The contractor's proposed elimination of testing for watertight-

ness , pregrouting, and redrilling resulted in a savings to the Government of 

approximately $28,000. From the load test results, it can be concluded that 

the modifications had no adverse effects on the performance of the anchor. 

The only problem encountered during the work was unanticipated sheetpiling 

behind the flume wall which affected anchors 15 through 19. Apparently, the 

sheetpiling was used in the original construction and left in place. The 

drill bits would not penetrate the piling. Lance bars were used to burn 

through the steel. 

124. Emergency remedial work on monoliths M-16, M-24, and L-61 was 

included in the flume wall anchor contract. Major cracks existed in middle 

wall ga te monoliths M-16 and M-24. These cracks were allowing interior con

crete deterioration through water percolation. The crack in M-24 was so 

extensive that a large block of concrete was isolated from the rest of the 

monolith. Continued deterioration could have caused failure of the walls. 

The end monolith of the lower guide wall, L-61, had been stuck by a tow, and a 

large section (approximately 60 cu yd) had been cracked and separated from the 

rest of the wall. Although the block was still in position, there was concern 

that it could be dislodged by further impact. 

125. Monoli th M-16 was repaired by the installation of three vertical 
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rock anchors through the cracked area to tie the concrete together. The sur

face concrete was removed, and the grout base was placed for the anchor bear

ing plates. The same procedures that were used for the flume anchors were 

used to install 1-in.-diam "Stressbond" bars. These bars were stressed to 

10 kips. Cracked, deteriorated, and spalled concrete was patched with quick

setting grout. Monolith M-24 was repaired by drilling twelve 2-1/2-in.-diam 

holes through the cracked area into sound concrete and grouting in No. 8 

dowels. The spalled and deteriorated concrete was patched with quick-setting 

grout. 

126. The broken section of monolith L-61 was reinforced by placing a 

concrete block on the landside of the wall. The reinforced concrete block is 

31 ft long by 4 ft wide by 7 ft high. It was anchored to the monolith and the 

broken section with No. 8 dowels on 2-ft centers. The crack was filled with a 

cement-sand grout. All work under the flume wall anchor contract was com

pleted in October 1977 at a total cost of $234,304 . 

127. The stability analysis performed in conjunction with the condition 

survey and structural investigation identified all the lock wall monoliths 

except a few on the middle and river walls as unstable under the criteria used 

for evaluation. The monoliths were deficient in either percent active base or 

sliding factor of safety. The criteria require that the resultant of all 

forces fall within the middle third of the base for the normal operating con

dition. For maintenance conditions, the resultant may fall outside the middle 

third of the base provided that a minimum of 75 percent of the base area is in 

compression. For sliding , the shear-friction factor of safety should be at 

least 4.0 for normal operating conditions and 2.67 fo r maintenance conditions. 

Increasing the stability of the existing walls to meet the criteria would have 

been difficult, expensive, and in some cases impractical. The necessary spac

ing and resulting loads imposed by anchors could have possibly been detrimen

tal to the walls. Since the performance of the monoliths, some 50 years old 

and some 70 years old, had been satisfactory , as evidenced by the lack of 

movement, the stability requirements were reduced. After reviewing the exist

ing conditions, the following requirements were established: 

Normal operating condition 

Maintenance condition 

Percent Active Base 

83 

90 

70 

Sliding F.S. 

2.2 

1.8 

Mr/Mo 

1. 50 

1.30 



128. A system of rock anchors was designed (Figure 55) to upgrade the 

s t ability of the lock walls to the reduced requirements. The original design 

called f or one hundred eleven 1-1/4-in.-diam anchors in the upper guide wall, 

s ixty-two 1- in.-diam anchors in the lower guide wall, twenty-three 1-in .-diam 

anchors in the land wall, one hundred twenty-eight 1-1/4-in. - diam anchors in 

the middle wall, and seventy-six 1- 1/4-in.-diam anchors in the river wall. 

The anchors on the land and guide walls were to be locked-off at 20 percent of 

ultimate, 25 kips for the l-in. bars, and 40 kips for the 1-1/4-in. bars. The 

anchors on the middle and river walls were to be locked off at 60 percent of 

ultimate, 112 . 5 kips. 

129. All holes were to be drilled 4-1/4 in . in diameter for the full 

length through the concrete and the required bond length into rock (20 ft for 

the guide and land walls; 25ft for the middle and river walls). The holes 

were then to be pressure-grouted from the bottom of the hole into the concrete 

a sufficient distance to seal off any cracks or crevices to ensure that the 

bonding grout would not be washed away from around the bar . The grouted sec

tion was to be redrilled, the anchor bar installed, and the anchorage length 

grouted. After a minimum of 7 days, the bar was to be stressed and locked 

off. An immediate lift-off would determine the actual stress in the bar, and 

a second lift-off, a minimum of 2 hr later, would determine if any losses had 

occurred. If the bar proved to be properly anchored, the stressing length 

would be grouted for corrosion protection. This procedure was intended for 

cement-grout anchors. After a polyester resin grout manufacturer assured the 

District that grout cartridges could be used successfully in this application, 

the option to use a polyester resin grout was added to the specifications. 

130. The installation of the rock anchors in the lock walls was in

cluded in the contract awarded to the Dravo Corporation in June 1978. Dravo 

subcontracted the anchor work to Engineering Construction International (ECI), 

Incorporated, Pittsburgh, Pennsylvania. On 19 July 1978, ECI submitted its 

proposed procedure for installing the anchors. They chose the polyester resin 

grout option for anchoring the bars and cement grout for the secondary grout

ing. The anchors were Dywidag thread bar anchors, manufactured by Dickerhoff 

and Widmann, Incorporated. They intended to drill a 3- in.-diam hole for the 

full depth, pregrout it, and then redrill it at a 3-in. diameter to the bottom 

of the stressing zone and at 2-1 /4-in. diameter for the bond length. The 

polyester resin cartridge manufacturer, Celtite, recommended the 2-1/4-in. 
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hole for proper mixing of the 45-mm grout cartridge to be used. 

131. According to the manufacturer, the polyester resin grout is capa

ble of being mixed under water without affecting its bonding to the bar or the 

rock. For that reason, a determination was made to eliminate the costly and 

time-consuming pregrouting and redrilling. On 28 August 1978, the Corps is

sued to Dravo a directive eliminating the pregrouting and restoring the hole 

size in the stressing length to 4-1/2 in . for proper corrosion protection. 

ECI objected to the modification contending pregrouting was necessary for sta

bilizing the hole walls and for the proper performance of the resin grout sys

tem. It is believed that the real reason for the protest was that his bid was 

unbalanced and relied heavily on overruns in grout-take in the anchor holes 

(Krysa 1982). Prior core borings had shown that the rock was sound and would 

not adversely affect the performance of the resin grout. 

132 . The contractor began working as directed the week of 11 September 

1978 . He was initially using two Sullair Model 750 air track drills and 

rotary percussion hammers. When the work fell behind schedule, two additional 

rigs were placed in operation . Air was supplied by a Sullair compressor which 

delivered 1600 cfm at 100 psig. The drill bits used were a 4-1/2-in . button 

and a 2-1 /4-in. four-blade chisel. The drill rods were approximately 

1-1 /16-in . and 1-5/8-in. O.D. 

133. Shortly after beginning work on the middle wall anchors, ECI com

plained that the holes were caving and the anchor rods could not be installed. 

There were 15 middle wall anchors on the prime contractor's critical path. 

ECI claimed that increased progress could be achieved by pregrouting. In the 

interest of expediting the overall project, the Corps agreed to allow ECI to 

pregrout the first 15 holes, but stipulated an alternative solution should be 

found . The 15 anchors were installed (Figure 56), but with no improvement in 

the rate of work. The contractor continued to have drilling problems. At a 

meeting on 11 October 1978, the Corps directed ECI to install a 3-in.-diam 

casing in the 4-1/2-in.-diam hole prior to drilling the 2-1/4-in .-diam hole. 

The Corps had concluded that the material in the hole that the contractor 

claimed was from caving was actually the drill cuttings. The change in hole 

diameter from 2- 1/4 to 4- 1/2 in. was causing a pressure drop which allowed the 

cuttings to fall back into the hole. The drilling was being impaired by the 

cuttings . The 3-in. casing improved this condition, and there were fewer 
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Figure 56. Rock anchor installation, middle wall, September 1978, 
Lock No. 3, Monongahela River 

problems with material in the hole. This arrangement was used for most of the 

anchors installed. 

134. After the drilling was completed, the proper number of polyester 

resin cartridges was placed in the 2-1/4-in.-diam hole. The anchor bar was 

then inserted to the top of the cartridges. The contractor did not have a 

piece of equipment to handle the bars so this work was done manually. The bar 

was then driven down into the cartridges. The equipment available was capable 

of spinning and driving the bar for only the last 12ft (Figure 56). This 

procedure was not ideal for the installation. Just before the anchors were 

stressed the secondary grout was tremied into the hole. The anchors were then 

stressed to the design load and locked off. The lift-off tests were performed 

as outlined by the Corps. 

135. Even after the addition of the 3-in. casing, ECI continued to have 

drilling problems. It was often difficult to install the casing and remove it 

prior to anchoring the bar. This problem was probably the result of mis

aligned holes caused by deflection of the drill steel. The small diameter 

drill steel was not rigid enough for the long sloped holes. Many holes had to 
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be abandoned and reloca ted because of "obstruc tions" or "voids." The obstruc

tions were old form ties and form lumber which should not have presented any 

great difficulty for proper equipment. A later inspection of the unwatered 

river chamber revealed the voids encountered in the river wall were actually a 

culvert. The location of the culvert on the contract drawings was incorrect. 

This error combined with the misalignment in drilling resulted in several 

holes day-lighting in the culvert . Although a few holes were relocated when 

the culvert was encountered, it was discovered upon inspection of the culvert 

that many were not. In all, 11 anchors passed through the culvert to varying 

degrees. Two anchors were cut and new base plates installed because the sec

tions below the culvert floor were grouted. One anchor was cut and no base 

plate installed when records showed it had been rejected and replaced at 

another location. Three anchors had casing around them, and no further action 

was taken. The other anchors, protruding through only the upper corner of the 

culvert, were coated with a bituminous material and protected with a shroud of 

concrete. These holes were the cause of large grout takes reported during 

secondary grouting. From 18 to 24 in. of layered grout (approximately 

1,000 cu ft) was found on the culvert floor. It is inconceivable that the 

drilling crew was not aware of drilling through the culvert; however they pro

ceeded to waste large quantities of grout. 

136. Failure of an excessive number of anchors was another very serious 

problem. The contractor was unable to stress 18 anchors in the river wall and 

17 anchors in the middle wall to the design load. The anchors were reanalyzed 

for possible acceptance with the reduced loading. When the anchor locations 

were planned, there were many cases in which the exact design spacing was not 

practical, so additional anchors were included . This increase in anchors 

later provided some flexibility for reduced loadings. As a result of the 

reanalysis, 6 of the river wall anchors and 12 of the middle wall anchors were 

accepted and the rest replaced. 

137. A failed anchor was removed from the middle wall and closely exam

ined for any possible explanation of the failure. The general appearance of 

the bar in the anchorage zone indicated that the polyester resin grout had not 

bonded to the bar (Figure 57). The lower 5 ft had a light gray material 

lodged between the deformation of the bar that appeared to be resin grout 

(Figure 58) . However, this resin was soft and pliable and could easily be 

removed from the bar. In other reaches of the bar, the resin was not soft, 
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Figure 57. Typical condition of anchorage zone of 
failed anchor, Lock No. 3, Monongahela River 

-

Figure 58. Soft grout lodged between bar deformations, 
Lock No. 3, Monongahela River 
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and it was harder to remove from the bar. The contractor claimed that im

proper mixing occurred because the hole was enlarged by the caving of the hole 

in the poor rock which would not have happened if he had been allowed t o pre

grout each hole. To determine if the 2-1/4-in.-diam hole was possibly being 

enlarged during drilling, the hole from which the failed anchor was removed 

was grouted with a reddish grout and a core boring was taken (Figure 59). The 

core showed that the hole was consistently 2-1/4 in. in diameter. 

Figure 59. Core from hole where failed anchor was 
removed, Lock No. 3 , Monongahela River 

138. In the interest of better consistency and progress in the anchor 

installation, the Corps recommended a cement grout system be used to anchor 

the bars. In March 1979, the contractor changed his procedures to drilling a 

4-1/2-in.-diam hole full length and using cement grout. The anchors were ten

sioned after 9 days, and the stressing length was grouted. This method pro

duced more consistent results and far fewer failures and thus was used to 

install approximately one- fourth of the anchors on the middle wall and three

fourths of the anchors on the river wall (Figure 60). 

139. In addition to the anchors originally included in the contract, 

nine anchors were added by change order in November 1978. After the coffe rdam 

for the new lower miter sill was pumped out, an inspection of the foundation 
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Figure 60. Rock anchor installation, cut down top of river wall, 
March 1979, Lock No. 3, Monongahela River 

rock revealed the parameters used in the stability analysis may not have been 

justified. To ensure adequate stability, nine anchors were installed in mono

liths M-25, M-26, and M-27. The anchors were installed through the river face 

of the wall on a 45 deg angle, 25 ft into rock. Celtite polyester resin grout 

cartridges were used to anchor the bars, and cement grout was used for second

ary grouting. The bars were stressed to 15 kips. 

140. In April 1979, the Pittsburgh District requested approval from the 

Ohio River Division to delete from the contract the rock anchors in the upper 

and lower guide walls. Because of the contract administration problems being 

experienced, the need for anchors was reevaluated. Although the walls do not 

meet even the reduced requirements established for Lock No. 3, their perfor

mance has been highly satisfactory as evidenced by the absence of movement. 

Should any movement occur in the future, corrective action could be taken. 

The request was approved, and a change order was issued in July 1979. 

141. Originally, the 23 anchors in the land wall were designed to be 

installed through the chamber face of the wall and the work to be accomplished 
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during Phase II when the land chamber was closed. The contractor proposed to 

install the anchors through the top of the wall to allow the work to be done 

during Phase I. Since this method of installation would change the angle of 

the anchor, a greater load per bar was required. The contractor chose to use 

1-1/4-in.-diam bars at his own expense instead of the 1-in.-diam bars speci

fied. This change enabled him to increase the stress per bar, so the proposal 

was approved. All 23 land wall anchors were installed using the cement grout 

method. 

142. Although the desired stabilization of the lock walls was achieved, 

the overall performance of the work must be considered less than satisfactory. 

In many areas, the contractor's methods and equipment were inefficient, and 

the drilling crews could not cope wjth the problems encountered. The small 

diameter drill rods used were too flexible for the lengths required. A larger 

rotary drill rig capable of handling 3-in.-O.D. drill rods and a down-the-hole 

hammer would have eliminated many of the problems. There was no equipment 

onsite for handling the long anchor bars which were placed manually with the 

aid of a pulley on the drill rig. As stated earlier, the drilling crews 

drilled through voids without reporting them and then proceeded to waste large 

quantities of grout. The contractor continually complained about "caving" in 

the holes. The core borings taken in the failed anchor holes showed the walls 

to be stable. The deposits causing the problems were actually the drill cut

tings which the contractor was unable to expel from the hole. 

143. The original design and procedures established by the Pittsburgh 

District provided a sound scheme for anchoring the walls using a cement grout 

method. When the contractor chose the resin grout option, he failed to modify 

his procedures accordingly. The polyester resin cartridge manufacturer, Cel

tite, recommended a 2-1/4-in.-diam hole for proper mixing of the 45-mm car

tridge with a 1-1/4-in.-diam bar. Subsequent testing by WES determined that 

the hole size was borderline on being too large and the semihardened condition 

of the hardening agent required a greater amount of mixing than specified by 

the resin manufacturer's literature. This condition may have contributed to 

the large number of failures encountered with the polyester resin grout sys

tem. From the results obtained and the problems experienced, it was concluded 

that the cement grout method for bonding the anchors is better suited for this 

type of installation. 

144. To accommodate the normally high volume of commercial traffic 
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while the large lapd chamber was closed during the Phase II work, the 360-ft

long river chamber was extended to 720 ft. This extension was accomplished by 

constructing a sheet-pile cell river wall extension and a new lower gate mono

lith and miter sill during Phase I (Figure 48). The sheet-pile cell wall con

sists of eight circular cells, 30.8 ft in diameter, connected by seven arcs. 

The length of this wall is 325.7 ft. Used Government-furnished sheetpiling, 

PS-28 driven to rock, was used for the cells. The cell fill is clean sand and 

gravel dredged from the Monongahela River at the project site which met the 

required gradation. Each cell is capped with 1 ft of concrete reinforced with 

two layers of 6 by 6 - 4.0 w by 4.0 w wire mesh. The concrete, the contrac

tor's 5-bag mixture, was mixed onsite in the contractor's floating batch 

plant. Three rows of 3/4- by 10-in. armor plate were placed on the chamber 

side of each cell to act as rubbing strips and protect the interlocks. 

145. A U-shaped steel sheet-pile cell cofferdam attached to the middle 

wall was used to construct the new river wall monoliths, R-24 and R-25, and 

the new miter sill, in the dry (Figure 61). Bedrock was excavated for the 

foundation. Wall monoliths R-24 and R-25, which are 61.5 ft high, were placed 

Figure 61. Construction of new river wall monoliths and miter sill, 
August 1979, Lock No. 3, Monongahela River 
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in 10 lifts. The concrete was green cut between all lifts. The concrete for 

the monoliths and the miter sill was the contractor's 5-bag mixture . To in

crease the emptying capacity of the extended chamber an 8- by 8-ft vertical 

slide gate was installed in monolith R-24 (Figure 61). The slide gate is 

operated by a vertically mounted hydraulic cylinder. 

146. To provide a miter gate recess in the middle wall, the river face 

of monoliths M-24, M-25, M-26, and M-27 was modified (Figure 62). One foot of 

!:. 
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Figure 62 . Construction of new downstream gage recess in river 
face of middle wall, August 1979, Lock No. 3, Monongahela River 

concrete was first removed from the face by line drilling and blasting some 

sections and chipping others with a Hoe Ram impacter mounted on a backhoe . 

The monoliths were then refaced with 1 ft of concrete at the ends to meet t he 

existing walls and 4 ft in the area of the new gate recess. The replacement 

concrete was anchored to the existing wall with No. 6 and No . 8 dowels on 2- ft 

centers and reinforced with a vertical mat of No. 5 bars on 1- ft centers . 

After 4.5 ft of concrete was removed from the top of the wall, the new gate 

machinery and anchors were installed and new concrete was placed. 

147 . Two sets of approach cells were constructed downstream of and in 

line with the middle wall. Each set consisted of two circular sheet- pile 

94 



cells, 19.1 ft in diameter, connected by an arc cell. The sheetpiling was 

Government-furnished PS-28 piling driven to top of rock. The cells were 

filled with tremie concrete to 1 ft above lower pool, and the remainder was 

filled with regular concrete. The concrete was mixed onsite in the contrac

tor's floating batch plant. The tremie concrete was the contractor's 7-bag 

mixture, and the regular concrete was the 5-bag mixture. One layer of 

6 by 6 - 4.0 w by 4.0 w wire mesh reinforcing was placed approximately 2 in. 

below the surface of the concrete. 

148. The river chamber extension was placed into operation in May 1980 

(Figure 63). Initially, there was some concern about the sheet-pile cells 

Figure 63. Completed river wall extension, May 1980, 
Lock No. 3, Monongahela River 

when the concrete caps on most of the cells and arcs settled to as much as 

6 in. on the riverside. A diving inspection was conducted to determine 

whether cell fill was being lost because of parted interlocks or erosion below 

piling. The divers found neither condition, and it was concluded that the 

settlement was caused by fill compaction and would cease. 

149. Since the completion of the rehabilitation, the District has re

quested and obtained permission to leave the extension in place. The river 

chamber will be operated as a 360-ft-long chamber since the land chamber 
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emptying valves discharge into the area of the extension making the simultane

ous use of two large chambers impossible. As the extended chamber does not 

appear to hinder navigation, the District feels that the retention of the 

extension will prove beneficial for use as a large chamber should an emergency 

arise. Since this request has been approved, an added benefit will be saving 

the estimated cost of $936,000 for removing the temporary river chamber 

extension and an estimated cost of $120,000 for removing the lower approach 

cells. 

150. The lock walls were badly spalled and scoured, and the concrete 

surfaces were weathered and deteriorated. The worst conditions were between 

pool levels and at monolith joints (Figure 64). The concrete under the gate 

Figure 64. Lock wall concrete deterioration, 1974, 
Lock No. 3, Monongahela River 

machinery was cracked and deteriorating. The guide walls were abraded and 

scoured by tows entering and leaving the locks. Previous wall repairs we r e 

deteriorating or spalled off (Figure 47) . Core borings had shown poor con

crete existed for 2 to 6 ft from the surfaces. To prevent further deteriora

tion of the walls, it was necessary to protect the concrete which was still 

sound. In some areas, this protection was accomplished by removing a speci

fied thickness of old concrete and replacing it with new reinforced concrete . 
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In other areas, a new surface was placed over the old, using shotcrete for 

vertical faces and reinforced concrete for tops of walls. See Figures 55 

and 65 for the designed treatment for each wall. 

151. The majority of the concrete removal work was for the vertical 

faces of the lock walls at various locations. To remove the concrete, a 

scheme of line drilling (Figure 66) and blasting was developed. In 1978, two 

test blasts were conducted on the river wall to determine the most efficient 

blasting parameters. Blast holes were 2 in. in diameter, 19 ft deep, and 1 ft 

from the fac~ of the wall. Each hole was loaded with two or more lengths of 

50-grain/ft detonating cord taped along opposite sides of a 1-1/2-in.-diam 

wood pole. Stemming in the collar was wet sand. The first blast involved 

four holes with 200 grains/ft and three holes with 150 grains/ft. The holes 

were on 12-in. centers. The second blast involved 13 holes on 6-in. centers 

using 100 grains/ft. Four transducers were located in the vicinity of the 

blasting area to record vibration intensity. Transducer No. 1 was located on 

the test monolith, directly behind the blast and 1 ft from the outside face of 

the wall; No. 2 was on the adjacent downstream monolith; No. 3 was on the 

adjacent upstream monolith; and No. 4 was on the middle wall monolith directly 

across from the test monolith. Test data are summarized as follows: 

Blast No. of Explosive 
No. Holes (grains/ft) 

1 4 200 
3 150 

2 13 100 

Spacing 
• 1n. 

12 
12 

6 

Transducer 
Location 

1 
2 
3 
4 

1 
2 
3 
4 

Particle 
Velocity (ft/sec) 

4.3 
7.2 
4.0 
0.4 

6.6 
2.8 
4.9 
0.2 

The three test procedures each produced clean breaks with no damage to the 

remaining structure. From these results, a decision was made to try 

100 grains/ft at 12-in. spacing for production blasting. 

152. Blasting for removal of concrete within the chambers was done with 

water at lower pool level to help dampen the effects of the blasting. The 

selected charge of 100 grains/ft worked well above the waterline but produced 

inconsistent results below the waterline. To compensate for the cushioning 
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Figure 66. Line drilling prior to blasting, September 19/8, 
Lock No. 3, Monongahela River 

effect of the water, a charge of 200 grains/ft was used below the waterline 

and the desired results were achieved. Concern over the integrity of the 

monoliths prompted the Corps to request that the contractor try millisecond 

delays between holes. This procedure was found to leave high spots between 

the holes and thus was abandoned. 

153. The only major problem with the concrete removal was in meeting 

the dual requirements of 12 in. of new concrete and rebuilding the walls to 

existing lines and grades. The vertical blast holes were drilled 12 in. from 

the top edge of the lock wall. It was later discovered that the walls were 

not plumb and less than 12 in. was removed at the bottom. This discovery 

required unplanned chipping to achieve the desired cover. The contractor used 

jackhammers and a Hoe Ram mounted on a backhoe for this work. In the future, 

blast holes should be drilled farther from the face of the wall and the new 

wall faces constructed plumb to avoid additional concrete removal work. Over

all, the use of blasting to remove concrete from the wall faces proved to be a 

very efficient method. This method allows a contractor t o do the major part 

of the removal work, line drilling, without closing the lock chamber. Where 
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minimizing lock downtime is critical, this procedure can be significant. 

154. Originally, the top surfaces of the land and river walls were to be 

cut down 2 ft and the top of the middle wall cut down 1 ft. When work began 

on the middle wall, it was discovered that there was inadequate cover over the 

gallery for removal of 1 ft of concrete. Instead, the middle wall was capped 

with 1 ft of concrete. The contractor later proposed as a VE proposal the 

same treatment for the land wall and the lower portion of the middle wall, and 

it was approved. The only areas to be cut down on the land and middle walls 

were under the gate anchorages and operating machinery. The river wall was 

the only wall to be cut down and resurfaced to the original elevation. 

Removal of the top surface concrete was done with jackhammers and a Hoe Ram 

mounted on a backhoe (Figure 67). 
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Figure 67. Concrete removal with Hoe Ram Impactor, October 1978, 
Lock No. 3, Monongahela River 
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155. After the existing concrete was removed from the face of the walls 

(Figure 68), 1-1/2-in. holes inclined 10 deg below horizontal were drilled on 

2-ft centers for No. 6 hook dowels (Figure 69). The dowels were grouted in 

place with polyester resin grout (Celtite) cartridges. A cartridge was in

serted into each hole, and the dowel was installed and spun with an air drill. 
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Figure 68. River face of middle wall after blasting, October 1978, 
Lock No. 3, Monongahela River 

Figure 69. Installation of dowels, November 1978, Lock No. 3, 
Monongahela River 
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A vertical mat of No. 5 reinforcing bars on 12-in. centers was then positioned 

approximately 4 in. from the eventual face of the wall (Figure 70). Forms 

were installed, and the concrete was placed using an 8-in.-diam, nonrigid, and 

PVC tremie pipe. A collapsible pipe was needed because of the narrow spaces 

around the reinforcing steel. The same dowel installation procedures and 

reinforcing mats were used when the tops of the walls were resurfaced. 

Figure 70. Partially completed land face of river wall, 
August 1979, Lock No. 3, Monongahela River 

156. Two concrete mixtures were used during the rehabilitation work . 

Mixture 1A, which was used for all wall repairs above water, was a 5-bag mix

ture with a water-cement ratio of 0.49 by mass and 7.0 percent air entrain

ment. The coarse aggregate met the Pennsylvania Department of Transporta

tion 2B grading with 1-1/2-in. maximum size. Mixture 2, which was a tremie 

concrete mixture used for all underwater placements, was a 7-bag mixture with 

a water-cement ratio of 0.42 by mass and 5.0 percent air entrainment. The 

coarse aggregate was the same as in Mixture 1A. Natural sand, crushed lime

stone coarse aggregate, and Type II portland cement were used. Batch water 

was obtained from the system of the West Penn Water Company. 

157. The concrete was mixed in the contractor's floating batch plant. 

The batch plant had two 4-cu yd mixers. There were bins for two sizes of 
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coarse aggregate, sand, and cement. The plant contained automatic scales for 

hatching. A sensor in the sand bin monitored the moisture content, and the 

batch water was automatically adjusted. The air-entrainment admixture was 

applied from a dispenser controlled by a timer. The dispenser was initially 

calibrated for the correct amount of admixture and then periodically checked. 

A local testing laboratory checked the performance of the mixers, and the 

results were satisfactory. Normally, only 2 cu yd of concrete was hatched 

with a mixing time of 1-1/2 min. The use of a floating batch plant, which 

could be moved to the area of the placement, minimized the time between mixing 

and placing and thus eliminated the need to handle the concrete more than 

once. A derrick boat was used to move the concrete buckets directly from the 

batch plant to the placement. 

158. Fresh concrete surfaces were sprayed with Type I Concrete Curing 

Compound, Resin 30, supplied by George Wilson Company of Pittsburgh, Pennsyl

vania. Expansion joint material was 1/2-in. sponge rubber, manufactured by 

Sealtight. The joints were sealed by first applying a primer, N-49, and then 

the sealer, Chem-Calk 550, both manufactured by Woodmont Products, Incorpo

rated, Huntingdon Valley, Pennsylvania. Typical examples of the resurfaced 

concrete are shown in Figures 71-73. 

159. The riverside of the river wall, the lower guide wall, all exist

ing gate recesses, and various areas on the upper guide wall and middle wall 

were treated with shotcrete. The wall faces were prepared by removing the 

deteriorated and loose concrete with air chipping tools and a bush hammer head 

mounted on a Hoe Ram (Figure 74). Some wall surfaces required only sandblast

ing. A high-pressure water jet was then used to clean and wet the surface. 

Shotcreting was done using the dry-mix method with water added at the nozzle. 

The sand/cement ratio was approximately 4:1. 

160. A thin overlay of mortar (SikaTop 122) was placed on the filling 

flume deck slab upstream of the powerhouse. The mortar is described by the 

manufacturer, Sika Corporation, as a polymer-improved, cementitious, two

component, test-settling trowel grade, easy-tool patching mortar excellent for 

horizontal and vertical surfaces. 

Renovation of operating features 

161. A new hydraulic oil system including pumps, piping, valves, and 

cylinders was installed. Three variable volume, pressure-compensated, 30-gpm 

vane type pumps (Racine model No. PSV-PNS0-40HRM) were installed. The pumps 
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Figure 71. Partially completed river face of middle wall, 
August 1979, Lock No. 3, Monongahela River 

Figure 72. Completed refacing of river chamber, January 1980, 
Lock No. 3, Monongahela River 
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Figure 73. Resurfaced and refaced river wall, May 1980, 
Lock No. 3, Monongahela River 

Figure 74. Bush hammer used to prepared lower guide wall for 
shotcreting, May 1980, Lock No. 3, Monongahela River 
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are driven by 15-hp Reliance electric motors. The hydraulic system is 

operated at 500 psi. The piping system is made up of pressure, return, and 

drain lines. All pipe is seamless black steel pipe, except pipe in the 

crossovers and embedded in concrete which is Type 304 stainless steel. The 

pressure lines are 2-in. Schedule 80. The return lines are 2-in. Schedule 40, 

and the drain lines are l-in. Schedule 40. 

162. The gate and valve operating machinery is controlled by double

solenoid operated, spring-centered, four-way valves. The filling and emptying 

valves for both chambers are controlled by 1-1/4-in. Racine valves, Model FD4-

FSHS-110M-60, and the lock gates are controlled by 3/4-in. Racine valves, 

Model FD4-FSHS-106M-60. The valves are of submersible construction with oil 

immersed encapsulated solenoids. This joy stick activated valve provides 

infinitely variable gate speed from zero to the maximum. Speed variation is 

proportional to joy stick movement. Flow control valves are installed in the 

lock gate operating systems to control the speed of the gates. The valves are 

Racine Model FF2-EMSP-06E, pressure-compensated electrohydraulic type. The 

gate operating cylinders were manufactured by Hunt Valve, Salem, Ohio. The 

cylinders have a 10-in. bore and a 69-1/2-in. stroke. The new cylinders for 

the large chamber filling and emptying valves were also manufactured by Hunt 

Valve. They have a 3-in. bore and a 36-in. stroke. 

163. The majority of the original cables used for distribution of power, 

lighting, and controls were either lead or parkway cable over 70 years old and 

badly deteriorated. All of the cables were replaced with General Electric 

Vulkene Power and Control Cables. New conduits and pullboxes were provided. 

New lock chamber cable crossings were installed through the crossovers. A 

secondary source of power is provided by a 150-kw, 187.5-Kva, three-phase, 

60-Hz, Onan AC generator powered by an Allis Chalmers Model 1700 Mark II, 

six-cylinder diesel engine. The system is provided with an automatic transfer 

switch to provide uninterrupted power and automatic transfer between commer

cial and standby power. 

164. The following operating systems were renewed: 

a. Motor control center. 

b. Traffic signal system. 

c. Navigation light system automated using time clocks. 

d. Valve-gate interlock system. 

e. Lock wall lighting system using high-pressure sodium lamps. 
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f. Interior lighting systems for the middle and land wall build
ings including new transformers. 

165. Replacement of mechanical components under the rehabilitation con

tract was limited to the lock gate operating machinery. New sector gears, 

racks, and gate arms were installed for all lock gates except the upstream 

river wall gate. It was found that the sector for that gate was not the same 

size as the others. Consequently, a refurbished sector gear, a rm, and rack 

were installed. The machinery for the filling and emptying valves in both 

chambers was not replaced by the contractor. It was originally contemplated 

that repairs to the land chamber culvert valves would be accomplished at a 

later date on an as-required basis after the major rehabilitation was com

pleted. During the course of the work, it was found that there was consider

able leakage through the filling and emptying valves. This additional work, 

including replacing filling and emptying valve machinery, valve blades, Rnd 

stems was accomplished by the District Repair Party. 

166. The major rehabilitation contract was completed in November 1980 

at a total price of $12,452,000. 

167. The second periodic inspection of the project was conducted in May 

1981. The top surfaces of the land, middle, and river walls were reported to 

be in good condition, and the 1/2-in. sponge rubber type expansion joint mate

rial was performing well. The polymer mortar overlay of the filling flume 

deck slab had extensive cracks in some areas while other areas were practi

cally free of cracks. 

168. In the river lock chamber, the new vertical concrete facing on the 

river and middle walls contained two or three vertical hRirline cracks and 

some minor areas of spalling at two or three monolith joints. One large area 

of gouged or spalJed concrete at the waterline was located in the middle wall 

slightly upstream from the intermediate miter gate recess. In the land cham

ber, the land wall refacing concrete exhibited more extensive cracking (mostly 

vertical, but with some horizontal cracks as well) and more minor areas of 

spalling than the other walls. To a much Jesser degree, the land chamber face 

of the middle wall also had a few cracks and spalled areas. A crack survey 

has been made by Design Branch personnel for record purposes, and the cracks 

will be checked periodically by project personnel. Overall, the concrete 

chambers in both lock chambers were in good condition. 

169. The riverside of the river wall, the lower guide wall, all 
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existing gate recesses and various areas on the upper guide wall and middle 

wall were treated with a thin coating of shotcrete. Several small localized 

areas of the new shotcrete had been abraded and spalled, evidently by tows 

entering and leaving the locks. The shotcrete on the riverside of the river 

wall, an area not subject to tow impact, was in good condition with only minor 

shrinkage cracking. The performance and wearability of the new shotcrete 

coating in areas subjected to tow abrasion and impact was unsatisfactory, par

ticularly where the shotcrete was applied in a very thin layer (less than 

1/2 in.) over relatively smooth surfaces, and where exposure to impact and 

rubbing by tows is most severe. 

170. In June 1982, isolated cracks were observed in the top surfaces of 

the lock walls (Figure 75). Most of the cracks a r e perpendicular to the face 

of the lock chamber. Although a few cracks were located on approximately 5-ft 

centers, the regularity noted at other projects was not observed. Rather, the 

cracks tend to start and terminate at reentrant angles and at joints in the 

corner protection armor. The thin polyme~ mortar overlay was debonded and 

buckled in several places (Figure 76) . Failure of the shotcrete overlay 

appeared to be progressing (Figure 77). 

171. In July 1985, additional failures of the shotcrete repairs were 

reported (Figure 78). Cracks in the top of the lock walls had been caulked 

with a material manufactured by Thoro System Products. The caulking was done 

meticulously by project personnel and is not unattractive (Figure 79) . 

Lock and Dam No. 1, Mississippi River 

172. Lock and Dam No . 1 is located at Mississippi River mile 847.6 

above the mouth of the Ohio River and between the cities of St . Paul and Min

neapolis, Minnesota. The original structure was completed and placed in oper

ation in 1917 and included a 152-ft long hydroplant adjacent to the left bank, 

a 574-ft crest-length, Ambursen-type dam surmounted by 2-ft high automatic 

release flashboards, eight sluiceways, and an 80 by 360-ft navigation lock. 

In 1929 the lock failed, cutting off all barge traffic to Minneapolis. To 

ensure against a future interruption to barge traffic, it was decided to build 

twin locks each 56 by 400ft at this site (Figures 80 and 81). The first lock 

(river lock) was completed in 1930, and the second lock (land lock) was placed 

in operation in 1932. 
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Figure 75. Typical cracks in tops of lock walls, June 1982, 
Lock No. 3, Monongahela River 
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Figure 76. Polymer mortar overlay failure, June 1982, 
Lock No. 3, Monongahela River 
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Figure 77. 
resurfacing 

Typical spalling and abrasion 
on the lower guide wall, June 

Monongahela River 
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Figure 78. Spalling of shotcrete overlay in gate recess, 
J uly 1985, Lock No 3, Monongahela River 
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Figure 79. Caulked cracks in top of middle wall, July 1985, 
Lock No. 3, Monongahela River 
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173. The riverside lock was designed to provide a structure suitable 

f or 9-ft draft navigation based on the design pool level for Lock and Dam 

No. 2, which was then under construction. However, because of probable seep

age damages, interests in the South St. Paul stockyards area obtained a court 

order limiting the elevation to which the pool could be raised to 685 . 7 msl 

(mean sea level). Later, in 1934, the court approved the raising of the pool 

to elevation 687 . 2, 1.9 ft less than its designed height. As a result, there 

is a depth of only 7 . 5 ft over the lower sill at flat pool or about 8 ft at 

normal tailwater elevation. Hence, the lock has had little use except for an 

occasional locking of pleasure boats, empty barges, or shallow-draft towboats . 

The poor condition of the operating machinery and the lack of guide walls, 

making approach difficult, have also been factors in limiting use of the river 

lock. In building the river lock, the landward wall was constructed of ade

quate width, with two emptying and filling conduits, to serve as the interme

diate wall of the twin locks when the second lock was constructed. 

174. The landside lock was built in 1931-32 as a safeguard to maintain 

river traffic to and from Minneapolis. As a result of the failure of the 

original lock, Minneapolis was without barge line service for over a year. It 

was determined that a recurrence should be avoided if at all possible. The 

downstream sill of this lock has a top elevation of 677 . 2 providing a depth at 

flat lower pool of 10.0 ft or about 10.8 ft at normal tailwater elevation; 

hence, the land lock handles practically all commercial river traffic . 

175. In March 1971, Periodic Inspection Report No . 1 was issued de

scribing the conditions of the structures as found during a visual survey per

formed by an inspection team in August 1967. The report described the deteri

orating condition of concrete, loss of fill material in joints, displacement 

of lock walls, questionable stability of several wall monoliths, and the un

satisfactory condition of operating machinery. It was concluded that problems 

continue to arise from unexpected sources and remedial measures would be nec

essary to maintain the lock in operation . 

176. Detailed field and laboratory evaluations of the condition of the 

concrete at Lock and Dam No. 1 were conducted during the period from 1974 

until the 1976-77 investigative dewatering. The purpose of the evaluations 

was to determine the structural adequacy of the concrete and the requirements 

for reconditioning so that the extended service life of the concrete would be 

compatible with the service life of other rehabilitated features. The need 
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for such recondit~oning was based on the degree of apparent surface deteriora

tion, general lack of information on the quality of concrete materials and 

cement used in the original construction, and the results of laboratory com

pressive strength tests and petrographic examinations on concrete cores taken 

from various lock surfaces. 

177. Concrete cores, NX-size, were obtained from vertical and horizon

tal drill holes at 36 locations within the locks. Petrographic examinations 

were made on samples of all cores. Water quality tests were made on water 

samples taken from beneath the land lock floor slab. Field investigations 

included crack surveys, pulse velocity tests on walls where cracking through 

the conduit crown was observed, dynaflect testing of the land lock floor slab, 

Schmidt impact hammer and Windsor probe tests, and measurement of strain 

across joints using electrical joint meters (St. Paul District 1978). 

178. Based on the results of the concrete evaluations, it was concluded 

that the surface of the lock walls was undergoing a slow and steady deteriora

tion from exposure to cycles of freezing and thawing. Typical concrete sur

face conditions are shown in Figures 82 and 83. The degree of deterioration 

was greater than was visually evident since there were wall surfaces which 

appeared sound but were deteriorated behind the surface. Such deterioration 

was generally characterized by laminar cracking parallel to the wall surface. 

The susceptibility of the lock concrete to deterioration from cycles of freez

ing and thawing was attributed to the degree of saturation, the lack of air 

entrainment, and the presence of porous chert, argillites, and microcracking 

as a consequence of the alkali-silica reaction or disruption of highly porous 

particles of coarse aggregate in the near surface zone. 

179. The concrete deterioration was not confined to one area but was 

scattered over the entire lock surface. The surfaces most seriously affected 

were the top and edges of the walls and slabs, especially those above tail

water. Petrographic examinations of the concrete cores indicated wide varia

tions in the depth of deterioration varying from 0 to 10.5 in. in the land 

lock and 0 to 15.7 in. in the river lock. Concrete in the walls below tail

water appeared adequately sound. Concrete in the lock floor slabs was in good 

condition with only superficial spalling at corners and edges. Water quality 

tests indicated that chemical attack on the concrete by river or groundwater 

was negligible at the time. 

180. It was concluded (St. Paul District 1978) that some areas of the 
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lock walls would require extensive repair while other areas would need no 

restoration. However, determining the actual deteriorated areas would be dif

ficult because the microcracking and laminar cracking are not always apparent. 

Repairing only the visibly deteriorated areas would result in an unsightly 

"patch up" job which would give a mottled appearance and would exclude many 

areas of necessary repair. Deterioration would continue in these unrestored 

areas and would require continuous maintenance. Therefore, for proper and 

effective restoration, the exterior concrete should be removed from the entire 

wall surface to below tailwater level or approximate elevation 686 msl and 

should be replaced with a durable protection material. The advantages of this 

method of repair are that: (a) it would ensure repair of all deteriorated 

areas including the nonvisibly distressed areas; (b) it would protect interior 

concrete from further deterioration; (c) it would extend the service life of 

the structure; (d) it would reduce or eliminate the need for extensive future 

maintenance and repairs which will become more costly; and (e) it would be 

more aesthetically pleasing. 

181. A longitudinal crack running ·approximately the full length of each 

filling and emptying conduit was reported during a dewatered inspection of the 

lock during the winter of 1976-77. The crack was located near the crown of 

each conduit and could be traced across monolith joints. Since the cracking 

could present structural stability problems, 12 Carlson joint meters were 

installed in the conduits to measure crack movement during filling and empty

ing operations. Only two of the joint meters indicated movement. The amount 

of movement registered was 0.05 in. during filling of the land lock with the 

river lock held at tailwater level. Within 2 hr of the filling of both locks 

the crack returned to it s initial position. 

182. Ultrasonic pulse velocity measurements were made on the intermedi

ate wall to determine if cracks in the crown of the conduits extended upward 

to the wall backfill (Figure 81). Personnel from WES made velocity measure

ments at 50 locations along the wall. Pulse velocities at 22 locations were 

within the expected range for sound concrete, lower velocities were measured 

at 17 locations, and no readable signal was obtained at the remaining loca

tions. The low velocities and lack of readable signals were attributed, in 

part, to surface deterioration and near surface laminar cracking. Based on 

these tests, it was generally concluded that cracks in the crown of the con

duits had not propagated to the wall backfill. 

120 



183. It was estimated that there were approximately 1,900 linear feet 

of vertical cracks in the monolith walls and separations along horizontal con

struction joints which would require repair. The majority of the vertical 

cracks were located in the river wall of the river lock; however cracking was 

evident in all walls. Some cracks were seeping water while others were 

stained from leaching. Unless the cracks were repaired, they would likely 

reflect through any replacement concrete and cause a future maintenance prob

lem. In general, the joints appeared tight with no visible evidence of seep

age; however some isolated vertical and horizontal joints were seeping water. 

184. Based on the field and laboratory evaluations of concrete condi

tion, the following recommendations for reconditioning the lock concrete sur

faces were made (St. Paul District 1978): 

a. Remove concrete on all exposed wall surfaces of the land lock 
to a minimum depth of 15 in., or to sound concrete in deterio
rated areas. Removal will be by the preshearing technique 
using controlled blasting. New concrete will be placed to the 
original lines. 

b. Epoxy grout cracks and leaky horizontal construction joints to 
eliminate reflective cracking through the new concrete 
overlay. 

c. Replace the tops of all lock walls, including edges, to exist
ing line and grade by replacement with conventional concrete. 

d. Seal vertical joints in walls and slabs by application of 
sealing compound. 

e. Place protective wall armor rubbing strips in selected areas 
such as along the upper and lower guide walls and the edges of 
recesses in the land lock chamber. 

185. In addition to the concrete deterioration, three other significant 

problems made rehabilitation of the lock necessary (Plump 1986). First, an 

excessive amount of turbulence occurred in the lock chamber during filling and 

downstream of the lock during emptying. This turbulence presented difficul

ties even for commercial traffic using the lock and was a significant hazard 

for recreational boats. Second, the land wall, lower guidewall, and dam apron 

did not meet current stability criteria. Third, the operating machinery, 

electrical distribution system , and other similar facilities were outdated, in 

constant need of repair, expensive to maintain, and very inefficient. 

186. Solutions to the lock turbulence problems were developed through 

extensive model testing at WES. These model tests indicated that lowering the 

lock culvert inverts and changing from a circular shaped culvert to a 
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rectangular shape would eliminate air entrapment in the culvert crown, a major 

reason for unacceptable turbulence in the lock chamber. Also, plans for new 

intake manifolds, discharge laterals, and filling and emptying valves and 

ports were developed based on model test results. 

187. Because of the importance of the lock to the Twin Cities' economy, 

the rehabilitation had to be completed with minimal disruption to river traf

fic. Since the Mississippi River is closed to navigation for 3 months during 

the winter, the rehabilitation was scheduled to take advantage of this clos

ing. Two 5-month-long winter dewaterings were planned for concrete removal 

and replacement required for lock wall restoration and hydraulic modifications 

including installation of the operating machinery. Other rehabilitation fea

tures could be constructed during the navigation season with the lock in 

operation. 

188. Plans for rehabilitation of the lock required removal of extensive 

amounts of existing concrete. The only feasible means to remove extensive 

amounts of concrete in a minimum time frame was the use of controlled blast

ing. Several rehabilitation projects had· used blasting for lock wall resur

facing. However, the use of explosives to create conduits within a solid mass 

of concrete without damaging the remaining concrete required advanced, state

of-the-art controlled blasting. The objective was to remove portions of con

crete monoliths in a way that would preclude structural damage to the remain

ing concrete and to the foundation, which is a loosely cemented St. Peter 

sandstone. In order to develop a blasting plan that fulfilled this objective, 

the St. Paul District contracted with Woodward-Clyde Consultants of Chicago, 

Illinois, to prepare a test-blasting program which was executed during the 

1978-1979 winter dewatering. The program was divided into three phases: 

development of a test-blasting program, execution of that test program, and 

preparation of a final report and plans and specifications for the concrete 

demolition (Plump 1982). 

189. The initial step of the first phase was the development of damage 

control criteria. These criteria were to be used as guidelines in designing 

the test-blasting program. The first several steps in the execution of the 

test-blasting program would be designed to raise or lower the criteria level; 

but since the entire program had to be designed before any field data could be 

generated, these theoretical criteria would be used. Assume an ultimate 
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tensile stress of 300 psi in concrete and that stress and particle velocity 

are related according to the formula: 

where 

cr - stress, psi 

p- mass density, lb-sec 2 /in. 4 

v- particle velocity, in./sec 

c = pulse velocity, in./sec 

cr = pvc 

Then, the theoretical particle velocity causing damage by tensile cracking is 

9 in./sec. Factors for the test program such as hole patterns, charge size, 

and detonation sequencing were designed based upon the damage control 

criteria. 

190. Developing a testing sequence to determine the actual particle 

velocity causing structural damage and the effect of various charge shapes was 

the second step. A sequence of three test holes which would be taken to fail

ure (complete blowout) was designed. The first hole would be loaded with con

centrated charges, the second with line charges, and the third with a combina

tinn line and concentrated charges. 

191. Next, the instrumentation for monitoring the test blasts was de

signed. Instrumentation would be installed within 4 in. of the charge, re

sulting in frequencies much higher (on the order of 10,000 Hz) than those 

which seismographs can monitor. Accelerometers are extremely accurate but 

very expensivP and would, therefore, greatly reduce the number and location of 

instruments which could be used. Strain gages are inexpensive and compatible 

with the frequencies and wave lengths which test blasts would generate. When 

amplified and recorded on magnetic tape, the strains could be played back 

slowly and evaluated. Since strain is related to particle velocity £ = v/c 

where £=strain, in./in., strain gages were chosen as the principal means 

for evaluating the test blasts and damage. The gages were backed up with the 

use of accelerometers, seismographs, piezometers, high-speed photography, con

crete surveys, level measurements, and extensometers. 

192. The final step of the first phase was to design a procedure for 

testing actual full-scale production shots to be used in the removal of con

crete during rehabilitation. Even though the design of the production shots 
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would change somewhat as a result of the initial test blasts and subsequent 

modification of the damage control criteria, it was necessary to have an esti

mate of these shots in advance to ensure that the labor, equipment, and mate

rials would be available to carry them out. The execution of the test

blasting program immediately followed the dewatering of the locks in 

December 1978. Horizontal 4-in.-diam concrete cores were taken in 28 differ-

ent locations. These cores were then cut in half along the horizontals axis, 

and five pairs of strain gages were mounted on one half of each of the 

28 cores. Each pair of strain gages consisted of one primary gage and one 

backup gage. An accelerometer was mounted on the end of each of the 28 half 

cores, and the half cores containing this instrumentation were then grouted 

back into their respective holes. Twelve extensometers were installed in the 

concrete monoliths above and below the test blast area, and the other instru

mentation was also prepared. The initial test blasts were then conducted to 

determine the strain and particle velocity at which damage to the concrete 

would occur. This testing took approximately 1-1/2 weeks, and the results are 

summarized in the following tabulation: 

Effects 

Theoretical static failure 
in tension 

Spalling of freshly set grout 

Spalling of weathered surface 
concrete 

Cracks develop extending 
from shot holes 

Mass concrete blown out 

Strain 
millionths 

60 

700 

1,300 

2,400 

3,800 

Particle 
Velocity 
in./sec 

9 

100 

200 

375 

600 

The results of this testing demonstrated that strains (or particle velocities) 

in excess of simple theoretical values could be used to safely design a pro

gram of concrete removal using explosives without damage to remaining con

crete. It also was determined, following plotting and analysis of the data, 

that the strain levels causing damage were predictable and that simple tests 

(much less extensive than these) could be designed to predict strain levels at 

which damage occurs. 

193. Two methods of production- type blasting were tested for removal of 

concrete to lower the circular filling and emptying conduits. The first was 
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the detonation of a series of holes drilled radially along the bottom half of 

the conduit. The second method was the detonation of approximately forty 6- ft 

holes drilled horizontally along the axis of the conduit and below it. This 

method proved more feasible for several reasons: 

a. The vibration effect on the foundation below the conduit was 
negligible. 

b. The concrete remaining after detonation was structurally sound 
and required no cleanup or handwork prior to placing new con
crete against it. 

c. Muck was confined to a small area where it was easily cleaned 
up following detonation. 

d. Charge weights could be reduced substantially since the major
ity of the concrete was being broken in tension rather than in 
shear. 

The techniques which were tested proved that selective concrete removal by 

explosives was not only feasible from a technical point of view but also eco

nomically superior to other types of nonblasting techniques. The St. Paul 

District published a report describing in detail the procedures and results of 

this test-blasting program (St. Paul District 1982). This publication is 

available to other Districts and should be of value where selective concrete 

removal is required within a limited time frame. 

194. The plans for rehabilitation of Lock and Dam No. 1 were extensive. 

The land lock, which carries virtually all of the river traff ic, received the 

most rehabilitation attention. The river lock is rarely used and was only 

partially rehabilitated. Lock rehabilitation required a new filling and 

emptying system, replacement of deteriorated concrete, installation of post

tensioned anchors through the lock walls for stability, plus complete replace

ment of operating machinery, and power supply and control systems. The apron 

slab of the overflow spillway dam also required anchoring with posttensioned 

anchors and the replacement of some deteriorated concrete. 

195. A few months in advance of advertising for rehabi litation bids, it 

became clear that the design documents would not be completed in time for a 

fall 1979 advertising. However, rather than postpone advertising, which would 

have required delaying construction a full year, a decision was made to use 

staged construction (St. Paul District 1983). Stages of construction were as 

follows: 
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Stage No. 

1 

2 

3 

4 

SA 

5B 

5C 

Description 

Hydraulic modifications, posttensioning of 
intermediate and land lock walls, and 
wall resurfacing. 

Buildings, pedestrian bridges, river wall 
improvements, and external utility systems. 

Water and sanitary sewer systems. 

Rehabilitation of dam and lower guide wall. 

Safety walls. 

Access road. 

Security fencing. 

The Corps took responsibility for the acquisition of items with long lead 

times. Three separate supply contracts were awarded for sheetpiling, fabri

cated metal items such as the tainter valves, and the miter gate and tainter 

valve operating machinery. This arrangement ensured that these items were on 

hand and available to the contractor as needed during construction. 

196. The Stage I contract, covering approximately 65 percent of the 

total project work, was awarded to Al Johnson Construction Company, Minneapo

lis, Minnesota, in October 1979 for $19,629,738. During the first winter 

dewatering, 1979-80, the tainter valve monoliths were rebuilt and the filling 

and emptying conduits modified. 

197. Controlled blasting was used to carefully remove the concrete in 

the culverts, to replace the face of the lock walls, and to remove monoliths 

of concrete as large as 30 ft wide, 30 ft deep, and 60 ft high necessary for 

the modifications to the filling and emptying system. To ensure the safety of 

the structure during construction, the St. Paul District decided to use a 

method specification for the blasting. This technique removed all responsi

bility from the contractor for the blasting results, because the plans and 

specifications detailed the hole sizes and spacings, explosives and amounts to 

be used, and the sequential firing arrangements . The District obtained the 

same blasting expert who managed the test program to prepare the design and to 

supervise inspection of the blasting related construction activities . Al

though results were not always as anticipated and some modifications were 

required, in no instance did the blasting ever cause any unanticipated damage. 

198. Modifications to the existing filling and emptying culverts in

volved lowering the inverts by 2.5 ft and changing from a circular shape 

(9.5-ft diameter) to a rectangular shape 9.5 ft wide by 7.5 ft high 
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(Figure 84). The blasting experts enlarged one of the ports through the lock 

walls to gain access to the culverts, then blasted a slot in the invert of the 

culverts to permit horizontal h0les to be drilled parallel to the culvert 

walls along the final boundary of the modified culvert. Small blasting 

charges and timed delays allowed removal of the required concrete (Figure 85) 

without damage to the underlying sandstone foundation and without fracturing 

the remaining concrete between the culvert and the lock chamber. After blast

ing, some areas of the remaining concrete were less than 2.5 ft thick. A 

total of 14,000 cu yd of concrete was removed throughout the lock, mostly by 

controlled demolition. The use of controlled blasting on this project re

quired an advance in the state of the art, and an extensive amount of testing 

was necessary. The results were excellent, and blasting was the single most 

important aspect in the successful completion of the project (Passage and 

Plump 1984). 

199. When the concrete had been blasted and removed from the culverts, 

the new culverts had to be constructed quickly. The conventional approach 
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would have been to drill and set dowel bars, place concrete reinforcing and 

forms, then wait for the fresh concrete to set before removing the forms. 

Instead, permanent steel liner segments used as forms for the concrete speeded 

the process. They were positioned along a set of steel tracks and bolted 

together, and the space behind the liner was pumped full of concrete. This 

method saved weeks of valuable construction time during the 5-month winter 

construction period. 

200. The 60-ft-high lock walls did not meet acceptable criteria for 

stability under dewatered lock conditions. Posttensioned anchors through the 

lock culverts would correct this problem, and 43 were installed in the land 

wall over a period of two years. Posttensioned anchors were also installed 

horizontally through the intermediate wall to negate the crack that propagated 

upward from near the crown of the filling and emptying culverts. These an

chors were necessary to allow for concrete removal by blasting on the interme

diate wall. The tight working conditions in the culverts and limited time 

frame required that the posttensioned anchors be drilled and installed, but 

unstressed, during the investigative dewatering of the locks. The anchor 

strands were left recessed in the culvert walls and covered with concrete for 

protection. During the following winter's modification of the culvert geome

try, the anchor strands were reexposed by the blasting (Figure 84) and then 

tensioned. 

201. The existing vertical lift gates in the filling and emptying sys

tem required extensive maintenance every five years, and spare parts were no 

longer manufactured. Therefore, they were replaced with reverse tainter gates 

which have a proven history of reliability and low maintenance. Since the 

existing blockouts in the value monoliths would not accept the tainter valve 

machinery, adjacent lock wall monoliths had to be demolished and reconstructed 

to accommodate the new, more efficient tainter gates. Generally, concrete was 

placed in 5-ft lifts during reconstruction of the valve monoliths (Figure 86). 

202. During May 1980, a trial lock wall resurfacing was conducted on 

monolith L-5. Prior to resurf acing, existing concrete was removed from the 

chamber face to an average depth of 18-in. Reinforcing consisted of No. 6 

bars on 12-in. centers each way anchored with No. 8 dowels 3 ft on centers 

(Figure 86). The dowels were embedded 18 in. into the existing concrete with 

polyester resin cartridges. The area to be resurfaced was formed and placed 

in two lifts 23 ft high and 30 ft wide. A 3/4-in. thick plywood faced form 
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Figure 86. 
(left) and 

·' ' 

Trial resurfacing monolith L-5 prior to forming 
tainter valve monolith L-4 reconstruction, 9 May 

1980, Lock No. 1, Mississippi River 

was used for both lifts. The single section form (Figure 87) with structural 

aluminum bracing was held in position with 1-1/4-in.-diam anchor bolts spaced 

6 ft on centers. The anchor bolts were embedded 24 in. into the existing con

crete with polyester resin cartridges. The existing concrete was washed with 

a water blaster (7,000-psi pressure) the evening before each placement. 

203. Trial lifts A and B were placed on 17 and 20 May, respectively, 

using a concrete pump with a 6-in.-diam line and a 4-in.-diam elephant trunk. 

Approximately 54 and 46 cu yd of concrete were placed in lifts A and B, re

spectively. The concrete was placed at an average rate of 5.7 ft/hr for both 

lifts. Air-powered internal vibrators (2-in. diameter) were used to consoli

date the concrete. A concrete mixture proportioned with 1-1/2-in. maximum 

size aggregate (MSA) to have a 28-day compressive strength of 3,000 psi was 

originally intended for the lock wall resurfacing. However, since other 

placements scheduled for 17 and 20 May required concrete with 4,000-psi 

130 



Figure 87. Form work in place for Lift A of 
trial resurfacing, 12 May 1980, Lock No. 1, 

Mississippi River 

compressive strength at 28 days age, the higher strength mixture was also used 

for the resurfacing placements. Mixture proportions, based on a l-eu yd 

batch, were as follows: 

Mixture No. 560-6PA6 (Pump) 

Material 

Portland cement, type I 
Fine aggregate 
Coarse aggregate (3/4-in. MSA) 
Water 
Water-reducing admixture 
Air-entraining admixture 
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Weight 

560 lb 
1,345 lb 
1,730 lb 

265 lb 
22.4 oz 
4.5 oz 



Average properties of the fresh concrete were as follows: 

Lift 
Property A B 

Slump, • 2-1 / 4 3 1n. 

Air content, % 4.0 5.8 

Temperature, OF 64 64 

Ambient temperatures measured at the site during concrete placement averaged 

54 and 79°F for lifts A and B, respectively. 

204. Forms for lifts A and B were removed between 0830 and 1030 hr on 

19 and 21 May, respectively. No measure were taken to cool the forms between 

the time of installation and removal. A nonpigmented, wax base curing com

pound was sprayed on both lifts approximately 8 hr after form removal. Only 

the top portions of each lift were water cured. Neither lift was shaded from 

the sun before or after curing compound application. Weather conditions dur

ing the curing period were hot and sunny with low humidity and moderate winds 

(Figure 88). 

205. On 23 May, the lock chamber was flooded to low pool elevation; on 

26 May, the water level was raised to the upper pool elevation. The water 

temperature was approximately 50 t o 55°F. On 27 May, extensive cracking was 

observed in both lifts (Figure 89). The pattern cracks were generally spaced 

at 2 to 4 ft intervals. Crack widths at the surface appeared to be essen

tially constant, less than 0.01 in. wide. It could not be determined when 

cracking actually occurred, but the cracks were not observed until the lock 

chamber was placed into operation. Typically, cracks are much more visible 

after a concrete surface has been wetted since the cracks will retain moisture 

much longer than the surrounding concrete surface. Similarly, concrete crack

ing is usually more apparent following application of nonpigmented curing 

compound. 

206. Concrete cores were obtained from each lift as part of the Dis

trict's investigation into the possible causes of the cracking. Two pairs of 

4-in.-diam cores were obtained from each lift. In each case, one core was 

drilled horizontally along a crack, and a second core was drilled through un

cracked concrete in the same vicinity. All cores were drilled to a depth of 

4 in. beyond the interface between the existing and replacement concretes. 

Seven of the eight cores were retrieved with the interface intact. An 
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Figure 88. Weather conditions during curing of trial resurfacing monolith, 
Lock No . 1, Mississippi River 
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Figure 89. Cracking in replacement concrete, 
trial resurfacing monolith, 10 June 1980, 

Lock No. 1, Mississippi River 

examination of the cores verified that good bond was obtained between old and 

new concrete. The examination also indicated that cracking initially devel

oped at the face of the wall and propagated inward to approximately 90 percent 

of full depth of the resurfacing. There was no indication of reflective 

cracking although two vertical cracks at the top of lift B were in line with 

existing cracks in the old concrete. Results of compressive strength tests on 

selected cores and cylinders cast at the time of placement were as follows: 

Age, days 

7 
28 
59 
62 

Specimen Type 

Cylinder 
Cylinder 
Core 
Core 
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Average Compressive 
Strength, psi 

Lift A Lift B 

4,660 
6,100 

7,110 

4,690 
5,180 
6,590 



207. It was specified that temperature reinforcement be located 4-in. 

from the finished lock face. Concrete cores showed the reinforcing steel to 

be located from 6 to 7 in. from the wall face. Measurements taken after 

placement of lift B showed the reinforcement at the top of the lift was lo

cated from 4-1/2 to 13 in. from the lock face (Figure 90). The improperly 

positioned reinforcement would have provided little resistance to shrinkage 

and temperature stresses. 

I 
\ ~ 

Figure 90. Location of reinforcing steel ~t top of Lift B, 
trial resurfacing monolith, 9 July 1980, Lock No. 1, 

Mississippi River 

208. At 1915 hr on 22 May, a portion of the stoney valve house in mono

lith L-3 was demolished by explosives. It js not known what effect, if any, 

the blast may have had on the new resurfacing concrete in monolith L-5. The 

blast had no visible effect on recently placed concrete being used to recon

struct an adjacent monolith, L-4 (Figure 86). The most recent lift in mono

lith L-4 had been placed the afternoon of 21 May and consisted of 78 cu yd of 

concrete with a 5-ft lift height. 

209. At the time of the trial placements, it was deemed unnecessary to 

install temperature probes for monitoring the concrete curing process. How

ever, in previous placements where concrete temperatures were monitored, the 

560-6PA6 pump mixture produced peak curing temperatures of 104 to 120°F or 40 
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to 50°F heat rise above placing temperature. Assuming equivalent heat was 

generated during the tria l resurfacing, a peak temperature of approximately 

115°F would have been attained. Also , based on the previous curing date, it 

was assumed that the concrete temperaturP. in the trial lifts was still in the 

85 to 95°F range on 26 May when the lock was flooded with water having a tem

perature of 50 to 50°F. Therefore, the thermal shock resulting from lock 

flooding may have been s ufficient to cause or accelerate the concrete 

cracking. 

210 . While the effects of curing temperatures, adjacent blasting, and 

flooding of the lock were considered highly subjecti.ve, the fact remained that 

by any construction standard, the concrete was left unprotected from the sun, 

without any curing medium being applied, for an unacceptable period of time. 

Therefore , the District concluded that the quality control for the trial re

surfacing was such that the exact cause of the cracking could not be ascer

tained. Also, that the project specifications appeared to be adequate to 

obtain concrete with a minimum of cracking~ The following procedures, all 

within project specifications, were considered to be especially necessary in 

obtaining good results for the overlay concretes: 

R . Use 1-1/2-in. maximum-size aggregate. 

b. Use a concrete mixture proportioned for 3,000-psi compressive 
strength with a 0.48 water-cement ratio. 

c. Reduce the amount of water-reducing agent to thRt recommended 
by the manufacturer. 

d. Use proper and timely curing methods. If membrane curing is 
used, patching should wait until the curing period is 
completed. 

e. The temperature of the fresh concrete should be as low as the 
projec t specifications allow. 

f. Thoroughly consolidate placed concrete. 

~· Use hot or cold weather placing techniques as appropriate . 

211. During the second winter dewatering (1980-81), the new intake and 

discharge manifold systems were constructed, and the lock walls were resur

faced. Two upstream monoliths on both the intermediate wall and the upper 

guide wall were demolished and rebuilt (Figure 91) to accommodate the new lock 

intake system. Thus, the filling ports could be moved from the miter gate 

rece sses, significantly reducing the amount of debris t hat collects in these 

recesses. Construction of the new discharge system involved five new mass 
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concrete gravity monoliths for the intermediate wall, removal and reconstruc

tion of four lower guide wall monoliths, plus placing a heavy reinforced con

crete slab on the river bottom between the new intermediate wall monoliths and 

the reconstructed lower guide wall. Precast concrete units were then bolted 

to the slab to form the new lateral system. These units were connected to the 

wall ports on the new wall monoliths. Bulkhead slots were provided so that 

the laterals and the lock can easily be dewatered for future maintenance. 

Steel sheet-pile seepage cutoffs were driven around the slab to prevent ero

sion damage. 

212. Plans for resurfacing of the vertical lock walls specified removal 

of 15 in. of concrete between elevations 732.7 and 686.2. A 3-in.-deep hori

zontal sawcut at elevation 686.2 was later changed by contract modification to 

a 6-in. depth in an attempt to prevent feathering at the bottom. During the 

winter of 1979-80, test blasts were conducted on one lock wall monolith to 

determine the proper explosive charge. Vertical holes, 2-1/2-in. diameter, 

were to be drilled along a line located 15 in. from the face of the lock wall. 

Roles were to be spaced 15 in. on center. The drill pattern was changed when 

the contractor requested permission to drill 18 in. from the lock face to 

allow himself additional tolerance in meeting the 13-in. minimum resurfacing 

criteria. 

213. The initial test shot was conducted using four consecutive blast 

holes each loaded with 150-grain/ft detonating cord. Successive tests were 

conducted using four consecutive holes and increasing the explosive charge by 

50 grain/ft until optimum results were obtained. The test results were of 

limited value in designing for full-scale removal because of the minimal num

ber of loaded holes involved in each test round. However, it was determined 

that approximately 300-grain/ft detonating cord would be a reasonable charge 

to use in production removal. Blasting procedures for the 1980-81 wall resur

facing were designed by Woodward-Clyde Consultants. Their design incorporated 

the 300-grain/ft loading along with 400-grain/ft detonating cord attached to 

the bottom of the charges to make up for drill holes that may have wandered 

off line. 

214. Results of the vertical wall removal (Figure 92) varied with re

spect to the condition and composition of the concrete being removed. Where 

excessive embedded form tie steel existed, large displaced concrete blocks or 

slabs frequently remained on the wall suspended by the form tie steel 
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Figure 92. Concrete removal, land face of intermediate 
wall, Lock No. 1, Mississippi River 

(Figure 93). These blocks occurred most frequently near the monolith joints. 

This hanging concrete presented a special removal problem requiring considera

ble removal effort by the contractor. Several "reshots" were necessary where 

these blocks remained, occasionally requiring even a third shot to obtain ade

quate removal. In an effort to alleviate this problem, the delays of some 

charges in the resurfacing shot were changed. However, this change came at a 

time when trouble causing form tie steel was no longer encountered in typical 

wall resurfacing blasting. 

215. In most cases the concrete was removed at least to the level of 

the sawcut and in many instances feathered below that elevation. Some of the 

feathering below the sawcut was attributed to the patched and cracked concrete 

conditions left by the previous year's blasting of the lock filling and empty

ing ports. In some cases cracked and repaired areas came within inches of the 

wall resurfacing sawcut. Another probable cause of the feathering was that 

drill holes may have wandered excessively from their intended position or were 

drilled deeper than specified on the plans. 

216. Prior to full-scale resurfacing, all aspects of the contractor's 
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Figure 93. Hanging blocks of concrete where excessive form 
tie steel was encountered on the . land wall, Lock No. 1, 

Mississippi River 

performance were reviewed, and no major deficiencies were found. However, 

based on results of the trial resurfacing and Corps experiences with other 

lock wall resurfacing projects, it was anticipated that cracks would occur. 

In an effort to control such cracking, horizontal dummy joints 5 ft on centers 

were specified. These joints were specified to be a minimum of 3 in. deep 

(Figure 94) and to align with horizontal joints in the reconstructed tainter 

valve monoliths. Vertical joints were not specified because it was thought 

that they would be more vulnerable to barge impact. One of the resident engi

neers was assigned sole responsibility for monitoring the concrete placement 

and quality control to assure that good construction practices were followed 

within the limits of the specifications. 

217. Following completion of concrete removal, a temporary truss and 

corrugated sheet metal structure provided by the Corps was placed over the 

lock chamber (Figure 95). This structure allowed the temperature within the 

lock chamber to be maintained at a minimum of 40°F during the winter at a site 

where snowfall is considerable and wind chill factors can range from -20 to 

-80°F. Hatches and construction elevators provided access from the ground 

surface to the floor of the lock chamber. The shelter was designed to be 

easily assembled and dissembled for reuse or salvage, making it an economicaJ 
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a. Outside view 

b. Inside view 

Figure 95. Temporary enclosure over lock chamber, 
Lock No. 1, Mississippi River 
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solution for cold weather work. The shelter worked quite well during the in

vestigative dewaterings, the test blasting program, and the Stage 1 contract 

during the first winter but had to be modified extensively the second winter 

to allow for wall resurfacing. 

218. Surface preparation and replacement concrete reinforcement, an

chors, and forms for the wall resurfacing were similar to that previously 

described for the trial monolith. Prior to placing the concrete forms, dummy 

joints were provided on the form face as shown in Figure 96. Waterstops and 

joint seals were installed at monolith joints as shown in Figure 97. Two 

lifts, each 23 ft high, were used to resurface each monolith. 

219. A concrete mixture proportioned with natural gravel (1-1/2-in. 

MSA) for 4-in. slump, 5 percent air content, and a compressive strength of 

3,000 psi at 28 days age was used in the wall resurfacing. Because of the 

slightly reactive river run aggregate, Type I low-alkali, portland cement was 

specified for the concrete. Materials were hatched at the Shiely Concrete 

Company, St. Paul, Minnesota, and transported to the project in transit 

mixers. Concrete mixture proportions, based on a 1 cu yd batch, were as 

follows: 

Mixture No. 510-4PA5 

Material 

Portland cement, type I 

Fine aggregate 

Coarse aggregate (1-1/2 - 3/4 in.) 

Coarse aggregate (3/4 - No. 4) 

Water 

Water-reducing admixture 

Air- entraining admixture 

Weight 

510 lb 

1,275 lb 

1,010 lb 

1,010 lb 

235 lb 

19.6 oz 

4.2 oz 

Actual compressive strengths were significantly higher than the design 

strength with test results averaging approximately 3,800 and 5,040 psi at 7 

and 28 days age, respectively. 

220. Generally, the fine aggregate and water were preheated to approxi

mately 130°F prior to introduction into the mixer. According to the producer, 

this step was necessary to avoid problems in discharging the concrete on cold 

days. As a result, concrete temperatures at placement averaged approximately 

60°F. The specifications allowed concrete temperatures at placement to range 
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Lock No. 1, Mississippi River 
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from 50 to 75°F. Ambient temperature inside the construction enclosure aver

aged approximately 45°F, or 5°F higher than the minimum specified . 

221 . After the forms were removed, generally at 1 to 3 days following 

concrete placement, the contractor had the option of using either moist-curing 

or a membrane curing compound conforming to CRD-C 300. Membrane curing was 

used predominantly because of the cold weather conditions. Following applica

tion of the curing compound, a polyethylene sheet was draped over the concrete 

surface for the duration of the curing period (Figure 98). 

222 . During the specified 7-day curing period, a temperature differen

tial between the concrete surface and 2 in. inside the concrete of not more 

than 25°F was specified. The temperature probes and the recording meter were 

supplied by the Corps for contractor use. The probes were installed at loca

tions determined by the Corps. Generally, temperatures were monitored by the 

contractor at 2-hr intervals throughout the required curing period or until 

such time that the Corps inspectors permitted a longer time interval. Typical 

results of the temperature monitoring on ·mixture 510-4PA5 are shown in 

Figures 99-102. 

223. Results of the temperature monitoring of placement L-7B are shown 

in Figures 99 and 100. Although the form was not removed until 6 days after 

the concrete was placed, cracks were observed on top of the lift during the 

second day after placement. Temperature probes were located at two levels 

within the placement, 2 and 9 ft below the top of the lift. Peak concrete 

temperatures, approximately 24 hr after placement, were 95° and 98°F for the 

upper and lower levels, respectively, or 45° and 48°F higher than the average 

enclosure temperature. At the same time, the concrete surface temperature on 

top of the lift was reported t o be 68°F. At the time cracks were observed, 

the temperature differential between ambient and concrete at 2-in. depth as 

measured from the wall face was 17° and 30°F for the upper and l ower level 

probes, respectively. However, a temperature probe embedded 2 in . below the 

exposed top of the lift would have provided a more meaningful comparison in 

this case where the form was left in place for an extended period. 

224 . Result s of temperature monitoring of placement L- 11A are shown in 

Figure 101. A peak temperature of 106°F was recorded, 27 hr after placement, 

which represents a heat rise of 43°F. The form was removed at this point 

subjecting the concrete to a temperature differential between ambient and 

2-in. depth of 56°F. Covering the concrete surface with polyethylene quickly 
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a. Application of curing compound 

b. Concrete surface covered with 
polyethylene 

Figure 98. Typical curing of concrete resurfacing, 
Lock No. 1, Mississippi River 
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reduced the temperature differential between air adjacent to the surface and 

at 2-in. depth inside the concrete to 22°F. Similar results were obtained for 

placement I-14A (Figure 102). The form was removed one day following place

ment, subjecting the concrete to a temperature differential between ambient 

and 2-in. depth of 55°F. After the concrete surface was covered with poly

ethylene, the temperature differential between air adjacent to the surface and 

concrete at 2-in. depth was 40°F. This temperature differential decreased 

with time; however it remained in excess of 25°F for approximately two days. 

Although no cracks were reported for either the L-11A or I-14A placements, it 

is quite possible that they were present but not observed because of the poly

ethylene covering. Later reports that most placements contained cracks would 

appear to substantiate this possibility. 

225. HQUSACE Division, District, and WES representatives met on 

26 February 1981 to inspect the lockwall resurfacing operations. Approxi

mately 35 percent of the resurfacing work was completed. Overall, the re

placement concrete appeared to be satisfactory; however there were some hair

line cracks evident. These cracks were generally vertical at about 5-ft 

intervals. The cracks were fine and the width in general was less than 0.001. 

Such cracks appeared to have no structural significance, and the inspection 

team agreed that they need not be repaired at the time. However, it was 

recommended that the cracks be mapped and monitored. 

226. The dummy joints appeared to be controlling horizontal cracking. 

One disadvantage of the dummy joints is that their depth (3 in.) is such that 

the reinforcing mat located 5 to 6 in. from the lock wall face reduces its 

effectiveness in crack control. It would have been preferable to maintain a 

maximum of 4-in. cover, which could have been obtained by using a smaller 

depth to the dummy joints, or placing an additional mat of steel within the 

joints closer to the surface. 

227. A number of approaches to minimize concrete cracking (such as re

duced placement temperatures, use of fly ash as a partial cement replacement, 

metal forms instead of plywood, heating blankets, and vertical dummy joints) 

were discussed. However, the pressure to complete concrete operations prior 

to reopening of the lock scheduled for 1 May was such that there was a reluc

tance to make any significant changes in current procedures other than at

tempting to enforce the specified maximum temperature differential between air 

and concrete. There were plans to place the lower lift of one monolith using 
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Type K cement as an experiment. A suggestion that the experiment be expanded 

to include placing the remainder of the monolith with a concrete mixture con

taining 25 percent cement replacement mater ial was taken under consideration. 

228. On 17 March 1981, monolith L-7A was resurfaced with a concrete 

mixture containing shrinkage compensating cement (Type K). The mixture was 

proportioned with 1-1/2-in. MSA and a maximum water-cement ratio of 0.53 to 

have a compressive strength of 3,000 psi at 28 days age. Mixture proportions, 

based on a l-eu yd batch, were as follows: 

Mixture No. CC552-4PA5 

Material 

Type K cement 

Fine aggregate 

Coarse aggregate (1-1/2 - 3/4 in.) 

Coarse aggregate (3/4 in. - No. 4) 

Water 

Water-reducing admixture 

Air-entraining admixture 

Weight 

552 lb 

1,162 lb 

868 lb 

1,070 lb 

270 lb 

22 oz 

5 oz 

229. A total of 47-1/2 cu yd of the concrete containing shrinkage 

compensating cement was placed. Average properties of the fresh concrete 

determined prior to pumping were as follows: 

Property Result 

Slump, in. 4-3/8 

Air content, % 7.3 

Temperature, OF 47 

Compressive strength test results averaged 3,730 and 5,030 psi at 7 and 

28 days age, respectively. 

230. Results of the temperature monitoring of placement L-7A are shown 

in Figures 103 and 104. The peak temperature recorded, 24 hr following place

ment, was 96°F, which represented a heat rise of 38°F. From removal two days 

after placement, the concrete was subjected to a temperature differential be

tween ambient and 2-in. depth of 25°F. This differential decreased only 

slightly during the remainder of the curing period. Cracking similar to that 

previously observed in the conventional concrete resurfacing was reported. 

The cracks were not observed until the end of the curing period. 
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231. On 26 March 1981, monolith L-lOB was resurfaced with a concrete 

mixture containing fly ash. The mixture was proportioned with 1-1 /2-in. MSA 

and a maximum water-cementitious ratio of 0.48 to have a compressive strength 

of 3,000 psi at 28 days age. Mixture proportions, based on a l-eu yd batch, 

were as follows: 

Mixture No. 78x517-4P5A5 

Material 

Portland cement, type I 

Fly ash 

Fine aggregate 

Coarse aggregate (1-1/2 - 3/4 in.) 

Coarse aggregate (3/4 in. - No. 4) 

Water 

Water-reducing admixture 

Air-entraining admixture 

Weight 

439 lb 

78 lb 

1,070 lb 

1,060 lb 

1,070 lb 

235 lb 

25.8 oz 

5.2 oz 

232. A total of 44 cu yd of the concrete containing fly ash was placed. 

Average properties of the fresh concrete were as follows: 

Property 

Slump, in. 

Air content, % 

Temperature, °F 

Result 

2-1/2 

4.3 

55 

Compressive strength test results averaged 4,280 and 5,150 psi at 7 and 

28 days age, respectively. 

233 . Results of the temperature monitoring of placement L-lOB are shown 

in Figure 105. The peak temperature recorded, 27 hr following placement, was 

96°F which represented a heat rise of 41°F. At the time of form removal, ap

proximately 1-1/2 days after placement, the concrete was subjected to a tem

perature differential between ambient and 2-in. depth of approximately 40°F. 

This differential exceeded 25°F for two days following form removal. Although 

cracks were not observed until four days after placement, it was noted that 

they may have occurred earlier. 

234. Although horizontal cracking was controlled through the use of 

dummy joints, efforts to eliminate vertical cracks in the resurfacing were 

unsuccessful (Figure 106). The tainter valve monoliths, which were demolished 
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Figure 106. Vertical cracking in the concrete 
resurfacing, Lock No. 1, Mississippi River 

and reconstructed in 5-ft lifts with essentially the same concrete materials 

and mixture proportions, exhibited a minimum of cracks (Figure 107). This 

fact suggests that restraint provided by the existing concrete was the primary 

cause of cracking. As the relatively thin layer of resurfacing concrete 

attempted to contract as a result of temperature, shrinkage, and autogenous 

volume changes, this restraint caused strains to develop in the concrete 

resurfacing which exceeded its tensile strain capacity. Consequently, cracks 

developed. 

235. During both winter dewatering periods, approximately 150 people 

worked two 10-hr shifts 6 days per week from December through May. A total of 

22,000 cu yd of concrete was placed utilizing 10 different concrete mixture 

designs. Three simultaneous concreting operations, each with different 
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Figure 107. Concrete cracking in a resurfaced 
monolith (left) compared to reconstructed mono

lith, Lock No. 1, Mississippi River 

placement methods and mixture designs, were commonplace. Through the diligent 

efforts of both the Corps and the Stage 1 construction contractor, the lock 

was closed to navigation for only the two 5-month winter dewatering periods, a 

total of 3 months beyond normal winter shutdowns. Impact of this closure time 

was lessened by close coordination with area shippers and carriers. 

236. The second major construction contract (Stage 2) was awarded to 

M. A. Mortenson Company, Minneapolis, Minnesota, in October 1981. This con

tract included construction of a new central control station, service build

ing, utility building, and associated electrical and mechanical systems. For 

visual integration with the new rehabilitated locks, the buildings were con

structed of cast-in-place concrete faced with a cementitious coating. 
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237. The f ocal point is the central control station on the intermediate 

wall. Reached by a pedestrian bridge that also carries utilities, the build

ing was designed to conserve energy. North facing windows are minimal, while 

south windows admit sunlight to the entire floor area during the winter, where 

water tubes absorb the solar gain. The windows are protected with insulated 

coverings at night. In summer, structural shading prevents sunlight from 

entering . An active solar system, which uses freon a s a phase change material 

for the heat transfer medium, supplements the hot water system. 

238. The central control station houses the computer system which con

trols all of the lock operations. The lock mas ter is no l onger requi red to go 

down to the lock wall in order to raise a filling valve or open a gate. 

Instead, an entire l ockage can be completed from the control room overlooking 

the lock chamber. Those areas which cannot be seen directly from the control 

r oom are moni tored by five remote television cameras. 

239. The cost of the rehabilitation project increased from an estimate 

of $21,900, 000 in the Study of Alternatives Design Memorandum prepared in 

October 1976 to approximately $45 ,000,000 in 1982. The District spent con

s iderable time reviewing and analyzing the situations and reasons for this 

increase and concluded that the increase could be divided into eight cate

gories (St. Paul District 1983). There is some overlap between categories, 

but the titles generally represent some of the problems and uncertainties in 

preparing an accurate cost estimate for a difficult project at the feasibility 

level. 

a. Design revisions. Revisions to the feasibility design ac
counted for approximately 23 percent of the cost growth. As 
the detailed design was refined during the design memorandum 
stage and during the preparation of plans and specifications, 
revision were required. The more detailed design also allowed 
more accurate estimating techniques to be used. Errors and 
omissions in the calculations of early quantities were also 
corrected. 

b. Inflation. A major contributor to cost growth was inflation. 
It amounted to approximately 16 percent of the total. 

c. Safety improvements. The third largest growth factor of ap
proximately 15 percent was for safety improvements. As the 
design proceeded and onsite investigations were made, several 
additional features were added to improve the safety of the 
project. Additional stability anchors were incorporated. The 
original design of the cellular sheet-pile cofferdam was modi
fied. Hydraulic improvements were added as a result of the 
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hydraulic model study. Numerous smaller safety 
also included as the project design progressed. 

• • rev1.s1.ons were 

d. Lock rehabilitation inexperience. Approximately 13 percent of 
the increase is attributable to the District's inexperience in 
engineering a major lock and dam rehabilitation. Because of 
this lack of experience, the early design was inadequate in 
some aspects. For example, cost associated with electrical 
features of the rehabilitation increased significantly from 
the original estimate. The extent of work required to convert 
electric equipment over a half century old to a modern, 
sophisticated computer-based system was simply not adequately 
accounted for. Other examples include a cost increase to 
properly account for the constricted time requirements and 
confined site conditions and the necessity to revise the size 
and scope of such features as the service building and sewer 
system. 

e. Concrete removal by blasting. Large amounts of concrete had 
to be removed for lock rehabilitation, and the cost for this 
removal included in the original estimate was based on previ
ous experience. However, as the detailed plans for lock 
rehabilitation were formulated and the emphasis was placed to 
minimum closure to navigation, it became apparent that t he 
previous methods of concrete removal were not applicable. 
Approximately 12 percent of the cost growth is a result of 
additional cost for use of state-of-the-art blasting tech
niques for concrete removal. These costs include the need f or 
research and development, an additional dewatering needed to 
test the blasting techniques, and as a modification to the 
construction contract to field-adapt the plans and specifica
tions to site conditions revealed during construction. Addi
tional expenses were incurred in the use of Title II con
sulting services for onsite inspection of the blasting 
techniques. 

f. Fixed time schedule. The Minneapolis Port Authority and news 
media cited $20,000,000 in lost revenue for each month Lock 
and Dam No. 1 was closed to navigation. Congressmen wrote the 
District to encourage progress towards opening the lock. The 
District made a firm commitment for opening the lock at the 
end of each of the dewaterings and would have received severe 
criticisms if the dates had not been met, regardless of the 
problems. For these reasons, an additional 10 percent of the 
original estimated cost was spent to ensure the locks were 
open on time. In addition to two modifications for accelera
tion, the District specified some expensive, but expedient, 
construction methods. 

g. Receipt of bids. Approximately 9 percent of the cost growth 
resulted from the bid opening of the Stage I contract and the 
operating machinery supply contract. The fall of 1979 was a 
good period for the construction industry and competition for 
work was not intense; therefore, contractors' bids were con
sistently higher than during periods of minimum construction 
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activity. Only two bids were received on the Stage I contrac t 
of this difficult project, and following award the project 
cost was revised upward. 

h. General rehabilitation . It is difficult to determine how much 
should be set aside for contingencies on a rehabilitation 
project when so much depends upon the unforeseen . At Lock and 
Dam No. 1, approximately 2 percent of the costs were incurred 
beyond the assumed contingencies because of differing site 
conditions. 

240 . In spite of these problems , the r ehabilitation of Lock and Dam 1 

was successful. The project has won numerous engineering design awards, in

cluding the OCE Engineering Award of Excellence and the Pr esidential Design 

Award of Merit. The overall design and construction cost of $45 million 

represents only about one- fourth the cost of a new lock and dam structur e . 

Yet the rehabilitated facility is as modern and efficient as any new lock . 

Lower Monumental Lock 

241. Lower Monumental Lock and Dam is located on the Snake River about 

40 miles from Pasco, Washington . Initial construction began in 1961, and the 

project was put into operation in 1970 . The navigation lock chamber has clear 

dimensions of 86 by 675ft and a lift height of 103ft (Figure 108) . 

242 . The environment at Lower Monumental is harsh from the standpoint 

of concrete durability . The region does not have extreme winters dur ing which 

the temperature drops below freezing and remains there. Instead, the concre t e 

is exposed to many alternate cycles of freezing and thawing . This exposure is 

exaggerated when the water is just above freezing and the air temperature is 

below freezing . Freezing and thawing based on daily ambient temperature 

changes (a conservative estimate of total cycles of freezing and thawing) 

averages 64 cycles per year. In addition, lock usage averages about 475 com

mercial lockages each year during the months of freezing weather. 

243. Deterioration and repair of the concrete in the lock wall are 

described in detail by Schrader (1981) and summarized in the following discus

sion. Aggregates for the concrete were natural materials screened from river 

deposits. During construction, it was necessary to use an unusually high 

dosage of air-entraining admixture in order to stay above the acceptable lower 

limit of required air content . The air content was checked at the time of 

hatching and before placement . However, analysis of hardened concrete f r om 
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the lock indicated that the actual air content was less than required and that 

the concrete had very low resistance to cycles of freezing and thawing. 

244. Concrete deterioration in the lock chamber was evident after sev

eral years of operation. It progressed through the next few years to the 

point at which it became obvious that repairs would be necessary. The lower 

areas of the lock chamber had the worst damage with 3- to 6-in. aggregate 

fully exposed after about eight years of service. Because of the very high 

lift, loose aggregate falling into the lock chamber created a potential safety 

problem. In addition to repairing the badly damaged areas, a treatment was 

needed that would prevent further deterioration of those areas not yet damaged 

to the point of needing repair. 

245. The conventional approach to lock wall repair, removal of about 

12 in. of face concrete and replacement with anchored high-quality concrete or 

shotcrete, was considered to be too costly and time-consuming. The lock, a 

major link on the Columbia and Snake River Waterway, has no alternate barge 

handling facility. Therefore, a closure for more than the routine two- or 

three-week annual maintenance outage could not be tolerated. A faster and 

more economical method of repair and prevention of further deterioration of 

the lock walls was needed. If, after proper surface preparation, a protective 

shotcrete coating could be applied to the existing wall, large savings in time 

and material would result. 

246. Any buildout would have to be minimal so that the effective lock 

width would not be reduced. Areas of the structure where severe deterioration 

and spalling occurred to depths ranging from several inches to several feet 

would first be filled with concrete, epoxy mortar, shotcrete, or other patch

ing materials. The surface coating would then be applied over the patch. In 

order to be successful, the coating would have to cure rapidly, bond to the 

existing wall, be resistant to wetting and drying and cycles of freezing and 

thawing, have dimensional stability and minimal shrinkage from moisture and 

temperature changes, prevent the penetration of water through it even at heads 

of 100 ft while still being able to breathe or relieve vapor pressure when the 

lock is empty, be resistant to the impact of barges, have acceptable appear

ance, be able to be applied at temperatures between 30° and 90°F on a surface 

that would be near a saturated surface dry condition, and be practical enough 

to apply in the field at a production rate of about 10,000 sq ft per day. A 

material meeting these prerequisites was not located. 
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247. The most promising idea was to apply a shotcrete that would con

tain modifiers which could enhance its qualities. The addition of fibers 

could add toughness, resilience, impact resistance, strain capacity, and other 

desirable properties. Impermeability, bond, rapid curing, and minimal shrink

age could be provided by a latex modifier. Portions of concrete from the lock 

were removed, coated with a 3/8-in.-thick fiberglass fiber-reinforced latex

modified mortar, and tested to see if this type of coating did, in fact, have 

potential for repair of the entire lock. Laboratory tests demonstrated that 

the specialized shotcrete coating had the potential to meet the criteria for 

the repair material. 

248. The next steps in evaluation of the specialized shotcrete method 

of repair and protection were to demonstrate its field practicality, thor

oughly test the material properties of field-cast panels, and observe the 

field performance after a year's exposure to actual operational conditions. 

Monolith 9 was selected for the field trials because the lock chamber face had 

various degrees of surface deterioration ranging from minimal at the top to 

severe at the bottom. It was divided into six equal 10-ft-wide strips running 

from the top of the lock down to tailwater. Each strip was coated with one of 

the trial mixture proportions. The field test was performed by a contractor 

under fixed bid in 1979. 

249. The first, and perhaps most important step, was preparation of the 

existing surface. Contract specifications, as stated below, were clear as to 

what was to be accomplished during the surface preparation phase: 

"Prior to applying any of the shotcrete coatings, the 
surface shall be prepared by removing all loose, un
sound, and friable material and by removing all sur
face contaminants such as dust, silt, old curing com
pound, organic growth, etc. The purpose of applying 
the coatings is to prevent continued deterioration of 
the mortar portion of the concrete. Due to deteriora
tion that has occurred to date, much of the mortar is 
very poor, crumbly, and friable. All of this unsound 
material shall be completely removed prior to applica
tion of coating. Any cleaning procedure that safety 
and thoroughly performs this cleaning without under
cutting exposed aggregate will be acceptable. How
ever, the procedure used will be subject to the ap
proval of the Contracting Officer after field 
demonstration. Some possible cleaning procedures are 
high-pressure waterjets, air-water cutting, sand
blasting, mechanical brushes, or a combination of 
these techniques ••.• " 
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250. A water wash with questionable pressure was used to prepare the 

concrete surface. In some areas this type of preparation worked satisfactor

ily, but in other areas the prepared surface had loose friable mortar between 

large aggregate particles which could easily be removed by hand or with a 

screwdriver. As unfortunately is the case in many construction projects, con

tract administration and scheduling problems did not permit proper cleanup of 

all areas prior to application of the new materials. 

251. Six shotcrete mixtures were used in the demonstration as follows: 

Mixture No. 

1 

2 

3 

4 

5 

6 

Description 

Conventional shotcrete, Type III cement 

Conventional shotcrete, Type IA cement 

Glass fiber-reinforced shotcrete, Type I 
cement 

Glass fiber-reinforced shotcrete, Type IA 
cement 

Latex-modified, glass fiber-reinforced 
shotcrete, · Type I cement 

Latex-modified, glass fiber-reinforced 
shotcrete, Type IA cement 

In all of the mixtures, materials were hatched and blended at the top of the 

lock and then brought to the work platform at the application location. Mix

tures 1, 3, and 4 were applied from a hanging platform of limited width. The 

resultant congested working conditions did not allow the nozzleman to follow 

good practice in shotcrete application. Mixtures 2, 5, and 6 were applied 

from a much larger floating barge. 

252. The conventional shotcrete was applied in a single layer using the 

dry-mix process. The glass fiber-reinforced shotcrete was applied using the 

standard "spray-up" process which applies a wet mixture at low pressure, while 

the fiberglass fibers are chopped into 4-in. lengths and blown against the 

surface simultaneously with the mortar (Figure 109). The thickness of mate

rial applied was only about 1/8 in. per pass, and the surface was rolled with 

what looked like a serrated paint roller between passes. This roller pressed 

the glass fibers into close contact with the mortar. A mat of material re

sulted which could actually be lifted off in sheets, but which also would sag 

if too much weight was added too fast. All mixtures were applied to the lock 
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Figure 109. Application of latex-modified, 
glass fiber-reinforced shotcrete, Lower 

Monumental Lock 

wall at a design thickness of 3/8 in. Field cast test specimens were shot 

against rigid plywood boards. 

253. Evaluation of the various mixtures and application procedures con

sisted of three basic phases: (a) determining the practicality and speed of 

application of the coatings using construction crews under true field condi

tions; (b) extensive laboratory evaluation of test panels made and cured in 

the field; and (c) evaluation of physical performance of the in-place material 

after one full year of service . 

a . The field applications showed that with experienced crews and 
proper planning, any of the coating materials could be applied 
at a reasonable rate under difficult field conditions. From a 
practical standpoint, the demonstration showed that the latex 
mixtures had a natural advantage over the conventional mix
tures because their use permits a drying period instead of 
moist cure after application. Good moist curing or properly 
applied and protected curing compound is typically difficult 
to obtain in the field. 

b. The field cast specimens were trimmed to a thickness of 
5/16 in. for testing so that they would all be of the same 
thickness. Selected material properties for typical panels 
made in the field were as follows: 

Unit weight, pcf 

Air content, % 

Absorption, % 

Property 

(Continued) 

167 

Mixture No. 
1 5 -------------

148 

2.8 

9 

142 

1.8 

10 



Property 

Flexural strength, psi 

Tensile strength, psi 

Impact resistance, blows 

Resistance to cycles of freezing and 
thawing, % weight loss (cycles) 

Coefficient of permeability at 100 ft 
-9 

of head, ft/min/ft head x 10 

* Essentially no damage, test stopped. 

890 

225 

1 

Mixture No. 
1 5 

2,770 

780 

31 (196) 

500* 

1(345) 

18,400 1 

c. A portion of the test section nine months after the repair is 
shown in Figure 110. One year following completion of the 
trial repair the test sections were inspected to determine the 
condition of the various shotcrete mixtures. The condition of 
each section was described as follows: 

(1) Mixture 1. Hollow sounding (debonded) areas were present 
on most lift sections. The sizes of the debonded areas 
varied considerably, ranging from a few inches in diam
eter to nearly the entire lift section. A number of fine 
cracks were present. Although debonded areas and fine 
cracks were present, the coating surface itself was 

Figure 110. 
and uncoated 
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Comparison of coated (left) 
areas of wall, Lower Monu

mental Lock 
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generally sound, with essentially no change in appearance 
(with the exception of fine cracks) from the previous 
summer. 

(2) Mixture 2. The fine cracks evident here did not appear 
to be as numerous as in Mixture 1. Also there appeared 
to be fewer hollow sounding areas as compared to Mix
ture 1. In this section, a large crack in the monolith 
was noted during application of the coating. This crack 
reflected through the coating as one tight crack, with no 
spalling around it. 

(3) Mixture 3. No fine cracks were evident in this section, 
and very few debonded areas were present. It should be 
noted that the preparation of the surfaces prior to ap
plication of coatings the previous summer was observed to 
be better on sections where Mixtures 3 and 4 were ap
plied, as compared to the other four sections. The ob
servations after one year of field service help to con
firm the importance of good surface preparation. The 
surface of this coating showed essentially no change in 
appearance from the previous summer. 

(4) Mixture 4. A few fine cracks were noted in only one 
area. The overall percentage of debonded areas on this 
section was very low. The surface appearance was essen
tially unchanged from the previous summer. 

(5) Mixture 5. No fine cracks were evident in this section. 
No hollow sounding (debonded) areas were evident on the 
upper lifts. However, some of the lower lift sections 
were almost completely debonded. After one year of field 
service, this section was not as good with respect to 
bonding to the substrate, as were the sections with glass 
fibers alone. However, this condition was attributed 
entirely to differences in surface preparation prior to 
coating. 

(6) Mixture 6. No fine cracks were observed in this section. 
No debonded areas were evident on the upper lifts, but 
numerous hollow sounding areas were present in lower lift 
sections, with some sections having completely peeled off 
in large sheets. However, immediately next to some of 
the peeled-off areas, the bond of the coating to the sub
strate was excellent. As with all other sections, the 
surfaces of sections coated with Mixtures 5 and 6 showed 
essentially no change in appearance from the previous 
summer. Visual examinations of cores (Figure 111) indi
cated that hollow sounding areas were, in fact, delam
inated, and the anticipated well-bonded zones were found 
to be sound. These observations confirmed that the 
debonding failures were caused by improper surface prep
aration. The coatings in such instances were found to be 
bonded to the mortar from the original (unsound) surface, 
but the weak surface mortar had peeled away from the rest 
of the concrete, thereby causing the failure. 
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Figure 111. Typical horizontal cores from tes t 
sections showing excellent bond (left) and bond 
f ailure at shotcrete-concrete interface (right) 
due to improper surface preparation, Lower 

Monumental Lock 

254. Based on North Pacific Division laboratory tests and field trials, 

i t was concluded that thin shotcrete coatings such as the fiber-reinforced, 

Jatex-modified system should be extremely effective in terms of time and cost 

savings when compared t o the conventional alternative of concrete removal and 

replacement. Tests on field cas t panels indicated that: 

a. Overall, the best performance can be achieved by a combination 
of glass fibers and latex, followed in order by glass fibers 
alone and by conventional shotcrete. The superiority of the 
l a tex mixture was especially apparent in the permeability and 
freeze-thaw tests. 

b. Proper surface preparations are absolutely essential prior to 
application of any coating. 

c. Air-entraining cement did not produce adequate entrained air 
in any of the mixtures used, regardless of mixer type and 
regardles s of whether the wet-mix or dry-mix process was used. 

d. In determining which coating materials to use in future lock 
wall repa irs, a careful cost/benefit evaluation should be 
made. Conventional shotcrete will likely give a few to sev
era l years of good service. The glass fiber and glass fiber 
latex coatings will give better service for successively 
longer periods of time, but at respectively greater initial 
cost. 

25 5. Based on the field and laboratory evaluations, it was decided to 

apply a 3 / 8-in. thick, f i berglass-reinforced, latex-modified cement coating to 
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the lock chamber walls. Since the success of the repair was totally dependent 

upon satisfactory surface preparation, several additional surface cleaning 

trials were made to verify that with properly operating high-pressure water

jet equipment, the surface could be satisfactorily cleaned. Sandblasting 

equipment, wire brushes, hand chipping, and air-operated scabblers were also 

tried by the Government designers. The benefit of this experience was passed 

on to the bidders through a prebid conference, discussion in the technical 

provisions of the bidding documents, and with photographs of the work (Fig

ure 112) which also became a part of the bidding documents. 

256. A prebid conference which included a question-answer period and 

open dialogue between bidders and the designer, inspection crew, and opera

tions personnel from the project was held. The designer explained what the 

concrete problem was and what this repair needed to accomplish. Slides of the 

previous year's trials and the surface cleaning procedures were shown. Con

tractural problems experienced during the trials were discussed. After the 

conference, a tour through the lock was conducted. Ten contractors attended 

the conference, including the successful low bidder. The prebid conference 

was probably one of the reasons for the success of the job and the lack of 

claims and modifications. 

257. The Government estimate and three bids were as follows: 

Surface Preparation 
Mobilization and Coating Total 

Government $145,600 $ 885,000 $1,030,600 

Bidder 1 437,000 742,057 1,179,057 

Bidder 2 419,000 933,000 1,352,000 

Bidder 3 900,000 1,046,000 1,946,000 

The Government estimate was originally $937,000 total, or 25.8 percent below 

the low bidder. A review of the estimate found errors that increased it to 

$1,030,600 or well within 25 percent of the low bidder which was a criterion 

for award of the contract. Early in 1980, a construction contract for the 

repairs was awarded to the low bidder, Premier Waterproofing Company, 

Denver, Colorado. 

258. There was no device or test which could be used to measure the 

degree of "clean" necessary and actually achieved during surface preparation. 

To minimize disagreements and the application of different standards by 
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Figure 112. Removal of unsound concrete mortar using 
a high-pressure water jet, Lower Monumental Lock 
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different inspectors and to establish with the contractor right from the start 

what would be acceptable, the contract required preparing "sample areas" be

fore progressing with cleanup of the entire lock. The sample areas showed 

minimal, medium, and serious deterioration. The contractor's foreman, field 

supervisors, and company owner were there. The Corps had its designer, shift 

supervisors for inspection, and head of the construction administration divi

sion present. The equipment to be used in the actual cleaning was used in the 

demonstration. Agreement was easily reached as to what was required and what 

was an acceptable condition. This standard was then used throughout the job. 

259. Most of the actual cleaning was done between lockages over a 

three-week period before the lock outage and actual spray-up coating opera

tions began. High-pressure water-jet equipment was used and normally operated 

at about 10,000 psi. As the nozzle tips would wear out, the pressure would 

start to drop to about 7,000 psi. New tips were then installed. Both the 

pressure and angle of the jet were critical to effectively remove unsound 

materials. Occasional handchipping was used to supplement the water jet in 

areas where it just did not clean well enough. Usually the unsound mortar was 

about 1/4- to 3/8-in. thick and flaked off easily (Figure 113). For most of 

the area in the lower portion of the lock, scaling had already occurred to a 

depth of 1/2 to 2 in. in the mortar, severely exposing the large aggregate 

which itself was quite sound. An example of the wall surface after acceptable 

surface preparation is shown in Figure 114. 

260. The contractor was experienced with various forms of specialty 

concrete construction but had no experience in the spray-up process. The spe

cifications clearly required various degrees of experience for the nozzlemen 

and actual applicators. The foremen were required to have had at least two 

years experience with shotcrete, and at least two of the nozzlemen were re

quired to have served at least 6-months apprenticeship with the same type of 

equipment used on the job. All other nozzlemen were required to have had at 

least two weeks of "hands-on" training. Each spray-up crew was required to 

demonstrate their ability to perform satisfactorily and to apply coatings of 

the required quality by actual placements. 

261. The contractor met these requirements in two ways. First, he 

hired all available experienced spray-up crews from two companies that 

specialize in this work. Second, he set up a training center in a warehouse 

for his own personnel and had them practice for two weeks before going to the 
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Figure 113. Examples of how easily the unsound surface 

mortar could be removed, Lower Monumental Lock 
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Figure 114. Typical condition of the wall following 
acceptable surface preparation, Lower Monumental Lock 

jobsite. During this training, a knowledgeable factory representative for the 

fiberglass supplier gave "hands-on" instruction, and one of the experienced 

crews worked with the new crews for about two days. After meeting the minimum 

experience requirements, each nozzleman made a sample panel from which test 

coupons were cut. These coupons were examined visually for laminations, 

porosity, fiber distribution, and appearance. Thev were then measured for 
J 

thickness and subjected to center-point flexural testing. 

262. The mixture used for all trials was the same as specified and used 

throughout the contract work. It was identical to the latex-modified, glass 

fiber-reinforced, sprayed-on mortar coating (Mixture 5) used in the field 

demonstrations of the previous year. The batch weights and volumes were as 

follows: 

Water 
Cement 
Fibers 
Latex 

Item 

Fine aggregate (SSD) 
Water-reducing 

admixture 
Air (3.7 percent) 

Weight, lb/cu yd 

245 
1,720 

117 
520 
860 

75 

175 

Approximate 
Volume, cu ft 

4 
9 
1 
7 
5 

1 
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The cement used was portland cement Type I-II. The fibers were single-strand, 

multiple-filament, alkali-resistant fiberglass. The latex contained approxi

mately 50 percent solids and an antifoaming additive. The fine aggregate was 

presacked sand. The water-reducing agent met the applicable requirements of 

ASTM C 494. 

263. One week before the lock was taken out of service for the actual 

repairs, the contractor was required to go through a full-scale demonstration 

of his operation during a 24-hr lock shutdown. The demonstration required 

cleaning and coating an upper lift of the lock wall. It gave the contractor 

and crews a chance to find out ahead of time what problems might be encoun

tered during the actual project shutdown and gave them time to react to the 

day's experience before getting into the three-week-outage period. 

264 . The contractor chose to work from a floating plant consisting of 

six barges, three working at each wall and lashed together end-to-end. The 

barges stretched for about 75 percent of the length of the lock. The lashed 

barges were braced and welded side-by-si~e so that they all acted as one unit. 

At the start of the lock outage, the barges were floated into the lock chamber 

and positioned. The lock was filled and the contractor began working from the 

top lift down (Figure 115). After the approximate height of one 5-ft lift was 

coated from end-to-end on each side, the lock level was lowered about 5 ft and 

the next lift was coated. 

265 . Each spray-up station (Figure 116) had its own scales, spray-up 

gear or nozzle, mixer, and pump. Each station was also manned by a full crew 

consisting of a nozzleman, mixer man, roller man, and usually a helper. As 

previously described the "spray-up" process used a wet mortar mixture pumped 

to the nozzle by grout pump and atomized with low-pressure air at the nozzle. 

While the mortar was sprayed against the wall surface, fiberglass fibers were 

simultaneously chopped from a continuous strand and blown into the mortar 

spray from a separate cutter head attached to the nozzle. The material was 

applied in a thickness of about 1/8 in. per pass and was lightly rolled with 

what looked like a serrated paint roller between successive passes. This 

roller pressed the glass fiber into intimate contact with the mortar. A mat 

of material resulted which was heavily reinforced but which would sag or fall 

off if too much weight was added too fast. The final surface could be trow

eled; but although this process made a better appearance, it was unnecessary 

and if overdone could have been damaging. 
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a. Coating application near upper lifts 

b. Coating application about 75 percent complete 

Figure 115. Floating plant used in coating 
application, Lower Monumental Lock 
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a. High-shear mortar mix 

b. Group pump and spray-up unit 

Figure 116. Typical "spray-up" station, 
Lower Monumental Lock 
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266. As the work progressed from the upper lifts which had less dete

rioration (Figure 117) to the lower lifts with substantial deterioration, the 

length of fiber used had to be adjusted. The cutter heads were designed to 

chop fibers of 1-1/2-, 4-1/2-, or a combination of 1-1/2- with 3-in. lengths. 

The longer fibers were desired because of their believed tendency to give 

greater toughness and strain capacity. However, where the depth of relief 

around large exposed aggregate was about 1/2 in. or more, the long fibers 

tended to bridge across adjacent pieces of aggregate leaving an air void over 

the relief between them. Where a combination of 1-1/2- with 3-in. fibers was 

used, this problem was minimized. 

Figure 117. Coating application in an area of 
minimal scaling near the top of the lock, Lower 

Monumental Lock 

267. Horizontal joints were treated by simply spraying over them and 

treating them as a continuous mass. These joints have no known movement 

across them and are tight construction lift joints. They did present some 

problem because they had a 3-in. chamfer into which the coating had to be 

sprayed and rolled. There was a tendency for the workmen not to adequately 

coat or roll these places. Vertical joints between monoliths were known to 

have measurable amounts of relative movements. Wherever these movements were 

encountered, the joint was oversprayed from one side to the other, but then 

the joint line was cut through the coating with a knife while it was still 

wet. Some joints that were not cut with the knife were later cut with a 

diamond saw. 
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268. The thickness of the in-place coating (Figure 118) varied between 

5/16 and 5/8 in. and averaged 3/8 in. In areas where 3-in. aggregate was 

visible on the lock wall, the thickness over the outside of the 3-in. cobbles 

was less than 3/8 in., but between the aggregate particles it was more than 

3/8 in. Since protection over the mortar between the aggregate was most 

important, this thickness was considered acceptable. Thickness was continu

ously checked by stabbing the wet mix with a nail used as a depth gage. 

269. In order to coat the wall below minimum tailwater, it was neces

sary to set the downstream lock chamber bulkhead and partially unwater the 

lock, so the barge floated below tailwater. After completion of the spray-up 

work, the water level was kept below the level of the last coating until it 

air dried for 36 hr as required by the specifications. In actuality, the con

tractor finished about one day earlier than necessary, and the coating was 

able to receive a little bit more beneficial drying before being inundated by 

reflooding of the lock chamber to full tailwater elevation. The job was com

pleted on time with no accidents, no claims, and no modifications. 

270. After about six months in service, the coating appeared to be in 

good condition as shown in Figure 119. During the June 1981 lock outage, ap

proximately one year after the coating was applied, the lock walls were evalu

ated by soundings, visual examination, and core drilling. Based on soundings 

at a typical 45-ft wide by 100-ft high section of monolith 15, it was con

cluded that 99.2 percent of the coating was fully bonded. About 20 unbonded 

areas were found. Generally, the unbonded areas were about 1 sq ft or less in 

area and located just below a lift joint or adjacent to a monolith joint. 

These unbonded areas were attributed to the fact that the workmen who applied 

the coating had a natural tendency to underspray or underroll near lift 

joints. Also, because of the nature of the coating material, it usually would 

pull loose or slough near monolith joints when it was trimmed to maintain the 

joint line. It would then be rerolled as best as was practical, but appa

rently this procedure was not totally effective. 

271. Forty cores were taken through the coating and into the base con

crete in monoliths 15 and 16. In each monolith, cores were taken along a ver

tical line near the upstream monolith joint and the third point which was the 

approximate center of an uncracked mass. Along each vertical line a core was 

generally taken in the center of the first 5-ft lift and at the center of 
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a. Coating of rough, severely deteriorated 
concrete 

b. Coating in the upper lifts which had 
minimal concrete deterioration 

Figure 118. Typical appearance of the wall 
coating, Lower Monumental Lock 
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a. Overall view of north wall 

b. Evidence of barge impact on the coating 

Figure 119. Condition of the coating after about 
six months in service, Lower Monumental Lock 
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every third lift below it down to tailwater. Midway between the top and bot

tom lifts, cores were taken along each vertical line 1 ft from the bottom of 

the lift. Results of an examination of these cores were as follows: 

a. The coating thickness ranged from 1/4 to 1/2 in.; however in 
most cases the thickness was very close to the 3/8-in. design. 

b. In most cases the coatings were bonded, very dense, tight, and 
without serious voids. A few had some small air bubbles where 
the mortar was not fully densified by rolling, and some inte
rior uncoated glass fibers resulted. However, in no case was 
there a continuous void or potential seepage path through the 
coating. 

c . In one case the coating broke off as a result of prying the 
core with a screwdriver to break it loose from the wall after 
drilling. Failure occurred just beyond the coating-concrete 
interface in what appeared to be some unsound surface mortar. 

d. In the two cases where the coating was not bonded to the con
crete, failure was attributed to improper application. There 
was no evidence of latex mortar being applied before or with 
the fiberglass fibers when the spray-up process started. A 
t hi n layer of clean, white, loose fibers was found between the 
coating and lock wall. 

272 . The largest unbonded area found above tailwater was located near 

the upstream joint in monolith 15 . Injection and vent ports were drilled 

through t he coating , and epoxy was injected into the delaminated area in an 

attempt t o bond the coating to the wall. The epoxy seeped through the coating 

almost immediately as it was being injected under low pressure . Injection was 

stopped, and the epoxy in t he coating hardened. A core through the area 

showed that essentially no epoxy remained behind the coating and no rebonding 

occurred . 

273. Most , if not all , of the bottom lift of coating, below tailwater, 

was obviously debonded and some had fallen off the wall . This failure was 

attributed to either insufficient drying time prior to inundation or re

emulsification of the latex because of continuous saturation. Fortunately, 

t he coating is not considered necessar y in this a r ea, nor is it visible during 

normal operation of the lock . 

274 . The t ria l shotcrete coatings applied to monolith 9 in 1979 have 

performed poor ly . Addi t ional failures of some of these coatings had occurred 

by 1981. 

275 . Several small , isolated debonded areas of the latex- modified, 

fiber-reinforced shotcrete coa t ing were r emoved and resprayed under a 
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miscellaneous repair contract in March 1983. Also, a fairly large debonded 

area on monolith 11 and the failed areas of trial coatings on monolith 9 were 

resprayed. Equipment and procedures, including surface preparation, were 

essentially the same as those used in the 1980 repairs with the exception that 

the latex used in 1983 was styrene butadiene instead of saran. 

276. In September 1983, it was reported that almost all of the coatings 

applied in March 1983 had failed. Generally, failures occurred within the 

concrete substrate immediately behind the concrete-shotcrete interface. The 

remainder of the lock wall coatings were reported to be in very good condition 

with the exception of the trial coatings on monolith 9. It was estimated that 

40 percent of the trial area had failed. During the inspection, several 

sheets of the debonded trial coatings were pulled off relatively easily by 

hand. It was recommended that project personnel remove the remaining debonded 

areas and an area on monolith 11 to avoid a potential safety hazard. 

277. Currently, it is reported that an estimated 15-20 percent of the 

latex-modified, fiber-reinforced shotcrete applied in 1980 was debonded fol

lowing the winter of 1985-86 and that a large piece of the coating had fallen 

off, striking a barge inside the lock chamber. 

Emsworth Locks 

278 . The Emsworth project is located on the Ohio River and consists of 

two dam structures, one on each side of Neville Island, and two parallel lock 

chambers. The main channel dam and the locks are 6.2 miles below the conflu

ence of the Allegheny and Monongahela Rivers at Pittsburgh, Pennsylvania. The 

landside lock is 110 by 600 ft, and the riverside lock is 56 by 360 ft. The 

lift between lower and upper pool is 18 ft, and the top of the lock walls is 

7 ft above upper pool. The chamber walls are concrete gravity structures 

founded on rock. The structures were originally constructed during the period 

1919-1922 and have been operated and maintained since September 1921. A his

tory of major repairs to the locks is shown in Figure 120. 

279. The first periodic inspection was conducted in June 1971. At that 

time the land, middle, and river wall monoliths were described as in poor con

dition. The concrete in each wall was in an advanced state of deterioration 

as evidenced by numerous areas of spalling and cracking and signs of extreme 

weathering. A crack survey was planned for each of the eight gate monoliths, 
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and contingent upon the availability of funding, it was proposed to drill 

cores from each gate monolith so that a detailed analysis of concrete condi

tion could be made. 

280. The lock wall faces were in poor condition, particularly along 

vertical joints where significant spalling had occurred. The shotcrete used 

to reface the river chamber walls in 1959 was deteriorated and in some cases 

completely missing. The vertical faces of the outer gate recesses had not 

been refaced and exhibited numerous random surface cracks. The original 

approach walls were also in poor condition. The upper guide wall extension 

which was constructed when the dam was rebuilt in 1937 was not as deteriorated 

as the original approach walls although the concrete was spalled at most of 

the monolith joints. Shotcrete used to reface the upper guard walls in 1957 

was starting to break away from the original concrete. The concrete caps on 

both guard wall extensions exhibited random cracks, but neither deterioration 

of the concrete nor loss of cell fill was evident. The esplanade exhibited 

random cracking, minor spalling and some . settlement, none of which was con

sidered serious. Overall, the general appearance of the concrete and shot

crete was poor with numerous areas of severe spalling and disintegration; 

however there was no evidence of misalignment. 

281. Upon completion of the inspection, the inspecting team agreed that 

the project appeared to be safe under normal operating conditions and that the 

project was operating satisfactorily. However, it was the consensus of the 

inspecting team that the normal maintenance program be strictly adhered to and 

accelerated if necessary in order to keep the project in safe operating condi

tion until replacement or complete rehabilitation could be accomplished. 

282. In 1973, the Pittsburgh District initiated an investigation to 

determine the quality of the concrete in the locks. This study, conducted 

jointly by WES and the Ohio River Division Laboratory (ORDL), included core 

drilling and testing, petrographic examination, borehole photography, pulse 

velocity tests, and a crack survey. A comparison of all laboratory and field 

tests and core logs indicated that most of the concrete beneath the outer few 

feet of exterior surfaces was at least of moderate quality with an average 

compressive strength of about 4,000 psi (Denson and Buck 1974). An examina

tion of the 6-in. diam vertical cores indicated that fragmentation of the con

crete near the top of the walls caused by inadequate consolidation and frost 

action on the nonair-entrained concrete ranged from zero in some cases to a 
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maximum of 4-1/2 ft. Horizontal cores, usually drilled below the fragmented 

tops of the walls, exhibited much less damage, generally 1 ft or less. 

283. An analysis of the stability of the lock walls (Pace 1976) indi

cated that, in general, the land wall monoliths did not meet stability cri

teria for overturning, sliding, or base pressures. Also, some monoliths in 

the middle and river walls did not meet stability requirements. 

284. In November 1980, a demonstration repair was conducted at Emsworth 

Locks to evaluate the potential of steel fiber-reinforced shotcrete as a re

pair material. A section of the original upstream guide wall (Figure 121) was 

cleaned with a high-pressure water jet, and one monolith joint was chipped out 

in a vee shape to a depth of approximately 6 in. (Figure 122). A strip of 

joint filler board was placed in the vee joint prior to shotcreting. A dry 

mix of Fibercrete (sand, cement, and steel fibers) in 60-lb bags was hand-fed 

into a hopper at a rate of 2 to 3 bags per minute. The l-in. long steel 

fibers with hooked ends were 2 percent by weight of the Fibercrete mixture. 

Water was added at the nozzle via a connection with the local water system. 

The vee joint was completely filled, and 1 to 2 in. of Fibercrete was placed 

over the remainder of the test section (Figure 123). Rebound was estimated at 

less than 10 percent. Although not done for the test section, a striker could 

be used to shave the wall after it was shotcreted to obtain a smooth surface. 

285 . According to the supplier, Burrell Construction and Supply 

Company, Pittsburgh, Pennsylvania, the average placement rate is three bags 

per minute, and under conditions similar to the test section, 3,000 sq ft per 

day could be shotcreted with two nozzles in operation. Also, no curing is 

required unless the temperature exceeds 90°F, in which case hanging wet burlap 

over the shotcrete for one day would be sufficient. Cost for the in-place 

shotcrete, as estimated by the supplier, was $4 per sq ft. According to the 

supplier, flexural and compressive strengths average approximately 900 and 

6,000 psi, respectively. 

286. A tour of the Emsworth project was made in February 1981 by 

HQUSACE, Division, District, and WES representatives to examine the condition 

of the structures, including the Fibercrete test section. After three months 

in service, the Fibercrete exhibited numerous examples of impact failure, 

abrasion erosion, and delamination (Figure 124). The explanation for the poor 

performance of the Fibercrete was that the prepackaged mixture used in the 

demonstration contained only 60 lb/cu yd of fibers, whereas in the actual 
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Figure 121. Typical concrete deterioration in upstream guide 
wall, 1980, Emsworth Locks 
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Figure 122. A portion of the prepared test section prior 
to Fibercrete application, November 1980, Emsworth Locks 
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a. Application 

b. Portion of completed test section 

Figure 123. Fibercrete test section, November 1980, 
Emsworth Locks 
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Figure 124. Typical examples of Fibercrete condition, 
February 1981, Emsworth Locks 
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repair it was proposed to use a much higher cement content and fiber contents 

up to 200 lb/cu yd. 

287. Considering that the larger land chamber receives most of the 

heavy barge traffic and that the nonair-entrained concrete had been in service 

for approximately 50 years, surfaces of the land lock chamber walls appeared 

to be in relatively good condition (Figure 125) when inspected in 1981. One 

exception was the monolith joints (Figures 125 and 126). Concrete and shot 

crete in the smaller river chamber appeared to be in more advanced stages of 

deterioration, particularly the land wall (Figure 127) where the smaller tows 

and pleasure craft using this chamber tie up. Spalling appeared t o have orig

inated in the upper portion of the wall where the shotcrete was relatively 

thin and surface preparation minimal. Spalling propagated down the wall to 

the point where shotcrete thickness (approximately 4 in.) was sufficient to 

contain dowels and wire mesh (Figure 128). In comparison, the shotcrete on 

the river wall of the smaller chamber appeared to be in much better condition 

(Figure 129). Fifty to seventy percent of the existing shotcrete in the river 

chamber was reported as "drummy" when sounded. 

288. During this inspection, horizontal cores drilled from the lock 

chamber wal]s in 1973 were compared. Cores from the river chamber showed the 

shotcrete to be in generally good condition (Figure 130); however the original 

concrete behind the shotcrete exhibited significant deterioration probably 

caused by cycles of freezing and thawing. Cores of similar concrete from the 

land chamber which were not coated with shotcrete were in generally good con

dition from the surface inward (Figure 131). These cores appear to be an 

example of an exterior coating contributing to the saturation of the original 

concrete with increased deterioration caused by frost action as a result. 

289. To ensure operation of the existing locks and dams for another 

25 years, plans for rehabilitation were developed (Pittsburgh District 1980). 

The plan provided for the use of one lock chamber while the other was closed 

to traffic during rehabilitation. The river chamber would be shutdown for 

repairs first. All restoration work related to the river chamber operation 

would be accomplished at this time. Rehabilitation work on the land chamber 

would begin once the river chamber was placed back in operation. There would 

be two land chamber shutdowns during this period. The first shutdown would be 

for 30 days, and the second occurring 12 months later for another 30-day 

191 



Figure 125. Typical concrete surfaces, land lock 
chamber wall, 1981, Emsworth Locks 

Figure 126. Examples of typical joint deterioration, land lock 
chamber wall, 1981, Emsworth Locks 
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Figure 127. Typical concrete surfaces where shotcrete 
has spalled on the land wall of the river lock chamber, 

1981, Emsworth Locks 
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Figure 128. Anchored and reinforced shotcrete remains on the 
river l ock land wall although it was not bonded to the original 

concrete in several cases, 1981, Emsworth Locks 

Figure 129. Typical appearance of the river wall in the 
river lock chamber, 1981, Emsworth Locks 
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Hole No. 
EX-14 

Hole No . 
EX-1 3 

Hole No. 
EX-1 6 

Hole No. 
EX-11 

'ri 

Figure 130. Horizontal cores taken from the river 
chamber walJs, 1973, Emsworth Locks 
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Hole No. 
EX-5 

Hole No. 
EX-6 

Hole No. 
EX-8 

Hole No. 
EX-10 
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Figure 131. Horizontal cores taken from the land 
chamber walls, 1973, Emsworth Locks 
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period. River traffic would be diverted through the river chamber during the 

land chamber closures. 

290. Rehabilitation of the river lock chamber and upper and lower guard 

walls included: improving the stability of the river and middle walls by 

installing rock anchors, resurfacing and refacing of river lock chamber walls, 

encasement of the lower guard wall cells , repair or replacement of upper guard 

wall cells, repairing the pipe and cable crossover, reconditioning the lower 

lock gate, replacing river wall filling and emptying valves and operating 

machinery, installing new piping systems, replacing the hydroelectric plant, 

modernizing the electrical system, replacing river chamber lock gate operating 

machinery, construction of new control shelters, removal and replacement of 

the middle wall operations building, and renovation of the river wall opera

tion building. 

291. Rehabilitation of the land lock chamber and upper and lower guide 

walls included: improving the stability of the land wall by installing rock 

anchors, refacing and resurfacing of the land lock chamber walls and guide 

walls, installation of complete hydraulic and electrical systems, adding a new 

supplemental filling system in the land wall, replacing culvert valves and 

operating machinery, replacing land chamber miter gate operating machinery, 

installing wall armor, installing floating mooring bitt, installing tow haul

age and retrieval systems, repairing crossover tunnel, constructing new land 

wall service building, constructing access road, and removing the existing 

land wall power house. 

292. Bids for rehabilitation of Emsworth Locks and Dams were opened in 

September 1981. The low bid of $24,285,989 was submitted by Morrison-Knudsen 

Company, Darien, Connecticut (Appendix A). The rehabilitation contract was 

awarded to Morrison-Knudsen in October 1981. Responsibility for administra

tion of the rehabilitation contract was transferred to the Huntington District 

in November 1981. 

293. Vertical surfaces of the lock walls were resurfaced with both con

ventional cast-in-place concrete and shotcrete. Resurfacing within the lock 

chambers extended from 1 ft below lower pool to the top of the walls. The 

resurfacing outside the chambers extended from the controlling pool line to 

the top of the walls. A 12-in. thick overlay of reinforced concrete was 

placed on top of the lock walls. Details of the various types of repairs are 

shown in Figures 132-135. 
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294. The sequence of work for resurfacing the lock walls with concrete 

was as follows : 

a. Deteriorated concrete was removed to a depth of 12 in. by con
trolled blasting. The blasting operation was monitored and 
recorded to ensure that the resulting vibrations were not of 
sufficient magnitude to damage the structure . Following re
moval, concrete surfaces were cleaned using high-pressure 
water jets . 

b. Install dowels to anchor the replacement concrete using poly
ester resin grout cartridges . 

c. Install reinforcing mats on the hooked dowels. 

d. Erect form work. 

e. Place air-entrained concrete with specified strength of 
3,000 psi at 28 days age. Concrete with a maximum water
cement ratio of 0.50 and 1-1/2 in. maximum size coarse aggre
gate was specified. 

f. Remove forms and dry pack all voids and form-work bolt holes. 

~· Cure concrete using a membrane curing compound. 

295. Areas to be resurfaced with shotcrete were prepared by removing 

existing concrete or shotcrete to a depth of not less than 3 in. Where areas 

of previously applied shotcrete were being resurfaced, surface preparation 

extended from the lower edge of the existing top corner protection down to the 

point that removal indicated a 3-in.-minimum thickness of sound shotcrete 

which contained wire-mesh reinforcing. Removal by blasting or high-energy 

impactors was not permitted. Following removal, the remaining surface was 

cleaned by wet sandblasting, and welded wire reinforcement was anchored to the 

wall. 

296. The shotcrete mixture was proportioned to obtain a compressive 

strength of 4,000 psi to 28 days age. A total air content of between 4 and 

7 percent, as determined by tests on samples taken as the mixture was placed 

in the delivery equipment, was specified. Slumps were specified to be within 

2 to 4 in. Shotcrete was applied by the wet-mix process. Repairs up to 8- in. 

thick were successfully shotcreted in a single application using an accelera

tor in the shotcrete to inhibit sagging . Where repairs were not completed in 

a single application, underlying layers of shotcrete were continuously moist 

cured for 7 days or until placement of subsequent layers. The finished sur

face was cured with membrane curing compound. 

297. A shotcrete coating was applied to selected areas of the lock 

walls (Figure 132). This coating consis ted of layers of shotcrete built up as 
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required to provide a minimum shotcrete thickness of 3/4 in. over the existing 

surface. Where the existing surface was spalled or deteriorated, the shot

crete applied after surface preparation was of sufficient thickness to restore 

the surface to the original location plus 3/4 in. The shotcrete coating did 

not contain reinforcement. 

298. Monolith joint repairs consisted of preparing the joint, instal

ling dowels and reinforcement, and shotcreting the edges of the monolith as 

shown in Figure 134. In areas which were resurfaced with shotcrete or re

ceived a shotcrete coating, the monolith joint repair extended 8 in. on both 

sides of the joint. In other areas, spalled areas along the joint received a 

shotcrete coating to the extent required for blending into adjacent concrete 

surfaces. 

299. The top surfaces of the lock chamber walls received a 12-in.-thick 

overlay of reinforced concrete (Figure 135). The horizontal surfaces were 

cleaned with a high-pressure water jet, and dowels were installed to anchor 

the replacement concrete. In addition, application of an epoxy bonding com

pound to the cleaned surfaces immediately prior to concrete placement was 

specified. 

300. The top surfaces of monoliths M-1 and M-2 received a polymer mor

tar overlay. A two-component acrylic copolymer mortar designed, manufactured, 

and marketed as a patching and overlay material for concrete surfaces subject 

to weathering was specified. Deteriorated concrete was removed by chipping 

with hand tools or a pneumatic hammer not heavier than the nominal 30-lb 

class. After concrete removal, the surface was prepared and the mortar was 

mixed, placed, and finished in accordance with the mortar manufacturer's rec

ommendations. Wet curing for 48 hr was specified. 

301. A condition survey of the Emsworth projec t was conducted in 

December 1985 as part of a study to project the condition of the project in 

the year 2010 (Stowe 1986). That portion of the report relating to perfor

mance of the rehabilitation accomplished during the period 1982-85 is summa

rized in the following discussion. 

302. The concrete on the top surface of the land wall was in good con

dition although there were from three to six fine transverse cracks in each 

monolith. Lock personnel indicated that most of these cracks formed shortly 

after the concrete was placed. The shotcrete coating applied to portions of 

six chamber monoliths of the land wall was in generally poor condition. About 
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80 percent of the shotcrete coating on monoliths L-37 and L-38 between eleva

tions 692 and 703 was missing to depths of up to 2 in. The coating on mono

lith L-39 contained a re f lective vertical crack which was also present in the 

concrete below the lower limit of the shotcrete coating. The monolith joint 

and ladder-way repairs were in good condition. The shotcrete coating applied 

in the gate recesses was in poor condition with numerous horizontal and diago

nal cracks (Figure 136). The majority of these cracks, which ranged in width 

Figure 136. Cracking in shotcrete coating, downstream gate 
recess, land wall, December 1985, Emsworth Locks 

from fine to wide, were located above upper pool elevation. According to lock 

personnel, these cracks occurred almost immediately after shotcreting, perhaps 

because of the prevailing hot, dry wind at the time of placement. Efflores

cence was associated with a number of these cracks. A few cracks were damp

ened by water, and in several places water seepage through cracks in the coat

ing covered large areas of the coating. Small areas of the shotcrete coating 

were debonded from the underlying concrete. 

303. The concrete on the top surface of the middle wall was in gooc 

condition with the exception of two monoliths which exhibited three to six 

fine transverse cracks. These cracks extend through the 12-in. concrete over

lay as evidenced by their presence on both faces of the wall for the full 

depth of the overlay . The polymer mortar on the top surface of monoliths M-1 
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and M-2 was in poor condition with extensive pattern cracking (Figure 137). 

These cracks allow water ponding on top of the monoliths to infiltrate the 

underlying concrete as evidenced by water seepage on vertical wall surfaces 

beneath the corner protection armor. The ladder ways and monolith joints 

repaired with concrete and shotcrete, respectively, were in good condition. 

304. The concrete resurfacing on monoliths M-25 and M-26 was also in 

good condition. The shotcrete coating applied to the upstream gate recess in 

the land face of the middle wall was in fair condition. The coating contained 

five diagonal wide cracks and two vertical cracks with dark staining and light 

efflorescence associated with the cracking. The coating in this recess was in 

somewhat better condition than the coating in the opposite recess in the land 

wall. Since the land face of the middle wall is shaded from sunlight, it 

probably undergoes fewer cycles of freezing and thawing than the opposite wall 

which is exposed to sunlight. The shotcrete coating in the downstream recess 

was in fair condition above high pool elevation and in good condition between 

low and high pool elevations. Above upper pool elevation it contained local

ized areas of pattern cracking and a few isolated horizontal cracks containing 

small spalls with efflorescence. Again the coating was in better condition 

than the opposite recess in the land wall. 

305. The condition of repairs to the river face of the middle wall are 

summarized as follows: 

Monolith No. 
or Element 

M-1 thru M-4 

M-5 
M-6 thru M-9 

M-10 and 
1/2 M-11* 

Shotcrete Shotcrete Concrete 
Coating Resurfacing Resurfacing 

Poor 

Good 
Fair 

Good 

(Continued) 

* About one-half width of monolith. 
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Remarks 

Numerous fine and wide 
vertical cracks (at 
waterline up to 13 per 
monolith), water 
seepage, soak staining 

Two wide diagonal cracks 
Numerous fine and wide 

cracks (at waterline 
up to 15 per monolith) 



a. Pattern crac~ing, top surface 

b. Seepage on chamber face as a result of water 
pending on top surface 

Figure 137. Condition of poJymer mortar overlay, 
monolith M-2, December 1985, Emsworth Locks 
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Monolith No. 
or Element 

1/2 M-11 and 
1/2 M-12 

1/2 M-12 
M-13 and 

M-15 

M-16 thru 
M-23 

1/2 M-24 

M-14 

1/2 M-24 and 
1/2 M-25 

1/2 M-25 and 
M-26 

Ladder ways 
Monolith joints 

Shotcrete Shotcrete 
Coating Resurfacing 

Fair 

Fair 

Good 

Good 

Concrete 
Resurfacing 

Good 

Good 

Good 

Good 

Good 

Good 

Remarks 

GATE RECESS - appears to 
be concrete; shotcrete 
called for. Two fine 
vertical cracks 

Fine and medium diagonal 
cracks 

Three wide vertical 
cracks 

Fine to wide vertical 
and horizontal cracks 

GATE RECESS - minor fine 
vertical cracking and 
minor leaching 

The deterioration of the shotcrete coating on monoliths M-1 through M-4 and 

M-6 through M-9 is thought to be the results of freezing and thawing action, 

and it will likely continue to the point where large areas will become de

bonded, as in monoliths L-36 and L-37 of the river face of the land wall. 

306. The concrete on the top surface of the river wall was in good con

dition although transverse cracking similar to that on the other walls was 

observed . What appeared to be concrete resurfacing in the upstream gate re

cess was in good condition although one wide vertical crack was present be

neath the sector arm. The shotcrete coating applied to the face of the down

stream gate recess in 1982 was in good condition. Several fine vertical 

cracks were present in the shotcrete above upper pool elevation. The shot

crete coating applied to the river face of the river wall in 1985 was appar

ently in good condition. The vertical section of the wall could not be fully 

viewed; however the sloped section could be observed and no deficiencies were 

noted. 

307. No deficiencies were noted in the concrete overlay on the upper 

guard wall except for some fine transverse cracks. Each monolith contained 

three to six cracks that were somewhat evenly spaced. All cracks extend the 

full depth of the overlay as viewed on the river face. The shotcrete coating 

on the river face of the wall was in good condition. The armored concrete on 

the land face was in good condition. 
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308. The concrete on top of the lower guard wall was in good condition 

a lthough each monolith exhibited one fine transverse crack near its midpoint. 

The shotcrete coating on both faces of the wall was in good condition. The 

s hotcrete coating on the landside had reddish brown stains as a result of 

barges' rubbing against high spots in the shotcrete, but there were no appre

ciable signs of abrasion. 

Lockport Lock 

309. Lockport Lock is located at river mile 291 on the Illinois Water

way immediately west of the city of Lockport. The lock is 600 ft long by 

110 f t wide and has a lift of 39ft (Figure 138). The lock walls and sills 

are of concrete masonry. Two submersible vertical lift gates, a guard gate 

and a service gate, are provided at the upper end of the lock. The lower 

gates are of miter type. The filling and emptying system is the wall-port 

type. The lock was completed in 1933 at a total cost of $2,153,867. Since 

the original construction, the following major rehabilitation was perf ormed: 

a • ..... 
b. 

c. 

d. 

e. 

Floating mooring bitts were installed in 1961. 

The top of the lock walls was resurfaced with 4 in. of con
crete in 1966. 

Culvert valves were replaced and hydraulically operated valve 
machinery was installed in 1966-1968. 

Upper lock gates and lifting chains were replaced in 1968-1969. 

Mooring Pier No. 1 was repaired in 1974. 

f. Electrical system was replaced in 1976. 

310. In 1978, Waterways Experiment Station (WES) was requested to 

ascertain the extent of concrete deterioration and determine selected physical 

properties of concrete and bedrock at Lockport Lock. Results of a crack sur

vey , core drilling, f i eld and laboratory testing of concrete, and laboratory 

t esting of foundation rock as reported by Stowe et al. (1980) are summarized 

below: 

a. New air-entrained concrete placed during resurfacing of the 
t ops of the lock walls was in good condition. 

b. The old nonair-entrained concrete was lightly to severely 
deteriorated primarily as a result of freezing and thawing. 

c. Average depth of damaged concrete ranged from 0.2 ft in the 
lock chamber walls to 1.3 ft in the lower gate bay. 
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d. Severe damage existed at monolith joints, especially on the 
lockside of the river wall. 

e. Beyond the damaged concrete zones, the concrete was strong 
with an average compressive strength of more than 6,000 psi. 

f. A significant crack was located in the land lock wall. 

g. Physical properties of the foundation rock previously deter
mined were verified. 

311. The basis for design of the Stage I Rehabilitation of Lockport 

Lock is contained in Design Memorandum No. 1 (Rock Island District 1982). 

This report contains an evaluation of the existing condition of each feature 

of the lock and the necessity for performing rehabilitation work to extend the 

useful life of the major structures for 50 years. There was concern about the 

stability of the lock walls, and extensive stability evaluations were made. 

Results indicated that the walls would not meet current stability criteria if 

evaluated conservatively for full uplift and at-rest soil pressures. Bedrock 

boundary conditions at the riverward toe of the river wall made the analysis 

complicated and somewhat uncertain. Earlier finite element analyses showed 

that the walls were stable, and indeed 50 years of operation bore this analy

s e s out. However, stabilization was still a requirement at the time Stage I 

was started. Further analyses were made to assure the safety of dewatering 

for Stage I, which would occur before the stabilization could be installed. 

It was decided to instrument the lock walls to detect any movement. Minor 

movements on the order of a few thousandths of a foot were detected randomly, 

some in the direction opposite to the major forces. It was concluded that 

either the movement was too small to measure with ordinary surveying methods 

or temperature changes probably were causing some unaccounted for movement. 

Further analyses showed that if fairly small movements occurred inward during 

dewatering, the backfill pressures would be reduced considerably. The wall 

would thereafter be safe. It was considered safe to proceed with Stage I. 

Subsequently, after further analyses, the walls were declared stable, and 

plans to stabilize them were dropped. The upper sill was considered to need 

additional stabilization, and rock anchors were designed and installed for 

this purpose. 

312. Based on the condition survey and structural analysis, plans and 

specifications were prepared for a multistage rehabilitation of Lockport Lock. 

J. A. Jones Construction Company of North Carolina was the low bidder for 

Stage I rehabilitation of the lock. Bids ranged from $8.1 to $10.4 million as 
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compared to the Government estimate of $8.0 million. An abstract of the bids 

is shown in Appendix A. The major work items under this contract were com

plete replacement of the lower miter gates and machinery, ~tabilization of the 

upper service gate sill, modifications to the upper lift gates, modification 

of the electrical distribution system, and miscellaneous concrete resurfacing 

(Figure 139). 

313. The major effort in the rehabilitation of Lockport Lock involved 

the lower miter gates. The lock was closed to navigation on 5 July 1984, and 

the first operation prior to placement of the dewatering bulkheads was removal 

of the existing 315-ton, 60-ft-high miter gate leaves. This operation was 

accomplished by use of a barge-mounted derrick crane before the lock was de

watered. The miter gates were replaced with a modern all-welded stee1 design, 

which required rebuilding of the sill and the embedded (quoin) anchorage. The 

new sill (Figure 140) required concrete and rock removal, prestressed anchors, 

and installation of new embedded metals for the new seals. Water leakage 

through the sill required the installation of a well point system to intercept 

all water coming from joints and planes in the bedrock. The new quoin anchor

age required removal of concrete around and including the existing quoin (Fig

ure 141). The contract required removal of this concrete by nonblasting tech

niques because of the sensitivity of the area. The contractor chose to drill 

lines of small diameter holes along the top of the lock walls parallel to the 

lock chamber and to fill alternating holes in the row nearest the chamber with 

S-mite, an expansive grout. This attempt to presplit the concrete along the 

drill line resulted in cracks in the concrete which were very erratic in both 

direction and extent. Cracking behind the quoin anchorage area was of partic

ular concern. 

314. In order to complete the necessary concrete removal, the remaining 

holes along the first drill line were loaded with detonating cord and the 

fractured concrete removed by blasting (Figure 142). A similar procedure was 

used for succeeding lines of drill holes. Extensive concrete removal by hand 

using jackhammers was still required to complete the removal operation. The 

crack behind the quoin anchorage area became a critical path item since the 

lock could not be reopened until this problem was resolved. The question was 

whether to remove the loose piece of concrete entirely or to anchor it in 

place. Since the cracked section of concrete is loaded in compression with 

the lock at upper pool, it was concluded that it could be posttensioned to the 

211 



a. Overall view of lock chamber 

b. General view of landside lock wall 

Figure 139. Stage I rehabilitation, Lockport Lock 
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a. Overall view 

b. Closeup view 

Figure 140. Miter gate sill and anchorage, modifications, 
Lockport Lock 
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a. Riverside ·wall 

b. Landside wall 

Figure 141. Lock chamber modifications to accommodate new 
miter gates, Lockport Lock 
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Figure 142. Typical surface following concrete removal, 
Lockport Lock 

main monolith mass with no loss in structural integrity. Therefore, a number 

of anchors were installed to strengthen the concrete sections near the miter 

gate anchorages (Figure 143). Following installation of dowels, gate anchors, 

and conventional reinforcing (Figure 144), these areas were formed and a 

concrete overlay was placed over the entire area to seal all internal work. A 

concrete mixture (Type C) proportioned for a slump of 1 to 4 in., an air 

content of 6 + 1-1/2 percent, and 4,000-psi compressive strength at 28 days 

was used in all concrete work with the exception of the upper service gate 

sill. Concrete mixture proportions for a l-eu yd batch were as follows: 

Type I portland cement, lb 
Natural sand, lb 
Limestone coarse aggregate, lb 
Water, gal 
Water reducer, oz 
Air-entraining admixture, oz 

517 
1,390 
1,750 

30 
15.5 
4.0 

The concrete was mixed in transit mixers and transported to the project site 

by Meyer Material Company, Des Plaines, Illinois. This major repair is per

forming well with no adverse operational or visual structural problems (Rock 

Island District 1985). 

315. After completion of the quoin anchorage and new sill, the new 
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Figure 143. Rock anchors used to strengthen concrete sections 
near the miter gate anchorages, Lockport Lock 

miter gates were set in place. The new gate design resulted in a reduction of 

the total weight of each gate leaf from 315 to 250 tons. The same barge

mounted derrick that removed the old gates was used to place the new gate 

leafs. The gates were set on the pintle and attached to the anchorage links 

on top of the gate. The miter blocks and quoin blocks were adjusted to pro

vide as tight a seal as possible during normal gate operation. After adjust

ments were made, the space between each block and its respective backing plate 

was filled with babbitt metal. Epoxy material was originally called for as 

the fill material, but the cool weather at the time required a long set time 

for epoxy. Time constraints did not permit the long set time, so hot babbitt 

was substituted for the epoxy. 

316. The upper service gate sill is a gravity structure founded on 

rock. Early design studies indicated that the sill did not meet current sta

bility criteria. In addition, the underlying bedrock was found to be frac

tured and jointed. The design required a foundation grouting program to help 

consolidate the underlying bedrock. This work was accomplished by drilling 

holes down through the sill and pumping grout into the bedrock. The stabili

zation program consisted of installing 23 stranded anchors across the 110-ft 

sill. Prior to drilling holes for the anchors, a slot was cut in the top of 
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Figure 144. Reconstruction of quoin area and miter gate sill, 
Lockport Lock 
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the sill. After reinforcement was installed, blackouts for anchor recesses 

were formed, and concrete was placed to original grade (Figure 145). A con

crete mixture (Type A) proportioned for a slump of 1 to 4 in., an air content 

of 6 ± 1-1/2 percent, and 4,000-psi compressive strength at 7 days age was 

used in gate stabilization work. Concrete mixture proportions for a l-eu yd 

batch were as follows: 

Type I portland cement, lb 

Natural sand, lb 

Limestone coarse aggregate, lb 

Water, gal 

Water reducer, oz 

Air-entraining admixture, oz 

611 

1,365 

1,775 

32 

18.3 

4.5 

317. After anchor holes were drilled in each recess, the anchors were 

installed and the embedment lengths grouted. The stranded anchors were manu

factured by Dywidag Systems International, Incorporated, Lemont, Illinois. 

Each anchor consisted of sixteen 1/2-in. strands, 74 ft long, enclosed in a 

double corrosion protection system (Figure 146), and seated at 455 kips. The 

design working load of the anchors was 325 kips. Each anchor was lift-off 

tested immediately after seating. The maximum loss shown by the lift-off test 

was 6 percent. Twenty-four-hour lift-off tests were conducted on three of the 

anchors. The maximum loss for the 24-hr lift-off was 7.5 percent. Upon com

pletion of stressing, the remainder of each hole was grouted, and the recesRes 

were filled with concrete. The stranded anchors enabled the sill to meet cur

rent stability criteria and ensure the structural integrity of the upper part 

of the lock. 

318. The present lifting system for the upper lift gates at Lockport 

does not allow operation of the gates under a differential head. Emergency 

closure was deemed necessary to prevent loss of upper pool during a lower 

miter gate failure from barge impact. The gates were modified as part of 

Stage I by enlarging the gate recesses (Figure 147) and replacing the friction 

pads on the gates with rollers. The future installation of new gate machinery 

(Stage III) will result in the capability of operating the gates under differ

ential head. 

319. The present electrical distribution system to the riverside of the 

lock extends across the existing lift gate towers. The replacement of lift 
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I 
a. Anchor recesses formed in top surface of gate silJ 

b. Completed anchor recesses 

Figure 145. Modification of upper service gate sill prior to 
installation of rock anchors, Lockport Lock 
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a. Posttensioned anchor 
being lowered by a crane 

b. Stranded anchor in place prior to posttensioning 

Figure 146. Anchor installation, upper service gate sill, 
Lockport Lock 
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a. Overall view 

b. Gate recess 

Figure 147. Upper service gate modifications, Lockport Lock 
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gate machinery under Stage III will result in complete removal of the machin

ery towers. The electrical system to the riverside of the lock was relocated 

in Stage I to a cable trench in the bottom of the lock. The relocation could 

only be done while the lock was dewatered. 

320. The condition survey of the lock chamber indicated the concrete to 

be in sound condition except for surface deterioration. Total resurfacing of 

the lock chamber would be for cosmetic reasons only and was not considered 

necessary. In order to maintain the function of the lock, concrete resurfac

ing was required at the ladder and floating mooring bitt recesses. This re

pair included conventional concrete removal and replacement with the addition 

of armor to protect the ladders and floating mooring bitts. 

321. New exit ladders with protective armor were installed in the lock 

chamber as shown in Figures 148 through 150. This installation required re

moval of approximately 150 cu yd of concrete. In most cases, a nominal 14 in. 

of concrete was removed, except in the immediate vicinity of the ladders and 

the top corner of the lock wall, where 21 in. of concrete was removed. Con

crete removal varied from approximately 50 ft to full face in the lock chamber 

(61 ft). Concrete removal lines were sawcut to a minimum depth of 3 in. prior 

to concrete removal. In spite of the sawcut removal line, there was signifi

cant overbreak with the explosive blasting used to remove the concrete (Fig

ure 151). The boundaries of these overbreak areas were sawcut to a minimum 

depth of 3 in . , and concrete within these areas was removed by chipping with 

handheld breakers to a minimum depth of 3 in. (Figure 152). The contractor 

proposed, and the Corps approved, the use of Weld-Crete as a concrete bonding 

agent in those overbreak areas in which the replacement concrete was not an

chored to the existing wall. The primary factor in selection of this bonding 

agent was that according to the manufacturer, Larsen Products Corporation, the 

replacement concrete could be placed up to 10 days after application of the 

bonding agent with no effect on bond. Thus, the contractor had more than 

enough time to complete forming of a given area after the bonding agent was 

applied to the existing concrete. 

322. The bonding capacity of Weld- Crete was evaluated at WES as part of 

the second phase of the dowel-spacing study. When tested according to the 

Arizona slant shear bond method, the strength of specimens bonded with Weld

Crete and stored under moist conditions was less than 15 percent of that of 

concrete- to-concrete bond without any bonding agent. This result was 
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attributed to degradation of the polyvinyl acetate bonding agent while the 

concrete test specimens were stored in a 100 percent relative humidity fog 

room. Although the manufacturer's literature does not include any ]imitation 

on use under moist conditions, it does caution against using the material 

where hydrostatic pressure is present in the substrate, and it also states 

that a "wet" type saw should not be used to cut isolation joints. In addi

tion, the literature emphasizes that all joints must be sealed against water 

penetration. When this information was brought to the attention of Corps 

project personnel, the use of a bonding agent was discontinued. 

323. The contractor elected to use hooked bars, No. 6 on 2-ft centers 
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Figure 149. Ladder details of Sections A-A and C-C, Lockport Lock 

each way, to anchor the replacement concrete instead of the Richmond anchors 

shown in the plans (Figure 149). These bars were grouted into 1-in.-diam 

holes drilled 18 in. into the existing concrete using polyester resin grout. 

Following installation of the ladders, conventional reinforcing, and armor, 

the ladder areas were formed in 5-ft lifts (Figure 152). Concrete placement 

on the lands ide wall was accomplished by discharging the concrete directly 

from transit mixers into hoppers filled with flexible ho~e commonly known as 

elephant trunks (Figure 153). Concrete on the riverside wall was placed in 

similar manner except the concrete was transported from the landside wall by 

concrete bucket and crane. Internal vibrators were used to consolidate the 

fresh concrete. Forms were usually stripped one day after concrete placement, 

and a membrane curing compound was applied to formed surfaces. A partially 

completed ladder section is shown in Figure 154. Some cracking was observed 
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Figure 150. Ladder details of Section R-B, 
Lockport Lock 
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Figure 151. Concrete overbreak during removal, 
Lockport Lock 

Figure 152. Overbreak area prepared for repair, 
Lockport Lock 
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Figure 153. Placing concrete on the landside waJl, 
Lockport Lock 

Figure 154. Partially completed ladder section, 
Lockport Lock 
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in the replacement concrete, particularly in the lower lifts where armor was 

not present (Figure ISS). The contractor's bid price for ladder installation 

was approximately $3SO,OOO. 

324. Deteriorated concrete around the floating mooring bitts was re

moved and replaced with armored concrete as shown in Figures 1S6 through 160. 

The replacement required removal of approximately 110 cu yd of concrete. 

Approximately 470 dowels were used to anchor the replacement concrete. Con

crete removal, installation of dowels, forming, and concrete placing were ac

complished using techniques similar to that previously described for the exit 

ladders. The contractor's bid price for this work was approximately $240,000. 

32S. Since the condition survey showed that the maximum depth of con

crete deterioration occurred in the lower gate bay, it was completely refaced 

during the Stage I rehabilitation. The refacing required removal of approxi

mately 33S cu yd of concrete and replacement with new armored concrete. Ap

proximately 960 dowels were required to anchor the replacement concrete (Fig

ure 161). Rfd prices for these dowels ranged from $33 to $74 each compared to 

the Government estimate of $34. A roughly vertical crack which extended from 

the top of the emptying culvert for a distance of approximately 18 ft was 

pressure-grouted prior to placement of the new concrete. 

326. The Lockport Lock was reopened to navigation on 29 September 1984. 

The major work requiring dewatering of the lock was accomplished in 86 days. 

Current rehabilitation at Lockport Lock includes replacement of the upper lift 

gates and machinery, work on the culvert valves, river wall resurfacing and 

stabilization, and lower guide wall and forebay resurfacing. 

Brandon Road Lock 

327. The Brandon Road Lock and Dam is located at mile 286 of the Illi

nois Waterway on the Des Plaines River in the city of Joliet, Illinois. The 

lock is 110ft wide by 600ft long with a normal lift of 34ft (Figure 162). 

Two sets of miter gates are located at the upstream end, and one set of miter 

gates is at the downstream end. Brandon Road Lock and Dam was desjgned by the 

State of Illinois and constructed by the State and Federal Government. The 

project was completed in 1933 at a total cost of $4,SOO,OOO. Since the 
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a. Right side of ladder 

b. Left side of ladder 

Figure 155. Cracking in the replacement concrete, 
Lockport Lock 
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a. Overall view 

b. Installing vertical corner armor 

Figure 160. Replacing concrete around a floating mooring bitt, 
Lockport Lock 
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a. Installation of dowels 

b. Crack in top of culvert to be grouted 

Figure 161. Rehabilitation of lower gate bay, Lockport Lock 
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original construction, the following major rehabilitation has been performed: 

a. The upstream faces of the tainter gate piers were repaired in 
1958. 

b. Floating mooring bitts were installed in 1965. 

c. The downstream protection pier was repaired in 1966 and 1967. 

d. The top of lock walls were resurfaced with 4 in. of new 
concrete in 1967. 

e . New hydraulic culvert valve gate machinery was installed in 
1969. 

f. Trash racks and trash rakes were installed in the lock-filling 
conduits in 1972. 

~· Repairs were made to the boiler house and ice chute pier in 
1975. 

h. Dam stabilization with prestressed anchors, ice chute conver
sion to an overflow section, scour protection downstream of 
the tainter and sluice gates, and headgate repairs were com
pleted in 1980. 

328. The basis for design of the Stage I Brandon Road Lock Rehabilita

tion is contained in Design Memorandum No . 1 (Rock Island District 1983). The 

design aspects followed closely the design of similar features at Lockport. 

However, the requirements were considerably different. Stability was only a 

concern at the relatively thin lower guide wall. The miter gates were also 

considered repairable, and replacement was not necessary . The inside face of 

the lock walls was more deeply deteriorated than at Lockport, so refacing and 

armoring of the lock walls was decided upon rather than selective placement as 

at Lockport. 

329 . James McHugh Construction Company, Chicago, Illinois, was low 

bidder for the Stage I rehabilitation of Brandon Road Lock. An abstract of 

the bids submitted is shown in Appendix A. Bids ranged from $8.0 to 

$12.3 million compared to the Government estimate of $14.8 million. The maier .. 
work items under this contract were concrete resurfacing of the entire lock 

chamber, rehabilitation of the upper and lower miter gates, resurfacing of the 

upper guide wall, stabilization and rebuilding of the lower guide wall, and 

complete replacement of the lock electrical distribution system . 

330 . Resurfacing of the lock chamber monoliths involved removing ap

proximately 2 ,700 cu yd of concrete and replacing it with new concrete (Fig

ures 163 and 164). Prior to closure of the lock, the contractor started 
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preparations for concrete removal by line drilling a series of 2-1 / 2-in.-diam 

holes on 9-in. centers along the top of the lock wall. The~e vertical holes 

were located between 15 and 24 in. back from the chamber face and were drilled 

to a depth of 40 ft. Brandon Road Lock was closed to navigation on 5 July 

1984, coinciding with the closure at Lockport Lock. Immediately after the 

lock was dewatered, a horizontal saw cut 7 in. deep was made along the lower 

work line, approximately 2 ft below low-water pool, to control overbreak dur

ing concrete removal. Also, the bottom 2 ft of the holes was stemmed with 

sand to prevent overbreak. The contractor then inserted 100-grain/ft deto

nating cord with blasting caps into the holes, plugged the top of the holes to 

prevent loss of energy, and detonated the explosives with an electrical charge 

(Figure 165). Blasting was restricted to one 30-ft monolith at a time. 

331. Following blasting, the walls were scaled to remove loose concrete 

still clinging to the wall surfaces (Figure 166). This scaling, normally done 

by manual processes such as labor crews working from scissor lifts or scaf

folding with handheld hammers and chipping tools, is a very costly and time

consuming operation. The Cutter Boom, a modified piece of mining equipment 

having a rotary head cutter with a series of carbide-tipped teeth that grind 

away the concrete (Figures 167 and 168), was used to scale the walls at 

Brandon Road Lock. The efficiency of this equipment probably contributed to 

the fact that the contractor's bid price for removal of concrete in the lock 

chamber was $162 per cu yd as compared to the Government estimate of $771 per 

cu yd. 

332. The Cutter Boom used by the. contractor at Brandon Road was pro

vided by Excavation and Tunneling Equipment Corporation (ETE), State College, 

Pennsylvania. ETE provides Cutter Booms from 55 to 215 hp that can be custom 

fitted to most common backhoe excavators. The 165-hp version used at Brandon 

Road was mounted on a Caterpillar Model 235 excavator. The cutter is powered 

by a 165-hp electric motor which runs on 440 volts AC and draws approximately 

200 amps under load. A 165-hp rated transmission reduces the output speed to 

the cutter head assembly. The 26-in.-diam cutter head, which has 108 cutter 

bits, rotates at 82 revolutions per minute. The electric motor is water 

cooled with an open loop cooling system that uses spray nozzles directed 

toward the cutter head for dust suppression. The main electrical enclosure is 

mounted on the swing frame, and the operator's control station is mounted in 

the cab area. A specially designed structural frame for mounting the electric 
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a. Primacord inserted into predrilled holes 

b. Detonation 

Figure 165. Concrete removal by blas ting, Brandon Road Lock 
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a. Overall view 

b. Close-up of cutter head 

Figure 167. Cutter Boom used in concrete removal, 
Brandon Road Lock 
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a . Working from the top of the lock wall 

b. Working from the chamber floor to remove 
concrete in the miter gate recess 

Figure 168. Concrete removal using the Cutter Boom, 
Brandon Road Lock 
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motor and transmission is fastened to the Model 235 excavator using the exist

ing stick pins. Thus, the cutterhead can reach down a vertical surface ap

proximately 17 ft below the machine platform and nearly 30 ft up a vertical 

wall. 

333. In addition to the scaling operation, the Cutter Boom was very 

effective in grinding out soft pockets or honeycombed areas in the concrete 

structure as detected by Corps and contractor quality control inspectors 

sounding the walls. Also, deeper cuts were easily made by the Cutter Boom to 

accommodate lock chamber appurtenances such as exit ladders and line hook fix

tures (Figures 169 and 170) that required deeper embedment in the existing 

structure than was afforded by the standard removal line. 

334. The concrete in the lock face did not include reinforcing steel; 

however, in some areas, a considerable number of steel form ties protruded 

from the wall after blasting. The replaceable carbide cutting bits on the 

cutter head clipped most of these ties off in the normal scaling operation. 

The newer sidewalk over the top of the lock walls included steel wire mesh. 

In the initial phases of concrete removal, contractor personnel were placing 

blasting mats on top of the structure and using small explosive charges to 

fracture the sidewalk and 2-ft-depth concrete cap that had to be removed. 

After observing how effective the cutter head was in clipping off steel form 

ties and grinding up the fractured sidewalk and concrete cap, the contractor 

experimented with grinding the structure cap and sidewalk without explosive 

fracturing and found the use of explosives to be unnecessary. 

335. While actual cost comparisons of manual removal of concrete versus 

removal by the Cutter Boom were not available, the Cutter Boom was, according 

to Corps project personnel, an obvious success in the compressed schedule 

application at Brandon Road. According to ETE, the performance characteris

tics of the 165-hp Cutter Boom working in concrete are as follows: 

Material 

Concrete 
5,000-6,000 psi 

Rates Net/Hour 
Cutting Time 

3 10-15 yd /hr 

Bit Cost 

50c/yd3 

Maintenance Costs/Year 
Single Shift Operation 

$15,000 

Other advantagPs include well-defined limits of concrete removal, relatively 

small, easily handled concrete debris, and simplicity of operation. According 

to the Cutter Boom operator, "anyone that can operate a backhoe can operate 
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a. Overall view 

b . Close- up view 

Figure 169 . Cutting an embedment area for a snub post, 
Brandon Road Lock 
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a. Line hook and .snub post cuts 

b. Lock chamber exit ]adder cut 

Figure 170. Completed cuts for embedment of line hook, 
snub post, and exit ladder, Brandon Road Lock 
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the Cutter Boom." The Cutter Boom proved to be such an efficient machine that 

on other projects presently being rehabilitated, the concrete is being ground 

back to the required removal line without any preliminary work such as pre

drilling, saw cutting, or blasting. 

336 . Limitations or disadvantages of the Cutter Boom include large 

electric power demand, limited mobility from dragging a heavy power cable 

around a congested construction site, and dust. The water spray nozzles did 

not appear adequate for dust suppression, thus making it "difficult or impos

sible to work downwind of the Cutter Boom," according to contractor personnel. 

Also, it is impossible for the operator to see the cutter head when working 

from the top of the lock wall. So far all Cutter Booms supplied by ETE have 

been electrically driven, but hydraulically driven cutter heads can be made 

available. The latter type, according to contractor personnel, would signifi

cantly increase the mobility of the system. 

337. Once concrete removal was completed, concrete surfaces were 

cleaned with a high-pressure water blaster (Figure 171). Holes for dowels to 

anchor the replacement concrete were drilled with a hydraulically powered gang 

drill as shown in Figure 172. In general, dowels were installed on 2- ft cen

ters around the perimeter of monoliths and 4 ft on centers each way in rhe 

- ~-

Figure 171. Water blast cleaning of concrete surface, 
Brandon Road Lock 
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Figure 172. Drilling holes for dowels, Brandon Rock Lock 

remainder of the monoliths. Instead of ·the hooked bars shown in the plans 

(Figure 164), the contractor elected to use straight bars with a nut welded on 

the end. Dowels were grouted with FASLOC, a polyester resin grout manufac

tured by Dupont. Selected anchors, two or three per monolith, were load 

tested to 20 kips with the use of a hollow core hydraulic ram (Figure 173). 

Approximately 3,800 dowels were required to anchor the replacement concrete in 

the lock chamber resurfacing. The contractor's bid price for these concrete 

anchors was $15 each as compared to the Government estimate of $44 each. 

338. Wall armor and concrete reinforcement, No. 6 bars on 12-in. cen

ters each way, were installed on the concrete form prior to placing the form 

on the lock wall (Figures 174 and 175). A truss system was used to span the 

lock chamber, thus supporting forms on opposing monoliths of each wall simul

taneously (Figure 176). Replacement concrete was placed in a single 40-ft 

lift for each 30-ft-wide monolith. Approximately 85 and 100 cu yd of Type C 

concrete was required for landside and riverside monolith placements, respec

tively. Concrete materials, mixture proportions, and supplier were the same 

as previously reported for Lockport Lock (paragraph 314). Concrete for resur

facing the vertical walls was discharged into hoppers with elephant trunks of 

varying lengths (Figure 177). Concrete for the 2-ft cap on the top of the 

lock walls was discharged directly into the form. Internal vibrators were 
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Figur e 173 . Load testing selected dowels, Brandon Road Lock 

Figure 174 . Wall armor and concrete reinforcement 
iD place on the form, Brandon Road Lock 
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Figure 175. Concrete form Qeing placed in position on 
the lock wall, Brandon Road Lock 

Figure 176. Truss system used to hold forms in place, 
Brandon Road Lock 
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a. Vertical face of lock wall 

b. Top of lock wall 

Figure 177. Concrete-placing operations, Brandon Road Lock 
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used to consolidate the f resh concrete. Because of the limited space and the 

depth, there was some difficulty in vibrating the concrete near the bottom of 

the lift in a few monoliths. The perimeter of these isolated areas was saw 

cut and the concrete chipped to a minimum depth of 2 in. prior to repair 

(Figure 178). 

339. Maximum allowable temperature of the concrete prior to placing was 

88°F, and the actual placing temperature was approximately 85°F. Ambient 

temperature during most of the concrete placements was in the 80's. Forms 

were generally stripped one day after the concrete was placed, and a membrane 

curing compound was applied to the formed concrete surfaces. At this point, 

cracking was observed in a number of monoliths (Figures 179 and 180). These 

cracks were generally horizontal at a spacing of roughly 5 ft. According to 

Corps project personnel, there appeared to be more cracking on the shaded side 

of the lock chamber (riverside wall) as compared to the landside wall which 

gets direct sunlight. This difference in cracking might be expected since the 

thermal gradient across the replacement concrete during cooling would be 

greatest for the shaded wall. 

340. In an effort to obtain a nonskid surface on top of the lock walls, 

an abrasive material was broadcast on the concrete surface just prior to final 

finishing. This material was later exposed by lightly sandblasting the con

crete surface. Approximately 2,800 cu yd of Type C concrete was required for 

resurfacing the lock chamber. The contractor's bid price for this concrete 

was $230 per cu yd. In addition, approximately 850 cu yd of Type D concrete 

was used, primarily to fill an existing gallery (Figure 163) prior to the 

resurfacing. The TypeD concrete was proportioned for a slump of 1 to 4 in., 

an air content of 6 ± 1-1/2 percent, and 3,000-psi compressive strength at 

28-days age. Concrete mixture proportions for a l-eu yd batch were as 

follows: 

Type I cement, lb 470 
Natural sand, lb 1,420 
Limestone coarse aggregate, lb 1,775 
Water, gal 28 
Air-entraining admixture, oz 5.0 

The contractor's bid price for this concrete was $120 per cu yd. 

341. Resurfacing of the upper and lower gate bays and the lower gate 

forebay required removal of approximately 1,000 cu yd of concrete. Using 

explosives to remove concrete near machinery recesses and gate anchorages in 
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a. Concrete honeycomb 

b. Area of concrete honeycomb prepared for repair 

Figure 178. Repair of concrete honeycomb, Brandon Road Lock 
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a. Landside wall 

b. Riverside wall 

Figure 179. Typical cracking in the replacement concrete 
August 1984, Brandon Road Lock 
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Figure 180. Typical crack in replacement concrete, 
August 1984, Brandon Road Lock 

• 

these areas was prohibited in the originaJ design. In these areas, the re

moval line was drilled much the same as for blasting, and the contractor 

elected to use expansive grout (S-Mite) to fracture the deteri0rated concrete 

face (Figure 181). A crack developed behind the quoin anchorage similar to 

what had happened at Lockport Lock. Initially, the fracturP.d concrete was 

removed with handheld and machine-mounted breakers (Figure 182). This method 

proved to be very time-consuming. In an effort to increase production, re

moving some of this concrete with explosives was allowed. In these cases, 

removal was limited to approximately 5-ft intervals for each blast (Fig-

ure 183) as compared to full monolith face removal in the lock chamber. Ulti

mately, the Cutter Boom proved to be extremely effective in grinding off the 

fractured concrete in these areas (Figure 184). The contractor's bid price 

for removal of concrete in these areas ranged from $216 to $675 per cu yd with 

an average of $413 per cu yd. This average cost was approximately 2.5 times 

the cost of concrete removal in the lock chamber resurfacing. 

342. The crack behind the quoin anchorage area was pressure-injected 

with epoxy grout, and the cracked section was anchored to the main concrete 

mass with reinforcing steel. The entire area was then resurfaced with an 

overlay of anchored concrete. No visual structural problems have been noted 
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a. Top of lock wall 

b. Vertical face 

Figure 181. Examples of deteriorated concrete fractured 
using expansive grout, Brandon Road Lock 
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Figure 182. Concrete removal near upper miter gate, 
Brandon Road Lock 

Figure 183. Blasting mat in position behind the lower miter 
gate for limited concrete removal, Brandon Road Lock 
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a. Overall view 

b. Close-up 

Figure 184. Cutter head removing concrete which had 
previously been fractured using expansive grout, 

Brandon Road Lock 
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since the repair was made (Rock I s land Dis trict 1985) . 

343. The top 8 ft of the river face of the uppe r guide wal l was resur

faced with a nominal 8 in. of new concrete. Thi s work required removal of 

approximately 225 cu yd of existing concrete. New wall armor and horizon t al 

corner armor were instal led as shown in Figure 185. Typical views of thP 
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Figure 185. Upper guide wall resurfacing details, 
Brandon Road Lock 

resurfacing operation are shown in Figure 186. Type C concrete was used to 

reface the upper guide wall. Approximately 2 to 3 in. of concrete was removed 

from the top surface of the guide wall and replaced with an overlay of latex

modified concrete (approximately 17 cu yd). Latex-modified concrete (Fig-

ure 187) was specified in an attempt to reduce the shrinkage cracking problems 

inherent with conventional concrete overlays. The latex additive made the 

concrete surface very sticky and thus caused some finishing problems. 
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a. Form preparation 

-h 

b. Placing concrete 

Figure 186. Upper guide wall and gate bay resurfacing, 
Brandon Road Lock 
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Figure 187. Resurfacing top of the upper guide wall with 
latex-modified concrete, Brandon Road Lock 

However, the latex-modified concrete has performed well with a minimum of 

cracking. The contractor's bid price for latex-modified concrete was $750 per 

cu yd, and the total bid price for resurfacing the upper guide wall was 

approximately $350,000. 

344. Rehabilitation of the lower guide wall required stabilization and 

concrete resurfacing along its entire length. The existing wall had a 3-ft 

top width with a 3 on 12 batter. In order to resurface the riverside face and 

stabilize the walls, the design called for complete removal of 10 ft off the 

top of the guide wall to 1ft below waterline (Figure 188). As a result, the 

concrete was easier to remove, and a wider base for the required anchorage 

system was provided. The anchors consisted of seven 1/2-in.-diam stranded 

anchors on 7-ft 6-in. centers in a double corrosion protection system. The 

wall was rebuilt with a top width dimension of 5 ft 6 in. to improve opera

tional safety conditions. The contractor's bid price for stabilization and 

resurfacing the lower guide wall was approximately $900,000. 

345. Rehabilitation of the upper and lower miter gates involved re

placement of corroded rivets with high-strength bolts, replacement of corroded 

structural members, and sandblasting and painting of the entire gates (Fig

ure 189). Many additional members that were not identified during the 
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Figure 188. Drilling holes in the lower guide wall 
prior to removal, Brandon Road Lock 

original inspection were also replaced. The gates were moved off their 

anchorages and set adjacent t o their original location. Delays were encoun

tered during final placement and adjustment of the lower miter gates. The 

contractor had no experience in miter gate work, and progress was very slow. 

Consequently , the Corps of Engineers provided assistance with its own struc

tural maintenance personnel to help complete final placement and adjustment of 

the lower miter gates. 

346. The contract required complete replacement of the electrical dis

tribution system prior to the lock closure. Thus, the cables and conduit had 

to be relocated out of the gallery into a new cable raceway. All work could 

be completed prior to the lock closure except for the electrical crossover 

located in the bottom of the lock. This approach was taken to minimize 

start-up problems after the lock was reopened to navigation on 29 September 

1984, within hours of the reopening of Lockport Lock. 

347. Currently, rehabilitation work on the Brandon Road Dam and on the 

walls upstream from the dam within the city of Joliet is progressing. This 

work consists of mechanization of tainter gates, resurfacing of concrete, and 

repairs to the head gates included in a part of the dam originally intended 

for hydropower. Extensive rehabilitation work on the Marseilles Dam a few 
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a. Lower service gate being rehabilitated 
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b . Rehabilitated upstream miter gate ready for installation 

Figure 189. Lock gate rehabilitation, Brandon Road Lock 
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miles downstream is also in progress. Contracts for rehabilitation of Peoria 

and LaGrange Locks and Dams were awarded in 1986. Rehabilitation of Locks 

and Dams 11 through 22 on the Mississippi River will follow. 

348. Most of the rehabilitation work at Brandon Road and Lockport Locks 

was accomplished during a 90-day period when the waterway was closed to navi

gation. Rehabilitation of each lock by a different contractor during the same 

time period led to a unique opportunity to evaluate construction techniques 

and construction management technology, scheduling, and quality control. A 

report to document the rehabilitation of the two locks and to describe the 

results of various methods used for concrete rehabilitation (such as removal 

and replacement, epoxy injection of cracks, latex-modified concrete overlay, 

and resin cartridge anchors), miter gate replacement, miter gate repair, and 

installation of posttensioned anchors in bedrock was prepared by the Rock 

Island District (1985). Some of the lessons learned are already being applied 

to ongoing rehabilitation work at these . and other sites on the Illinois Water

way and for work being planned for the Upper Mississippi River system of locks 

and dams about to get underway. It is expected that some of the lessons 

learned on this project will serve as a guide to similar work throughout the 

nation's waterways. Also, this report points out some areas where further 

research is needed. 

Lessons learned 

349. The completion of nearly $16,000,000 worth of complicated rehabil

itation work in an 86-day period was a major success. The fact that it had 

been scheduled for 65 days reflects the inability of the District to foresee 

many problems that would inevitably come up during the construction of a major 

project of this nature. One of the major lessons learned is that scheduling 

should provide ample time for the work to be completed where major transporta

tion systems are so vitally affected. A 90-day schedule of work accomplished 

in 86 days would have been vastly better than the 65-day schedule accomplished 

in 86 days. A list of lessons learned is included below, representing a com

posite gathered from management, engineering, operations, and construction 

personnel of the District: 

a. Determine realistic schedules for lock closures. Allow enough 
float in the completion date to take into account problems 
with weather, changed site conditions, and labor problems. 

264 



b. Provide a model CPM for the contractor to use a guide. Lay 
out a sample job for the contractor to give him less opportun
ity to fail. 

c . Detail Design and Operations personnel to the field to help 
interpret design and operational requirements and to expedite 
solutions to changed conditions if and when encountered. 

d . Ensure rapid communications between construction and engineer
ing offices. Guarantee a quick response on shop drawing sub
mittals and design changes. 

e. Consider some means, or devise a way, to reduce the contract 
payments in cases where some contract work is done by Corps 
personnel to expedite completion. 

f. Require a full-time quality control coordinator in special 
circumstances. Under tight time schedules, allowing the con
t r actor's personnel to have double duties in quality control 
is not a good idea. It is suggested that making quality con
trol a bid item would provide greater incentives in this area. 

~· Show details on the plans rather than in the specifications. 
Contractors tend to use the plans to build and the specifica
tions for legal purposes. 

h . On important work with tight schedules, there should be a way 
to prequalify contractors and subcontractors to ensure 
experience. 

i. Incent ives need to be devised to give contractors added rea
sons to finish jobs on time. The present system of liquidated 
damages does not and is not intended to give our contractors 
incentives for early completion, or even on the original date 
set, if excusable delays are encountered. 

i · Do not use expansive grout for concrete removal unless it is 
completely contained in an impervious liner. 

k. Consider using wall armor only at critical locations on lock 
walls . 

1. Expect cracks in the quoin areas of lock walls to be generally 
more extensive than indicated on the surface. These are areas 
of high impact and high service load . 

m. Consider the use of district operations personnel to rehabili
tate miter gates. Generally, contractors lack experience to 
do thjs work and often do not have the equipment needed. 
Also, many unforeseen repairs make fixed-price contracts very 
awkward to administer. 

n . Removal and replacement of deteriorated concrete may only be 
cosmetic and in many cases the appearance may not be satisfac
tory either. Damage from freezing and thawing may only be a 
few inches deep . Replacement concrete can be expected to 
c r ack extens i vely, even though it is reinforced and anchored. 

o . Latex- modified concrete placed on horizontal surfaces, well 
prepared in advance by grinding, chipping, or sandblasting, 
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using styrene butadiene latex and following the manufacturer's 
recommendations, seems to be a proven, successful system. 
Other latex and applications thinner than 1-3/4 in. should be 
tested under job conditions. 

E• Concrete anchors set in cartridges of resin grout have few 
problems. The problem of installing hooked anchors can be 
solved by replacing them with a "Richmond" type anchor, by 
using a counter balanced drill to spin the hooked bar, or by 
mixing the resin with a smaller straight rebar and replacing 
it before set time with a shoved in hooked bar. Additional 
tests should be done on the last method to assure anchorage 
strength is not compromised. 

q. Epoxy injection of cracks in concrete is a fairly common 
repair but there is no guarantee of results. 

r. Some bonding agents applied on concrete that will be placed in 
service below water may do more harm than good. 

s. High-strength steel bolts used to replace rivets on water
retaining steel structures generally leak. Seal welding may 
be needed where rusting can occur between bolted or riveted 
parts. 

t. Use of epoxy as a filler in quoin and miter block areas should 
be reexamined. The use of babbitt as an alternative should be 
provided for and may be necessary during some temperature 
conditions. 

There was one rather unique problem or perception of a problem on the part of 

the contractor at Lockport that may be put under "lessons learned." The 

employment situation in the Joliet area was somewhat depressed, and the 

contractor faced some resistance by labor to putting forth extra effort to 

complete early, or within the time scheduled, for the reason that when the job 

was done there was no other work to be had. The Brandon Road contractor did 

not have this problem to the same degree since his contract continued with 

other work beyond the closure period. 

Recommendations for further research 

350. The following list of recommendations covers areas that the Dis

trict felt needed to be addressed in more detail by the Corps of Engineers. 

Such research would help the Corps determine if the useful life of existing 

structures can be extended effectively by implementing these methods. 

a. Methods for removing unsound concrete at the surface and the 
ability to control the removal. Examples of removal tech
niques are high-pressure water-jet blast (Conjet), steel shot , 
grinding, blasting and the use of expansive grouts contained 
in impervious liners. 
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b. Replacement of removed concrete by shotcrete applications 
instead of traditional cast-in-place alternatives. 

c. Replacement of removed concrete by installing precast wall 
panels . 

d. Thin resurfacing techniques on concrete horizontal surface 
such as sealants, epoxies, and trowel on finishes. 

e . Pull test results on methods of installing hooked bars into 
existing concrete by premixing the two-component adhesive with 
a smaller diameter straight bar. 

f . Using various epoxy injection materials to act as bonding 
agents between separated masses. 

~· Methods of field bolting to accomplish watertight joints on 
fabricated items such as miter gates and tainter gates. 

h . The use of epoxy fillers for high compressive stresses. 

i. Using stressed versus unstressed anchors in stabilizing con
crete structures founded on rock. 

i · Methods to limit shrinkage cracking in cast-in- place concrete 
repairs. 
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PART III: DISCUSSION 

351. Approximately half of the Corps 269 navigation lock chambers were 

built prior to 1940. Consequently, the concrete in these structures does not 

contain intentionally entrained air and is therefore susceptible to deteriora

tion by freezing and thawing. Since more than three-fourths of these older 

structures are located in the Corps North Central and Ohio River Divisions, 

areas of relatively severe climatic exposure, it is not surprising that the 

concrete in many of these structures exhibits significant freeze-thaw deterio

ration. Depending upon exposure conditions, depths of concrete deterioration 

can range from surface scaling to several feet. 

352. The general approach in lock wall rehabilitation has been to re

move the deteriorated concrete and replace it with concrete or shotcrete. 

Explosive blasting has been used successfully at several Corps projects and 

appears to be the most cost-effective and expedient means for removing large 

quantities of concrete. In order to minimize damage to the concrete that re

mains after removal, controlled blasting techniques have been developed based 

on test blasts or results of previous work. This procedure generally involves 

drilling a line of small boreholes parallel to the removal face, loading each 

hole with light charges of explosive (usually detonating cord), cushioning the 

charges by stemming the hole, and detonating the explosive with electric 

blasting caps. The selection of proper borehole spacing and charge weight de

pends upon the location of the structure or element, acceptable degree of vi

bration and damage, and the quantity and quality of concrete to be removed. 

353. Following blasting, it is usually necessary to scale lock walls to 

remove loose concrete still clinging to the wall surfaces. The amount of 

scaling required is usually proportional to the amount of reinforcing, nor

mally form tie steel, present in the concrete. This scaling, normally done by 

manual processes such as labor crews working from scissor lifts or scaffolding 

with handheld hammers and chipping tools, is a very costly and time-consuming 

operation. The Cutter Boom, a modified piece of mining equipment having a 

rotary head cutter with a series of carbide-tipped teeth that grinds away the 

concrete, was effectively used to scale the walls at Brandon Road Lock. In 

addition to the scaling operation, deeper cuts were easily made by the Cutter 

Boom to accommodate lock chamber appurtenances such as exit ladders, line 

hooks, and snub posts that required localized deeper embedment into the 
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existing structure than was afforded by the standard removal line. 

354. Concrete removal by blasting has been generally prohibited in sen

sitive areas such as gate monoliths for fear of damage to the remaining con

crete around gate anchorages. Commercially available expansive agents have 

been used to presplit the concrete in such areas with mixed results. The 

expansive agents, usually in slurry form, are placed in boreholes drilled at 

points along a predetermined line to induce a crack plane which allows for 

removal of the concrete. However, if the removal line is not located within 

sound concrete, or the concrete mass contains fractures which allow the slurry 

to penetrate the mass, very erratic crack patterns may result. Impervious 

membranes can be used as borehole liners to maintain the slurry within the 

borehole. In an effort to increase production, some limited blasting was 

allowed to remove concrete from the gate monoliths at Brandon Road Lock. In 

this case, removal was limited to approximately 5-ft intervals for each blast 

with no apparent damage to the remaining concrete. The advantages and limita

tions of a variety of concrete removal techniques are described in EM 1110-2-

2002 (HQUSACE 1986). 

355. Once the deteriorated concrete has been removed, conventional 

caRt-in-place concrete has been used as the replacement material in most lock 

wall rehabilitation projects. Other replacement systems that have been used 

or proposed include shotcrete, preplaced-aggregate concrete, and precast con

crete stay-in-place forms. In addition, several materials including latex

modified concrete, polymer mortars and grouts, conventional shotcrete, and 

latex-modified, fiber-reinforced shotcrete have been used as thin overlays on 

existing lock walls. 

Conventional Concrete Replacement 

356. The economics of conventional forming and concrete replacement 

compared to other rehabilitation techniques usually depends on the thickness 

of the concrete section to be replaced. For sections jn the range of 6 to 

12 in., both formed and nonformed techniques such as shotcrete are economi

cally competitive. When the thickness of the replacement section exceeds 

12 in., conventional form work and concrete replacement are generally more 

economical. Conventional concrete replacement has several advantages over 

other rehabilitation techniques including: (a) replacement concrete mixtures 
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can be proportioned to simulate the existing concrete substrate , thus minimiz

ing strains caused by material incompatibility; (b) proper air entrajnment in 

the replacement concrete can be obtained by use of admixtures to ensure resis

tance to cycles of freezing and thawing; and (c) materials, equipment, and 

personnel with experience in conventional concrete application are readily 

available in most areas. 

357 . Once concrete removal is completed, wall surfaces are usually 

washed with high-pressure water jets to clean the surface of any materials 

that could inhibit bond. Dowels are normally used to anchor the new concrete 

facing to the existing concrete walls and to position vertical and horizontal 

reinforcing steel in the concrete facing. In most of the earlier rehabilita

tion work, dowels were arbitrarily spaced 2 ft on centers each way. Based on 

laboratory and field tests (Liu and Holland 1981 ), the current practice is to 

use No. 6 deformed reinforcing bars spaced 4 ft on centers each way except in 

the vicinity of local openings and recesses, and along the perimeter of mono

lith s where 2- ft spacings may be specified. Both polyester resin and cementi

tious grouts have been used to embed anchors in holes drilled with rotary

percussion equipment. Prepackaged polyester resin grout has been used on most 

of the recent projects and field pullout tests of replacement concrete anchors 

installed under dry conditions indicate this procedure to be satisfactory. 

However, polyester resin grouting of posttensioned anchors under wet condi

tions resulted in a number of anchor failures at Lock No . 3, Monongahela 

River. Subsequent laboratory tests (McDonald and Best 1987) indicate the 

pullout strength of anchors grouted with polyester resin under submerged con

ditions is one-third to one-half less than the strength of similar anchors 

grouted under dry conditions . 

358. Mats of reinforcing s teel, usually No. 5 or No. 6 bars on 12-in. 

centers each way, are hung vertically on the dowels. Selection of bar sizes 

and spacing appears t o be based on EM 1110-2-2103 (HQUSACE 1971) which re

quires, for members restrained at one face, a reinforcement of 0.2 percent of 

the gross cross- sectional area, hal f in each direction near the unrestrained 

face, with a maximum of No. 6 bars at 12 in. Concrete cover over the rein

forcing is usually a minimum of 4 in. In some cases , the reinforcing mat, 

wall armor, and other lock walJ appurtenances are installed on the form prior 

to its being positioned on the face of the lock wall. 

359 . Once the reinforcement and form work are in position, replacement 
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concrete is usually placed by pumping or discharging it directly into hoppers 

fitted with various lengths of flexible pipe commonly known as elephant 

trunks. Lift heights varying from 5 ft to full face of approximately 40 ft 

have been used. Normally, concrete is placed on alternating monoliths along a 

lock chamber wall. Generally, forms are removed one day following concrete 

placement, and a membrane curing compound applied to formed concrete surfaces. 

360. One of the most persistent problems in lock wall rehabilitation 

with the use of this approach is cracking in the replacement concrete. In all 

of the Corps rehabilitation projects to date, the resurfacing concrete exhib

its some degree of concrete cracking. These cracks, which in some cases ex

tend completely through the replacement concrete, are attributed primarily to 

the restraint provided through bond to the stable mass of existing concrete. 

As the relatively thin layer of resurfacing concrete attempts to contract as a 

result of plastic and drying shrinkage, thermal gradients, and autogenous 

volume changes, tensile strains develop in the replacement concrete . When 

these strains exceed the ultimate tensile strain capacity of the replacement 

concrete, cracks develop. In most cases, such cracking will not cause struc

tural deficiencies. However, the cracks are unsightly and may require addi

tional maintenance to minimize deterioration. 

361. Concrete materials, mixture proportions, and construction proce

dures have been varied in attempts to minimize cracking in resurfacing con

crete. The use of shrinkage compensating cement and fly ash as a partial 

cement replacement failed, in limited tests, at Lock No. 1, Mississippi River, 

to eliminate the cracking problem. Also, attempts to enforce the specified 

temperature differential between the concrete surface and at 2-in. depth of 

not more than 25°F still resulted in cracks. Horizontal cracking was con

trolled through the use of horizontal drummy joints installed on 5-ft centers. 

The replacement concrete at Old Lock No. 14, Mississippi River, containing fly 

ash as a partial cement replacement (approximately 20 percent by weight), 

exhibits significant cracking. Individual lifts of 5 ft and 40 ft of the same 

concrete mixture at Lockport and Brandon Road Locks, respectively, both exhib

ited cracking. The replacement concrete at Lock No. 3, Monongahela River, 

appears to exhibit less cracking than any of the projects described herein. 

Several factors may have contributed to this resurfacing being relatively 

crack free including: (a) the use of a floating batch plant which could be 

moved to the areas of placement, thus minimizing the time between concrete 

271 



mixing and placing; (b) 1-1/2-in. maximum-size aggregate; and (c) a combina

tion of membrane curing compound and wet burlap for concrete curing. 

362. After about 18 years in service, 6-in. of the original concrete on 

top of the landside wall and the downstream, riverside gate monolith at Old 

Lock No. 14, Mississippi River, was removed and replaced with new concrete. 

This resurfacing was done in about 1940, so the replacement concrete probably 

did not contain intentionally entrained air. About 37 years after resurfac

ing, vertical cores showed the 6-in. concrete cap on top of the landside wall 

to be in good condition; however the concrete beneath the cap was deteriorated 

to a depth of about 12 in. The downstream gate monolith on the riverside wall 

exhibited a similar condition. In comparison, the concrete on top of the 

riverside wall which was not capped was deteriorated to a depth of about 

10 in. 

363. During the original construction of Dresden Island Lock, horizon

tal surfaces were finished without any slope. As a result, water pending on 

these surfaces contributed to freeze-thaw deterioration of the nonair

entrained concrete. After 28 years in service, the top surfaces and the upper 

3 ft of the vertical walls of the lock were resurfaced by removing a minimum 

of 4 in. of concrete and replacing it with new air-entrained concrete 

reinforced with wire mesh. Eleven years later, random cracking of the resur

faced concrete on top of the lock walls was reported. This cracking was 

attributed in part to reflective cracking from the original concrete. After 

15 years in service, four cores were obtained from the concrete resurfacing. 

The replacement concrete was found to be structurally sound by itself, but in 

certain locations it was considered susceptible to barge impact because of the 

frost-damaged concrete beneath. 

Shotcrete Resurfacing 

364. For repair of sections less than 6 in. thick, shotcrete is gen

erally more economical than conventional concrete because of the saving in 

forming costs. Properly applied shotcrete is a structurally adequate and 

durable material, and it is capable of excellent bond with concrete and other 

construction materials. These favorable properties make shotcrete an appro

priate selection for repair in many cases. However, there are some concerns 

about the use of shotcrete to rehabilitate old lock walls. The resistance of 
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shotcrete to cycles of freezing and thawing is generally good in some cases 

despite a lack of entrained air. This fact is attributed in part to the low 

permeability of properly proportioned and applied shotcrete which minimizes 

the ingress of moisture, thus preventing the shotcrete from becoming criti

cally saturated. Consequently, if the existing nonair-entrained concrete in a 

lock wall behind a shotcrete repair never becomes critically saturated by 

moisture migration from beneath or behind the lock wall, it is likely that 

such a repair will be successful. However, if moisture does migrate through 

the lock wall and the shotcrete is unable to permit the passage of water 

through it to the exposed surface, it is likely that the existing concrete 

will be more fully saturated during future cycles of freezing and thawing. If 

frost penetration exceeds the thickness of the shotcrete section under these 

conditions, freeze-thaw deterioration of the existing nonair-entrained con

crete should be expected. Under such conditions, the shotcrete becomes 

debonded from the existing concrete. 

365. Twelve years after being resurfaced with shotcrete, the river 

chamber walls at Emsworth Lock exhibited significant deterioration. Large 

areas of shotcrete were missing from the landside wall where the smaller tows 

and pleasure craft using this chamber tie up. Spalling appeared to have 

originated in the upper portion of the wall where the shotcrete was relatively 

thin and surface preparation minimal. Spalling apparently propagated down the 

wall to a point at which the shotcrete was of sufficient thickness (approxi

mately 4 in.) to contain dowels and wire mesh. In comparison, the shotcrete 

on the riverside wall appeared to be in much better condition. 

366. Horizontal cores taken from the chamber walls 14 years after shot

crete resurfacing showed the remaining shotcrete to be in generally good con

dition. However, the original concrete immediately behind the shotcrete 

exhibited significant deterioration, probably from cycles of freezing and 

thawing. Cores of similar concrete from the land chamber which did not re

ceive a shotcrete overlay were in generally good condition from the surface 

inward. This example is evidence an overlay's contributing to the saturation 

of the original concrete with increased deterioration from freezing and thaw

ing as a result. Fifty to seventy percent of the existing shotcrete was re

ported as "drummy" when sounded at approximately 20 years in service. This 

report would indicate the shotcrete was debonded and remained in place only 

because of the dowels. 
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367 . Fifteen lock wall monoliths at Dresden Island were resurfaced in 

1954 using anchored and reinforced wet-mix shotcrete. In 1976, three hori

zontal cores were taken through the shotcrete repair sections. These cores 

showed that the shotcrete had a minimum thickness of 12 in. and exhibited 

excellent bond to the original concrete. Air-void data determined according 

to CRD-C 42 indicated the shotcrete had about 3 percent total air with ap

proximately 2 percent of it in voids small enough to be classified as useful 

for f rost resistance. The air-voids spacing factors ranged from 0.010 to 

0.014 in. While these values are larger than is desirable (0.008 in. is con

sidered the maximum value for air-entrained concrete), they may have imparted 

some frost resistance. Also, there were no large voids or strings of voids 

from lack of consolidation such as have been observed with other shotcrete 
• spec1mens. 

368. Although there is currently some minor spalling at monolith joints 

and at the interface between the shotcrete and the concrete placed in 1978 

when horizontaJ armor was installed, overall the shotcrete remains in excel

lent condition after more than 30 years in service. While the air-void system 

in the shotcrete may have imparted some frost resistance, more likely its 

durability is the re sult of the low permeability typical of shotcrete prevent

ing the shotcrete from becoming critically saturated. This low permeability 

would contribute to increased saturation and potential deterioration of the 

original concrete if moisture migrated from beneath or behind the shotcrete. 

However, in this case the thickness of shotcrete apparently exceeded the depth 

of f rost penetration. After more than 40 years in service, the average depth 

of deterioration in the unrepaired concrete walls as determined by petro

graphic examination was approximately 8-1/2 in. Assuming that the depth of 

frost penetration is approximately equal t o the depth of deterioration, the 

12-in. thickness of shotcrete is about 50 percent greater than the depth of 

frost penetration. Therefore, the concrete behind the shotcrete would not be 

expected t o exhibit freeze-thaw deterioration even though it May have been 

critically saturated. 

369. Introduction of expansion j oint material at lock wall monolith 

joints during shotcrete resurfacing at Dresden Island is believed to have con

tributed to spalling at the joints. Since there are no expansion joints in 

the lock walls , the expansion joint in the resurfaced zone cannot function and 

only absorbs water which causes spalling through cycles of freezing and 

274 



thawing. It was recommended by the District that expansion joints not be used 

in future resurfacing projects. 

Preplaced-Aggregate Concrete 

370. Preplaced-aggregate concrete is made by filling forms with coarse 

aggregate and then filling the voids of the aggregate by pumping in a sand

cement grout. As the grout is pumped into the forms, it fills the voids, 

displacing any water and forms a concrete mass. Since drying shrinkage and 

creep occur almost exclusively in the cement paste fraction of concrete and 

since both phenomena are resisted by the aggregate, particularly if the coarse 

aggregate particles are in point-to-point contact, drying shrinkage and creep 

are both remarkably less for preplaced-aggregate concrete than for convention

ally placed concrete. This reduction in drying shrinkage reduces the prob

ability of cracking under conditions of restrained shrinkage. The dimensional 

stability of preplaced-aggregate concrete makes it attractive as a material 

for the rehabilitation of lock walls and appurtenant structures, particularly 

if it is successful in mitigating or eliminating the unsightly cracking com

monly experienced with conventionally placed concrete. Its potential js 

further enhanced by the fact that it can be conveniently formed and placed 

underwater and that it can be grouted in one continuous operation so that 

there are no cold joints. Early laboratory tests on preplaced-aggregate con

crete with a nominal 4 percent entrained air or hydrogen gas indicated its re

sistance to freezing and thawing, judged by losses in test specimen weight, 

was superior to air-entrained conventional concrete (Davis 1960). Later work 

(Tynes and McDonald 1968) indicated that the resistance of conventional 

preplaced-aggregate concrete to accelerated freezing and thawing at 28 days 

age, as judged by dynamic modulus of elasticity, was much less than that of 

concrete containing entrained air both conventionally mixed and preplaced. 

However, the use of grout containing an air-entraining admixture resulted in 

preplaced-aggregate concrete with approximately the same resistance to freez

ing and thawing as conventional air-entrained concrete. 

371. The lock chamber walls at Lock No. 5, Monongahela River, were re

surfaced in 1950 with preplaced-aggregate concrete. The plans called for 

removal of approximately 18 in. of old concrete from an area extending from 

the top of the lock walls to about 18 in. below normal pool elevation and the 
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refacing of this area with reinforced concrete. Specifications required that 

the concrete have a minimum 28-day compressive strength of 3,500 psi and pro

vided that concrete could be placed by either conventional or preplaced

aggregate methods. Also, it was required that one of the two lock chambers be 

open to navigation at all times. The contractor elected to perform the work 

without constructing cofferdams. This plan necessitated concrete removal and 

replacement below pool elevation "in the wet." The contractor selected the 

preplaced-aggregate method for concrete placement. 

372. Lock No. 5 was removed from service and, with the exception of the 

land wall, razed in conjunction with the construction of Maxwell Lock and Dam 

in 1964. A visual examination of the remaining wall in July 1985 showed that 

the preplaced-aggregate concrete had some cracking and leaching but overall 

appeared to be in generally good condition after 35 years exposure. This re

pair demonstrates that the preplaced-aggregate method of the concrete place

ment is a practical alternative to conventional methods for refacing lock 

walls. 

373. The low bid ($85,000) for refacing the walls at Lock No. 5, based 

on the use of preplaced-aggregate concrete, was almost $60,000 lower than the 

second lowest bid. A 1974 analysis of potential methods for rehabilitation of 

Marseilles Lock indicated that the cost of preplaced-aggregate concrete was 

expected to be essentially the same as for conventional cast-in-place con

crete. However, recent bid prices indicate that the cost of preplaced

aggregate concrete may be as much as twice that of conventional concrete. The 

increasing cost is generally attributed to the stronger and tighter form work 

required and the limited number of contractors with experience in the use of 

preplaced-aggregate concrete. Therefore, if preplaced-aggregated concrete is 

the desired repair material, it must be specified uniquely and not as an 

alternate. 

Precast Concrete Stay-in-Place Forms 

374. Permanent forming systems of high-quality precast concrete panels 

appear to have significant potential in minimizing the cracking problems nor

mally encountered in conventional refacing of lock walls. Also, stay-in-place 

forming systems appear to have potential for minimizing or eliminating the 

need for closure of a lock chamber during rehabilitation. A permanent form 
' 
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made of precast concrete slabs was successfully used to reface Barker Dam in 

the late 1940's. Approximately 1,000 slabs, 8 in. thick, were cast in a vari

ety of sizes to accommodate joint spacings in the old dam. Most of the panels 

were 6 ft 8 in. wide by about 12 ft long and weighed about 4 tons. In a 1974 

analysis of potential methods for rehabilitation of Marseilles Lock, it was 

estimated that a permanent precast panel forming system would cost more than 

twice as much as conventional concrete forming and placing. However, the es

timated cost of a precast stay-in-place forming system recently designed by 

ABAM Engineers (1986) is slightly less than conventional concrete replacement. 

The potential of such a system should be evaluated during the development of 

plans for any major lock wall rehabilitation. 

Thin Overlays 

375. Thin overlays of epoxy, epoxy mortar, conventional shotcrete (with 

and without fiber reinforcement), and latex-modified, fiber-reinforced shot

crete have been used in the case histories described herein. In most cases, 

they have been used in areas where the depth of deterioration was minimal, and 

apparently the intent was either to protect the existing concrete or to 

improve the appearance of the structure. There has been little, if any, con

crete removal associated with these applications. Surface preparation tech

niques used include handchipping, high-pressure water blasting, bush hammer

ing, and sandblasting. 

376. The riverside of the river wall, the lower guide wall, all exist

ing gate recesses, and various areas on the upper guide wall and middle wall 

at Lock No. 3, Monongahela River, were treated with a thin coating of conven

tional, unreinforced shotcrete. Shotcrete was applied using the dry-mix 

process with a sand-cement ratio of approximately 4.0. In May 1981, approxi

mately one year following completion of the coating application, several small 

localized areas of the shotcrete coating were reportedly abraded and spalled, 

evidently by tows entering and leaving the locks. The shotcrete on the river

side of the river wall, an area not subject to tow impact, was in good condi

tion with only minor shrinkage cracking. It was concluded that the perfor

mance of the shotcrete coating in areas subject to tow abrasion and impact 

was unsatisfactory, particularly where the shotcrete was applied in a very 

thin layer (less than 1/2 in.) over relatively smooth surfaces, and where 
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exposure to impact and rubbing by tows was most severe. In June 1982, it was 

reported that failure of the shotcrete coating appeared to be progressing. 

Additional failures of the shotcrete coating were reported in July 1985, in

cluding spalling within the gate recesses. 

377. A conventional, unreinforced shotcrete coating was applied to se

lected areas of the lock walls at Emsworth Lock. In some areas of surface 

spalling, this coating was as much as 2-3 in. thick; however, in most cases, 

it was the minimum 3/4-in. overbuild required over the original concrete sur

face. After approximately 2-1/2 years in service, the shotcrete coating ap

plied to portions of the river face of six monoliths of the land wall was in 

generally poor condition. About 80 percent of the shotcrete coating on 

monoliths L-37 and L-38 between elevation 692 and 703 was missing to depths of 

up to 2 in. The coating on monolith L-39 contained a reflective vertical 

crack which was also present in the concrete below the lower limit of the 

shotcrete coating. The shotcrete coating applied in the gate recesses was in 

poor condition with numerous horizontal and diagonal cracks. A few cracks 

were dampened by water, and seepage through several cracks covered large areas 

of the coating. Small areas of the shotcrete coating were debonded from the 

underlying concrete. 

378. The shotcrete coating applied to the upstream gate recess in the 

land face of the middle wall was in fair condition. The coating in this re

cess was in somewhat better condition than the coating in the opposite recess 

in the land wall. Since the land face of the middle wall is shaded from sun

light, it probably undergoes fewer cycles of freezing and thawing than the 

opposite wall which is exposed to sunlight. The shotcrete coating in the 

downstream recess was in fair condition above high pool elevation and in good 

condition between low and high pool elevations. Again the coating was in bet

ter condition than the opposite recess in the landwall. 

379. After approximately 3-1/2 years in service, the condition of the 

shotcrete coating applied to the river face of middle wall monoliths M-1 

through M-4 and M-6 through M-9 was described as poor and fair, respectively. 

Numerous cracks, some with water seepage and soak staining, were reported. 

The deterioration of the shotcrete coating is thought to be caused by freezing 

and thawing action, and it will likely continue to a point at which large 

areas will become debonded. The condition of the shotcrete coating in the 

lower gate recesses of the river chamber was described as good although minor 
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fine vertical cracking and minor leaching was r eported. 

380. The shotcrete coating applied t 0 the r i ver f ace of the river wall 

was apparently in good condition after approximately 6 months in s ervice. The 

vertical section of the wall could not be full y viewed; however the sl oped 

section could be observed and no deficiencies wer e noted. The shot c rete coat

ing on both faces of the lower guard wall was in good condition. The shot

crete coating on the landside had reddish brown stains as a result of barges 

rubbing against high spots in the shotcrete, but there were no appreciable 

signs of abrasion. 

381. A section of the upper guide wall of Emsworth Locks was repaired 

with a 1- to 2-in . overlay of steel fiber reinforced shotcrete (Fibercrete) 

using the dry-mix process. After only 3 months in service, the Fibercrete ex

hibited numerous examples of impact failure, abrasion erosion, and delamina

tion. The explanation for the poor performance was that the prepackaged 

mixture used in the repair contained only 60 lb/cu yd of fibers . It was sug

gested that a much higher cement content and fiber contents up to 200 lb/cu yd 

would have improved the performance. 

382 . Epoxy mortar ranging in thickness from 1/4 to 4 in. was applied to 

vertical wall surfaces immediately below the top corner protection armor at 

Marseilles Lock. Delamination of the epoxy mortar was observed within days 

after the lock was reopened to traffic. Tests indicated the predominant 

causes of failure were barge impact and poor bond to the existing concrete. 

Lack of cleaning and smoothness of the underlying material were thought to be 

the principal factors in producing a poor bond. A thin layer of epoxy grout 

on top of the wall also exhibited significant cracking and delamination within 

a short period of time. This deterioration was attributed to thermal incom

patibility between the epoxy and the existing concrete. 

383. A thin overlay of polymer-modified cementitious mortar was placed 

on the filling flume deck slab upstream of the powerhouse of Lock No. 3, 

Monongahela River. After approximately 6 months in service, some areas had 

extensive cracks while other areas were practically free of cracks. After 

approximately 18 months in service, the polymer mortar overlay was debonded 

and buckled in several places. 

384. A polymer mortar overlay was applied to the top surfaces of two 

monoliths in the middle wall at Emsworth Locks. After approximately a year in 

service, the overlay was reported to be in poor condition with extensive 
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pattern cracking. These cracks were allowing water ponding on top of the 

monoliths to infiltrate the underlying concrete as evidenced by water seepage 

on vertical wall surfaces beneath the corner protection armor. 

385. Based on field demonstrations and laboratory evaluations, a 

3/8-in. thick, fiberglass-reinforced, latex-modified cement coating was se

lected for repair of the lock chamber walls at Lower Monumental. The success 

of the repair was totally dependent upon satisfactory surface preparation; 

therefore several surface cleaning trials were made to verify that the con

crete surface could be satisfactorily cleaned with high-pressure water-jet 

equipment. Since there was no device or test which could be used to measure 

the degree of "clean" necessary or actually achieved during surface prepara

tion, the contractor was required to prepare sample areas before proceeding 

with production cleaning. As a result, agreement was easily reached as to 

what was an acceptable surface condition, and this standard was used through

out the job. 

386. Approximately one year after the fiber-reinforced, latex-modified 

cement coating was applied, the lock walls were evaluated by soundings, visual 

examination, and core drilling. Based on soundings of a typical section of 

one monolith, it was concluded that approximately 99 percent of the coating 

was fully bonded. Generally, the unbonded areas were about 1 sq ft or less in 

area and located just below a lift joint or adjacent to a monolith joint. 

Most, if not all, of the bottom lift of coating, below tailwater, was obvi

ously debonded and some had fallen off the wall. This failure was attributed 

to either insufficient drying time prior to inundation or reemulsification of 

the latex from continuous saturation . After two years in service, the trial 

coatings applied in 1979 were performing poorly. 

387. After approximately 3 years in service, several small, isolated 

debonded areas of the latex-modified, fiber-reinforced shotcrete coating were 

removed and resprayed in March 1983. Also, a fairly large debonded area on 

monolith 11 and the failed areas of trail coatings on monolith 9 were re

sprayed. Equipment and procedures, including surface preparation, were essen

tially the same as those used in the 1980 repairs with the exception that the 

latex used in 1983 was styrene butadiene instead of saran. Within 6 months, 

almost all of the coatings applied in March 1983 had failed. Generally, fail

ures occurred within the concrete substrate immediately behind the concrete

shotcrete interface. The remainder of the lock wall coatings were reported to 
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be in very good condition with the exception of the trial coatings in which an 

estimated 40 percent of the trial area had failed. 

388. Currently, it is reported that an estimated 15 to 20 percent of 

the latex-modified, fiber-reinforced shotcrete applied in 1980 was debonded 

following the winter of 1985-86. Also, a large piece of the coating had 

fallen off, striking a barge inside the lock chamber. 
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PART IV: CONCLUSIONS AND RECOMMENDATIONS 

389. Approximately half of the Corps 269 navigation lock chambers were 

built prior to 1940; in fact, the average age of these older structures is 

nearly 67 years or well beyond their 50-year des ign life. Many of these 

structures exhibit significant deterioration and are in need of rehabilitation 

or replacement. Since rehabilitation costs are usually one-tenth to one

fourth that of replacement, rehabilitation is very attractive from a financial 

standpoint. In the limited number of lock rehabilitations t o date, the typi

cal approach has been to use principles normally associated with new construc

tion. However, there is increasing evidence that rehabilitation work is often 

more complex and that normal new construction proced~res often do not produce 

satisfactory results in rehabilitation work . Obviously, in a rehabilitation 

program which could ultimately cost more than $2 billion, there is a need fo r 

development of new and innovative technology to ensure optimum utilization of 

available resources. 

390 . The genera] approach in lock wall rehabilitation has been to re

move the deteriorated nonair-entrained concrete and r eplace it with new 

air-entrained concrete or shotcrete. Explosive blasting has been successfully 

used at several Corps projects and appears to be the most cost-effective and 

expedient means for removing large quantities of concrete. Removal by blast

ing has been generally prohibited in sensitive areas such as gate monoliths 

for fear of damage t o the remaining concrete around gate anchorages. The need 

for such restrictions should be investigated, and if, in fact, they are neces

sary, acceptable alternatives to blasting should b e developed. 

391 . Once the deteriorated concrete has been removed, conventional 

cast- in-place concrete has been used as the replacement material in most lock 

wall rehabilitation projec ts. Conventional concrete replacement has several 

advantages over other rehabilitation techniques including : (a) replacement 

concrete mixtures can be proportioned to simulate the existing concrete sub

strate, thus minimizing strains caused by material incompatibility; (b) proper 

air entrainment in the replacement concrete can be obtained by use of admix

tures to ensure resistance t o cycles of freezing and thawing; and (c) mate

rials, equipment, and personnel with experience in conventional concrete 

application are readily available in most areas. 

392. One of the most persi.stent problems in lock wall rehabilitation 

282 



with this approach is cracking in the replacement concrete. These cracks, 

which generally extend completely through the conventional replacement con

crete, are attributed primarily to restraint of volume changes resulting from 

shrinkage, thermal gradients, and autogenous volume changes. In most cases, 

such cracking will not cause structural deficiencies. However, the cracks are 

unsightly and may require additional maintenance to minimize deterioration. 

393. Any variations in concrete materials, mixture proportions, and 

construction procedures that will minimize shrinkage or reduce concrete tem

perature differentials should be considered. If weather conditions on the day 

of placement are conducive to plastic shrinkage cracking (ACI 1985), appro

priate actions such as erecting windbreaks, erecting shade over the placement, 

cooling the concrete, and misting should be taken after placement. Addition

ally, it will be beneficial to minimize the lnss of moisture from the concrete 

surface between placing and finishing. Finally, curing should be started as 

soon as practical. The general approach to prevention of drying shrinkage is 

either to reduce the tendency of the concrete to shrink or to reduce the re

straint, or both. The following will help to reduce the tendency to shrink : 

using less water in the concrete; using larger aggregate to minimize paste 

content; placing the concrete at as low a temperature as is practical; dampen

ing the subgrade and the forms; dampening aggregates if they are dry and ab

sorptive; using proper curing procedures; and providing an adequate amount of 

reinforcement to distribute and reduce the size of cracks that do occur. To 

reduce restraint, provide adequate contraction joints should be provided. 

394. In general, the following may be beneficial in controlling inter

nally generated temperature differences: using as low a cement content as 

possible; using a low heat of hydration cement or a combination of cement and 

pozzolans; placing the concrete at the minimum practical temperature; select

ing aggregates with low moduli of elasticity and low coefficients of thermal 

expansion; cooling or insulating the placement as appropriate to minimize tem

perature differentials; and minimizing the effects of stress concentrators 

that may instigate cracking. Concrete cracking caused by externally generated 

temperature differences is best controlled by the use of cont raction and 

expansion joints. Providing reinforcing steel (temperature steel) will help 

to distribute cracks and minimize the size of those that do occur. 

395. Since drying shrinkage occurs almost exclusively in the cement 

paste fraction of concrete and is resisted by the aggregate, particularly if 
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the coarse aggregate particles are in point-to-point contact, drying shrinkage 

for preplaced-aggregate concrete is significantly less than for conventionally 

placed concrete. This reduction in drying shrinkage reduces the probability 

of cracking under conditions of restrained shrinkage and makes preplaced

aggregate concrete an attractive alternative to conventional concrete in lock 

wall rehabilitation. Its potential is further enhanced by the fact that it 

can be conveniently formed and placed underwater. 

396 . Precast concrete panels used as stay-in-place forms also appear to 

have significant potential in minimizing the cracking problems normally en

countered in conventional refacing of lock walls. Precast concrete can be 

produced under tightly controlled conditions, so such panels should provide a 

wall surface of superior durability with minimal cracking. Another advantage 

of this system is the potential for minimizing or eliminating the need for 

closure of the lock during rehabilitation. Current work to demonstrate the 

constructibility of the stay-in-place forming system should be expedited. 

397. With the exception of Dresden Island Lock where the minimum thick

ness of shotcrete was about 12 in., shotcrete has generally performed rather 

poorly when used in lock wall repairs. This failure is particularly true when 

thin layers of conventional shotcrete are subjected to impact and abrasion 

during normal lock operations. While the addition of fibers and latex im

proved performance, significant failures still occurred within 5 years after 

application. The poor performance of shotcrete is primarily attributed to its 

typical low permeability which increases the potential for critical saturation 

of the original concrete from moisture migration from behind or beneath the 

shotcrete. Subsequent cycles of freezing and thawing under such conditions 

cause deterioration of the original concrete immediately behind the relatively 

thin overlay of shotcrete. The result is debonding of the shotcrete overlay. 

The same phenomena has occurred where relatively thin (6-in. thickness or 

less) overlays of concrete were used. It appears that if the thickness of any 

repair section is less than the depth of frost penetration, freeze-thaw 

deterioration of the existing nonair-entrained concrete should be expected. 

Appropriate laboratory test methods and apparatus should be developed for 

evaluation of repair materials under simulated lock resurfacing conditions. 

398 . In design of future lock wall rehabilitations, the cost of alter

native repairs should be carefully evaluated in relation to the desired 

service life of the rehabilitated structure. Only a few years of good service 
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at best should be expected of shotcrete in relatively thin layers. However, 

the cost of such repair will be relatively low. In comparison, conventionally 

formed and placed concrete, shotcrete, and preplaced-aggregate concrete, each 

properly proportioned and placed in thicknesses greater than the depth of 

frost penetration, should provide a minimum of 25 years of service but at suc

cessively greater initial costs. Precast concrete panels used as stay-in

place forms should provide even greater durability at approximately the same 

cost as conventional replacement concrete. 

399. Some general conclusions and recommendations based on this review 

of previous lock wall repairs have been formulated. However, before detailed 

guidance can be developed, a number of questions must be addressed. 

a. Can deterioration caused by cycles of freezing and thawing of 
nonair-entrained concrete below an overlay be controlled? 

b. What are the consequences of such deterioration? 

c. Is it feasible to provide drainage within underlying concrete 
or to impregnate it with a protective material to minimize 
moisture intrusion? 

d. Should the depth of a frost penetration with a given lock wall 
indicate the thickness of the repair overlay? 

e. Would provision of a frost barrier at the interface between 
the existing concrete and the overlay be beneficial? 

f. What design and construction controls are required to ensure 
that the repair material is compatible with the existing 
concrete? 

~· 

h. 

Is it feasible to eliminate the restraint provided through 
bond of the repair material to the existing concrete? 

Is it feasible to use precast concrete stay-in-place forms to 
eliminate cracking problems and minimize closure times asso-
ciated with lock rehabilitation? 

Most of these questions are being investigated as part of the REMR Research 

Program, and results of the investigation will be reported as they become 

available. 
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0[5CRIPTION 0~ 8 10 lff:M 
f:Sli .. AT£ 0 

UNIT 
QUANTITY 

Eso1anaue l'aviM '"·5 iiu.Yd 
Recess and Other Misce11nnc · ,~·:; 

Concrete 1,)0 u.Yd 

Fill J .aGo ~ u.Yd . 

Gao 230 :u. Ytl 

Not Used 
Stee 1 Rcinf orcemmt. 
RAi n -,;orc '- St eel 193 . 000 Ill!: . 

WA. 1 ,l .. rt ~-li rP- FAnri. I' 22 000 ilJS 

Dowels 58,800 lb:· 

~ted Dase Cour·ec 01,0 ~u. Yd 

2" ni A "" ~h Dr:!; ns 175 l.in . f 

Ni!>scell:meous c:oncrP.tr. \l!•,rk 
A Lt.erati•ms to l.:md '.Ia 11 C1tl-
Vl'rt. 1 ·'tlb 

Nm1 Fill'i nt! Pori. ·~ 9 ,.a. 
s~nling Cr osSOV('l" Consl r 11C I. ion 
Jnjnts l .fob 

Pol Renair Mortar 180 ;11 . Ft. 
Orj lJi Holes aNl 1 :rout 1 ,o"c Is 
&Jtd nchors ~~ .. 750 , i II. f' l 

Shot-crete 
Contini' ')5 010 ;, 1 I'L 

R1mair 3,665 ;,1 1" L 

J.!rmo1 i th Joint ll~oair 1. (,6o l.i II I' 
Fnrnish and lnf: l.:ll1 Hirc•·l-
1nneous 11ctal 1fl5 . 300 llo :;. 

----- - -- ---- - -- - - --- - --
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PRIC E PRICE PRICI!: 
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/07 .(l() 9~ . 115 . 00 MXJ.OC 17EJ,()(X). OO /,00 . ()( 170,000.00 ?10. 0< 91.J..so.oo 

1/.0 .C.l() , ,,(, ?00. 00 "' ooo. 00 lt)O , 000 00 Goo.oc 25fl 000.00 nto. O< 3/.B , 300.00 

1 /. () (){) .... (.() /,()() . ()() 150 . ()( 279.000-00 1 ?() . ()( ::>::>1 ::>00.00 oo .oc 118 ooo.oo 

2n5 .rxl 65 .550 .00 150. ()( % . 500 00 ?00 .()( 1,6 noo.oo no.a< 1..8 .100.00 

"I o I I ll.1 . /,12 . 00 1 . ()( 193, 1300 00 1 .0< 191 t.lOO 00 1 -'30 251. 940-00 

] ?r • • • . - . ;:>') • 7()() . 00 l.OC 22, ()(X) . 00 1 1 I ?ll ':\()() ,()() 1/JO 1S 200.00 

• '"10 s?.. •po.oo • 2 ' 11 •• 700-00 • 6( 35.2[!0.00 . so 29 1.00. 00 

·~rL ()() 1 l 020. 00 9 . 0( 7,560.00 ?/. ()( 20 1 (,() . 00 16.0C 11. uo.oo 

'>/, , ()() 1. ::>m.m 20. ()( '3 500 00 21. ()( 3.675.00 10. ()( r; 2'>0.00 
-

[)tun 10'},000.00 Sum 100,000. 00 Sum so. 000. ()() Sum 2oo.ooo.oo 

~·) , (yX) . Cl) 90, 000 .00 ~o.ooo. o 270,000.00 Lo,ooo. o ) 90 , 000.00 t? .ooo.o 151 . 000. 00 

~UJII /0 ooo.oo Sum 25, 000 00 Sum 1::>, (.ao.oo Sum 11,000.00 

1 7ll . OCJ 11 t;()() . 00 J25.0C 50,500.00 200. 0( 36.000. 00 155·0( 27,900. 00 

1:".1)1) 297,000. 00 30.()( 71.2, 500.00 20. 0( 1,95. ooo.oo ll. oc 346,500.00 
., 

l(, . ()' C'?/.160. 00 9 . 0c 502, 2')0. 00 7 . Q( '390.670. 00 1A.20 1,015, 742.00 . 

:'1 <Y 76. fJ(>S . 00 50.0( 101 250.00 20. 0< 73.100. 00 J..Q .Q( U6,6oo.oo 

~OJ)< l/). ooo.oo 110.0( 102, 600 .00 1 ()() . 0< 166 .000.00 100. 0( 166,000.00 

1 . 'i' (,h:1 . 5 'jQ. 00 3 ./,C 630,0~0 .00 1.50 (,l. f1 "t;O. 00 ? .50 1,61. 250. 00 
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0£SC RIP~ 10N O F 810 ITEM ESTIMATED UNIT yii1T NO QU AN TITY UN If ESTI .. AT £0 AMOUIOI ES TI MAT ED AOOO UNT UNIT ES TI MA TED AM OUH f U>ll T I PRICE PRIC£ PRIC E PRICE (STI WA TfO AMOU>I , 

29. Furnish a.ml Instl\ 1.1 Alumj •aun 
Plru1k ln,. _an<.\ Covel' Plal.e6 

a A 11lltt1nurn Pl - 1 .iJlf'. 10 365 Pll H .. l (, . ( C) 1(15 , 111,0. 00 '?7 . ()(' 27?1135) . 00 '?'? . 0<.. ~'?8,010.00 n .()( ~2R,030 . 0C 

b , Gover PJatcs ?.05 r,<'J. 1.' l ;>1 , ()(1 '~ 715 . oo 65 . 0C 131325.00 (,7 ,(){ 13 . 73) .00 40 .0{ s :>oo.oo 
30. Furnish aml lnst.a 1 1 Alunri •n•.n 

Rabbet ·ArlP.1es 41080 .in . Fl 7 .,. 3::> 1 0'?'! ' 00 2200 rn. 76o . oo ll •. oo 57 1?0 .00 l3 · cY 53. 0/10 ·00 - ... ) 
31. Furnish and lns t.al I Guard 

--..;._ W::encc and Ilandrai I 

8. Guard Fence 7 , 690 .1 n 1•1 17 . { () 130.730 00 /~5 00 )/,f, . 050 . 00 110 . 0C 307. (,(Y). 00 '? 1-( 161, 1.'}0 .00 

b li'' cli a Ilnndrai 1 60 .in. I 11 ()() 1 0110.00 67. 00 l,, o;>o. 00 02 . 0<. 1,1 W'O .OO ')5 . 0( 5. 700-00 

c. 2" <11n llnndra jl L,RO 1 in r 1? ()(I 

)2. Furnish and Instnll Float inr: 
1 5 1(,0. 00 67 . (){ '32.160.00 67 . 0< 3~. ]f,o.oo ?1 . ()( /,1, 680 -00 

u . ·ina ni I. t 1 ,}oh ;,urn /10 000 00 3um 501000. 00 Sum 0/, MX).00 :i111n 17.500-00 

.33- Wall llr rnor 

> 
'-J 

a Stra.i~ht finn (Govf'mmelll.-
Furnished) 1 '/1. 000 11.>s l,() J?l . ()()(). 00 2.6c 4M (,00 . 00 1.2t /.13 . 750-0) 1. :'0 '?05,200 .00 

b. Sl.raicht. 'JW1 (C(It~l.ractol'-
Ft•rnishccl 1/>11,00 ,, ) :; . ] . 70 70 , C10 .00 3 . /10 157,760.00 1 -75 81,'?00. 00 l. 50 69,600.00 

c. Corner l'rotccti 111 2.17 , 700 I >S. l (,) 3751705.00 2 . 70 611, , 7)0.00 /. . 00 h55,J,(){).(Y l -50 3/.l, 550-00 
34- F11rnish and lnslnll llisl.l\ 1cc 

Ha rkers h5 1· .').. '70 00 3 . 150 00 175 -00 7,875 -00 1.40-00 (,, 100.00 90 . 00 /1, 05Q, OQ 

35- ~ti t.er !I ill Repa1 1 s 
S1un a. River Chamber 1 1>b ~0.000.00 Sum h5,CXlO.OO St1111 '?0 1 ()'_YJ ' 00 ~um 100,000.00 

)6. Quo in !lenl 
,lob ,. 

a. Rcp1accmf'nt , fiiv , r ChamlH 1· 1 d\1111 1,01000.00 Sum 50. 000.00 !lum 100, ooo.oo Sum 200, ooo.oo 

b f.! r,uificalion. 1.·1• ad Chawhc r 1 ,1,,h ... .>Wn 55 , 000.00 Sum 65 0')().00 Sum 150.000.00 Stun ~o. ooo . oo 

37- P.i nt.le Rep1acent<!IIL 1 HiVf'l' 
1 ,1 . >l> !Ju1n Chamber :'0 000.00 S11111 '32 ooo.oo St1111 55 .000. 00 Sum 100,000. 00 

118. .llrha.h.iUt.at.ion ol' llil.er r:.1Le l ·'"b 
r• 
I tlllll 1 J.fl I)()() 00 ::>1un 300. ooo.oo Sum sao ooo.oo Swn 360, 000. 00 

139- f a.J nt.ing Ex:ist i11·~ !lise. llcl.al l nl> ~um 35. '(00.00 Swn l 500. 00 Sum 7 500.00 Sum ?0 ooo.oo 

IL..O. Sp 1-v:i c e lluil din,.. l 1 ,I.> ,. 
• >IIIR 'HI 'i 000. 00 !111111 275. ooo.oo S11111 500.000. 00 !)urn {,()() ooo.oo 

41- Opcrati on Duil1 l i '18 ( llidd l c 
50,000. 00 \Ia 1.1) 1 l.,h f,um os .ooo 00 Sum 55 000 • .00 Swn .. 1~)() .00 S 1UR 

-

(Continued) (Sheet 5 of 9) 



:> 
00 

' 

Abst ract of Bids - Construction 
-~~ 

IT[ W 
DESCRIPTION OF BID IT[M [STIMA TfD 

HO QU ANT ITY 

42. 
a . 

ConLr ol Stati.on ~:helter:; 
No . l 1 

b . Nos. 2 anrl 3 2 

4 '3 . Operation Dulld i 11~ (Hive r llall 1 
41~ . Furnish and Inst.a ll llydra,. llc 

Pi.pinr. System, Oj l Pwnp~ , 
Hydro.ullc Oi l 1';111lc ancl lly-
di-o.ulJ c Control l 'lUipment 1 

45. Furnish and Inst.;1ll Compr c:ssed 
Air Pipin~ SysLcu. 1 

46. Furnish and Ins La l1 Senrj •:c 
WaLer Plpi~ Sysl P.m and Pt•mn 1 

l•?. f'urni~h and Inst.oll llom• -:• ic 
WD Lcr f>.v s t.em 1 

4f3. Furnish and Inst a U. ConlltO' l 
Wo.t.er !.: llir Pipj n.~ Syste-m:; 1 

49· Furnish and Ins Loll San i t:u· •r 
Setwr Pinln.g_ Syst.em and · 
Pwnp Stations 1 

50. Fnrnj sh :mel In~;tall r.as Pi.ni ng 
s~~~tem 1 

51. F•trnish and In;,l 'lll Gate 
Opcrnt.ln~ l·lach i" !ry 

a. 5(,' Chamber 4 

b. 110 ' Chru·1ber 4 
52. Furnish and InsL tl1 UuLtc rfly 

Valve Assemblies / e. h. ( 37 
53 · Ftu·nish Butter f. I y Val ve P,ssern-

b lies lnsal l I laehiner .v c ll cit 
tA-e ' 

, , , J 6 

54. Furnish and InsLall ::aide Gate 
and Operatinr- r·n~hincry 1 

55 . Air Compressor Urdt 1 
56. F'tu·nish and Ins !.al l l'0\1 Mall-

l ar.o and fletrjevcr ~ysleM 1 

57· flemQ'Vc and flepJ :1ce 'l'lmue1· 
Fonder S.vs t em 1 

58. F'urn:i.sh ilo.in ten:1• 1Ce IJulk-· 
hcrui 1 

- ~ - L... -- --- - -- -

UNI 1 UN11 
'RIC 

-

,J,,h (' dllm 

1 ; \ • LO, 00().1) -
.l·>h S11m -

Jqh St •m 

,Joh :>11m 

,) I lh Stun 

,J· >h JIUII 

1 I r)lr Sum 

,Job ~ium 

, 111h 
(' 
o.llllll 

t·:n. t,~oono· 

Ea. )0, ()()().· 

I ::~. ~1 ()()() . 0 
"';,(.·~'-- . ~ · ~~ 
La. 17 <XX) 0 

• I • •I J :lum 

·'··h (' • •llrn 

·'· ·b 
'. oJ\101 

. lqJ) 
,.. 
.>lllll 

.I ,!J ;., 1111 
-- -· -- - - ------------

Table Al (Continued) 

Bid No. 2 

UNI T 
ESTI WAT [D AMOUNT ESTIMATED ANOU H T P IIIIC[ 

lO 000.00 Sum 5. ooo.oo 

2!3_.000. 00 5. 000. ()( 10,000 .00 

uJ, OOO 00 Sum 50,000.00 

7M I 00\). 00 Sum 6oo. ooo.oo 

163,000.00 Sum !.10 . 000. ()() 

_1ill_ JXXLDO Sum 165 . ooo.oo 

11. 5_00.00 Sum /,0 . 000. 00 

23. 000.00 Sum 75,000. 00 

10.000.00 Sum os.ooo.oo 

6 , 500. 00 Swn ::>),000. 00 

~11 fl._ 000. 00 '15 . ooo. c I> %0. 000. 00 

0 (,00' 000 • 00 tv.o .ooo )Q '>60 ooo. oo 

0 5.1__,_ 000. 00 h 'i .OOO.C b ')')') ooo. 00 

·~;;~, 
. 102,000.00 15 , 000. 0 p 90,000. 00 

160 000.00 fitun 11.0 000 . 00 

27, ooo.oo Surn /,0 ooo.oo 

2_75_.._ 000. 00 Swn hOO. ooo. oo 

113, 000.00 Sum 1.0 mo ,oo 

32, 000.00 .c\11/TI ?n (YY'I _m 
---··-· ---

(Cont i nued) 

Bid No . 3 Bid No. 6 

UNI T 
PRICE 

EST I N A T [0 AWOUH T UNIT 
PRICE 

[STI N ATEO AMOUNT 

Sum 20 0)0.00 Sum ::>o!ooo.oo 

115 000. 0< 30.000.00 ::>o. ooo . c ) ~o. ooo . oo 

Sum 7 "i . (XX) • 00 Sum _30 LQ(X) 0 00 . 

Sum l 215 ooo.oo Slim ')()() ooo.oo 

Sum 333 ooo.oo Swn 415, 000.00 

Sum ll.j.5 000. 00 Sum 111.. ooo.oo 

Sum ':11 .000.00 Sum 42, 000.00 

Sum 55 ooo.oo SUll1 7_2 ooo.oo 

S11m 7 r. . ()()() • {)( Swn 86,000. 00 

Sum '?.1~. ooo.oo Sum 26,000.0( 

00, 000, l>o 1,00. ooo.oo B5 ~ ooo. oc _2!t 0_1 000 .Q<: 

1.75. 000. !)() 700.000.00 60 000. 1 0 61,0 , ooo.oc 

20 ,000. DO 71,0. ooo.oo p) , 500.01 1, 239, 500. 0C 

21, 000. )() 126, ooo. oo l'~ ')00.0< 1_1.2._ 000 ._QQ 

Sum 2'35 ooo. oo Sum 157000.00 

Sum 42.000.00 Sum JO,OOO.QO 

Swn 300,000.00 Sum 170,000. 00 

Sum 17. 500. 00 Sum 12.._000. 00 

Sum 25,000. 00 Sum 10 , 000.00 

(Sheet 6 of 9) 
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Abstract of Bids - Construction 
-

I TI(W 
O£SC RtPTION o r 1110 IT£1• £$TIWA T£0 

NO QUANTITY 

59. Ft•r.li nh and lm;l.<•ll l'lr •· ;p, , _ .. 
~ . 500 oort:.s 

60. Replacement:. o f I' qfs on f:· ot k -
head !;t.orar.e P:i 1.: · l 

61. Excavation j iJntll:• Hal:.<'rl 35.t,r,o 
62. Drj l11nc llo1cs I' 'r 'l'rcm i f · 

C•mr.rcl.c (}!, 'j 

6J. Dr.i ll i ~~~ II'{ Cor• :. 1n5 
61,. Tromie Cnncretc l'or J •:..u•• /' "l'•>•t~ 

_AJJ_c\ Ab• tl..•••ent 

a. First lO(lQ Cu . ·:.:s. l , 0(1() 

b. Ovc:r l(X)(l Cu. Ytl:: . 700 

65. Filter Cloth 17,QrXJ 
66 Erosi .. >n I 'r ot ec 1, i • •n 

lo Bc<ldlnr.. llateriat 7.Mn 
b. nj ·rJt}l 110. 1 . .... 

(l r.ra•lcd :lt.·J · ~ ....... "~00 :-. ' ' ,_ 

(~) :lt.,,ne Ov('''a'· 1,1,1,00 

66. .)l"fl011 llo . 2- i '• o Bjcl 
Q.7_. i·.but·ncnl. Plli11· 
a. !it.ccl !>heel.. Pi 1 "'C lG·,v• nuuenl 

F\•rn1shcdj 1,)'70 

b. 11nstcr Piles JJO 

c. F"brical.cd Pi 1" '1 (,(, 

68. /d t:.er:1l.. .i ons t n I •run r :a l ! :; i lls u 

69. S< ali!Je.. !3crvlc:•· Orhl~r·:-~ ""~()() , ' , . 
70. Clee.ninr, and 1'1· •t:.ecl.i•" l nl' 

llrid.ttc :-;eat.n l 

71· ltcnovat.ion of 11:.1111 Gates 
a VC"rf.tcal L:i ft c. \t:.es 

(1) Heplacc Sjtln !>cal /\:.-
#tcmhlies l 

Table Al (Continued) 

Bid No. 2 Bid No . 3 Bid No . 6 

UNIT UNIT UNIT U NIT U N If £ST .. ""lD AMO UNT (STINAT£0 AMOUNT lSTINA T£0 AWOUIH PRtC ( P"ICl PRICE PAIC £ lST!Wjl T lO A..OUN T 

1 <>> ~()() 17_1500. 00 20 . 00 50 ooo.oo )0. 0 D 7) . ooo.or ?().ex: 50,()()().()( 

,I . li) r· 
17...1..1,00 ...00. Sum 30..1. 000 . 00 !""ium ~000. 00 .JIJIII 

fJ1un 20 ooo.oc 
Ctt t' I _']_.50 265,?50. 00 .o.oo 2113 600. 00 ....6....IX .212 . ?M. OO v,. Q( 4?6_1L.J.O . OO 

(. j II 1' _20...00. 5C O'jO . OO hO.OO 25,000.00 _50_& _3./ ;'> 5') . 00 40.(){ /5,800.0( 

Li " I· 2_0 00 9 , 250.00 25-00 4, 625 .00 15_.JX 6 /[l'J . OO /) . OC 4,625.0C 
I 

' 
I 

C II 'o' o1 ) l,r) 00 l!10..L 000. 00 90. 00 90 , OCX). OO 220. ()( 220 .... 000.00 100.()(' 1oo,ooo.od 
C:l! '(.t 1.1 'j. 00 :lO ..L 'jOO. 00 9Q. OC ~1000.00 130._Q: _21. 000.00 75·CX. 52,500.00 
.~ .. . '(I I • ) 10. 00 l 70..L 000.00 9.()( ]1)1 .000.00 12.{)( 20!L_ 000. 00 ?·(X 15J,OOO.OC 

r~ )11 ~ 21~.00 1j2:..J.~oo.oo 16.oc 121 600. 00 lfl.Q( nf, r.m . m 17 .oc 129 200.QC: 

·,·,n !'> /:",.( l( l 9?3 200.00 l A. OO 5Jh. ooo.oo - w.oc 61!7.600. 00 11). ()( 571 ' QOO . (}( 

• • Hl~ .,0.00 ],_._ 2l2_._ 000 . 00 10 . 00 .'145 200. 00 - ?5...0{ ...1 ..0.." .5_ ....QQQ... 00 n.cx 869 l,OO.OO 

SqH 22 00 % 'i/10 ()() 25 . 00 J? 250.00 1~.50 1?__.~_(,~5 . 00 ){, .()( 22 , 120.00 

Lin.f )()). Of\ 3...1.... ( )('() . 00 fl'i m "fl.O'iO 00 so.oc 10 ._200.00 (I 'i • (){ 21,450.00 

Lon. F' ' P'i. CXl f~2~0.00 JJ.o.oo 9 2/10.00 70. rx; L. (,?0 .00 J.O. ()( 2, 640 . 00 

~'a 2i.._ ()(X). I )I ?.001 000 . 00 ,',I) . 000 . ( J 1(,0.000.00 ~. 000 0: _320 ooo.oo '10 ooo.o /,00 ooo.oo 
5q Yd ~l.). (t( l.t!u.. ()(X) • 00 Q ,()() 19 800 ,00 10.00 2?.. 000. 00 n.or. 46,200. 00 

.rob !'"".um /,0 ooo . oo ~11m 1n NY1.m ~11m 1). O(X>.OO ~urn 17 .000 .. 00 

J tlb •• ol\1111 21,0,000.00 ~um ~Gs . OCX>.oo 
,... ,,urn JOO...~.ooo.oo !3um JlO,OOO. OO 

(Continued) (Sheet 7 of 9) 
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73. 
a. 

bL 

c. 

?1. 

75. 

76. 

Abstract of Bids - Construction 

0£SC P•PTon'l O F 810 IT (.! 
rc:t I WAT [0 

UNIT 
Ou"' " fl T Y 

2 11lscellaneou~; lletal H Jl 'k 
8 First 138. ()(XJ lbs. 1'30 . 000 Ill -; . 

(b) Over 1'38 . CXX'l Ibs. lh.OOO IJJ 3 

(3) Rivet nep1oc•ment 10,000 Ea 

Sidney- 'l'tJpe Gate 
1) Re place BotL()'Il slid !ii•lc 

:>cals 1 Jnl) 

2 IUscelleneott~ t1etal ~i· Jrk 
8 Fi rst 3, 000 Lbe . 3,000 [l) ') . 

(b ) Over 3. 000 JJ ,s. 1 , 000 Ius 

(4 ) Rivet Replacrment • ~ .000 !.n 

Hocliflcation of Pulkhea• ls 1 ,lql) 

Paintinp, 
PaJ ntil18 Service , Br j dr,c s and 
Bulkhead, Storn.r~~· Pits 1 ,], lb 

PaJ nt,inr, Dam Ga L~'~ 

(1 ) Ga tes Nos. 1 , 2, J, 1., ) 
6. 10 a nd 11 8 1':(' . 

{2 ) Gat e Uo. <) (~ idne:f- 'l'Vl•C ) 1 ,Jilb 

(J) Gates Nos. 7 , 8 , 12 , 13, 
land lA 8.000 'iq Ft 

~~:~1vanbe Sorv tee Dri dr,c• 
aiM 1 ,lob 

E1cct.rica1 l~ork 1 ,J 110 

Diesel El ectric t~cnerator Unit 1 .J.,h 

Hydr oc l cc t:.r ic Po11cr Plant 1 ,JI)h 

rorAL Items l: thru 76 I nc lt•si V I 

- -·-···-

Table Al (Continued) 

Hid No . 2 Bid No. 3 Bid No. 6 

UN I T 
£ST UUT£ 0 I<WOUN T 

U N IT 
ES TIWATEO AMOUNT 

UNIT U NIT 
PRICE P RIC ! PRICE 

£S TI WA TEO AWOUN T 
PRIC[ 

!STIWI<T[O I<WOUN 

n no 1, l Olh 000.00 5-00 690,000. 00 10.00 l, 300, ooo. or (\ . ()() 1 , 101,, ooo.oo 

f) 50 ?1,000 .00 s.oo 70.000.00 4. . 00 56 ooo.oo 6 . 50 91,000.00 

17 00 109 . 400.00 1 q , ()() 11.. 5 000. 00 11\. 00 2?1 . ()()(). ()( 2/,.00 436. 800.00 

Sum 5.3, 000 00 Gum 11,o,ooo.oo Gum 50. ooo. oo Sum 37, 000.00 

5.00 15. 000 00 5.00 15,000. 00 10.00 10. ()()().()() 10.00 54,000.00 

! ... . 'iO J, 1\00.00 s.oo 5 ooo. oo 4-00 4,000.00 10.00 10 ,000.00 

1).00 ?(, , ooo. 00 19. 00 10 ooo. oo 15 .00 30,000. 00 17.00 31.. ooo.oo 
Swn /~ . 000.00 Sum 11 () ())() . 00 Sum 150. 000.00 Sum 110 .000.00 

. 
Slim 2'10.000.00 Sum )00 ,000.00 Sttrn [,()(), 000.00 Sum 170, 000.00 

r,tJ. ooo. o 320, 000.00 50. 000.0 J 1100 , 000. 00 70,ooo. c p 560, 000.00 ;s . ooo.o( 41.0. ()()() . ()() 

Sum 26 .000. 00 Stun 10 ooo. oo Sum hO 000. 00 Sum 3),000.00 

600 l.B . 000.00 5. 00 1.01 000. 00 s.oo ,.o.ooo.oo 6 . ~ 5 1\0 000.00 

Sum 11. 000.00 Swn 2() ooo. oo Sum ?.<XX). ()() Snm 60.000. 00 

Sttm 31S. OOO.OO ~ ....... 1, 000, 000.00 Sum 1 ,000,000.00 Sum 564,653-00 

5um 'iO 000.00 Sum 65, ooo. oo Sum 70 ooo.oo Sum 66 . 000.00 

Snm (>l'i ()()(). 00 Sum 700,000.00 Sum 1 .000.000. 00 ~11m ~OO . (Y)() . OO 

h: ?? t;J.? t;'\0. 00 25,907 ' 120.00 ?.4 20 ') - C)~~ . 00 l<t-1. 7rtt: 'lrY"' . m 

(Cont inued ) (Sh ee t 8 of 9) 



Table Al (Concluded) 

Abs t r act of Bids - Cons t ruc tion 

IT (M (S TIMA T£ 0 U N IT 
E S TIMA T£0 AMOU N T 

UNIT 
(STIM AT£ 0 AMO U NT U NIT 

(STIMAT£0 A MOUN T 
UNIT OE \CRIPTIO N o r ll t O IT[ .. U N I T (ST IMAT(O AWO V H1 N O QU AN TIT Y P R ICE P I .. C ( PRIC £ PI'IIC ( . 

/\DDIT f ONAL 1 ~ J 11;, : UIFOR!~ JITIE.'> ( con t . ) 

Old trn. 1 - /\1 ,loin ;on 1:ow;l r•r · io11 C0., 170(1 I lrLh11e·:l "'" Fi n anclal Uid No. ?. - Amotmt of I 1tal pri ~ C' bid c hanec-d r om " i./ ,907,595·00 
(,f' l li.Cl' 1 I li.OtlC':\;V l ~ lllnllCS >I n )'J'! '\} ,.,II,. I ) 1 11\JV • \J\J to :s;;5, ')1>' 1 VO olJO o !" 

Bi d II••. J, - John F Cas~',y_ 1 ;, .,,, .... , ..]_~ I' . (1. I lY. 1 ~ ·~ . l'j t.l. 111r c h , PI\ 15'-30 Plan L ·x Er! i_pment ~ r-hcdul e not. C •)m lct.ed. 
't3 V'''" • 7:?s .oo 

"·'~ r· 
Oid No. 3 - Ccrt,j fir.a t · 10 r e rc- r cent For cjen r. lll.rnt l l':lean Ai r & 

Did i 'u . 5 - tlcr rre11 Lime Ct1l"1· ,. ,1 ')0-L "'1X ( l 'l. l~"' :-; r, ·rrc r Hoad l,f-.t_,.. .. _Ct>rl . r~ I' !1 t . ~ r n n t . l'nmn 1 Pt.P In n ~F-1 < .n 
Flc•m i nr, Lon, rlf'lo/ ,J .. sey IJI ~:~:'~ :t."7 If> 2h, 60 '1 . X> Oidclcr s~ n~ d . bn Onr i rn , CT 06~20, • qs L~cldrc- r,r, as 77J Post 

on bid ' . ·-1 - D: ~ l ntc s a dr ess s c lk ·r j son-Knu -
sen Pla7~, Uoj s e 1 lnho 8)7.?.<) on ll d Urmrl 

I NFOIU 1J\Lli'II ::1 : llaLe of bit not she m on Oid Dond . 

Bid I!•> . 1 - Atno1mL •f !l.~tl ; 1. I corrcc t. c.•t fC"'I " t.l Tl , 0' >·00 to nirl No /1 - nun~ uo. 11 t. j ns crt rct . 
__.. . _._ 

" ~ L"('} , ' ~JU . UU .II"'"' •.Y •:wmc11 ·; \,lit ]11)\.'\ 1 !" I I U I (I L ! 'VIII IJl<l flO ) - IJOWl\,y nol I IIC I IIUC'o 111 . t:: ::0 ::0 ' I II ' V\: < "'- I' v .... 

"j.~6 1 n()3 1 J/10 • ' )(I l ' pr', , :'115,! ·.o.cx • 
• Ce rt.Jr i,· a tJ n1 ,., •C ·cc" 1. t· ot·• I I~ 11 1 111.('111. t)l ,,,. l -'· ·11 n•JL 

c OJ•rn !o' l ccJ . 

> 
l'l ru rL : l'.qtti £11 •r I. rhedt•lc n• I C• Ill r ,. v~rt-11 •ltler s l al.e s : 

"1\dcq ·1te I :q_~~ i, ,. • t•1 Ct111 'i I n1cl If(> j•)b o I 

..... 
...... 
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Table A2 

Abstract of Bids fo r Stage I Rehabilitation, Lockport Lock 

ABSTRACT OF BIOS • CONSTRUCTIOH ~··· 0~ ~•cs•• CUTIFICAT£ 

UtVITATt0" 'O" etOI •u••• .. "'"'"• o•••c• I Cl!ltTIFY thet I •••• -....•4. ..... ... New~ .. ,.._ .. , .... ""'"' .. ,..,_ .. te lllle 

DACW25- 83- B- 0069 US Army Engineer Dlstrict, Rock Island 
.. ...... _~ 

f ~Atl IIIUI[O Corps of Engineers /- ~.. ~ 
18 July 1983 Clock Tower Building R H RF.F.~lNI ••••nu"c Chief. Proc & Suoolv Div. 

OATI[ ,)~1[ .. 10 Rock Island, IL 61201 
15 August 1983 lie ..0. 4 (tg) ... ... J \L£.) ... ... 2 (t~) 

J . A. Jones Const . Co. Horrison-Krtudsen Co,Inc •u•••" IOYII ... f"T IJTtUTI 
. Traylor Bros, Inc. 

•o•• 0~ 6060 ~t. Alb~ns St. PO Bt"x 7808 835 N0rth Congress Av1 

Lock Rehabilitation, Lockport Lock, 
AODIE•OA Char lotte, NC 28287 Roise, Idaho 95 7A1 Evansville, IN 47715 
II lUtED 0 ..... 0 ... _ .......... 

Stage 1, Illinois Wate rway 0001 
0002 lXI ••••o .. ••'-• cott•••c• •••• .. ••• eeo IICU"''" etD IICUIU''f e10 IICU"IT Y 

0003 
, ....... , _,.,, 20% Bid Bond 201. BJd Bond 20% Bid Bond 

0004 ~~ ••••o .. ••'-• cott•••c• •••• .. ••• ADDI[MDA ACRNOWl.IDOIO AOO.IfOA ACR'IOWl. 10010 ADO ... DA ACR'IOWl.IDOID 

000'\ 
, ....... ~, ... _,,, Five Amendment s Five Amendments Five Amen~ments 

,, .. 
OIIC"'~''O" o• eeo !TIM 

etliMAfiD U"" UNIT UNIT u•n IITIWATIO AMOU"' UMt' 
.. o oua"'"" ~"•c• ftiUCI etTittATeD AIIIOU"T IITUIA,IO AMDUMT lt,tiiA,.O AMOUNT 

~"•c• ~"ICC 

> 1. Protec tion and Unwatering 1 JOB SUM 168,800 . 00 SUM 155,000.00 SUM 500,000.00 SUH 1,2u0,000 00 
1--' 

N 2. Site Preparation 
. 

• 
a. Temporary Field Office 1 JOB SUM 25,900 .00 SUM 47,000 .00 SUM 45,000.00 SUM 40,000 .00 

b. Removal & Replacement of Exist -
4-- c::~~·tri tv F~nrino 1 JOB SUM 5,100 .00 SUM 5,900.00 SUM 12,000.00 SUM 30,000 . 00 

c . Removal & Replacement of Exist -
ino Handrails 1 JOB SUM 9,000 .00 SUM 37,000.00 SUM ~9,000 . 00 SUM ttO,OOO .OO 

d. Removal & Replacement o f 
Control Houses 1 JOB SUM ~.ooo . oo SUM 4,700 . 00 SUM 15,000 . 00 SUM 50,000 . 00 

3. Stabilization of Upper Service 
Gate Sill 

a. Mobilization & Demobilization 1 JOB SUM 38,800.00 SUM 26,000 . 00 SUM 35,000.00 SUM 50,000.00 

b. Drilling Gtout Holes 2 ,085 L.F . 10.00 20,85o.Ou 22.40 46,704 .00 20.00 U,700 . 00 30 . 00 62,550 .00 

c. Drilling Exploratory Holes 150 L.F. 25.25 3,7H7.50 31.00 4,650 . 00 25.00 3,750.00 40 . 00 6,000.00 

d. Placing Grout 1, 4 75 C. F. 9 .00 J 3,275.00 20 . 00 29,500.00 26.00 38,350.0fl 15.00 22 .12~. 00 

DO ~0-

• oc•" 1501-1 IIMTtOM O' t •ov lilt OMOLI'I 
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Table A2 (Continued) 

ABSTRACT OF BIOS • COHSTRUCTIOH ~•ot or ~•ott eio MO. 4 eto MO. 1 110 MO 2 I ., .. •• , .... ,.0 
UMtt 

UN If II fl .. a f I 0 AMOUMY ""''' ftt,.IAflO AMOUNt 
UN If 

llftMA f I 0 AMOUNt 
tiNt t ottc .. ~••o• o• ••o ,., .. OUAooftfY ~IUCI ~-•c• ~"OCI ~••ct 

flftMAif0 • .., .. N 
000 

). 

e. Connections to Crout Holes 128 EACH 5.00 640.00 5.00 640.00 5 . 00 640.00 5. 00 640. 00 I 

-
f. Portland Cement 660 C. F. 3.25 2,145.00 7.30 4,818.00 5.00 3,300.00 10 .00 6,600.00 

g. Sand 1,150 c. F. 2.00 2,300.00 3.20 3,680.00 1.00 1,150.00 3.00 3,450 .00 

h. Coarse Aggregate 165 C. F. 2.50 412.50 2.40 396.00 2.00 3JO.OO 3.00 495. 00 _, 
!. Placing Dental Treatment 500 C. F. 9.00 4,500.00 5.90 2,950.00 25.00 12,500.00 30.00 15 ,000.00 . 

j. Rock Anchon 1,702 L.F. 30. so 51,911.00 28.00 47,6S6 . 00 20.00 34,040.00 20.00 34,040. 00 
-

k. Drilling An chor Holes 1 '702 ~ L.F. 15.SO 26,381.00 28.00 47,656.00 20.00 34,040.00 60 .00 102 ,120. 00 

1. Test An chors 1 JOB SUM 1,500.00 SUM 6, 500 .00 SUM 6,000 .00 SUM 20 , 000.00 

m. Filler Grouting of Anchors 115 C. F. 45.00 5,17S.OO 37 .oo 4,2 SS .OO 51.00 5,865.00 20.00 2 , 300 . 00 
> 
~ 

w n. Concrete Removal 1,375 C. F. 36.00 49,SOO.OO 22.80 31,350.00 28 .00 38, 500.00 35 . 00 48' 12S. 00 

o. Steel Reinforcement 3,300 LB 1.00 3,300.00 1. 59 5,247. 00 1.50 4,9SO .OO 0.80 2 ,640.00 

p. Concrete 51 c.v. 425.00 21,675.00 146. 00 7,446 .00 l SOO .OO 76,500.00 ~00 . 00 25 , 500.00 
4. Upper Lift Gate Modifications, 

Rollel." Assel!blY 1 ~08 SUM 8S,400.00 SUM 100,000 .00 SUM 250,000.00 SUM 200 ,000.00 
5. Upper Lift Gate Recess Hodi£1-

cations 

a. Concrete Removal 6.260 C. F. 4 7.00 294,220.00 18.30 114,558.00 2 7. 00 169,020.00 35 .00 219,100. 00 

b. Concrete Ancho rs 906 EACH 54.00 48,924 .00 46.00 41,676.00 31. 00 28,086.00 50 . 00 4S , JOO.OO 

c. Steel Reln(orcement 10,100 LB 1. 10 11 , 110. 00 0. 60 6,060 . 00 1. so 15 ,150 .00 0.80 8, 080.00 

d. Concrete 75 c. y. 546 .00 40 ,950.00 ~ S02 .00 112 ,650.00 1450.00 108,750. 00 700.00 ,52 . 500.00 

e. Lift Gate Bearing Plate 
) . 75 16 3, 500. 00 l. 55 67 , 580 . 00 ).50 152 ,600 . 00 1.00 1.10,800.00 Assembly 43,600 LB 

f. Lifting Beam Bearing Plates 3. 75 4, 237.50 2 . 50 2 , 825.00 s.oo 5 ,650.00 6.00 6 , 780.00 _ 1_1130 LB --···-·- - - ----·-···- ----------- -

(Continued ) (Sheet 2 of 7) 
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g. 

h. 

6. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

7. 

a. 

b. 

c. 

d. 

8. 

9. 

10. 

a. 

b. 

ABSTRACT OF 810S ·CONSTRUCTION 

OIIC .. "fiON or eoO Ul" 

Government Furnished Armor 

Contractor Furnished Armor 

Lower Gate Bay Resurfacing 

Concrete Removal 

Concrete Anchors 

Steel Reinforcement . 

Concrete 

Pressure Grouting 

Government Furnished Armor 

Contractor Furnished Armor 

New Ca lie Trench 

Concrete, Rock, and l:ondu1t 
Removal 

Conduits 

Concrete Fill 

Manholes 

Removal of Miter Gates, Comp1et ~ 
with Appurtenant Parts 

New Miter Gates 
• 

Miter Gate Quoin Modifications 

Concrete Anchors 

Concrete 

""01 or 

, ...... ,,0 UNtf 
ou ..... ,., UNtf 

"'"CI 

33,100 LB 2.00 

21,600 LB 3.25 

9,050 C. F. 46.50 

960 EACH 54.00 

19,340 LB 1.10 

24i c. y. 546.00 

22 C. F. 624.50 

25,700 LB 2.00 

12_, 750 LB 3.25 

1 JOB SUM 

2,034 L.F. 4.00 

1 JOB SUM 

2 EACH 7710.00 

1 JOB SUH 

1 JOB SUM 

66 EACI 54.00 

74 C.Y. 546.00 
- - - -

Table A2 (Continued) 

.. a ott lUI MO. 4 110 MO. • 1 lUI MO. 2 • 
IIH .. AffD UtO\I,.f 

UNtf 1'"""'10 .... ou .. , 
UMtf 

llfiOtAffO AOtOV .. f 
UNt' 

"'"C I ,.IIICI "'"Cf ''"""' fO AW()IIttf -
66,200.00 1.18 39,058.00 1.00 33,100.00 3.00 99,300.00 

70,200.00 1. 2 3 26,568.00 3.00 64,800.00 3.50 75,600.00 

420,825.00 16.80 152,040.00 10.00 90,500.00 35.00 316,750.00 

51,840.00 74.00 71,040.00 33.00 31,680.00 50.00 48,000.00 
. 

21,274.00 0.55 10,637.00 1.50 29,010.00 0.80 15,472.00 
--

133' 770.00 861.00 210,945.00 750.00 183,750.00 900.00 220,500.00 

13,739.00 112.00 2,464.00 825.00 18,150.00 100.00 2,200.00 

51,400.00 1. 28 32,896.00 0.75 19,275.00 3.00 77,100.00 

41,437.50 1. 22 15,555.00 2.50 31,875 .oo 3.50 44,625.00 
. 

40,800.00 SUM 11,700.00 SUM 50,000.00 SUM 10,000.00 

8,136. 00 3.50 7,119. 00 10.00 20,340.00 10.00 20,340.00 

23,500.00 SUM 14,500.00 SUM 27,000.00 SUH 8,000.00 

15,420.00 965.00 1,930.00 13000.00 26,000.00 15000.0C 30,000.00 

239,400.00 SUM 500,000.00 SUM 900,000.00 SUM 500,000.00 

l, 510. 300. 00 SUM 2,862,000.00 SUM 2,450,000.00 SUH 2,000,000.00 

3,564.00 38.00 2,508.00 44.00 2_.904.00 50.00 3,300.00 

40,404.00 792.00 58,608.00 345.00 . 25,530.00 700.00 51,800~00 
-- ----- ---- - : _____ - ----

(Continued) (Sheet 3 of 7) 
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ABSTRACT OF BIOS· COHSTRUCTIOH I ~·o~ 4 or 7 ~•ott e10 NO 4 eto MG 1 110 NO 2 

.,, .. 
OIIC•o~fiO" o• eoo Ifill 

, ...... ,.0 
UNit ""'" I' ..... ' I 0 A MOUN. ""'" ltfiMAfiO AMOUNf ""'" ..... ' 

ooo ()VAN flf 'I ~otiC I ~·uct ~otiC I 
ltf!MAfiO AMOUNt 

""'CI 
flttM•t•O •WIOuMf 

c . Embedded Metals 37,800 1..B 3.25 122,850.00 2.10 79,380.00 3.00 113,400.00 3.00 113,400.00 
-
11. Miter Gate Anchorage 

MncltficattnnA 

a. Concrete Removal 8,325 C. F. 46.50 387,112.50 15.20 126,540.00 36.00 299,700.00 35.00 291,375.00 

' 

b. Concrete Anchors 524 EACH 54.00 28,296.00 '•O. 00 20,960.00 33.00 17,292.00 50.00 26,200.00 
-

c. Steel Reinforcement 10,200 LB 1.10 11,220.00 0.84 8,568.00 1.50 15,300.00 O.RO 8,160. 00 . 

d. Concrete 310 C.Y. 546.00 169,260.00 728.00 225,680.00 500.00 155,000.00 500.00 155,000.00 
--

e. Anchorage Links 28,159 LB 3.60 101,340.00 1.46 41,099.00 7.50 211,125.00 6.00 168,900.00 

[. Anchorage Casting Testing 1 JOB SUH 1,600.00 SUH 3,500.00 SUH 5,000.00 SUH 5,000.00 

g. Anchorage Casting 1 JOB SUH 1,500.00 SUH 6,350.00 SUH 32,000.00 SUH 20,000.00 

> ....... 12 . Hlter Gate Sill Modifications 
\J1 -

a. Concrete Removal 8,000 C. F. 46.50 372,000.00 13.95 111,600.00 24 .00 192,000.00 25.00 200,000.00 

b. Hoblllzation 6 Demobilization 1 JOB SUH 11,000.00 SUH 13,000.00 SUH 12,000.00 SUH 20,000.00 

c . Drilling Grout Holes 312 L.F. 10.00 3,120.00 21.00 6,552.00 20.00 6,240.00 30.00 9,360.00 

d. Drilling Exploratory Holes 120 L.F. 25.25 3,030.00 31.00 3, 720.00 25.00 3,000.00 40.00 4,800.00 

e. Placing Grout 315 c.r. 9.50 2,992.50 20.40 6,426.00 26.00 8,190.00 15.00 4" t 725.00 

' 
f. Connections to Grout Holes 52 EACH $ 5.00 260.00 5.00 260.00 s.oo 260.00 5.00 260.00 

g. Portland Cement 150 c.r. 3.25 487.50 7.28 1,092.00 5.00 750.00 10.00 1,500.00 

h. Sand 255 C. F. 2.00 510.00 3.20 816.00 1.00 255.00 3.00 765.00 
-

1. Coarse Aggn>gate 45 C. F. 2.50 112.50 2.40 108.00 2.00 90.00 ).00 135.00 

J. Placing Dental Treatment 
135 c.r 9.50 1,282.50 6.00 810.00 2').00 3,375.00 30.00 4,050.00 

------ ------ -- ----- - ·- - -- ··-··--
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A85 TRACT OF BIOS • CONS TRUCTIOH PllGt or "'"Oft eiD MG. 4 etO MG. 1 ate MO. 2 

,, , .. 
t)ttC•tPfiO .. O" eoO tfiM 

, ...... ,,0 
UNif 

v .. ,, 
IIUMilfiO llMOU .. t 

UN If " .. " ..... t 
ov ... ,.,., P••ct Pouct flttMAfiO AMOUNt llftMAfiO llMOV .. f ....... ,,0 • ...,u ... 

•o P••c• "'••ct 

k. Rock An chors 1,377 L.F. 17.50 24,097.50 13.00 17 '901.00 10.00 13,770.00 10.00 13,770.00 

1. Drilling Anchor Hol es 1,244 L.F. 10.00 12,440.00 14.50 18,038.00 20.00 24,880.00 40.00 49,760.00 
. 

m. Test An chors 1 JOB SUM 1, 000 .00 SUM 3,200.00 SUM 2,500.00 SUM 5,000.00 

n. Filler Grouting of Anchors 15 C. F. 48.00 720.00 74 . 00 1,110.00 51 .00 765.00 20.00 300.00 
-

o. Steel Reinforcement 17,300 LB 1.10 19,030.00 o. 78 13,494 .00 1.50 25,950.00 0.80 13,840 . 00 
. . 

P• Concrete 250 c. y. 546.00 136,500.00 174.00 43,500.00 320.00 80,000.00 800.00 200,000.00 
--

q. Embedded Metals 11, 7~ I.B 3. £5 38,090.00 3 . 55 41 ,606.00 4.00 46,880.00 5.00 58,600.00 

1). Field Erection of Miter Gates 1 JOB SUM 1,276,822.50 SUM 1 ,140 ,000 .00 SUM 1,582,000.00 SUM 1,300,000.00 

14. 
Removal of Miter Gate Opera-

1 JOB SUM 73,400.00 SUM 12,500.00 SUM 30 ,000.00 SUM 30,000.00 
t{ng J;",,.f - 1t 

> ...... 
15. New Miter Gate Operating 216,400. 00 160,000.00 270,000.00 ........ . .. 1 JOB SUM SUM SUM SUM 200,000.00 

"' 16. Miter Gate Operating Equipment 
Pit Modifications 

a. Concrete Removal 830 C. F. 46.50 38,595.00 13 . 30 11,039.00 22.00 18,260.00 35.00 29,050.00 

b. Concrete Anchors 220 EACH 54.00 11,880.00 39.20 8,624.00 33.00 7,260.00 50.00 11,000.00 

c. Steel Reinforcement 1,960 LB 1.10 2,156.00 0.70 1,372.00 1.50 2,940.00 0.80 1,568.00 

d. Concrete 1 JOB SUM 12,600.00 SUM 29,600.00 SUM 10,000.00 SUM 20,000.00 

e. Machinery Support 21,350 LB 2.25 48,037.50 2.08 44,408.00 3.50 74.725.00 2.00 42 ,700. 00 

f. Mis cellaneous Structural Steel 1.50 7,800.00 2.12 11,024.00 
Het':ol a 5,200 LB 4.00 20,800.00 5.00 26,000.00 

• 

g. Miscellaneous Aluminum Metals 2,900 LB 6.50 18,850.00 5.35 15,515.00 3.50 10,150.00 5.00 14,500.00 

h. Cast Iron Frame 120 L.F. 25.00 3,000.00 37 .70 4,524.00 50 .00 6,000.00 100 .00 12,000.00 

1. Modify Existing Bull Gear, 
Rollers- and Strut Arms 1 JOB SUM 

34,300.00 SUM 24,300.00 SUM 150,000.00 SUM 100,000.00 

(Continued) (Sheet 5 of 7) 
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ABSTRACT OF BIOS • COHSTAUCTIOH ••ot 6 or 7 ... o~• eio wo. 4 eto MO. 1 lte MO. 2 

..... OltC""""O" or .. 0 IYIOI 
........ ,,., 

UNtf 
UNU 

''""""'" ·-""" 
UNtT 

ttt ... attO AMOUNt uoon ,, .. ,' 
GUAotYU y ,. ... c. ..... c. • I Y IotA t I 0 Aot0UOO t tt••••••o •ooouott 

•O ""ICI •••ct . 
17. ,_ Relocate Power 1 JOB SUM 18,000.00 SUM 200,000.00 SUM 175,000.00 SUM 160,000.00 

I 

' 18. Ladders & Protective Armor 
'' -

a. Concrete Removal 4,120 C.F. 46.50 191,580.00 17.65 72 '718. 00 15.00 61,800.00 35.00 144,200.00 

b. Concrete Anchors 840 EACH 54.00 45,360.00'. 39.80 33,432.00 33.00 27.720.00 50.00 42,000.00 
-

c. Steel Reinforcement 9 '160 LB 1.10 10,076.00 0.80 7,328.00 1.50 13,740.00 0.80 7,328.00 
. 

d. Concrete 150 c. y. 546.00 81,900.00 940.00 141,000.00 750.00 112,500.00 800.00 120,000.00 
-

e. Government Furnished Armor 40,650, LB 2.00 81,300.00 1.20 48,780.00 1.00 40,650.00 3.00 121,950.00 

' 
f. Contractor Furnished Armor 28,250 LB 3.25 91,812.50 1. 38 38,985.00 2.50 70,625.00 3.50 98,875.00 

g. Hlscelleneous Hetal~ 6,500 LB 3.25 21,125.00 1.93 12,545.00 3.00 19,500.00 7.00 45,500.00 

> ....... 
Floating Hooring Bitt Armor . 

19. st.. f\7+7R 6. Sta. 61-+{)1 
....... 

a. Concrete Removal 1,865 C. F. 46.50 86,722.50 18.60 34,689.00 30.00 55,950.00 35.00 65,275.00 

b. Concrete Anchors 312 EACH 54'.00 16,848.00 39.00 12,168.00 31.00 9,672.00 50.00 15,600.00 

c. Steel Reinforcement 4,740 LB 1.10 5,214. 00 1.00 4,740.00 1.50 7,110.00 0.80 3,792.00 

d. Concrete 70 C.Y. 546.00 38,220.00 954.00 66,780.00 1475.00 103,250.00 800.00 56,000.00 

e. Government Furnished Armor 20,400 LB 2.00 40,800.00 1.29 26,316.00 4.00 81,600.00 3.00 61,200.00 

' 
f. Contractor Furnished Armor 12,450 LB 3.25 40,462.50 1.14 14,193.00 1.50 18,675.00 3.50 43,575.00 

20. Floating Hooring Bitt Armor 
Sta. 66+63 

a. Concrete Removal 1,050 C. F. 46.50 48,825.00 17.00 17,850.00 28.00 29,400.00 35.00 36,750.00 

b. Concrete Anchors 158 EAO 54 .00 8,532.00 39.00 6,162.00 31.00 4,898.00 50.00 7,900.00 
. 

c. Steel Reinforcement 2,500 LB 1.10 2,750.00 1.00 2,500.00 1.50 3,750.00 0.80 2,000.00 

(Continued) (Sheet 6 of 7) 
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A8HRACT OF 810\ • COHSTRUCTIOH I .. ••• 7 o• 7 .. •ott eh, MO. 4 ••• MO. 1 tnt MO. 2 
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• 

d. Concrete 40 C.Y. 546.00 21,840 . 00 855.00 34, 200.00 14 50.00 58,000.00 800.00 32 , 000 .00 

e. Government Furnished Armor 11,500 LB 2 · 00 23,000.00 1.23 14,145.00 4.00 46,000 . 00 3.00 34, 500. 00 

f. Contractor Furnished Armor 6,350 LB 3 · 25 20 •637- 50 1.10 6,985.00 2.00 12,700.00 3.50 22,225 . 00-

21. Removal of Shutter Gate 1 JOB SUM 47,800.00 SUM 49,100.00 SUM 37,400.00 SUM 20,000.00 
-

TOTAL OF ESTIMATED AMOUNTS (ITI~S 1 THRU 21, l~CL) 8,000,000.00 8,086,797.00 10,122,582.00 10,249,520.00 

TIME FOR ACCEPTANCE OF BIDS 30 Days 30 Days 30 Days 

3- Kenny Construction Co, Illinois onstr ctors Co~p., (Lg) 

& Thomas~. Hadden Co. Jl:J"olnt rencu~ 

' > 
250 Northgate Parkway 
Wheeling, Illinois tlUUfU 

...... 
(X) 

$10,381,051.00 . 
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Table A3 

Abstract of Bids for Stage I Rehabilitation, Brandon Road Lock 

ABSTRACT OF BIOS • CONSTRUCTIOM ""Gf o• ""Gil CERTIFICATE 

••voYaYto• •o• ••os•u••r• onu••o o•••cr 
I CERTlFT , ... , I It••• .......... ,. .. , .... ,.~-· tw .. llo .. , .... ,.~1.-. I• ... ,..... .. te diole 

UACW25- 84- B-0007 US Army Engineer Dis trict , Roc k Island 
......... _ __) ) 

I DAY I tiiUID Corps of En ginee r s / c~~~ . ~ ' -~-
Clock Towe r Building 12 December 1983 

DATI .)"INI 0 Rock Island, 

24 January 1984 

,o •. 
Lock Rehabilitation, Brandon Road 
Lock - Stage I, Illinois Waterway 

,,, .. 
NO 

1. 

2. 

3. 

4 

a 

b 

c. 

d 

e 

f. 

00 

orsc••"''ON o• ••o tTr• 

Protect ion and Unwatering 
Removal 6o Replac~ment of 
ExistinR Control liouses & 
Miscellaneous Lock Features 

Removal & Replacement of Exist 
inll Rai1inll & S~curitv Fenc inJ 

Uooer Guide Wall Resurfacing 

Concrete Removal 

Concrete Anchors 

Steel Bar Reinf orcement 

Conc rete Tvoe B 

r.nvPrnment Furnished Armor 

Contractor Furnished Armor 

I'Otllt 

'OCY.,. 1501·1 

Nu••r• 
o• 

ADDI!NOA 
IUUI!O 

0001 
0002 
0003 

fiTI,.ATI!D 
OUANTITY 

1 

1 

1-

1 

6,000 

460 

16,300 

17 

3) ,100 

57' 600 

Illinois 61201 
R H RHS lNKI 

••o MO. 11 ( LB ) 

James McHugh Const . Co 
GOYUMMfMT UftMATI 2222 s. Indiana Ave. 

Chicago, lL 60616 
U w•••o \.. ••o• ••••w• •• 

XX ••••oN&eL• co"'""•c' •••• .. ••• etO IICUIIII f 'f r.,,,....,, ,...,,, 207. Bid Bond 
~.:1 "IAION&eLC CO"ff,.&Cf C•'ftMt.fC AOOINOA AC.NOWLI!DOIO 

(t,. c ludlrtl ,..,,, 0001, 0002 , 0003 

UNIT UNIT UNIT 

""'CI! 
I!ITI .. ATI!O AIIOOUNT II T t•A T 1!0 AIIOOUN T 

""'cr 

J OB SUM 367,412.00 SUH 500 ,000.00 

JOB SUM 52.621. 00 SUM 16 , 000 .00 

JOB SUM 67 . 242.00 SUM 35 ,000.00 

C. F. 28.53 1 71 ,180.00 16.00 96 , 000.00 

EAC~ 43.90 20 ,194. 00 17.00 7, 820.00 

LB 1.19 19,397.00 0.50 8,150.00 

C.Y. 284.00 4,828.00 750.00 12,750.00 

LB . 2 . 77 91, 687.00 l. 30 '• 3 . 0)0. 00 

LB. ).68 211,968.00 1. so 86,400.00 

IOITtON 01' t •ov •• II OeSOLfTI 

(Continued) 

••o•uTuiU Ch i e f Proc 6o Suool v Div. 

•te MO. 8 (LB) ••••• 5 (LB) 

S. A. Healy Co. Hassman Const. Co . 
Box 11 8901 State Line 
McCook, IL 60525 PO Box 8458 

Kansas City, HO 64114 

e10 IICU•If 'f ero IICU"If 'f 

207. Bid Bond 20% Bid Bond 
ADOIICOA AC.NOWL 1001!0 AOOINDA AC.NOWL IOOIO 

0001 , 0002, 0003 0001, 0002, 0003 

UICI'f UNIT 
IITIItATID AltOUI" IITtltATIO AMOUNT 

"IIICI! ""tCI 

SUM 100 , 000.00 SUM 755,000 . 00 

SUM 50 , 000.00 SUM 25,000.00 

SUM 15,000.00 SUM 40,000 . 00 

35 . 00 210 ,000.00 30 . 00 180,000.00 

20 . 00 9 ,200.00 60.00 27,600.00 

0 . 36 5 , 866.00 1. 25 20,375.00 

600.00 10,200.00 1100.00 18,700.00 

0.75 24,625.00 ).40 112,540.00 

0.85 48,960.00 1. 25 72,000.00 
•u a.•• ........... ~ , .. ._ .. , ... ,,.,,. 

(Sheet 1 of 6) 
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6. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

ABHRACT OF BIOS· COHSTRUCTIOH 

OtiC••,. flO,. O' eoo tttM 

Concrete, Type C 

Check Posts 

Upper Gate Bays Resurfacing 

Concrete Removal 

Concrete Anchors 

Steel Bar Reinforcement . 
Concrete, Type C 

Concrete, Type D 

Government Furnished Armor 

Contractor Furnished 

Lock Chamber Resurfacing 

Concrete Removal, Including 
Sitf,...,,lk 

Concrete Anchors 

Steel Bar Reinforcement 

Steel Wire Fabric Reinforcement 

Concrete Type C 

Concrete, Type D 

Check Posts 

Government Furnished Armor 

Contractor Furnished Armor I 

PAOt 

~,, .... ,.0 
\INt f 

OUA .. YifT 

205 C.Y. 

9 EACH 

6,650 C. F. 

590 EACH 

17,900 LB. 

24() C.Y. 

60 C.Y. 

19,300 LB. 

14,900 LB. 

72.250 C.F. 

3,785 EACH 

174,100 LB. 

2,700 S.F. 

2,820 C. Y. 

850 C.Y. 

18 EACII 

258,100 LB. 

121,900 LB. 

Table A3 (Continued) 

0' .. aort •io MO. 11 

UNtf t I""' Aft 0 AU()\1 .. f 
UN If 

'''""''tO •uouou .... c. ..... c. 

718.20 14 7' 231.00 400.00 82,000.00 

1591.00 14,319.00 1400.00 12,600.00 

28.50 189,525.00 13.00 86,450.00 

44,00 25,960.00 17.00 10,030.00 

1.19 21,301.00 0.50 8,950.00 

718. 30 172.392.00 275.00 66,000.00 

205.75 12,345.00 150.00 9,000.00 

2. 77 53,461.00 1.00 19,300.00 

3.59 53,491.00 1. 70 25,330.00 

28.54 2,062,015.00 6.00 433,500.00 

44.00 166,540.00 15.00 56' 77 5. 00 

1.19 207,179.00 0. 50 87,050.00 

0.57 1,539.00 0.35 945.00 
' 

718.20 2 '025. 324.00 230.00 648,600.00 

205. 72 174,862 . 00 120 . 00 102,000.00 

1591.00 28,638.00 1400.00 25,200.00 

2.51 647,831.00 1. 00 258,100.00 

3.68 448, 592 . 00 1. so 182,850.00 
. - -

(Continued) 

•10 MO. 8 a10 MO. 5 

u .. ,, ,,,, ... ,,., ... ov ... HNI t 

t • "" • t to •wo'"" f'•tct .. •• c. 
• 

340.00 69,700.00 900.00 184,500.00 

800.00 7,200.00 2000.00 18,000.00 

40.00 266,000.00 15.00 99, 750.00 
-

15.00 8,850.00 60.00 35,400 . 00 

0.36 6,444.00 1.25 22,375.00 
- --

300.00 72,000.00 1100.00 264,000.00 

375.00 22,500.00 200.00 12,000.00 

o. 50 9,650.00 1.25 24,125.00 

1.00 14,900.00 1. 70 25,330.00 

30.00 2,167,500.00 6.00 433,500.00 

15.00 56.77 5. 00 60.00 227,100.00 

0.36 62,676.00 1.25 217,625.00 

0.30 810.00 2.00 $,400.00 

275.00 775,500.00 375.00 1,057,500.00 

200.00 170,000.00 100.00 85,000.00 

800.00 14,400.00 2000.00 36,000.00 

0. 50 129,050.00 1. 25 322,625.00 

1.00 121,900.00 1. 20 146,280.00 
---- ·-·- - - --·-
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8. 

a. 

b . 

c. 
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ABSTRACT OF BIOS - CONSTRUCTION 

otec.,.,,,o,. o• ••o etl• 

Line !looks 

Ladders, Lock Face 

Ladders, Cablewe11 and Manhol e 

Remove and Replace Roadway 

Air Vent Covers 

Lower Gate Bays Resurfacing 

Concrete Removal 

Concrete Anchors 

Steel Bar Reinforcemen t 

Concrete, Type C 

Conc rete, Type D 

Check Posts 

Government Furnished Armor 

Contractor Furnished Armor 

FHB Framin~ and Roller Guide 
Assembly 

Lower Gate Forebays Resurfacin 

Conc rete ~emoval 

Conc rete An chors 

Steel Bar Re inforcement 

Concrete , Type C 

P•ot 
, ...... ,,0 
ov ... , .. , u .... 

30 EACH 

4 EACII 

1 JOB 

1 JOB 

1 JOB 

19,50Q C. F. 

860 EACH 

40,000 LB . 

750 C.Y . . 

75 C.Y. 

1 EACII 

40, 120 LB. 

19, 700 LB. 

1 JOB 

1 , 720 C. F. 

102 EACII 

),900 LB. 

65 C.Y. 

Table A3 (Continued) 

or PAOli eiD MO. 

u••• UNtt' 

Pttttt 11 • •• a' 1 o •wou•' ..... c. 

435.00 13,050.00 1400.00 

6092.50 24,370.00 7500.00 

SUH 14,542.00 SUH 

SUH 20,504.00 SUH 

SIJH 9. 987.60 SUH 

28.53 556 ,335.00 8.00 

43.90 37,754 . 00 15.00 

1.19 47,600.00 0. 50 

718. 20 538,650 . 00 200.00 

205. 72 15 ,429.00 120.00 

1592. 00 1, 592 . 00 1500.00 

2.75 110.330 .00 1. 00 

3.68 72,496.00 1. 50 

SUM 18. 527.00 SUM 

28 .50 49,020.00 25.00 

44.00 4 , 488.00 17.00 

l. j 9 4 . 641.00 0.60 

711.00 46 . 215.00 250.00 
- - ---- ----

(Continued) 

- -- - ~ -

-1 11 ••o .. o. 8 lilt MO 5 

UNit ••"•• • to ••ou• • ""'' I ''""•••o •oaou•• .... c. PAl ( I lltoMaffO AW() U NI 

42,000.00 600.00 18,000 .00 2500 . 00 75,000.00 ~ 
L 

30 , 000.00 3000.00 12,000.00 5000.00 20,000.00 ' 
• 

20,000.00 SIJH 115 ,000.00 SUH 25,000.00 
l 

3, 500.00 SUH 10,000.00 SUH 5, 000.00 
·-

2,000.00 stm . 5 , 000.00 SIJH 10,000.00 

·-
156,000.00 30.00 585 , 000.00 10.00 195,000.00 

12,900 .00 15.00 12,900.00 60.00 51,600.00 
. 

20 , 000.00 0 . 36 14,400.00 1. 25 50, 000.00 

150 , 000.00 200.00 150 ,000.00 500 .00 375,000.00 

9 , 000.00 50 . 00 3, 750.00 200.00 15, 000.00 

1, 500. 00 800.00 800.00 2000.00 2 , 000.00 

40 ,1 20. 00 0.50 20,060.00 1.25 50 ,150.00 

29 , 550.00 0.85 16;745.00 1. 70 33 , 490.00 

15,000.00 SUM 50,000.00 SUM 15, 000.00 

4),000.00 20.00 34 , 400.00 10.00 17,200.00 

1, 7)4.00 15 .00 1, 5)0.00 60.00 6,120.00 

2 , )40.00 0. 36 1,404.00 1. 25 '• ' 8 7 5. 00 

16, 250. 00 375.00 24,)75.00 ()00.00 .Jq ,ooo.oo 
- -··-··-
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ABSTRACT OF BIOS· COHSTRUCTIOH 

OIIC .... feo• O" ••o ttl• 

Government FurnUh~d Armor 
Contractor Furnished Armor and 
Buffer Channel 

Deleted 
Bulkhead Recess Protec tion 
Plates 

Stairway Resurfacing 

Concrete Removal 

Concrete Anchors 

Steel Bar Reinforcement 

Concrete, Type C 

Stabilization & Resurfacing of 
Lower Guide Wall 

Concrete Removal 

Drilling Anchor Holes 

Rock Anchors 

Test Anchors 

.Grouting of Anchors 

Steel Bar Reinforcement 

Concrete, Type A 

Concrete, Type C 

Government Furnished Armor 

Contractor Furnished Armor 

I ... 0( 0~ 

, ...... ,,0 u••• v•n 
ou••"'., "'"CI 

18 250 LlL 2. 78 

13,900 LB. 2.84 

10.650 LB. 4.60 

660 C. F. 31.50 

179 EACH 38.30 

1,570 LB. 1.00 

25 C.Y. 304.88 

29,600 c. F. 28.53 

3,400 L.F. 29.88 

3,500 L. F. 20.97 

1 .JOB SUM 

450 C. F. 68.30 

63,000 LB. 1.19 

90 C.Y. 126.60 

1,150 C.Y. 718.20 

110.960 LB. 2 . 7 5 

65,750 LB. 3.68 
---·-

Table A3 (Continued) 
~ 

.. a ott etD MO. 11 e10 MO. 8 110 MO. 5 

II f ,., a f I 0 4liiOOU• f UWif 
llftoo•fiO 4lOOOUNf UMif ,,,,.,.,,o a .. ou•• UNt f 

.... c. "'IICI "'"CI 
,,,, .... ,,o •ooov•• 

so, 735.00 1.00 18,250.00 o.so 9,125.00 1.00 18,250.00 

39,476.00 1.50 20,850.00 0.85 11,815.00 1. 70 23,630.00 

48,990.00 . 1.80 19,170.00 2.00 21,300.00 2.00 21,300.00 -
. 

' 

20,790.00 10.00 6,600.00 10.00 6,600.00 30.00 19,800.00 
-

6,511.00 17.00 2,890.00 25.00 4,250.00 60.00 10,200.00 

1,570.00 0. 70 1,099.00 0. 40 628.00 1.50 2,355.00 

7,622.00 425.00 10,625.00 100.00 2,500.00 .. ooo.oo 25,000.00 

. 

844,488.00 7.00 207,200.00 10.00 296,000.00 6.00 177,600.00 

101,592.00 20.00 68,000.00 20.00 68,000.00 30.00 102,000.00 

73,395.00 20.00 70,000.00 18.00 63,000.00 25.00 87,500.00 

8, 542.00 SU~I 20,000.00 SUM 7;000.00 SUM 25,000.00 

30,735.00 45.00 20,250.00 40.00 18,000.00 75.00 J3,750.00 

74,970.00 0.50 Jl' 500.00 0.36 22,680.00 1.25 78,750.00 

11 '394. 00 220.00 19,800.00 150.00 13,500.00 700.00 63,200.00 

825,930.00 190.00 218,500.00 90.00 103,500.00 425.00 488,750.00 

305,140.00 1.00 110.960.00 0. 40 44,384.00 1.25 138,700.00 

241,960.00 1.50 98,625.00 0.90 59,175.00 1.20 78,900.00 

(Continued) (Sheet 4 of 6) 
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ABSTRACT OF BIOS • COHSTRUCTIOH I "ao t 5 or 

OliC.,,.ttOOI or ••o ttltt tiHMAtiO v••• VOIU 

0V"""'' f'IUCI 

Check Posts 5 EACH 2275.00 

Lockwall Subdrain 572 L.F. 59.25 

Concrete Anchors 960 EACH 43.90 

Lower Guide Wall Cell Replace-
ment 

~nn~retll'! R "'ll 4,700 C. F. 28.53 
Removal of Overburden and 
Final Grad.eing 1 JOB SUM 

Steel Sheet Piling 1' 71() S.F. 24.90 

Concrete, Type C 540 C.Y. 135. 75 

Metal Work 1 JOB SUM 

Check Posts 4 EACH 1097.50 

New Fence 1 JOB SUM 

Rehabilitation of Upper Guard 
and Both Service Gates 
Replace Rivets with Approved 
Fasteners 

First 8,000 8,000 EACH 16.75 

Over 8,000 1,000 EACII 16.94 

All Other Work 1 JOB SUM 

Deleted • 

Existing !louse Hodification 1 .JOB SUM 

Rewiring and Relighting of Loc 1 JOB SUM 

TOTAL OF EST UtA TED AMOUNTS ( lT -liS 1 TIIRll 1 s. 1 ~CL) 

TlME FOR ACCEPTANCE OF BIDS 

Table A3 (Continued) 

6 "'"Oft aio MO. 11 aeo MO. 8 110 MO. 5 

ttu .. attO awouto• 
UNit 

fltt .. att.O •MOUtot 
uton llftMA t I 0 AMOUOI t 

UNtt 

..... c. f'lttCI ..... c. ltto•AtfO .. OOUOif 

• 

11,375 .oo 1300.00 6,500.00 700.00 3,500.00 2000.00 10,000.00 

33,891.00 0.50 28,600.00 18.00 10,296.00 100.00 57,200.00 . 
42,144.00 17.00 16,320.00 10.00 9,600.00 60.00 57,600.00 . 

-
134,091.00 2.00 9,400.00 10.00 47,000.00 6.00 28,200.00 

. 

12,014.00 SUM 11,000.00 SUM 5,000.00 SUM 15,000.00 

42,579.00 22.00 37,620.00 20.00 34,200.00 43.00 73,530.00 

73,305.00 75.00 40,500.00 50.00 27,000.00 100.00 54,000.00 

31,087.00 SUM 35,000.00 SUM 15,000.00 SUM 25,000.00 

2,195.00 1400.00 2,800.00 500.00 1,000.00 ~000.00 4,000.00 

1,609.00 SUM 1,000.00 SUM 1,000.00 SUM 2,500.00 

134,000.00 13.00 104,000.00 20.00 160,000.00 35.00 280,000.00 

16,940.00 11.00 11,000.00 
~ 

20.00 20,000.00 20.00 to,ooo.oo 

1,512,536.00 SUM 2,275,000.00 SUM 1,954,675.00 SUM 2,217,500.00 

12,119.00 SUM 25,000.00 SUM 225,000.00 SUM 25,000.00 

1,001,671.00 SUM 900,000.00 SUM 300,000.00 SUM 670,000.00 . 

14,800,000.00 7,962,783.00 9,090,000.00 10,391,17 5.00 

30 Days 30 Days 30 Days 
---··-·- --·-

(Continued) (Sheet 5 of 6) 
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4 - Kenny Construction Co. (LB) 
250 Northgate Parkway 
Wheeling, IL 60090 
$10,671,486.00 

3- Morrison-Knudsen Co., 
PO Box 7808 
Boise, Idaho 83729 
$10.909.681.00 

Inc (LB) 

2 - Kiewit Eastern Co. (LB) 
Suite Al, Rivers Center 
10260 Old Columbia Road 
Columbia, HD 21046 
$12,161,380.00 

Table A3 (Concluded) 

1- Traylor Bros., Inc. (L8) 
PO Rox 5165 
Evansville, IN 47715 
$10,688,010.00 

9 - Thos M. Madden Co (SR) 
Illinois Constructors Corp 
6400 South East Avenue 
Hodgkins, IL 60525 
$11,659,744.00 

(JV) 

7 - Al Johnson Construction Co. (LB) 
3209 West 76th St. 
Minneapolis, MN 55435 
$10,758,160.00 

10 - J. A. Jones Construction Co. (LB) 
6060 St. Albans St. 
Charlotte, NC 
$11,767,771.00 

6 - Gust K. Newberg Construction Co. (LB) 
2040 N. Ashland 
Chi~ago, IL 60614 
$12,257,000.00 

(Sheet 6 of 6) 




