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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 By To Obtain

cubic feet 0.02831685 cubic metres

cubic yards 0.7645549 cubic metres

Fahrenheit degrees 5/9 Celtius degrees or Kelvins*

feet 0.3048 metres

inches 25.4 millimetres

kips (force) 4.44822 kilonewtons

kip-inches 112.'348 newton-metres

kips (force) per
square inch 6.894757 megapascals

kips (fcrce) per
square foot 47.88026 kilopascals

ounces (avoirdupois) 0.02834952 kilograms

pounds (force) per
square inch 0.006894757 megapascals

pounds (mass) 0.4535924 kilograms

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

pounds (mass) per
cubic yard 432.49842 kilograms per cubic metre

square feet 0.09290304 square metres

* To obtain Celsius (C) temperature readings from Fahrenheit (F)
readings, use the following formula: C = (5/9)(F - 32). To obtain
Kelvin (K) readings, use K = (5/9)(F - 32) + 273-15.
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VI

A DEMONSTRATION OF THE CONSTRUCTIBILITY OF

A PRECAST CONCRETE STAY-IN-PLACE FORMING

SYSTEM FOR LOCK WALL REHABILITATION

PART I: PROGRAM SUMMARY

1. The Corps of Engineers currently operates and maintains 133

navigation locks which were built prior tL 1940. The concrete in these
structures is not air entrained and, consequently, has been susceptible
to damage from freezing and thawing. More than 75 percent of these

older locks are located in regions of the country that have severe

exposure to freezing and thawing. Many of these structures currently
exhibit significant degrees of surface deterioration. In fact, some of
the high locks constructed after 1940 have surface deterioration even
though they were constructed with air-entrained concrete. Past rehabili-
tation efforts have included removing 1 to 3 ft of deteriorated lock
surface and replacing the old concrete with new, conventionally cast-in-
place, air-entrained concrete. These repairs have not been entirely

successful; they resulted in cracking of the new concrete and required
complete lock closures while the repairs were in progress. Other lock
repairs have included overlaying the deteriorating surface with shotcrete.
These repairs have not been entirely successful either because of areas

of delamination between the old concrete and shotcrete.
2. in an 2ffort to develop a repair method that would overcome

the problems identified with previous repairs, the Corps of Engineers
initiated a research effort which utilizes p.ecast concrete stay-in-place
form panels to repair deteriorating mass concrete gravity structures.

This effort was conducted in two phases. During Phase I, a wide range
of possible precast concrete forming options was evaluated and an optimum
system was selected. Cost and schedule assessments were performed on
thi.; optimum system, and a detailed design was completed for a demon-

stration of the system. The Phase I effort, including the criteria used

to design the form panels and the materials used in the construction, is
described in Technical Report REMR-CS-7 (ABAM Engineers Inc., 1987).
Familiarity with the Phase I report would be beneficial in the reader's
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understanding of the Phase 11 constructibility demonstration, which is

the subject of this report.

3. The demonstration was completed at the Waterways Experiment

Station in Vicksburg, Mississippi, on two half-scale lock wall monoliths

supplied by the government. Dimensions of each monolith segment were

15 ft wide by 20 ft high by 6 ft thick. Concrete for the monolith

construction was specified with a strength fc' = 3000 psi; however, test

CC

7000 psi. An exposed aggregate finish was applied to the monolith
surface. Figure 1 shows the monoliths prior to installation of the

precast panels.

4. The specifications and drawings that were used for the

demonstration are contained in Appendixes B and C of the Phase I tech-

nical report, REMR-CS-7 (ABAM Engineers Inc., 1987). The specifications

were developed specifically for the demonstration. For full-scale lock

repairs, these specifications should be used in conjunction with the

applicable Corps' guide specifications. Appendix A of this report

contains a copy of the original specifications but with revisions which

incorporate the experience gained during the construction of the demon-
stration. Additions to the original specifications have been underlined,
and deleted sections have been lined out. In addition, a double asterisk

has been provided in the right margin to identify these revisions. For

reference, the drawings have been included in Appendi~x B, but have not

been modified. It is recommended that the reader familiarize himself

with Drawing A86029-1, Sheet 1 of 5, which shows the entire arrangement

of the installation.

5. The purpose of the Phase II construction was to demonstrate

the feasibility of using this concept to repair deteriorating naviga-

tional lock walls without the risk and investment of undertaking a

full-scale lock repaiv. The demonstration contained many of the features

which would be included in a full-scale rehabilitation that used precast

stay-in-place concrete form panels. As a resu.lt, modifications or

improvements that wolild benefit full-scale rehabilitations were identi-

fied. The information gained during the construction activities was

extrapolated and used to check the validity of cost and schedule data

developed during the Phase I effort. The Phase I estimates were based

on an assumied 30-ft-wide by 40-ft-high monolith.
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6. Work associated with actual construction of the demonstration
commenced in October 1986 and was completed by the end of January 1987.
All phases of the work were videotaped by Corps personnel. Contributors

to the successful completion of the demonstration are the following:

a.Program Management: Waterways Experiment Station,
Structures Laboratory.

b. Prime Investigator: ABAM Engineers.

c. General Contractor: Pr.'s,.ier Waterproofing.
d. Subcontractors: Metal Fabricators, Inc. (armor fabri-

cation); Stresscon, Inc. (precast panel fabrication);
Colorado Test Center, Warren County Engineers (miscel-
laneous inspection services).

Figure 1. Test section, one-half scale lock wall monolith prior
to attaching precast form panels
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PART II: CONSTRUCTION GUIDE

7. The repair of deteriorating navigatioinal lock walls with the

use of precast stay-in-place concrete form panels has not been undertaken

by the Corps to date. Because of this lack of experience, a construction

guide that describes most of the activities required to successfully

implement and complete a full-scale repair with precast concrete stay-

in-place forms has been developed. These activities include the planning,

engineering, and actual construction tasks required in the course of the

project, Typical uses for this document may be as a guide for performing

the design, a checklist for developing the specifications, or as an

outline for discussions during prebidding conferences with potential

contractors.

8. The construction guide was based on the Phase I concept

development work and updated as a result of the experience gained duringf

the demonstration. Input from the demonstration general contractor has

been included. The construction guide is contained in Appendix C of

this report.
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PART III: PRECONSTRUCTION SUBMITTAL REQUIREMENTS

9. The submittals required by the specifications for the demon-

stration have been summarized in an index of submittals, contained in

Appendix 0, Part I. The submittals included shop, handling, and erection
drawings; work procedures; material certificates; certificates of com-

pliance; catalog information; inspection reports; and as-built measure-
ments. A number of submittals required review by the engineer for

compliance with the contract requirements prior to commenc~ng with
construction. These were returned to the contractor with status

"Reviewed without Comment," "Disapproved," or "Reviewed with Comment."

Submittals reviewed with comment or disapproved were returned to the
contractor for the incorporation of changes. These were resubmitted

until "'Reviewed without Comment" status was achieved, at. which time
construction was allowed to proceed. All other submittals were sub-
mitted for documentation purposes; it was the contractor's responsibility

to check these for conformance with the required specifications or for
accuracy. All construct ion- related submittals were received before

materials were ordered or construction was begun.

10. Appendix D contains sample submittals for the demonstration.
These include form tie and dowel pullout test procedures and results,
precast panel and cast-in-place concrete mix inspection reports, weld
procedure and welder qualification test results, and as-built measure-
ments of the completed installation.



PART IV: STEEL EMBEDMENT HARDWARE

11. Approximately 4800 lb of fabricated steel was incorporated

into the installation. The fabricated steel served two purposes:

(1) to demonstrate the practical installation of full-size typical lock

hardware inLo the precast panels and (2) to provide a means for erecting

panels and support during construction. All fabrications are shown on

Drawing A86029-5, aId quantities are summarized below.

12. Typical lock hardware included the following:

a. Horizontal lock armor, 60 lin ft (Figure 2).

b. Corner armor, 50 lin ft (Figure 2).

c. One-half-scale mooring hook, 1 piece (Figures 3 and 4).

13. Erection hardware included the following:

a. Vertical alignment screws, 8 pieces (Figure 5).

b. Vertical alignment screw receptacle, 8 pieces (Figure 6).

c. Tie weld plates, 110 pieces (Figure 7).

d. Alignment angles, 7 pieces at 15 lin ft each (Figure 8).

e. Shear koy plates, 9 pieces.

14. All steel hardware was fabricated with ASTM A 36 or equiva-

lent steel with the exception of the line hook pin, which was ASTM

A 572, Grade 50 or equivalent steel. After fabrication, all steel

surfaces were sandblasted, and the exposed surfaces of the lock hardware

were coated with a zinc-rich, rust-inhibitive primer.

15. All of the typical lock hardware pieces included curved

sections. Because the fabricator's rolls lacked sufficient capacity to

bend 3/4-in. plate to the required radius, he elected to cut the curved

sections from pipe with the required radius. The corner armor, which

required a 4-1/2-in. radius, necessitated the use of a 9-in.-outside-

diameter (OD) pipe. (Pipe of this size is not commonly stocked.) The

corner armor was a full 90-degree segment of the pipe and had adequate

stiffness over its 15-ft length without the need for auxiliary stiffening.

A minor amount of bowing and twisting resulted because the sections were

flame cut with a gas torch, but the armor was easily straightened and

secured to the required alignment after it was placed into the formwork.

16. The horizontal armor was an approximate 40-degree sector cut

from an 8-in.-OD pipe. This cut resulted in a shallow, flexible section

which necessitated the addition of two 3/8-in. by 1-1/2-in. flat bar

10



stiffeners to the back side of the armor. The stiffeners were continu-

ously welded to the top and bottom edges of the armor (Detail 1,

Drawing A86029-5), as shown in Figure 2. The welding introduced residual

stresses, which caused the armor to bow. Because of the stiffness of

the pipe and stiffeners, the armor piece had to be heated and placed in

a 400-ton hydraulic •wess for straightening. In the future, the welding

distortion can be controlled by staggering the welds in lieu of the

continuous welds used for the demonstration.

17. The alignment angles (Detail 6, Drawing A86029-5) were

continuous over the full length of the panel, as shown in Figures 8 and

9. The horizontal leg of the angle was cast into the panel while the

vertical leg extended from the lower edge of the panel and was used for

aligning the upper panel with the lower panel. To accommodate form

ties, the vertical (alignment) leg had a series of 6-in.-wide notches,

which made the angle very flsxible. The fabricator elected to tack weld

a continuous bar across the notchea angle leg in order to stiffen the

angle until it was cast into the panel. The stiffener bar was removed

at the erection site.

18. All fabricated elements had either headed weld studs (ASTM

A 108) or weldable deformed bar anchors (ASTM A 496) for anchorage into

the panel. The anchors were attached to the hardware with automatically

timed stud welding equipment. One exception was the alignment angle

which had one row of deformed bar anchors manually welded with a flare

bevel groove weld.

19. A total of six weeks was required to complete and deliver

the hardware to the precaster. This time can be itemized into the

fol lowinq periods:

a. Two weeks -- preparation of shop drawings including
review by the engineer.

-b. One week -- material procurement.

* c. Two weeks -- fabrication.

d. One week -- sandblasting and painting.

20. The actual cost of the fabricated steel was about $2.22 per

pound, which includes an allowance for the general contractor's markup

for general overhead and profit.
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Figure 2. Horizontal armor shown
at left, corner armor shown at right

Figure 3. One-half scale mooring hook as would be seen from
front face of panel

12

- .. - t



I|

Figure 4. View of back side of mooring hook, which is
embedded in infill concrete

4p4

Figure 5. Vertical alignment (leveling) screw I
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Figure 6. Receptacles for alignment screw (these are cast
into lower edge of bottom panel)

C7l

Figure 7. Weld plates which are used
to attach form ties
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Figure 8. Alignment angles showing
reinforcement across notches

Figure 9. Alignment angles as cast into bottom edge of panel
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PART V: PRECAST PANEL PRODUCTION

Introduction

21. The demunstration included a total of eight different size

precast panels, as shown in Elevation 1 on Drawing A86029-1. All panels

were constructed at the precaster's facility in Colorado Springs,

Colorado, and shipped by truck to Vicksburg, Mississippi. Key data

relative to each panel are itemized in Table 1.

Formwork Preparation

22. The panels were cast on an existing steel form bed which was

typically used to cast general flatwork products such as columns. The

form bed was elevated above ground and enclosed with side panels extend-

ing to grade. Hot witer pipes were located within the enclosure beneath

the form bed for heat curing products cast on top of the bed. A pump

and boiler were used to heat and circulate the water in the pipes. A
thermostat was located within the enclosure to maintain the temperature

at 150 degrees. The resulting product temperature was typically 140 to
145 degrees, which the precaster found optimum for strength gain and

economy of boiler use.

23. The only forms that had to be specially built were for the

panel edges. The two vertical side edges were flat, and top and bottom

edges had matching shear keys. To accommodate the tight tolerance fit

between the shear keys and to enable several reuses, the edge or bulkhead

forms were fabricated with 12-gage steel plate. The plate was fabricated

by bending to the rcluired dimensions of shear key, as shown in Figure 10.
24. The bulkhead forms were accurately positioned to the panel

dimensions and tack welded to the form bed. The upper shear key required

notches at weld plate/tie locations. These nothces were created by the

use of individual blockout forms fabricated from folded, 12-gage sheet
metal. The blockout forms were attached to the bulkhead forms with

C-clamps. Steel embedments were also attached te the bulkhead forms

with C-clamps. The exposed faces of all panels except P-5 and P-8 were

cast against the steel form surface. Panels P-5 and P-8 contained

horizontal armor which projected approximately 5/8 in. beyond the face

16
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of the panel. The precaster placed 5/e-in. plywood against the form

surface in the space between the armor strips to produce the required

project'on.

25. Both mild steel reinforcing bars and welded wire fabric were

used to reinforce the panels. Mats consisting of No. 4 or No. 6 rein-

forcing bars were placed 2 in. 1 -,a the exterior panel face, whereas

6 x 6 W2.9 x W2.9 wire fabric was placed 3/4 in. from the interior face.

Reinforcing bars for the mat were placed piece by piece into the formwork

and tied in place. Stainless steel chairs were used to support the

mat and wire mesh at the required locations. Prior to placing concrete,

the precaster's project engineer performed a quality control inspection

to verify the dimensional accuracy of the formwork and to determine that

all required embedments and reinforcing were secured and in the required

locations. A form ready for concrete placement is shown in Figure 11.

Concreting Activities

26. The concrete mixture used for the panel construction was

developed by using trial batches. The three trial batches are itemized

in Appendix 0, Part II. Mixture Design 3, consisting of an eight-sack

mixture containing high early strength (Type III) cement, was selected

for this project. Other features of the mixture included a maximum

aggregate size of 3/4 in. and use of admixtures for air entrainment,

water reduction, and superplasticizing. The constituent materials were

computer batched, with the exception of tlv. superplasticizer, which was

manually dispensed. Mixing was performed by a central mixer. A special

truck (Sidewinder) with a 4-cu-yd hopper and aug:r dispenser was used to

transport and discharge the concrete into the fcrms.

27. The resulting 28-day concrete strengths for the individual

panels are summarized ir, Table 1. As noted in the table, the panels

were cured overnight with radiant heat. Average concrete strength for

all panels is 9036 psi. The standard deviation for this concrete based

on the limited data is 1650 psi, which is higher than would be expected

or desired for a full-scale production process. Concrete testing was

performed by an independent testing agency, and its inspection reports

are included in Appendix D, Part II. Additional concrete testing was

18



Figure 10. Lower shear key form

Figure 11. Reinforcement and embednents
installed in the fornm
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performed by the precaster. Separate concrete cylinders were cast and

cured with the panels and broken to verify panel strengths prior to
lifting the panels out of the forms. Overnight strengths rainged between

5500 and 6865 psi.

28. Concrete was discharged directly into the forms from the

delivery truck and consolidated with both a pencil vibrator and a full-

sized vibrator. Figure 12 shows concrete placement activities. The
pencil vibrator was used around the perimeter of the panel, primarily to

consolidate the concrete in the vicinity of the shear key and embed-

ments. Its use was initiated when the first panel cast contained air

bubbles or "worm holes" aloikg the sloping surface of th~e key. These

defects were caused by the escape of entrapped air, and their presence

was reduced for subsequent panels with the more thorough and careful,

vibration in the immediate vicinity of the shear key.

29. After consolidating the perimeter of the panel with the

pencil vibrator, the remainder of the panel was consolidated with the

full-sized vibrator. The vibrator was placed into the concrete along a

uniform grid spaced about 1-1/2 ft on center. This consolidation pro-

cedure produced a very dense exterior panel face with only a few visible

surface imperfections such as air bubbles.

30. The concrete was screeded to the required thickness and then

floated with magnesium floats. A set retarder/water solution was sprayed

on the panel to assist in the floating operation. During the floating

operation, the C-clamps which were used to secure the embedments were

removed and the resulting depressions were filled. After being floated,

the concrete surface was raked to obtain a roughened surface consistent

with the requirements of the specifications.

31. The newly cast panels were iimmediately covered with insulated

tarps in preparation for the heat-curing cycle. Curing commenced

approximately 4 hours after finishing was completed. Temperatures

within the panel were monitored by a thermocouple in order to determine

whether adjustments to the curing procedure were required. Initial

.ueperatures of the concrete mixture were 61OF to 650F. After approxi-

mately 8 hours of curing, the panel reached the 140- to 145-degree

range. A constant temperature was maintained thereafter until the

following morning when the tarps were removed. The ambient overnight
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temperatures, during the curing cycle were normal for th'" area daring the

time of p-.acasting, with lows in the mid to upper 20-degree range.

Finishing. Storage, and Shipping

32. The bulkhead forms were stripped limmediately after removal

of the curing tarps while the panels were at or near their maximum

curing temperature. Where embedded steel is welded to forms, rapid

removal of the bulkhead forms is necessary to prevent the buildup of

restraining forces as the panels cool and contract. Otherwise,
restraint forces could potentially cause cracking. The panels were then
lifted off the form bed with a travel lift crane which included a
spreader assembly. All panels except P-i had four lifting loops whic',
were installed for handling panels in the flat or face-down position.

The lifting loops were made from prestressing strand, a common practice

in the precasting industry. Panel P-i had eight such lifting loops.

Similar strand lifting loops were provided in the upper shear key for
handling the panel -in a vertical position, as required for erection.

Panel P-i had four loops and the remainder had two.

33. After being lifted of f the form bed, the panels were held by

the crane while their edges were stoned to remove concrete fins and high
spots. No other post-casting finishing measures were required (repair

of rock pockets, honeycomb, etc.). The panels were then moved to the

storage yard and all but P-i placed in a horizontal position witle the

ex'"wvior face down. Two large timbers were placed so that the negative
moment at the support point equaled the positive moment at the center of

the panel. This arrangement minimized deflections and the potential for
an advc:rse permanent set. Because of the length anid flexibility of
Panel P-i, it was supported in a vertical position. Prior to being
stored, Panels P-6 and P-2 had a membrane-curing compound applidd to the
exterior face as a trial measure.

34. All panels were inspected and measured by the general con-
tractor prior tLo their being loaded for shipment to Vicksburg. No

cracking was observed, as noted on the contractor's inspection report,
which is contained in Appendix D, Part III. Tolerances for the precast

panels are contained in paragraph 2.2.4 of the specifications. The
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predelivery measurements, in con'junction with the as-built measurements,

confirmed that all of the required tolerances were achieved.
35. A typical flatbed truck was used to ship all panels because

the total weight was below the legal load limit. Panels P-I and P-7

were placed in a steel yoke frame and shipped in the vertical position.

The remaining panels were stacked flat, one &top another, and placed on

the base of the yoke assembly to provide additional stability for

Panels P-i and P-i. The panels were also lashed to the truck with

slings and come-alongs. Figure 13 provides a view of the shippin3

arrangement. Upon arrival in Vicksburg, the panels were unloaded and

inspected for possible damage during shipment. A careful review failed

to disclose any cracking, although some minor localized spalling occurred

between Panels P-i and P-i and their contact points with the lashing and

yoke assembly.

Schedule and Costs

36. The construction activities related to precasting commenced
in mid-November 1986 with development of concrete mixtures and prepara-

tion of shop drawings. The last panel was cast on 24 December 1986.
Precasting started on 15 December 1986, and one panel per day was pro-

duced. Typically, a two-person crew perform.ed most of the work. Form

stripping commenced at approximately 7:00 a.m. , and by 8:30 a.m. the
panels were usually stored. Form cleaning and setup for the next pour
required approximately 1-1/2 hours, while 3 hours were required to set
the embedments and install the reinforcement. The forms were usually

ready for the next concrete placement by noon. Concrete placement an~d
finishing required approximately 1-1/2 hours, and another 1/2 hour was

required to enclose the panel for curing.
37. The unit price of the eight precast panels, FOB Vicksburg,

Mississippi, was approximately $1575/cu yd, which includes an allowance
for the general contractor's overhead and profit.
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Figure 12. Concrete placement activities
(delivery truck chute shown in background)

Figure 13. Panel shipping arrangement
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PART VI: DEMONSTRATION CONSTRUCTION

Introduction

38. The work associated with installation of the precast panels

included preparation of the test monolith surface, erection and alignment

of the panels, welding tie connections, preparation of formwork for

cast-in-place (CIP) concrete, and placement and curing of CIP concrete.

All of this work was completed at the Waterways Experiment Station in

Vicksburg, Mississippi, during Janu3ry of 1987. Temperatures during the

construction period are tabulated in Appendix D, Part VIII. The general

contractor used a basic three-man crew throughout the full construction

period. The crew included a gencral superintendent, a carpenter, and a

laborer. This crew was supplemented during the actual erection period

with a welder and a crane operator.

Monolith Preparation

39. As-built measurements of the test monolith which impact the
precast panel installation were obtained at the onset of the work and

are shown in Appendix D, Part IV. The key dimensions include the eleva-

tion of the support ledge and the overall width of the monolith. Thr,

measurements revealed that the height of the support ledge varied by

1/2 in. over its length. The width of the monolith varied from 30 ft
1/8 in. at the base of the monolith to 30 ft 2-1/2 in. at the top. As a

result, a tapered offset was visible between the edge of the precast

panels and the monolit~i. A minimal offset was also apparent along the

lower panel (P-i) ledge and the support ledge face~, which was attributed

to the test monolith formwork.

40. The first construction task was to establish a reference

grid for tie and dowel holes and to locate the outline for the mooring

hook excavation. The reference point selected for locating these points

p on the monolith was the lower right edge of the wall (west face) and

support ledge intersection. The elevation datum selected was this same
point, but on top of the support ledge. As-built measurements and

reference point locations are contained in Appendix D, Part IV, Figure D1.
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41. Holes were initially drilled in the monolith wall with an

electric Hilti drill, but this equipment proved too time consuming

because of the high strength of the monolith concrete. Approximately

30 minutes was required to drill each 1-1/2-in. -diameter by 15-in.-deep

hole for the ties and dowels. As a result, a pneumatic rotary percussion

drill was used, thereby reducing the drilling time to approximately

3 minutes per hole. The rough texture of the exposed aggregate surface

caused the drill bit to wander, so a small hand chipping gun was used to

form a starter pocket. This approach allowed the holes to be drilled to

an approximate tolerance of ±1/4 in. The drilling procedure required

two men, one to guide and position the drill bit and one to operate the

drill, as shown in Figure 14. To aid in handling, the drill was sup-

ported by a rope and pulley arrangement extending from the top of the

monolith. A total of 120 tie holes nnd 32 dowel holes was required.

All holes were drilled horizontal. Rather than drilling an inclined

hole to retain the epoxy, the contractor developed the procedure dis-

cussed in paragraph 45.

42. An additional 6 holes were drilled for three test ties and

three test dowels. The test ties and dowels were installed and tested

prior to installation of the production ties and dowels. A description
of the pullout tests and test results is contained in Appendix D, Part V.

43. Approximately 16 cu ft (0.6 cu yd) of concrete was removed

for the mooring hook excavation. To assist in the excavation process

and to delineate the plane of the excavation, vertical holes were drilled

from the top of the m~onolith. Concrete was removed with a small, hand-

held air-chipping gun. Approximately 30 man-hours were required to

complete the excavatiomn. This amount of time could have been signifi-

cantly reduced by the use of a more suitable chipping hammer.

44. After drilling was completed, the form ties and dowels were

installed. Form ties were No. 7 weldable grade reinforcing steel con-

forming to the requirements of ASTM A 706. Dowels were No. 6 mild

t ~reinforcing billet steel conforming to the reqjuirements of ASTM A 615.
A two-component epoxy grouting material, Concresive 1441, was used to

embed the tie or dowel into the monolith. Frhe epoxy was packaged in two

premeasured containers which, when mixed together, produced approxi-

mately 1 gallon of epoxy. The mixture proportions were two parts A to

one part B. When thorouChly mixed, the white Part A and black Part, B
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produced a uniform gray color. Mixing was accomplished by the use of a

paddle attachment on a 3/4-in, hand-held electric d-,ill with a 4- or

5-minute mixing period.

45. The tie and dowel installation procedure included several

preparatory steps. First, thj ties and dowels were fitted with 14-gage

wire tie loops which served as chairs to support the bar in the required

position within the hole. To aid in locating ties or dowels, a string

line w~s extended over the fill width of the monolith 3/4 in. above the

theoretical centerline and at the required tie projection. The final

step was to clean the holes with oil-free compressed air. The f irst

step in the actual installation procedure was to inject a small amount

of epoxy into the hole and then butter the hole surfaces with a stick.

Next the hole was filled with epoxy with a conventional caulking gun as

shown in Figure 15. The hole was filled from the back forward to within

3 in. of t.,e face of the wall. The tie or dowel was carefully inserted

into the hole; care was taken to make sure that the chairs were facing

downward. The bar was inserted within 2 in. of the final position and a

plastic retainer disk (Williams form collar) was slipped onto the bar.

The collar was held flush against the face of the monolith while the bar

was tapped with a hammer to the required projection. Usual ly, the

chairs held the bar above the required centerline and slight tapping

with the hanimer was sufficient to set the vertical elevation. For the

few bars which were low, the disks were removed and shims installed

under the bar. Figure 16 shows the tie installation.

46. Approximately 25 to 30 ties were installed on a given day,

which required about 2 to 2-1/2 hours. This time included epoxy mixing

and cleanup at the conclusion of the work. The Lorresponding installa-

tion rate is 4 to 5 minutes per bar. One gallon of epoxy was sufficient

to install 13 to 14 bars.

47. Temperatures during the majority of epoxy work ranged ini the

mid-40s. Pot life of the epoxy was sufficiently long to allow for final

adjustments to the installed bar locations. The epoxy appeared to have

completely cured by the next morning, although no pullout tests were

performed for confirmation. The corresponding curing time is approxi-

mately 18-hours. Ambient temperatures during the construction period

have been included in Appendix D, Part VIII.
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Figure 14. Tie hole drilling procedure
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Figure 15. Epoxy grout injection procedure
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Precast Panel Erection

48. The contractor had anticipated using a 30-ton crane during

the project planning stage-, but one could not be located in the

Vicksburg area. Subsequently, a 15-ton-capacity Galion hydraulic crane

was located and used to erect all panels. Weights and dimensions of

individual panels are summarized in Table 1.

,9. Panel P-i, the largest panel erected, represents the proto-

type panels for full-scale installations. The combination of panel

weight and restricted crane working radii necessitated srveral crane

relocatio-:2 to move Panel P-1 into final positlort for erection. With

each relocation, the panel was temporarily disconnected from the crane

and stored while the crane and cribbing for the outriggers were moved.

50. Rigging for Panel P-1 is shown in Figure 17. Two nylon
slings were connected to the four erection lifting loops along the top

edge of the panel. These, in turn, were connected to a wire rope sling

which was attached to the crane hook. The elasticity of the nylon

slings was beneficial in compensating for impact loads during handling,

but the slightest crane adjustment during final positioning induced some

minor panel movements.

51. Panel P-1 included two unique features which led to compli-

cations during erection. First, the ties which extended beyond the back

face of the panel were welded directly to the weld plates located along

the top and bottom panel edges. Second, Panel P-1 contained eight

alignment screws which were used to level the panel. Because of the

projection of the ties, the panel could not be lowered vertically into

position but had to be moved in sideways. There was insufficient space

between the monolith ledge and the bottom edge of the panel to install

the alignment screws with the panel erected. As a result, the alignment

screws had to be installed prior to the erection of the panel. After

several trials, a means of supporting the alignment screws within the

receptacles by wrapping tie wire around the perimeter of the panel was

developed.

52. The close pd-oximity of the monol'tn wall made sliding the

panel sideways into final position using the crane boom impossible. A

sill or kicker plate was nailed to the concrete slab in front of the

monolith and timber braces were wedged against the panel face in order
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Figure 16. Tie installation with two ties in place
(note wire chairs on horizontal tie)

Figure 17. Crane and rigging used for erecting Panel P-i
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to obtain the leverage to move the panel. The wedges were then driven
with a sledge hacimer to move the panel into place. The upper ties were

approximately 1/4 in. low at several locations and blocked the panel.
These bars were field bent to enable the completion of the erection.2

53. The alignment screws were used to level the panel vertically.

Elevations were checked at the two corners of the upper shear key face
with a surveyor's level. The two outer corner screws were adjusted

until the required elevation was achieved. The remaining screws were
turned until snug to enable sharing load from additional erected panels.
This feature of the precast system worked very well in the overall

installation scheme.

54. The remaining panels, with the exception of P-7, were erected
with a single crane pick. Because Panel P-7 required the crane to be

repositioned once, the panel had to be temporarily stored. All refl~ain-
ing panels were picked with the wire: rope sling in conjunction with the

two lifting loops in the upper edge of the panels.

55. Several steps were required to prepare a panel for erection.
Neoprene seals had to be cemented to the lower panel bearing surface,

shims installed, nonshrink grout buttered onto the sloping shear key
face, and the back face of the panel washed with a high-pressure water
spray. A shear key ready for installation of the upper panel is shown
in Figure 18. In addition to these planned tasks, two other preparatory

steps were required. These unplanned tasks were the result of over-
sights during precasting. The rake finish on the back of the panel was
extended to the top of the shear key, causing an uneven bearing surface
for the alignment angle. Also, the shear keys extended to the edge of
Panels P-1, P-6, and P-7, where they conflicted with the vertical co-ner
armor for the panel above. These conditions were corrected by bush
hammering and grinding the back face of the shear key along the bearing
surface and by locally chipping the shear key with a masonry hammer to
clear the armor.

56. Several hours of effort were required to rectify the shear
key contact surface. The surface was initially removed with an electric
Hilti bushhammer and then ground with an abrasive wheel and an electric

grinder. A plywood gage was used to determine the amount of concrete to
remove. Although the surface was checked frequently during the work,

high spots which prevented a flush fit between the upper and lower
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Figure 18. Shear key preparation -- skim, neoprene seal,
and nonshrink grout
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panels existed. These high spots were located only after a panel was

erected and were removed by hand chiseling. This task delayed erection

for up to an hour on several panels.

57. Horizontal joints between panels contained 5/16-in.-thick

50-durometer neoprene seals. Because of the low temperatures during the

erection (approximately 40 degrees average), the neoprene seals were

bonded to the lower panel with conventional contact cement rather than

epoxy as required by the contract documents. The cement was applied to

both the shear key surface and the seal surface. After the cement

dried, the seal was pressed firmly against the panel. No displacement

of seals was encountered during erection or infill concrete placement.

The use of contact cement rather than epoxy would be sufficient for

full-scale repairs and should be specified in lieu of epoxy.

58. The seals were sized to compress in excess of 1/16 in. under

the weight of the 6-ft-wide panels and, subsequently, 1/4 shims were

required to maintain the 1/4-in. joint width. However, the seals did

not fully compress along the full length of the shear key for 3-ft-wide

panels, and cement paste leaked through the joint at several locstions.

At two joints with 3-ft-wide panels, the seals were cut in half (1/2 in.

wide) and thinner shims used to obtain greater compression, but there

were still areas where the seals did not make full contact. This lack

of contact was then attributed to the presence of slight bowing of the

formwork during precasting, which can be seen in Figure 10.

59. Two other factors contributed to panel misalignment during

erection: (1) slight displacement of the embedded weld plates and

(2) displacement of several of the shear key plates along the top of

Panel P-6. These displacement may be attributed to insufficiently

secur'ing the embedments to the formwork during precasting or to the

premature removal of the C-clamps which held these in place. These

problems were remedied by grinding the required weld plate corners and

trimmirg the shear key plates with a gas torch. Again, both of these

activities delayed the erection.

60. As mentioned in paragraph 55 and shown in Figure 18, the

sloping face of the shear key was buttered with a nonshrink grout prior

to the erection of the upper panel. The grout was provided as another

measure to obtain a watertight joint. The grout was mixed to a sour

cream-like consistency and trowelled onto the joint. It was expected
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that the grout would flow under the pressure of the upper panel and
redistribute to fill all voids. However, several passes with the trowel

were required before the grout stiffened sufficiently to remain on the
shear key face. At this point, the grout did aot flow under the pressure
of the upper panel as expected and actually caused some minor amount of
panel misalignment. As a result, the application of the grout was

discontinued after the first two joints.

61. Auxiliary measures were employed to assist with panel align-
ment. These included use of come-alongs and the driving of wedges to
push or pull panels into the required vertical alignment. The need for

these actions was attributed to the unfinished shear key contact surface
and the misplaced steel armor. No special measures were attempted to
maintain levelness of the panel as the erection proceeded upward.
However, the elevation of panels appeared to gain approximately 1/16 in.
per joint relative to the tie location, and the cumulative effect

required the field bending of ties to enablk completing welds, as dis-

cussed in paragraph 70.

62. The three critical as-built tolerances (panel plumbness,

horizontal alignment along vertical edges, and the panel-to-panel offset
across joints) are summarized in paragraph 2.2.4 of the specifications.
These tolerances were checked during the demonstration using a transit

to establish reference planes parallel to the front face and both ends

of the monolith.

63. The panel plumbness and panel-to-panel offset measurements
are summarized in Appendix D, Part IV, Figure D2. A plane parallel to
the lower twc corners of Panel P-1, noted RP1 and RP2, was established

and measurements relative to these points are noted. The maximum out-
of-plumb readings occur along the outer edge of Panels P-7 and P-8, but
the 7/16-in. measurements are within the 1/2-in. tolerance. It is
worthy to note that Panel P-i was the most difficult panel to erect from

an alignment standpoint because of the misplaced shear key plates at the
top of Panel P-6. The misplaced plates likely contributed to the magni-
tude of the out-of-plumbness.

64. The greatest panel-to-panel offset, which is 1/4 in., occurs

between Panels P-6 and P-7. The specifications required 1/8-in. tolerance.
Again, the misplaced shear key plates are a contributory factor. Several
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other joints had 3/16-in. offsets, but the majority of the measurements

ware wit•in the required tolerance.

65. The panels were erected to provide a uniform vertical joint

so the offset was measured along the outer panel edges. These measure-

ments are noted in Appendix 0, Part IV, Figure 03. The maximum mis-

alignment is 5/16 in., which is within the 1/2-In. specified tolerance.

This sheet also shows the variation of the panel elevation at the top,

which is a 1/8-in. maximum difference. The elevation of the panels was

checked with a surveyor's level at the top of the monolith and, although

very little effort was expended to maintain constant elevation, the

panels were erected virtually level over the full height and width of

the monolith.

66. Appendix D, Part IV, Figure D4, contains the horizontal

measurements across the width of the refaced monolith at the base,

midheight, and top. These measurements varied only by 1/e in. from the

theoretical 30-ft width.
67. Several unexpected features were encountered during the

erection which were detrimental to good alignment. Nonetheless, the

overall installation was successful. The detrimental features can be

corrected for future installations, and panels should be erectable to

the tolerances required.

Panel-to-Tie Welded Connections

68. Welded connections were used between the precast panels and

No. 7 weldable grade form ties. Three different welded connections were

used. The connections to Panel P-1 were as shown in the drawings

(A86029-4, Details A and B); the tie is welded directly to the weld

plates embedded in the panel. The top and bottom welds required dif-

ferent weld procedures because the bottom weld was performed in an
"overhead" position. All remaining connections were revised during the

planning stages of the Phase II work to a finger plate type connection,

as shown in Figure 19. With this connection, the reinforcing bar does

not project into the plane of the back face of the panel; therefore,

panels could be erected by being lowered vertically. A similar detail

is also recommended for the top connection of the bottom panel instead

of the ones used on Panel P-1. Figure 20 shows the original tie
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Figure 19. Tie connection using finger plate
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connection detail, which is welded directly to the embedded plate,

whereas the connection that uses the finger plate is shown in Figure 21.
69. The weld procedure and welder wE-re qualified as required by

the applicable welding code, AWS 01.4 (American National Standards

Institute, 1979). Weld coupons were performed in Vicksburg by the

welder selected for this work and tested in Denver because of the

unavailability of a qualified local agency. The weld procedure and
results of the weld qualification tests are contained in Appendix D,
Part VI.

70. The amount of time required to complete the three different
welds is summarized below. This estimate includes time spent bending

bars that did not align with the weld plate, flame heating the bar with

a gas torch to rebend the bar into contact with the weld plate, and com-

pleting welding and cleaning of welds.

Panel P-i bottom (direct) connection 15 to 20 minutes

Panel P-1 top (direct) connection 10 to 15 minutes

Finger plate (typical) connection 20 to 25 minutes

71. More time was needed to complete the bottom welds for
Panel P-i than the top welds because of the "overhead" position. Because~

smallear weld rods had to be used, a greater number of passes were
required to obtain the same effective throat size. The limited amount

of space (2-3/4 to 3 in.) in which the weld had to be completed and the

welder having to do this work while kneeling on the ground also increased

the time needed to complete the bottom welds. For these reasons, the
bottom connection presents a potential problem for full-scale repairs if
the joint is located at or near the low pool elevation and a welded

connection is used. More time was needed to complete the finger plate
(typical) connections as compared to the direct connection because of

the eixtra welding required to attach the finger plate to the embedded
weld plate. There was sufficient access from the scaffolding for welding
all panel top connections. Scaffolding that provides similar access for
full-scale repairs can be developed without significant effort.

72. Heat buildup during the welding process was a problem.

Numerous fine cracks occurred at the base of the shear key near the top

welds along the left half of Panel P-i. These cracks were caused by

expansion of tne embedded steel plate. This expansion was not as pro-
nounced for the typical connection because a smaller weld was used
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Figure 20. Welded connection to
Panel P-i, tie welded directly

to embedded plate
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between the embedded weld plate and the finger plate. However, the

cracking problem was eliminated by limiting the welder to single passes

for each tie prior to moving to the next tie. Because the spacing of

ties for the deuonstration was only 15 to 24 in., there was no time

penalty as a result of the staggered weld procedure.

Cast-in-Place Concrete

73. The design for the demonstration resulted in a 5-1/2-in.

space between the back of the panel and face of the monolith. This

space was filled with cast-in-place (CIP) concrete after all panel weld

connections were completed and formwork was installed. For panels

erected on the east monolith, P-1 (left side) to P-5, the specifications

and drawings required that the infill CIP concrete be placed in single

lifts coincident with the panel heights. CIP concrete was infilled the

full height of the west monolith coincident with Panels P-1 (right

side), P-6, P-7, and P-8.

74. No extraordinary mixture requirements were imposed for the

infill concrete. The strength of the specified mixture was f' = 3000 psic
with a water/cement ratio of 0.5 and air entrainment of 3 to 5 percent.

The concrete mixture submitted by the ready-mix supplier is included in

Appendix D, Part VII. Superplasticizer was submitted as an option if

concrete could not be batched to a workable slump within the limiting

water/cement ratio and, subsequently, was not needed for the

installation.

75. A limited amount of formwork was required for the installa-

tion. The following exposed CIP concrete surfaces required forming:

a. Along the lower edge of Panel P-1 and the base of the
monolith. (A similar condition will exist for full-
scale repairs and will have to be incorporated in the
construction.)

b. The etposed surface of the 5-1/2-in. infill concrete
between the panel ends and monolith.

c. Along the centerline of the monolith to separate the
stepped concrete placements from the full-height
placements.

d. Forms for the CIP closure pour at the top of the panels.

76. Although limited formwork is required for the infill concrete

for the precast panel repair concept, design and installation of the
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temporary forms must not overlook that the same concrete pressures will

be exerted on the temporary forms as on the precast panels, For the

demonstration, the concrete placement pressure was limited to 1.25 ksf.

Attempts were made to quantify the pressures during the full-height

placement by Waterways Experiment Station Structural Laboratory (WESSL)

personnel through the installation of pressure and strain gages. In

addition, panel movements were measured before and after concrete place-

ment in an attempt to extrapolate pressures through panel deflections.

These measurements are summarized on Figure D4.5 of the as-built measure-

ments in Appendix 0, Part IV. The measurements suggest a slight movement

of the entire panel but no absolute deflection at midheight of the

panel. A 1/8-in, theoretical deflection was computed for the 125-ksf

design pressure at the center of a 6-ft-wide panel. The WESSL measure-

ments are not contained in this report.

77. All formwork for the CIP concrete was constructed from

plywood. The bottom forms were braced to kickers nailed to the concrete

slab in front of the monolith. The bottom edge was also nailed to the

monolith. Side forms were tied with 9-gage wire to either the No. 7

form ties or form straps remaining from construction of the monolith.

Attempts were made to drill expansion type inserts into the panels and

monolith for holding the forms; however, the drilling near panel edges

caused cracking and was discontinued. The top closure pour forms were

secured with all-thread rods tack welded to the No. 6 dowels and she-

bolts clamped to the exterior face of the forms. The corner armor was

supported at the required elevation by a series of bolts through the

formwork and a series of steel bars -tack welded to the dowels. A small

hydraulic jack was used to assist with straightening the armor and

forms.

78. Concrete for the single-panel-height placements was deposited

from a bucket onto a plywood chute and shoveled into the void, as shown

in Figure 22. After a 1-1/2- to 2-ft lift, the concrete was consolidated

with a 2-in.-diameter electric stinger. The lEvel of the concrete was

stopped about 4 in. below the top of the shear key to prevent inter-

ference with the alignment angle for the next panel to be erected. The
time required to place and consolidate concrete ranged from 30 minutes

to 1 hour for the 3- and 6-ft placements, respectively. Curing measures

included the use of moist burlap placed over the exposed concrete and I
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followed by covering both the burlap and panel with an insulated curing

bl an ket.

79. Concrete for the full-height placement was deposited with a

hopper and an 8-in. -diameter trunk, as shown in Figure 23. Although the

work was satisfactorily completed, several events occurred which delayed

or made the work more difficult than needed:

a. Concrete arrived at the site with an approximate slump
of 2-3/4 in. Water was added to increase the slump to
4 in. prior to starting the work. Water was again added
after the concrete clogged in the trunk. The resulting
concrete had a 5-in, slump, which was a workable mixture
for the selected placement procedures and equipment.
Water was added to the truck only after verification
that the concrete mixture was within the specified
water/cement ratio.

b. Form ties used in the construction of the test monolith
projected from the face of the monolith. Spacing of the
No. 7 form ties and monolith form ties was staggered and
therefore reduced the available clear space in which to
drop the trunk. The end of the trunk had to be closel'
observed so that it would not wedge against the monolith
form ties and become blocked.

c. Twice during the concrete placement, the end of the
trunk became submerged and had to be pulled out with the
crane. The first occurrence happened during thie use of
the stiffer 4-in, slump concrete. The second time
appeared to be caused by the trunk's wedging against a
monolith form tie. A bright light source was needed to
see the end of the trunk during concrete placement and
the positioning of the stinger during consolidation.
The light was also needed to reposition the trunk. For
the demonstration, a mirror was used to reflect sunlight
into the bottom of the void.

80. Despite these delays, the 18-ft-high lift was completed in

approximately 2-1/2 hours. This schedule corresponds to an average

placement rate of 7.2 ft/hour. The concrete temperature at delivery was

measured as 57 degrees. Based on the guidelines contained in the form-

work desigoi standard SP-4 (Hurd, 1979), this results in a form pressure

of 1.27 ksf, which is almost exactly the design pressure.

81. Inf ill concrete was batched at a computer- control led batch

plant and was truck mixed. The size of the batches varied between 1 and

5.75 cu yds. Because of the insensitivity of the hoppers, aggregate and

cement could not be batched accurately for the smaller batches. As a

result, slumps were generally too low. It was verified that the actual

water/cement ratio was well within the limiting water/cement ratio so
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water was added on site to obtain the required slump. Concrete inspec-

tion reports for~ the CIP concrete are included in Appendix D, Part VII.

82 Concrete consolidation procedures were adequate. No sig-

nificant rock pockets or other surface defects were present on the side
of the monolith with panel height concrete lifts. Several small areas

of surface defects were present on the side of the full-height lift
along the bottom edge below Panel P-i. These areas were repaired with

suitable procedures. In addition to these repairs, the CIP closure pour

was stoned and sacked for improved appearance. Figure 24 shows the

completed installation.

Post-Construction Cracking Investioation

83. One of the primary objectives of this developmental work was

to identify a repair procedure that eliminates or minimizes the cracking

experienced with the conventional cast-in-place repair procedure. Tile

goal during Phase I was to select a stay-in-place forming system that

achieved this objective by the use of the least complicated and costly

construction features.

84. The success of this repair concept at achieving this objec-

tive was determined by performing a detailed crack inspectiorn six months

after completing the demonstration. The results of this investigation
revealed the presence of numerous fine cracks. Because the crack widths

are extremely narrow, they were not noticed during the precasting opera-

tion or during erection. They were detected only after the panel surface

was thoroughly wetted and allowed to dry. The additional moisture

stored within the cracks caused them to dry slower, leaving a visible

trace on the surface. Once located, the cracks are visible to the naked

eye when viewed from 6 to 12 in. from the surface. Because the cracks

were not noticed earlier in the construction, detailed inspections were

not performed; therefore, determining the exdct cause of the cracking is

more difficult.

85. Figure 25 locates the majority of cracks and provides crack

width measurements. The widest crack measured in the precast panels is

approximately 0.0025 in. and occurs in Panel P-7 (Figure 26). Core

No. 2- was taken at this location to obtain additional information about

the crack. All other cores obtained dtiring the investigation are also
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Figure 26. Cracking in Panel P-7 in vicinity of
Core No. 2
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shown in Figure 25, and a description of each core is contained in

Table 2. The largest crack for the demonstration is 0.004 in. wide and

occurs in the cast-In-place closure above Panel P-8. This width corres-

ponds to the crack widths reported in the niavigation locks previously

repaired by the conventional cast-in-place repair procedure.

86. Most of the cracks in the precast panels are less than

0.002 in. wide. The -.;racks were measured with a pen gage, which magni-

fies the cracks by a factor of 20. To accurately measure cracks less

than 0.002 in. wide requires more sophisticated laboratory equipment so

the values shown in the figure are a best estimate. The measurement of

cracks this small on a production basis is rarely performed in the

concrete industry because this size crack is beyond the normal range

where structural or durability problems would arise. The concrete

industry standard, ACI 224 (American Concrete Institute, 1980), contains
guidelines for tolerable crack widths for various exposure conditions.

For example, a tolerable crack width of 0.006 in. is suggested for

concrete exposed to seawater or seawater spray under alternate drying

and wetting conditions and 0.004 in. for water-retaining structures.

The cracks in the preciest panels are within these guidelines so their

presence will be primarily an aesthetic rather than a structural or

durability problem.

87. The cracking in the precast panels can be categorized into
four broad groups. The first group consists of the finest (smallest)

cracks that actually resemble a surface crazing rather than convention-

ally perceived cracks. Their appearance can be compared to a spider's
web or starburst pattern. The crazing is visible with the naked eye

only when viewed within several inches of the surface. The second group

includes vertical cracks that extend over the majority of the panel

width. The third group consists of horizontal cracks that extend in the
longitudinal direction of the panels. These are relatively short with a

maximum length of approximately 4 or 5 ft. The last group of cracks

occurs in the vicinity of the line hook embedme~nt and is caused by the
stress concentrations at the reentrant corners of the line hook assembly.

88. The surface crazing probably occurred during the early

stages of the panel precasting. The crazing may be the result of one or
more of the following factors: too much heat used in the curing process,
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heat applied too rapidly, a reaction with the form oil.. or the intro-

duction of thermal strains immediately after removing the panels from
the forms. As discussed previously, the panels were removed without a
"Ocool-down" period, and the exterior faces may have lost heat more
quickly than the interior of the panel, thus creating tensile strains in

the face of~ the panel. Subsequent strains resulting from shrinkage and

external loads such as handling, transportation, and inf ill concrete
pressures would contribute to the irregular surface crazing to form a

discrete or better defined crack.

89. The panels were one mor1 old at the time of the infill
concrete placement, at which time approximately 40 to 50 percent of the
long-term shrinkage would have occurred. The remaining shrinkage is
restrained by the inf ill concrete, thus creating the potential for
tensile shrinkage strains. Although there will be shrinkage in the
inf ill concrete, the rate will be much slower than for the panels because
of the slower rate of drying. The vertical cracks, particularly in the
3-ft-wide panels and cast-in-place closure, are attributed to shrinkage.

Panels P-5 and P-8 contain large pieces of horizontal lock armor which
prevent the normal shrinkage from taking place. The horizontal cracks
near the right side of Panels P-i and P-7 may also be attributed to the

proximity of the vertical armor.
90. More cracks are present for the right (west) half of the

monolith where the inf ill concrete was placed in one lift and the con-
crete placement pressures were higher. Also, more cracks are present
for the 6-ft panels (P-i and P-7), which have more total load. In
addition, the vertical cracks generally coincide with the tie locations.
These observations indicate that the load on the panels definitely
contributes to the cracking in the panels. However, if the cracks were
caused exclusively by the infill pressures, then they would be in the
horizontal direction, very regular, and probably continuous over the
full length of the panel. A similar reasoning would apply to cracks
caused by handling or shipping stresses; however, these would be in the
vertical direction. The general cracking pattern, as shown in Figure 25,
is very irregular.

91. It may be postulated that the demonstration panels, with
their higher strength (9036 psi average versus specified strength of
6500 psi) may exhibit less cracking than would be realized for prototype
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panels, which are closer to the specified strength. However, because

the cracking appears to be initiated in the early stages of precasting,

the initial strength of the concrete and the curing practices are more

critical to the level of cracking than the 28-day strength.

92. In summary, the cracking appears to have been initiated in

the early stages of the precasting, possibly resulting from curing

procedures. With the subsequent shrinkage strains and external loads

from handling, shipping, and inf ill concrete pressures, the cracks have

increased in size and become more noticeable. However, they are within

industry guidelines relative to the potential for corrosion of the

reinforcing steel and do not pose structural concerns. The concrete

mixture has an air void system that should provide sufficient durability

to resist deterioration from freezing and thawing action.

93. Nonetheless, there are several steps that can be taken that

would reduce the overall level of cracking in the precast panels. The
most direct modification is to include a nominal amount of prestressing
in the design of the precast panels. However, the prestressing is
cost-effective only in the longitudinal direction and would be advan-
tageous in eliminating cracking caused by shrinkage strains and handling
and transportation loads. The prestressing would increase the precasting
costs, but the amount would be tempered by a reductiorn in the amount of
mild steel reinforcing. Other steps are available to reduce the amount
of cracking without changing the existing design. These include modifi-
cations to construction procedures, such as a more gradual application
of heat during curing, the use of less heat, the use of steam rather
than radiant heat, an increase in the length of time between casting and
erection to enable more drying shrinkage to occur before the panels are
restrained, and to cool the panels closer to the ambient temperature
before removing them from the forms. Most of these modifications would
have little or no impact on the costs.
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PART VII: EVALUATION OF THE DEMONSTRATION INSTALLATION I
Summry

94. During the Phase I study, a panel configuration consisting
of tied, flat panels, constructed of precast quality concrete and
oriented in a horizontal arrangement, was selected as the optimum system
to repair deteriorating navigational lock walls. The criteria used to
select this optimum system include durability, functionality, construct-
ability, and cost/schedule. These are summarized in Part I1 of the
Phase I technical report, REMR-CS-7 (ABAN Engineers Inc., 1!67). The
Phase II installation was undertaken to physically demronstrate the
ability of this proposed system to satisfy these criteria. Based on the
experience gained during the construction, the following conclusions can
be drawn:

a. The panels can be fabricated without undue complications
with the required concrete mixture criteria, which were
specifically selected to provide a durable navigation
lock surface.

b. Although fine cracks are present in the precast panels
subsequent to the construction, the sizes are such that
they should not pose structural or durability problems.
Several design and construction features have been
identified which will significantly reduce or possibly
eliminate the cracking for future applications.

c. The panels can be precast with typical lock hardware
embedded.

d. The panels can be erected to reasonably close tolerances,
thus limiting the potential damage at panel-to-panel
joints.

In summary, the results of the demonstration have shown that the optimum
stay-in-place form system can be successfully implemented and will
satisfy the evaluation criteria.

Cost and Schedule Assessment

95. The projected cost of this repair proc3dure in the Phase I
report was estimated as $119/sq ft of lock wall face as compared to
$137/sq ft estimated for a conventional CIP repair. The actual cost of
the demonstration was approximately $151/sq ft, but this cost included
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only a minimal amount of concrete removal. The small scale of the
demonstration results in higher unit costs to absorb mobilization,

general administrative, and engineering costs, some of which will not be

proportionately higher for a full-scale repair.

96. In addition, the demonstration did not utilize the equipment

size or number of workers that would be optimum for a fullscale instal-

lation. For example, a preferred sized crane could not be located, and

the use of a smaller crane restricted several of the lifts. Form tie

welding was -the critical path activity, but only one welder was used.

This approach resulted in considerable standby time for the crane and

operator. Forms for the CIP concrete were used only once but could have

been reused several times, reducing the forming costs had this been a

full1-scale repair.

97. The actual cost of precast concrete was less for the demon-

stration than was estimated during the Phase I work. This difference is

attributable to the use of an existing precast plant. The $1850/cu yd

Phase I estimate included developing a casting yard at the lock site.

Shipping costs are reflected in the $1575/cu yd price and possibly

suggest that existing precasting facilities within several hundred miles

of the repair site may be competitive with an on-site casting facility.

98. In summary, the estimated cost for the precast repair has

been validated by the demonstration, and it appears to be very competi-

tive with the costs of conventional CIP repairs.

99. The estimated schedule for a precast panel repair developed

during the Phase I effort is shown on Figure 27. Activities 4 through

10 were included in the demonstration and have been reassessed. It is

estimated that form ties will be spaced at a minimum of 2 ft on center

for the full-scale repair, or 16 ties per panel will be required. Seven

panels are required for a 40-ft-high monolith, for a total of 112 ties.

The previous estimate of 4 to 5 minutes to set a tie was for small

batches and included hand equipment. With larger batches and mechanical

equipment, the time to install ties for a full-scale installation could

be reduced to 3 to 4 minutes. On this basis, the total time required to

drill and set ties, assuming two crews for drilling and two for install-

ing ties, will be approximately 4.5 hours. This schedule assumes tie

setting commences 1 hour after the start of drilling, and that it takes

3.5 minutes to install a tie. A total of 28.5 hours is required beforeI
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the epoxy has cured, assuming a full 24-hour curing period, which com-

pares to the 25 hours estimated during Phase 1.

100. Based on the experience of the demonstration, it is estimated

that one panel per hour can be erected. If four welders are used for a

full-scale installation and 20 minutes is required to complete a weld,

1.33 hours would be required to complete the welding and enable erecting

the next panel. A total of 16 hours is, therefore, required to erect

all seven panels for one 40-ft-high monolith, if the erection and welding

crews are niot working concurrently on adjacent monoliths. Approximately
8 hours was estimated during the Phase I work, as shown in Figure 27.

Some of this extra time can be recaptured by starting the work before

the full 24-hour curing period has occurred, thus extending the previous

estimate by approximately 4 hours only.

101. In summary, the experiences gained during construction of
* the demonstration confirmed that the schedule developed during Phase I

* is realistic.

102. Figures 28 and 28A have theen prepared from experience on the

demonstration to illustrate the probable impact on the construction
schedule of daily planned lock openings necessary to maintain ship

traffic. These figures include a daily 6-hour lock opening which was

arbitrarily chosen for demonstration purposes. Required lock openings

will be site specific and may require more or less time, depending upon

in-depth lockage time studies. These studies will have to determine if
the lock is usable with restricted operational lock widths because a
minimum clearance from the construction may have to be imposed.

103. In Figures 28 and 28A, the sequence of work is shown for
four consecutive monoliths if one composite work crew is performing the
work. Additional crews would be working on other monolith sections in
the lock. One other assumption incorporated in this estimated schedule
is that demolition will be done by blasting; the lock would have to be
cleared of workers for approximately 2 hours during the actual blasting.

104. As can be seen in Figures 28 and 28A, the disruptions from
planned lockages and sequential blasting will require more time to

complete one monolith section. Depending upon the timing of the lock

openings and the shutdown for blasting, the gross time to complete one
monolith ranged between 98 hours for Monolith A and 116 hours for Mono-

lith C. The total elapsed time to complete all four sections is
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148 hours or 37 hours per monolith. Figure 28A can be aligned below
Figure 28 to follow the work sequence.

Future Enhancements

105. The demonstration not only provided an evaluation of the
overall repair concept but also enabled a review of the performance of
specific details incorporated into the work and-the efficiency of various

work procedures. A number of features which can enhance both the cost
and schedule impacts if they are incorporated into future full-scale

lock rehabilitations were identified. The following is a compilation of

these features:

a. The rake finish on the interior face of the panel should
be stopped short of the bearing surface for the alignment
angle. The bearing area should be finished to a high
tolerance.

b. During precasting of the panels, steel embedments must
be more positively attached to the forms through use of
bolts, drift pins, or welding. If clamping is used,
adequate force should be applied and the clamps should
remain in place until the concrete has sufficiently
stiffened.

c. Shear key forms should be constructed from thicker steel
and stiffened to maintain true alignment through repeated
use.

d. The lifting loops along the interior face of the panel
should be removed prior to the placement of inf ill
concrete unless they can be oriented in line with the
ties. Otherwise, they congest the space available for
trunks, pump hoses, and stingers used in placing and
consolidating the inf ill concrete.

e. Any inserts necessary for erection or for holding form-
work should be cast into the panels. No drilling should
be allowed in the precast panels near corners or edges.

f. The shear keys should be stopped short at ends of panels
that contain corner aruor; otherwise, there will be an
erection conflict. Also, the alignment angle should be
stopped approximately 2 in. short of the panel end if4
there is a case where the side of the panel and infill
concrete are exposed.

L 2*The details of t.he alignment screw receptacle cast into4
the panel should incorporate a means of holding the
alignoent screw in place while the panel is erected.
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h. The projection of the ties should be stopped 1/2 in.
- behind the back face of the panel In order to allow the

panels to be erected vertically.
I. The thickness of the finger plate for the welded tie

connection should be oversized by approximately 1/4 in.
This would enable using a thinner plate if the height of
the panels creeps upward. Bending reinforcing bars
should be avoided regardless of whether they are bent
cold or heated.

j.A welding procedure must be developed that does not
overheat embedded plates and cause expansion and cracking
along the shear key. Single-pass welding may be required.
An alternate detail may be to wrap foam tape around the
embedded plate, which will accommodate the expansion of
the steel without cracking the pa~nel.

k. Separate mechanical ties which could be used to assist
with panel alignment would be beneficial at the corners
of the panel.

1. Faster curing epoxy formulations which would reduce the
required curing time are available.

mn. To eliminate the curing period for the epoxy grout, a
rock anchor or expansion bolt may be considered for the
tie which can be loaded immediately after the expansion
wedge is seated. The void can be grouted at any time to
provide corrosion protection. Details that incorporate
tolerance on the installation and attachment to the
panel have been conceptually shown in Figure 29. An
approximate 10-in, space is needed behind the panel to
incorporate all components of the tie as compared to the
5-1/2-in, space for welded ties. A cost/schedule com-
parison must be made to determine whether welded or
expansion anchor ties are the optimum means of attaching
panels to the monolith. As an alternative, several tie
options can be incorporated with the contract documents,
and the contractor can be allowed to select the one that
results in the most favorable cost and schedule.

ni. The use of a more compressible neoprene seal should be
considered to overcome some of the potential unevenness
of the shear key form and to prevent cement paste leaks
during placement of the inf ill concrete. One possibility
is to cast half-round voids in the upper and lower
panels and to use a hollow neoprene tube.

o. If completely watertight joints are desired, the use of
grout tubes in conjunction with.the neoprene seals
should be considered. The grout would be injected
subsequent to the placement of the inf Ill concrete. The
Corps has successfully used a system manufactured by
do Heof to seal vertical joints. The nonshrink grout
installed during the demonstration did not appear to
provide a watertight joint and should be eliminated for
the full-scale repair. Another system manufactured by
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do Nest that may hive potential application is a seal
that expands upon contact with water.

~.Slumps for the intill concrete must be 4 in. minimum.
When trunks are used to deposit the concrete, a 5-in.
slump is preferable. A more "tiowable" concrete obtained
with the addition of superplasticizer should solve the
stump problem and save time. The diameter of the trunk
should be limited to the width of the void between the
monolith taco and interior face of the panel. The use
of a concrete pump with a hose extending to the bottom
of the void should be considered in lieu of the bucket,
hopper, and trunk combination used for the demonstration.

g.Additional vibrators, trunks, and other equipment should
be available on site in case the original equipment is
damaged or possibly lost in the infill. High-intensity
lighting should be directed into the void to assist in
concrete placement and consolidation efforts. In
particular, the tip of the trunk or hose must be watched
closely to prevent its becoming submerged in the concrete
pour.

r.Angles or other structural shapes should be embedded in
the mt ill concrete at the top of the pour for use in
securing closure pour formwork and for supporting corner
armor. Tack welding to rebar dowels should not be
permitted.

s. A procedure in which aggregate is preplaced and then
injected with grout has been suggested as another
option for the infill material.

t. Work platforms (fixed or floating) or scaffolding should
be developed that are mobile and easily retracted during
lock openings. Some of the features to incorporate in
the scaffolding may include power-adjusted platform
levels, templates or guides for drilling, a reference
system to determine erection tolerances and other mea-
surements relative to the original lock surface, and a
means for guiding the panels during erection. Figure 30
shows one possible concept.

u. Other alignment methods, such as rails mounted vertically
at monolith joints, should be considered in guiding
panels into their final position.

v. The mooring hook installed during the demonstration was
precast into the panel to interlock with dowels extend-
ing from the monolith and vertical reinforcing bar
placed after panel erection. Thg? path of the moori ng
load is through the inf ill concrete and into the dowels.
There are advantages to connecting the mooring hook
directly to dowels or ties extending out of the monolith.
There are also advantages to casting the mooring hook
into a CIP closure pour rather than into the panel.
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Concept Implementation

7'106. During Phases I and II of this research effort, many of the
details of the precast panel repair procedure were developed and their

functionality demonstrated. However, a number of items were addressed
in concept only and require additional development and design prior to

their incorporation in an actual full-scale lock repair. Several items

were addressed in the previous section that would be enhancements to

future installation, but these require additional investigation as well.

A number of items that require more development are summarized below:

a. Detailed design of connections between ladders and
floating mooring bits and the precast panels is needed.
Also needed are design and detailing of a mooring bit
with a direct load path into the lock wall.

b. Additional development of connections for the bottom
panel is needed where these occur below low pool eleva-
tion. Detailed design of connections and support
mechanisms must be completed for the preferred
alternative.

c. A mechanical connection with expansion anchors appears
feasible; however, cost and time estimates should be
conducted to identify potential benefits. If a mechani-
cal connection is preferred, design and detailing of the
components must be completed.

d. Additional details for the joints have been suggested,
including a better means of sealing the joint and possibly
grouting the joints after placing inf ill concrete.
Details that incorporate these features need to be
developed and reviewed to determine their potential
benefit in a full-scale installation.

e. As an outgrowth of the current phases of work, a next
phase may be to perform an actual installation in a
portion of a lock and to monitor the performance of the
system prior to proceeding with a full-scale repair.
This installation would enable incorporating additional
features that could not be accommodated in the Phase II
installation, demonstrate the construction in an actual
lock, and enable incorporating the refinements identi-
fied in the Phase 11 work. In particular, the measures
suggested for crack reduction in the precast panels
could be verified. The result would be a more precise
understanding of the schedule and cost impacts of the
precast repair procedure.



PART VIII: QUALITY CONTROL PLAN

107. The success of rehabilitation to navigation lock walls with

the stay-in-place concrete forming system is dependent upon good quality
control procedures, both in the production and erection of panels.
During precasting, thorough quality control monitoring must be performed
to provide durable concrete that results in panels that have minimum

cracking. In addition, overall tolerances of panel sizes and locations

of embedeents must be accurate to enable erection of panels to the

required erection tolerances. A quality control plan has been developed
and included in Appendix E which demonstrates the level of quality
control measures that this rehabilitation method would require for a

full-scale navigation lock repair. This plan has been developed from

the perspective of a general contractor and in a format that would

satisfy Corps of Engineers' standard submittal -equirements for a quality

control plan.
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** Revisions to specifications
29 May 1987

APPENDIX A: CONSTRUCTION SPECIFICATIONS
PHASE II DEMONSTRATION PROJECT

SECTION 1
GENERAL PROVISIONS

S1.1 GENERAL

1.1.1 escription of Work

a. This work consists of demonstrating the feasibility of repairing
deterioriated navigation lock wall surfaces through the use of
precast, stay-in-place concrete form panels in conjunction with
cast-in-place concrete bonding layers. This work will be
performed on dry land at the Corps of Engineers, Waterways
Exper-iment Station, on two existing one-half scale lock wall
mock-up sections.

b. The work includes providing all materials, labor, inspections,
tests, and supervision required for a complete installation as
shown on the drawings and described in these specifications.

1.1.2 Defiaitions

a. Corps: Shall mean +he Corps of Engineers who is responsible
for commissioning the work. The Corps shall have the final
determination regarding interpretation of contract drawings and
specifications.

b. Engineer: Shall mean ABAM Engineers Inc. who is responsible
for design of the precast concrete stay-in-place forming system
and who shall perform reviews of Contractor's submittals,
independent inspections, and surveillance of the work, and
whose personnel will be available to provide direction of the
work and interpretation of the design requirements.

c. Contractor: Shall mean Premier Water, roofing, Inc, who is
responsible for performing all work as described in the speci-
fications and on the drawings.

1.1.3 Prosecution of the Work

a. The stay-in-place precast form demonstration project will be
carried out at the Corps' Waterways Experiment Station in
Vicksburg, MS. Contractor shall be required to abide by Corps'
rules and regulations in regards to the use of and access to
Corps' facilities. Such regulations shall include requirements
for environmental protection, health and safety, security and
labor-relations.
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b. Corps' and Engineer's personnel will be performing inspections
and tests in conjunction with Contractor's work. Full coupern-
tion shall be given to Corps' and Engineer's personnel to
install instrumentation and to monitor and inspect the work.

C. Direction of the work will be given by the Engineer. In case
of conflict, Contractor shall notify Enqineer for resolution.

1.1.4 Quality Control

a. Contractor shall perform all work in accordance with referenced
specifications and standards.

b. Contractor shall maintain records of tests and inspections as
required to demonstrate compliance with referenced standards.
Such records shall be made available to the Engineer or to the
Corps upon request.

1.1.5 Submittals

a. Contractor shall submit copies of all required drawings, test
results, inspections, and documentation as required by these
specifications to the Engineer. Contractor shall allow 7 days
for review of submittals by Engineer.

b. Submittals will be rev~iewed by the Engineer for compliance with
the contract requirements and returned either reviewed without
comment, disapproved, or reviewed with comment. For those
submittals disapproved or reviewed with comments, Contractor
shall make the required changes and resubmit such submittals
for rereview.

C. Contractor shall not proceed with work contingent upon Engineer's
review until satisfactory review of necessary submittals has
been completed, unless written direction to proceed is received
from the Engineer.

d. Contractor shall supply samples of materials used in the work
to Corps' or Engineer's personnel as requested. Such samples
will be considered incidental to the work and will be used by
the Corps or Engineer to verify material properties or
performance.

1.1.6 Housekeeping and Cleanup

a. Contractor shall maintain work area in a neat and orderly
fashion. Work area shall be cleaned daily at the close of4
work.

b. Refuse, shipping and packaging materials, wasted material and
products, and discarded samples shall be disposed of as required
by the Corps.

A2



1.1. Proect hotoraph

The Contractor shall submit five copies of a photographic report
consisting of approximately 30 photographs showing the different
stages of construction. Photographs shall be taken by a competent
photographer and shall be black and white, standard commercial
quality, 8 x 10 in. in size and on single-weight glossy paper. The
negatives of all photographs shall also be submitted.

The photographs shall be enclosed in standard three-ring binders in
back-to-back double-faced plastic sleeves. Each print shall have an
information band along the front bottom edge with a description of
the photograph's content, reference negative number, and date photo-
graph was taken.

As a minimum, pictures of the follnwing itpms or activities shall bc
included in the report:

o Formwork and formwork details

o Reinforcement installed in the forms

o Steel hardware with views of hardware positioned in the forms

o Precast panel casting operation

o Panel handling and transportation

o View of the existing monolith with surface prep completed

o Tie and dowel hole drilling

o Tie and dowel installation

o Tie and dowel testing

o Panel installation, including completed tie connection, installa-
tion of seals and grout layer.

o Placement of the inf ill concrete

o Details of auxiliary formwork and reinforcement for the closure
cap

o General view of the completed installation
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SECTION 2
PRECAST CONCRETE

2.1 GENERAL

211 Work Icue

The work includes all materials and workmanship required for fabri-
cation, delivery, handling, and erection of precast concrete leave-
in-place form panels.

2.1.2 Related Work

Related work includes fabrication of lock hardware and appurtenances
and production and placing of cast-in-place concrete work.

2.1.3 References

a. American Concrete Institute. 1983. "Building Code Requirements
for Reinforced Concrete (ACI 318-83)," ACI Standards 1963,
Detroit, MI.

b. American National Standards Institute. 1979 (Sept). "Structural
Welding Code -- Reinforcing Steel," Standard D1.4-79, American
Welding Society, Miami, FL.

C. Gustafson, David P. et al. 1984. "Specifications for Structural
Concrete for Buildings," ACI-301-84, American Concrete Institute,
Detroit, MI.

d. Prestressed Concrete Institute. 1985. Manual for Quality Control
for Plants and Production of Precast and Prestressed Concrete
Products, 3rd edition, Chicago, IL.*

e. ____________ 1985. PCI Design Handbook: Precast

and Prestressed Cocnrete, Chicago, IL.

2.1.4 Submittals

a. Contractor shall submit shop and erection drawings for all
precast elements. Drawings shall indicate fabrication details,
reinforcing, connection details, support items, dim'ensions, and
temporary attachments and work.

b. Contractor shall submit details showiig proposed methods of
lifting, handling, storing, and erecting precast elements.

C. Weights nf precast elements shall be computed and listed an
shop drawings.

d. Contractor shall submit results of tests on materials as speci-
fied in Paragraphs 2.2.1 and 2.3.3.
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e. Concrete mixture proportions and qualifying data shall be
provided.

f. Catalog cuts of other miscellaneous products to be incorporated
into the work such as nonshrink grout, joint seals, tie and
dowel bonding agents, etc., shall be provided.

2.1.5 Quality Control

a. All work shall be performed in accordance with PCI Design
Handbook - Precast and Prestressed Concrete, and ACI 301 Struc-
tural Concrete for Butldings.

b. Precast concrete work shall be performed by either experienced *
fabricators qualified in accordance with PCI MNL-116, Manual
for Quality Control for Plants and Production of Precast
Prestressed Concrete Products, or shall be performed by an
on-site developed precasting facility e the requirements
of PCI MNL-116.

2.1.6 Delivery, Storage, and Handling

a. Delivery, storage, and handling of precast concrete elements
shall be performed in such a manrer as not to adversely affect
their appearance or use. Panels shall not be lifted from the
forms until panel strength has reach 0.7 fC.

b. Design of lifting embedments and handling devices shall be the
responsibility of the Contractor. Contractor shall provide
details of proposed lifting methods, attachments, and devices
for engineer's review. Handling embeds shall not be installed
in the exposed exterior face of the panels.

c. Panels shall be lifted only from suitably designed lifting
hardware embedded into the panel or with the use of slings
properly placed and rigged to prevent damage to the panels.

d. Panels shall be adequately supported at all times with suitable
cribbing and bracing during shipping and storage to prevent
inadvertent damage from incidental loads.or movements. Panels **
greater than 15 ft in length shall be stored in a vertical a
position.

2.2 PRODUCTS

2.2.1 Materials

a. Concrete: Precast concrete materials shall conform to the
following requirements:

o Cement: Cement shall conform to the requirements of ASTMC 150.
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o Aggregate: Aggregate shall conform to the requirements of
ASTM C 33.

o Air-entraining admixture: Material shall conform to ASTH
L C 260.

o Water-reducing admixture: Material shall conform to ASTh

C 494.

o Pozzolan: Pozzolan shall conform to ASTM C 618.

Precast concrete mixture shall be designed to satisfy the
following requirements. Prior to commencing operations, the
Contractor shall furnish the proportions of all ingredients
that will be used in the manufacture of precast concrete panel
elements.

Concrete mixture proportions shall be selected to satisfy the
following requirements. The proportions may be based on past
field experience or on trial mixtures in accordance with ACI 318,
paragraphs 4.2 and 4.3. Contractor shall provide data demon-
strating that the proposed mixture satisfies the following
requirements:

o Minimum 28-day compressive strength: 6,500 psi
o Maximum coarse aggregate size: 3/4 in. nominal
o Minimum entrained air: 5 to 7 percent
o Maximum water cement ratio: 0.40
o Minimum cement content: 540 lb/cy (6-sack mixture)
o--High-renge-water-reducer-fmaximmm.---5-oz/I00-b-eement **
o Slump: 3-1/2 in. ±1/2 in. **

b. Reinforcing: Mild steel reinforcing shall be new billet steel
bar conforming to the requirements of ASTM A 615, Grade 60.

c. Ties: Weldable grade reinforcing steel conforming to the
requirements of ASTM A 706, Grade 60, shall be used for form
ties.

d. Prestressing strand: Prestressing strand, if used, shall
conform to the requirements of ASTM A 416, Grade 270.

e. Welded wire reinforcement: Welded smooth wire fabric shall
conform to the requirements of ASTM A 185.

f7 Nonshr4nk grouat 6rout for hori2zontai construction joints **
sha4l be a prepackaged; cementitious based, naturai aggregate;
nonshrink groutr Mixing water shail be added in accordancew!th
the manufacturer~s recomendat4ons to obtain a plastic
consistency which w'il level off and redistribute under the
pressure of the upper precast panel-
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2.2.2 Accessories

a. Hardware and accessories shall be incorporated into the work as
shown on the drawings. Hardware and accessories shall be
fabricated in accordance with Section 4.

b. Epoxy grout shall be Concresive 1441 as manufactured by Adhesive*
Engineering Co., Carlstadt, NJ, or equal. Epoxy grout shall be
mixed and applied in accordance with epoxy manufacturer's
recommendations.

c. Form ties shall be capable of withstanding the full anticipated
load of concrete infill placement with a safety factor of at
least 3.0 on failure of the tie. Ties shall be anchored to
monolith concrete with epoxy grout or polyester resin cartridge
anchors.

d. Bearing pads and horizontal joint seals shall be preformed
neoprene material of the size, dimensions, and characteristics
shown on the drawings. Vertical joint seals shall be an
asphalt- or neoprene-rubber-impregnated, open-cell foam. **

2.2.3 Fabrication

a. Precast panels shall be fabricated to the dimensions shown on
the drawings. Dimensional tolerances shall not exceed those
specified in Section 2.2.4.

b. All reinforcing, inserts, hardware, and appurtenances shall be
located as required and securely anchored to prevent movement
during concrete placement.

c. Contractor shall moist-cure precast panels until the concrete
reaches a minimum strength of 0.7 V. Precast concrete panels
may be steam cured. Control of con&ete temperature during the
steam cycle shall be maintained per the guidelines of PCI
MNL-116. Membrane curing compound shai be applied to the **

outside surface of the panei after compietion of the
moist-curing cycle-

d. Panels shall not be erected until concrete strength has reached
6500 psi.

2.2.4 Tolerances

a. Dimensional Tolerances for Precast Panel Fabrication

o Length: ±1/2 in.

o Width: t1/4 in.

o Thickness: t1/2 in. except ±1/16 in. at alignment angle **

contact surfaces.

6A7



o Edge squareness: *1/8 in.

* PjImsess (meaured with respect to a straight line drawn
betwen any two opposite edges).

- Outside surface: *1/4 in.

- Inside surface: 1/2 in.

o Location of embedents: 8 in.

b. Location Tolerance for Precast Panel Erection

o Plumbness or vertical alignment over full heigh of monolith"
section: *1/2 in.

o Variation in horizontal alignment pjr three monolith widths: **
±1/2 in.

o Precast element joint to joint alignment.

- Horizontal joints: ±3/16 in. **
- Vertical joints: 13716 in. **

2.2.5 Finishes

Precast panels shall have a smooth dense finish on the outside,
exposed surface such as is typical of steel form or high density
overlaid plywood forms. The inside panel surface shall be clean,
free of laitance, and shall be intentionally roughened to an approxi-
mate amplitude of 1/4 in. Surfaces that contact alignment hardware **
shall be trowel finished. The surface shall be cleaned by high-
pressure water spray immediately prior to erection.

2.3 EXECUTION

2.3.1 Preparation

a. Contractor shall inspect and survey all existing work prior to
fabricating and installing panels. Dimensional discrepancies
shall be immediately brought to the attention of the Engineer.

b. Contractor shall prepare a written procedure for erection
indicating lifting, temporary bracing, support and alignment
methods. Sequence of operations and inspection hold points
shall be identified.

2.3.2 Erection

a. Precast panels shall be erected as shown on the drawings.
Tolerances shall be as specified in Section 2.2.4.

b. Panel form ties shall be securely fastened. Temporary supports
and braces shall be used as necessary to maintain alignment.
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c. Nemlw"4•m greet Je4nt see~eat; learing pads, and neoprene seals **
shall be installed and aplied as reuired on the drawings.
Care shall be taken to prevent seals from being displaced during
panel installation.

d. Form tie holes shall be drilled into the monolith with suitable
concrete drilling equipment. Ties shall be installed and set
with epoxy grout or polyester cartridge anchors. Form tie
grout shall be allowed to set for a minimum of 24 hours prior
to the erection of the precast panels. Form ties shall be
embedded and grouted to develop a minimum ultimate tensile load
of 33 kips when tested in accordance with Section 2.3. 3.f.
Reinforcin dowels shall be installed to obtain a minimum *
ultiate ten e it--f -6.4 tip' Wn tested in accordance
with Section .. 3.T.F.

2.3.3 Inspections and Tests

a. Contractor shall be responsible for inspection of panel fabri-
cation and erection activities to ensure that the work conforms
in all respects to the drawings and specifications. A record
of inspections and inspection results shall be maintained for
Engineer's review.

b. Contractor shall inspect precast panel form prior to casting to
ensure dimensional configuration and location of all embedded
items.

c. Contractor shall inspect panels after installation to ensure
that they conform to location tolerance and that they are
securely tied and braced for infill concrete placement loads.

d. Contractor shall sample and test concrete used in panel fabri-
cation as follows:

o A minimum of two sets of three concrete specimens shall be
cast, cured, and tested for each batch of concrete to deter-
mine the concrete compressive strength at 7 and 28 days.
Contractor may make additional specimens to monitor strength
gain during concrete curing. *

o Determine slump of concrete mixture at time of placement.

o Determine air content of the concrete at time and point of
pl acement.

e. Contractor shall provide to the Corps or the Engineer, for
independent testing and analysis, such additional cast specimens
of concrete as may be requested.

f. Contractor shall install a minimum of two additional form ties
and two additional dowels at a convenient location in the
monolith as directed by the Engineer. Contractor shall conduct
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tensile testing of the installed tits and dowels to determine
their minimaum ultimate load. The minimum ultimata load of the
tie or dowel shall be that load at which it ruptures, slips
excessively, or exhibits greater than 1/4 in. of total deflection
between the face of the monolith and the connection to the
form. The average of the two tension tests shall be used to
establish the ultimate load of the ties and dowels.

. All load tests shall be rformed with calibrated acks and
rsisure o ons shelbe measured Nno dial
g s. Thea tests for the No.-7 test ties shak cobducted

AdsSDXYcur Ir" and tmrures reresentative of
actual Prod t tes.-The cure s das he t-

concrete pressure. The load forthe No. 7 form tT sh-all be
apiiei in four _u ICF'ncae•t-WTeh-e o-ttions measured at
each 6r-iremint. The f nTl tne nt shal be the ---trd
ul-tmate tensile fWs.--This load shaTT be maintained for 1
hour ~twmeh paFtod---•'€rdt-o-- a e a-on-masurements. Tests
ofthe fNo.W -dolwel Odentical, except that the 1-hour
sust-Tn•nead •wil not be rewired.

2.3.4 Cleanup

a. Contractor shall immediately remove spills or runs of epoxy,
grout, or other materials used in the construction from the
outside surface of precast panels.

b. Contractor shall maintain work areas clean and free of rubble,
discarded product containers, packaging and shipping materials
and other refuse.
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SECTION 3
CAST-IN-PLACE CONCRETE

-7 

1

3.1 GENERAL

3.1.1 Work Included

The work includes all materials and workmanship required for produc-
tion, delivery, placing, and curing of cast-in-place concrete.

3.1.2 Related Work

Related work includes fabrication of embedded lock hardware and
appurtenanceb, did fabrication and erection of precast concrete
leave-in-place form elements.

3.1.3 References

a. American Concrete Institute. 1983. "Building Code Requirements
for Reinforced Concrete (ACI 318-83)," ACI Standards 1963,
Detroit, MI.

b. Gustafson, David P. et al. 1984. "Specifications for Structural
Concrete for Buildings," ACI-3O1-C'4, American Concrete Institute,
Detroit, MI.

3.1.4 Submittals

a. Contractor shall submit concrete mixture proportions and test
results as specified in Paragraph 3.2.1.a, below.

b. Contractor shall submit batch monitoring test results for
infill concrete placements as required by Paragraph 3.3.3.b,
below.

3.1.5 Qual i ty Control

a. All work shall be performed in accordance with ACI 301 and 318
as applicable.

b. Contractor shall maintain records of tests and inspections as a
required herein, and make copies of such records available to
Engineer on request.

3.2 PRODUCTS

3.2.1 Materials

a. Concrete: Cast-in-place concrete materials shall conform to
the following requirements:
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o Cement: Cement shall conform to the requirements of ASTH
C 150.

o Aggreate: Aggregate shall conform to the requirements of
ASTM C 33.

o Air-entraining admixture: Material shall conform to ASTH
C 2•0.

o Water-reducing admixture: Material shall conform to ASTM
C 494, Type E.

o Water-reducing admixtures high range. Material shall conform **
mo AS C 494.T, F._-

o Pozzolan: Pozzolan shall conform to ASTM C 618.

Prior to commencing operations, the Contractor shall furnish
the proportions of all ingredients that will be used in the
manufacture of cast-in-place concrete. The mixture proportions
shall be accompanied by test results from an independent commer-
cial testing laboratory, attesting that the proportions selected
will produce concrete of the required quality. Cast-in-place
concrete mixture shall be designed to satisfy the following
requi rements.

o Minimum 28-day compressive strength: 3000 psi

o Maximum coarse aggregate size: 1-1/4 in. nominal **

o Minimum entrained air: 3% to 5X

o Maximum water cement ratio: 0.5

o Minimum cement plus fly ash content: 450 lb/cy (5-sack
mixture)

o--H4gh-range-water-reducer--Type-F **
o Slmp 4-1/2 n in. **

b. Reinforcing: Mild steel reinforcing shall be new billet steel
bar conforming to the requirements of ASTM A 615, Grade 60.

3.2.2 Accessories

a. Hardware and accessories shall be incorporated into the work as
shown on the drawings. Hardware and accessories shall be
fabricated in accordance with Section 4.

b. Joint seals and joint filler materials shall be as shown on the
drawings.
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3.3 EXECUTION

3.3.1 Preoaration

a. Contractor shall prepare a written procedure for placing concrete,identifying sequence, maximam allowable lift height and placingrate, and a checklist of inspections to be made. Contractor'sproposed methods of concrete placement, consolidation, andcuring shall be submitted to the Engineer for review.
b. The Contractor shall inspect all existing work prior to placingcast-in-place concrete to verify that such work is complete andready to receive concrete.

c. The Contrrt.nip shall notify Engirwvr at least Z4 hours inadvance of any concrete placement.

d. All embedded items and reinforcement shall be securely tied toprevent movement during concrete placement and consolidation
activities.

e. Formwork for cast-in-place concrete shall be in accordance with
ACI 301.

3.3.2 Concrete Mixin ng

Production, conveying, placing, consolidation, and curing of concreteshall be performed in accordance with ACI 301 and the following
requirements:

a. Truck mixers may be used with written approval of the Engineer.When admixtures are dispensed into the truck at the site, truckcapacities and batch sizes shall be selected that enable thoroughand complete mixing of all constituent materials.
b. All exposed concrete surfaces shall be cured by application ofabsorptive mats or fabric kept wet continuously for a minimumof seven days after concrete placement. Membrane curing shall

not be used.
C. The Contractor shall measure precast panel movements and deflec-tions before and after placing concrete. The measurements "shall be taken at all four panel corners and at the top, bottom,and midheight along a vertical line passing through the middleof the panel. These measurements shall be made for Panels P-1,P-2, and P-7. The Contractor shall submit his proposed measur-ing procedures to the Engineer for review.

3.3.3 Inspections and Tests

a. The Contractor shall be responsible for inspection and testingof cast-in-place concrete activities to ensure that the workconforms in all respects to the drawings and specifications.Records of inspections and tests shall be maintained for Engi-neer s review.

A13



b. The Contractor shall provide the following necessary quality
control and testing services for each batch of concrete placed:

o Two sets of three concrete specimens shall be cast, cured,
and tested to determine the concrete compressive strength at
7 and 28 dys.

o Determine slump of concrete mixture at time of placement.

o Determine air content of concrete mixture at tim and point
of placement.

3.3.4 Cleanup

Contractor shall dispose of wasted concrete in accordance with
Corps' requirements. Mixer trucks, pumps, tools, and placing equip-
ment shall be cleaned in designated areas only, and wash water and
spoil shall be contained as required.
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SECTION 4
HARDWARE AND APPURTENANCES

4.1 GENERAL

4.1.1 Work Included

a. The work shall c~nsist of furnishing all labor, materials, and
equipment for fabrication and furnishing of hardware and appur-
tenances for the navigation lock repair mock-up demonstration,
as shown on the drawings and as described in the
specifications.

b. Hardware ar~u aopurtenances include:

o Horizontal armor.
o Vertical armor.
o Line -ook.
o Top curb armor.
o Paniel joint assemblies.
o Panel alignment assemblies.
o Form ties.

4.1.2 Reference Standards

a. American 1,'stitute of Steel Construction. 1986. Manual of Steel
Constrction, 8th edition., Chicago, IL.

b. American Welding Society Structural Welding Committee. 1985 (Feb).
"Structural Welding Code -- Steel," AWD1.1-85, American Welding
Society, Miami, FL.

c. Steel Structures Painting Co.ncil. 1985. "Commercial Blast
Cleaning," SSPC-SP-6, Vol 2, Steel Structures Painting Council
Painting Manual - Systems aoid Specification, 4th edition,
Pittsburg, PA.

4.1.3 Qualit, Control

a. Fabricator Qualifications: The fabricator shall bE experienced
in the fabrication and working of metals, including cutting,
"benaing, forming, welding, and finishing. Fabrication of metal
hardware and appurtenances shall be performed in accordance
with the AISC Code.

b. Welder Qualifications: Fabricators supplying welded components
shall employ only welders, operators, and tackers qualified as
outlined in _'S D1.1. Welding practices shall conform to
AWS 01.1.
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4.1.4 Submittals

a. Contractor shall submit complete shop drawings indicating all
shop and erection details, including materials of construction,
finishes, methods of fastening, and location of cuts, copes,
connections, holes, fasteners, and welds.

b. Contractor shall submit certificates of welder's qualifications
prior to start of work of this section.

C. Contractor shall submit mill certificates for structural steel,
indicating specification compliance for chemical properties,
tensile stre~ngth, yield point, and elongation.

d. Contractor shall submit catalog cuts and certificates of com-
pliance for concrete anchors, fasteners, headed studs, and
other commercial products incorporated into the work.

4.2 PRODUCTS

4.2.1 Steel

a. Structural steel shapes, plates, and bars shall conform to ASTM
A 36, unless noted otherwise.

b. Steel pipe shall conform to ASTM A 53, Type E or S, Grade B,
unless noted otherwise.

4.2.2 Bolting Materials and Fasteners

a. Bolting material shall be either ASTM A 307 or A 449 as shown
on the drawings. Bolts shall be furnished with matching nuts
and washers.

b. Headed studs shall conform to ASTM A 108.

C. Deformed bar anchors shall conform to ASTM A 496.

4.2.3 Other Materials

All other materials not specifically described but required for a
complete and proper installation shall be as selected by the con-
tractor subject to approval by the Engineer.

4.3 EXECUTION

4.3.1 Fabrication

a. All structural and miscellaneous steel for hardware and appur-
tenances shall be fabricated in accordance with the reviewed
shop drawings and shall conform to the requirements of the AISC
"Manual of Steel Construction."
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b. Welding of steel hardware and appurtenances shall conform to
AWS D1.1, "Structural Welding Code." Type, size, and spacing4
of welds shall be as indicated on the reviewed shop drawings.
Welding shall be accomplished in a manner which will minimize
distortion of the finished parts. Weld splatter and oxides on
finished surfaces shall be removed. Unless otherwise noted,
headed studs and deformed bar anchors shall be welded using
automatically timed stud welding equipment. The Contractor
shall perform tests, as recommended by the welding equipment
manufacturer, to verify proper operation and settings of the
welding equipment.

4.3.2 Surface Preparation and Protective Coatings

a. After fabrication, all steel surfaces shall be blast cleaned in
accordance with SSPC-SP-6, "Commercial Blast Cleaning."

b. Iron and steel surfaces to be embedded in concrete in the
completed work shall be uncoated.

C. All exposed surfaces of hardware and appurtenances shall be
given a shop coat of zinc-rich, rush-inhibitive primer. The
dry film thickness of the primer shall be 2 mils minimum. The
steel surface shall be prepared, and the primer applied in
accordance with the coating manufacturer's recommendations.

d. Steel surfaces to be uncoated shall be free of loose rust, mill
scale, oil, and grease.

4.3.3 Inspection and Testing

a. The Contractor shall be required to perform such inspections
and tests to ensure that all work is performed in full compliance
with the contract documents.

b. Inspection and testing of welding shall be in accordance with
AWS D1.1, Section 6.

C. Material and workmanship will be subject to inspection by the
Engineer. Testing and inspection by the Engineer will in no
way relieve the Contractor of responsibility to furnish materials
and construction in full compliance with the contract documents
and to provide a quality control program.
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APPENDIX C: CONSTRUCTION GUIDE

NAVIGATIONAL LOCK REHABILITATION

USING PRECAST STAY-IN-PLACE FORMS

This construction guide outlines the major steps a contractor should consider
in planning and successfully implementing repairs to navigational lock
surfaces using precast concrete stay-in-lcfom. Teutiesbad
on the developmental design completed during the Phase I study and experience
gained during the construction of the mock-up installation durinci Phase II.
Although the outline addresses work activities separately, most activities
will be ongoing concurrently within the same monolith or on adjacent monoliths.
The work outline addresses rehabilitation of lock-wall surfaces only and
this plan must be appended for other repair activities. Further, the plan
has beý.n developed for a generic lock repair and unique conditions at a
particular locK must be considered.

I. CONTRACTOR'S PLANNING AND ENGINEERING

a. A visit to the lock site should be made to verify information
contained in the contract documents; ascertain work conditions;
access to site, and space; and obtain as-built measurements,
etc. At this time, observations should be made of the behavior
of the lock after a lockage to determine the amount of water
leaking~ from joints and through gates.

b. Special Corps of Engineers construction and administrative
requirements, such as coordination of inspections, submittals,
critical path schedule, and progress meeting and reports should
be identified. Most of these items will be identified in the
contract documents.

C. Schedule and space constraints relative to lock closure should
be identified, a detailed construction schedule developed, and a
work plan established that is acceptable to the Corps of Engineers.
Such a schedule may include alternating lock openings with
completion of refacing in partial lifts. Alternating lock
openings may impact the choice of staging or scaffolding used in
the work. The work plan and schedule will identify concurrent
work activities and provide a means of coordinating all phases
of the work. The schedule must show consideration for seasonal
construction constraints, such as the need for cold- or hot-

weather concreting measures and curing procedures.
d. Shop, handling, storage, transportation, and erection drawings

should be prepared. A transmittal and delivery schedule or
similar vehicle should be developed to facilitate attaining
project milestone dates.

e. The required material and procedure submittals should be pre-
pared. Concrete mixture proportions and trial batches should be
initiated if mixtures based on past field experience are not
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available. Material and procedures to embed form ties into the
monolith should be selected, and trial pullout tests should be
p erformed to determine the required embedment lengths.

f. The required construction bonds, insurance, and permits should

be obtained.

g. Material suppliers, subcontractors, and necessary equipment must
be selected.

h. A quality control program must be developed and approved by the
Corps. This plan includes, but is not limited to, the selection
of a testing agency, a schedule of material testing, procedures
for review and submittal of mill and compliance certificates,
development of a means of verifying tolerances and of identifying
hold points at various points in the construction.

i. The construction force composition (i.e., carpenters, iron-
workers, cement finishers, equipment operators, etc.) should be
selected with consideration of "assembly-l1i ne" construction
techniques. Any arrangements required by local trade unions
must be established.

j. Upon successful review of drawings and submittals, material
purchases, fabrication of steel hardware and reinforcing bars,
equipment rentals, etc., should be initiated.

k. An in-depth risk analysis should be requested from the Contractor
relative to the safety features and the critical path construction
activities to be iised.

I. GUIDELINES FOR PRECAST MANUFACTURING

a. A precast panel production facility should be mobilized (if one
is not already available) that has adequate space for batch and
steam plants, reinforcing bar preassembly, and materials and
panel storage. The panel storage should be arranged so that
lifting and transportation equipment have accessibility to any
given panel. Provisions must be made to maintain production
during periods of inclement weather by providing covered areas
for reinforcing bar assembly and form beds, and providing graveled
or paved surfaces for the frequently traveled routes.

b. The required lifting devices, spreaders, and bunking and cribbing
materials should be manufactured or procured. Fabricated lifting
items should be load tested to validate safe working loads.

C. Reusable forms that will produce panels to the required toler-
ances and enable easy form stripping should be developed. The
tolerances for specific installations are contained in the
projpct specifications but will generally include the following:
panel length ±1/2 in., panel width ±1/4 in., panel thickness at
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other than erection contact surfaces ±1/2 in., and planeness
±1/4 in. outside surface and 1/2 in. interior face. The forms
should be adequately stiff to maintain these tolerances over
numErous reuses and be adaptable for incorporating lock hardware.

d. Rebar cages should be preassembled and stored until the forms
become available, at which time they should be moved into formst and accurately positioned with the use of chairs or other means
to prevent movement during concrete placemert.

e. Lock hardware and other embedvents should be positioned and
secured accurately into the formwork. All items should be
located to a tolerance of t1/8 in. All QC/QA inspections should
be performed to verify that the work is ready for concrete
placement.

f. Concrete should be batched and placed per project and standard
Corps' specifications. The concrete must be thoroughly vibrated
to obtain a dense, smooth form finish for the exterior face and
thoroughly consolidated around embedments.

g. The interior face that will be exposed to the infill concrete
should be intentionally roughened to an amplitude of approxi-
mately 1/A in. Bearing or contact surfaces should be troweled
to obtain panel-to-panel alignment within the required tolerances.

h. Panels should be moist cured until the compressive strength
reaches 0.7 (f ). At this strength level, the panels can be
picked from thi forms. Concrete cylinder tests should be per-
formed as necessary to verify strength in order to optimize form
turnaround times. Once the required strength has been attained,
the panels should be moved to the storage area and bunked.
Bunking procedures that are insensitive to settlement of the
support points must be used. Any miscellaneous finishing or
minor repairs should be completed as required.

i. Panels must be shipped to the erection site as the schedule
requires. Prior to loading panels on the transporter, the
strength must be checked to verify that it exceeds the required
strength fi. Panels must be bunked and stored on the transporter
so that th y are not cracked or otherwise damaged during shipment.

k. An in-depth risk analysis should be requested from the Contractor
relative to the safety features and the critical path construction
activities to be used.

S III. GUIDELINES FOR MONOLITH PREPARATION

a. Scaffolding or work platforms that provide good access to the
lock face for layout, demolition, drilling, and installation of
dowels and ties must be used. Scaffolding or work platforms
should be readily movablV or collapsible. Movable coffer dams
or other measures should be developed if work below low pool
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elevation must be accomplished in the dry. The condition of the
scaffolding or work platforms should be monitored to verify that
they are safe.

b. Grid lines or a reference system should be established from
F which measurements can be made after deteriorated lock surface

has been removed. The reference system should be capable of
achieving the required tolerances for the completed installation.
These tolerances are as follows: t1/2 in. over the height of a
given monolith, ±1/2-in, variation in horizontal alignment over
a length of three monoliths, and ±3/16 in. across the joints
between adjacent panels. Templates or alignment tools can be
developed that can be used with the reference system to determine
locations along the length and height of the lock and to enable
verification of tolerances.

C. The locations of special lock appurtenances that require a
greater depth of concrete removal must be identified.

d. The perimeter of the concrete must be saw-cut or removed using
controlled demolition in order to control overbreakage.

e. Deteriorated concrete surfaces should be removed by drilling and
blasting, mechanical, or other means. Once major portions of
deteriorated concrete have been removed, there may be a need for
t'and removal of concrete.

f. Concrete debris should be cleaned up as the work progresses. At
locations of inlets, gates, and valves, debris must not be
allowed to fall into the lock chamber.

g. Using the reference system and/or special templates, tie and
dowel holes should be located and drilled to the required toler-
ances. Current details allow a ±1/4-in, vertical tolerance and
a ±1/2-in, horizontal tolerance on tie location. Holes must be
blown clean with oil-free compressed air prior to the installation
of ties and riowels.

h. Ties and dowels should be installed with the reference system
and/or template. Because of the horizontal position of the
bars, seals that will prevent leakage of epoxy grout must be
used. Other measures that will maintain the position of the
bars until the epoxy grout has sufficiently set must be used.
The required pullout tests should be performed and the as-built
location of ties checked to determine whether any adjustments
are required prior to panel installation.

i. The erection equipment should be load tested before the panel
erection work is started.
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IV. GUIDELINES FOR PANEL INSTALLATION

a. Upon arrival at the installation site, the precast form panels
should be carefully inspected for any damage that may have
occurred during shipment. After the panels have been picked off
the transporter, the interior or bonding face must be cleaned by
high-pressure water wash.

b. Sacrificial support frames should be installed if required,
along with vertical alignment hardware for the bottom panels.

c. After the reinforcing embedding grout has sufficiently cured,
the bottom panel should be erected and carefully aligned to the
required tolerances. After tha tolerances are verified (para-
graph III.b), the form ties should be welded to the panel. All
welding must be performed with welds qualified according to AWS
procedures and qualified welders.

d. Seals, shims, and nonshrink grout (optional) must be installed
before the upper panel is set. After the upper panel is installed
to the re iuired tolerances, the form ties should be welded to
the panel. Kickers, wedges, or portable jacks may be needed to
ensure that panel connections and ties are snug. Panel erection
should proceed in a similar manner to the top of the monolith
section.

V. GUIDELINES FOR CAST-IN-PLACE CONCRETE WORK

a. Formwork along the base of the bottom panel and along vertical
joints at panel edges must be installed.

b. Special lock hardware, such as floating mooring bits and ladders,
should be installed where required.

c. Any reinforcing required in the infill concrete layer, such as
at the mooring hooks, should be installed.

d. Prior to concrete placement, all inspections relative to panel
alignment and tie connections should be completed. Welded
connections should be inspected by an AWS-certified inspector.

e. Concrete for the infill layer can be placed in partial lifts or
placed in one lift level with thl uppermost erected panel.j) Partial lifts may be required in conjunction with lock openings
and will necessitate coordination with erection work. Trunks,
chutes, or pump hoses should be used to prevent segregation.
Concrete lift heights should be controlled to maintain the
allowable form pressure. Internal vibrators should be used to
consolidate concrete but in a manner that does not result in

L excessive form pressures.
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f. Moist curing for exposed concrete surfaces should be provided
until a minimum strength f = 0.7 (fl) has been attained. Like-
wise, forms should be kieji in plac6 until :oncrete reaches
0.7 (fl). Special measures may be required to protect the
concrete during the entire curing period, depending upon seasonal
weather conditions.

g. Forms should be removed and concrete surfaces finished as needed.
Any minor surface defects should be repaired.

h. The cast-in-place closure cap should be formed and the corner
armor and reinforcing installed, and the steel armor pieces must
be properly aligned and adequately secured. After the closure
cap concrete is placed, the exposed surfaces should be moist
cured. The concrete must be protected during the full curing
period as required by seasonal weather conditions.

i. Forms should be removed and concrete surfaces finished as needed.
Any minor surface defects should be repaired.
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PART II: PRECAST CONCRETE MIX
AND INSPECTION REPORTS
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C S CONORETE TEST RESULTf
ST S
8 CS P.O. No.:
5585585 ..ub No.: CS-125

COLORADO TEST CITUR. INC. Report Dates: 12/31/86
01/21/17

155 South Nev*Jo 02/07/87
jenver. Colurado 010223
(303) 696-1050

Report To: Premier Wateroraofinq Cu.

Pretmier" Waturrorufing Cu.
2311 South inua

ve6"'V. CO 80233

Attn: Charles R. Mi11er

Date Castz 12/24/86 jg 11'B

Test Number: 19295 
Soso"

Job Nome: ABAM
Job Address: Streusson in Colorado Springs
Contr'act~or: Premier Watoerroofing
SuDol isr': Strouscorn Ticket No.%

Truck No.: MI^ 1.D.: CSHR-S-AEA

CTC Reo.%: . C.-ume
LocatiOn Of Pour: Piece 48V

P HYSICAL PROPERTI Ej

Slumu: 3.75 Air ( 5): 5.9 Wt./Cu. Ft.: 144.4

Concrete Tema. 5: 65 Air Tema. ^F: 45

Time 8atuez: Time Tested:

COMPRESSIVE STRENGTH: Suecified 28 Day Strength (psi) 650

Cv'inder 1D Age (daye) Size Stren•th (psi) Average Strre'rsn

01 7 6.00 6950
02 28 6.00 8170
03 28 5.96 6300 8235

Rlmarku: I hour contractor delay onsite.

COLORADO TEST CENTER. 4N.
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SC CONCRET! TIEST RESULTI
8T

C P.O. No.:
mmlltltlemejob No.: CS-125

COLORADO TEST CU1STR, INC. Report Detes: 12/30/16
01/20/87

155 South Navajo 02/06/87
)enver. Zolored* 60223
(303) 596-1050

Report To: Premiser Waterproofing Co.
Premier' •4et'o'uuFing Cu.

2311 SUL1e1 Inue
Denver. CO 80233

Attn: Chdr-ton :t. 'Ai I Ior

Oeat Cast: 12/23/86

Test Number: 19294
Job Name: ABAM
Job Addrosw: Strosecor in Colorado Springs
Cont f t'or.': Premier Waterproofing
Supplier: Stresrorn Ticket No.:
Tr-uck No.: Mix 1.0.: CGHR-S-AEA
CTC Rep.: 8. Crum*
Location• ui Puur: Piece X5

PHYSICAL PROPERTIEj

Slumo: 1.5 Air (h); 3.6 Wt./Cu. Ft.: 149.2

Concrete Temu. "9: 62 Air Temp. 'F: 54
Time Batchoin *2:05 Time Tested: 12:25

COMPRESSIVE STRENGTH: Specified 23 Day Strength (psi) $500

Cylinder 10 Aqw (days) Size Strength (psi) Average Strength

01 7 5.99 6130
02 28 6.00 1SS0
03 28 6.01 9i40 9695

Rumerks: 1-3/4 r-uur delay onsits.

-------------------------------------------------------
COLORAOO TEST CENTER. INC.
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S ~CONCRETg TEST RESULTS

* C*P.O. No.:
esessam job No.: C3-125

COLORADO 1EST CINTIft INC. Reooort Detest 12/29/86
01/19/87

153 South Navajo 02/05/87
Denver. Colorado 60223
(303) 694-1050

Report Tat Premier Waterproof inq Co.
Promist, Wateroroufing Co.

Denver. CO 60233

Attnt Charles R. Miller

Oats Cost: 12/22/66 '~fIs 198T
Test Number: 129212o soilno

Job Nama; ABAN
Job Address: Stresucon in Colorado Sprirmgs
Cuntractor: Premier Wetwroroofinq
Sucolier: Strenscon, Ticket No.:
Truck No.: MiA I.D.: CSHR-S-AEA
CTC Rep.: a. Crume
Locatiun of Pour: Piece V1

PIMY31CAL PROPERTI ES

Slump: 2.5 Air (b: 6.2 Wt./Cu. Ft.: 145.8
Concrete Tema. ^F: SI Air Tema. -F: 51
Time Botchod: 3.:00 Time Tested% 3:20

C014PRESSIVE STRENGIH: Specified 26 Day Strength (psi) 550j.

Cylinder TO Age (days) Size Strength (psi) Average Strength

01 7 6.00 6990
02 28 5.99 496o

Riemarkis:

COLORAD TEST CENTER. INC.
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C •CONCRETE TEST RESULTS
, T *
* CS P.O. No.-:
*83*25* Job No.: CS-125

COLORADO TEST CWITER, INC. Report Dates: 12/29/86
01/19/87

155 South NcvyaJo 02/05/87
Ounver. Colorado 80223
(303) 698-1050

Reoort To: Premier Waterproofing Co.
Premier Weter-opnofirwi Co.
2311 Suutb" ItruG

Denver, CO 80233

Attn: Chdar'ss R. Miller

Date Cost:, 12/22/86

Test Number: 19291
Job Name: ABAM
Job Address: Stresecon ir Colorado Springs
Contractor: Premier Waterproofing
Supolier: Streascon Ticket No.:
Truck No.: MiA 1.0.: C8HR-S-AEA
CTC Rep.: 8. Crume
Location of Dour: Piece *1

PHYSICAL PROPERTIES

Slump: 4.0 Air (M): 6.2 Wt./Cu. Ft., 148.6
ConcreLw Tame. - 61 Air Temp. -F: 52
Time Batchudi 3:00 Time Tested: 3:15

COMPRESSIVE STRENGTH: Soecified 28 Day Strength (psi) 5500

Cylinder 10 Ago (days) Size Strength (psi) Average Strength

01 7 6.00 7000
02 28 6.00 9160

Remarks: 3 hour contractor delay onsitm.
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C CONCRETE TEST RESULTS
ST

* C P.O. No.:
S*83*5*8 Job No.: CS-125

SoOLORA00 TEST CW1mR INC. Report Doates: 12/26/86
01/16/87

155 South NovaJs 02/02/87
aenver, Colurado 80223
(303) 696-1050

Reoort To: Premier Waterproofinq Co.
Premier Wateraraowing Co.
2311 South inca
Oonver, CO 80233

Attn: Charles R. Miller

Oats Cast: 12/19/85 m 0y

Test Number: 19290
Job Name: ABAM
Job Address: Stresscon in Colorado Springs
Contractor: Premier Waterproofing
Supolier: Stresscon Ticket No.:
Truck No.: Mix 1.0.: CS HRS-AEA
CTC Rao.: 8. Crume
Location of Pour: Piece 37

PHYSICAL PROPERTIES

Slumo: 5.25 Air (M): 5.2 Wt./Cu. Ft.: 147.1

Concrete Temo. -F: 64 Air Tema. -F: 46
Time Batched: 11:30 Time Tested: 11:45

COMPRESSIVE STRENGTH: Soo.cfiod 28 Day Strength (psi) 6500

Cylinder 10 Age (days) Size Strength (psi) Average Strength

01 7 6.00 7060
02 28 6.00 9340
03 28 5.99 9230 9285

Rumarks:

- COLORAO TEST CENTER. INC.
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ic C wCONCRETE TEST RESULTS

* T s
SC S P.O. Ao.:

Job No.: CS-125

ZOLORAOO TEST CSITER. INC. Report Dates: 12/25/86
01/15/87

155 South Navajo 02/01/87
Oenver. Colorado 80223
0303) 698-1050

Report To: Premier Waterproof inq Co.Premier- Watwr'OrOot:rrn Co.
2311 South in•a
Denver, CO 80233

Attn: Charles R. Miller IR E

Data Cast: 12/18/86 1.19
Test Number: 19289
Job Name: A8AM
Job Address: Stresscon in Colorado Springs
Contractor: Premier Waterproofing
Supolier.: Streoscon Ticket No.:
Truck No.: Mix 1.0.: CS HRS AEA
CTC Rep.: B. Crume
Location of Pour: Piece 34

PHYSICAL PROPERTIES

Slump: 2.25 Air (M): 3.2 Wt./Cu. Ft.: 149.8
Concrete Temu. -F: 61 Air Temp. "F: 43
Time Batchod: 11:05 Time Tested: 11:15

COMPRE3S3VE 3TRENGTH: SoeLified 28 Day Strength (psi) 5500

Cylinder 1D Age (days) Size Strength (psi) Average Strength

01 7 6.00 6950
02 28 6.00 8590"
03 28 6.01 8320 8455

Remarks:

COLORADO TEST CENTER. INC.
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CONCRETE TEST RESULTS
* T

Job No.: C3-125
SO 19*7

ýOLORAOO TEST CINTER. INC. Reoort Odtoz: 12/24/86
01/14/87 soon

-53 BSouL" Navajo 01/31/87
'U•ve.r. , ur6adc 0223

i} (303" 5s.s-i:5:

RwoorL To: P-emior :=,"e r.cjflq Co.

4dto Cost: 12/17/85

.ost Numowr: `9267

.ioo NCS!"w: ABAM
job Adurezu: SLresscon in Colorado Sprinqs
Cori tracc u r- Premier Waterproofing
SuDoo :e": Strosscon Ticket No.:
Tr'uu:A q.;: Mix I.D.: CS HRS AGA
'-ZTC RD. e. Crumne

SA; .~ , .'-, our- 0,'Oce

PHYSICAL PROPERTIES

S 3 -:• 23 Air 4(.): 4.8 t./Cu. Fz.: 152.0
Qnure n". * - Air Tema. ": 41

""C. .,, " 1:35 Time Tested: 11:45

COMPRESSIVE STRENGTH: Suecified 28 Day Strength (psi) 6500

Cvl inuer• 1i: ADe (days) S ize Strength (psi) Average Strenqg'-

7 6.00 1000
02 28 5.99 9260
33 28 6.00 9130 9195

Romar-As:

COLORADO TEST CENTER, :N-.

D10
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"CONCRETE TEST RESULTS
* T *

* C 5  
P.C. NU.:
,ob No.: CS- 123

COLORADO TEST CENTER. INC. Reart Dates: 12/23/6 O198'01I/ 13/87 m •Q,•

"55 SowLh Navajo 01/30/87
..wn•vwr. Colorado 80223

Roeort To: Premier WaLtroru• finq Co.

231"1 su.ýh ,•=

idtw Cast: 12/16/B86

Test Nu!-iwr-: 1926',
,ýot) Njine. ASAM
job Adt-"w~u. Strasscon in Colorddo Spring*s
SC.ontr-dcQr : Premier vetaroroofinq
: Sult "',,: 3resscon Ticket No.:
Truck Nu.. Mi I.D.: C8 HRS AEA
CTC Rau.: r. ,ru-e

PHYSICAL PROPERTIES

V"ulro: ý-Zi Air •) 5.9 w•t.iCu. F;:. " ".
C.,urw. -e'lu. 53 Air Temo. -F: 50
"line h:t;!'uo: ':00 Time Tested: 1:15

COMPRESSIVE STRENGTH.: Saocified 28 Day Strength (psi) 6500

Ciy , er ltl A,%* (uayV) Size Strength (psi) Average Str.enqLn

7 5.99 7040
2 28 6.01 9130

33 28 6.00 9230 9160

Asnarks:

D11.



C CONCRETE TEST RESULTS
i T *
* C3•G.N,

COLORADO TEST CENTER, INC. Reour. Dates: 12/22/86
01/12/87

"ý53 Suuth Navajo 01/29/87
' -'urado 80223

Rsoor't To: Premier materorof inq C,.

JAN 15 19E 7

Oats Cast: 12/15/95

C St N4! be': -9275
-jo N41'"u: ABAM
jub Addresuz Stresscon in Colorado Sprinqs

xurtr'tc•.=r" Premier ;Waterproofing
Suou lier: SLrexscon Ticket No.:
"rc'r, Nu. : Mix I.D.0 : CS HRS AGA

CTC Reu.: M. Fit.zqlrald
.ocaLon L)-'--our: Panel U65

PHYJICAL PROPERTIEj

3½,-3: 3.z Air (): 5.6 Wt./Cu. Ft.: 1147.7
ConU.'4.W -••u, 83 Air Temo ^F: 43

",.. _d..r-eg: '2:55 Time Tested: 1:15

COMPRESSIVE STP&NOTM: Soocified 28 Day Strength (psi) 6500

Cv oincr AqW (days) Size Strength (psi) Average BtrenfqLý

0, 7 6.00 7060
02 28 5.99 9010
3 28 6.00 9340 9175

COLORA01 TEST CENTER. INC.

D12
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Pool OPPM~ MRa IM. let

COuOMM ppol" ias amrn

PROPOSED MIX DESIGNS FOR STAY-IN-PLACE FORMS, VICKSBURG, HS

Mix Design (1) For A One Cubic Yard

Cement 7520 (8 uk)
Concrete SAnd 1060# (SSD)

3/4" River Gravel 1800#
Pozzolith 300R 37 ounces (5 ounces/CWT)

Pozzolith 400N 105 ounces (14 ounces/CWT)

Air Entraining Agent 11 ounces

Total Water 34 to 36 gal. (.37 to .39 w/c)

Slump 40 to 6"

Percent Air 5 to 6

Mix Design (2). For A One Cubic Yard

Cement 752# (Sak)
Concrete Sand 1060# (SSD)
3/4" River Gravel 1800#

Pozzolith 300R 37 ounces (5 ounces/CWT)
Pozzolith 400N 120 ounces (16 ounces/CWT)
Air -Entraining Agent 12 ounces
Total Water 33 to 35 'gal. (.37 to .39 w/c)

Slump So

Percent Air 5.7

D13
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Page Two

Mix Design (3) For A One Cubic Yard

Ceunt 752#
Concrete Sand 10600 (SSD)
3/4 lRiver Gravel 18000

Poztolith 300R 37 ounces (5 ounces/CWT)

Pozzolith 400N 135 ounces (18 ounces/CWT)

Air Entraining Z1gent 13 ounces
Total Water 34 to 36 gal. (.38 to .40 w/c)
Slump 66

Percent Air 6.6

Strength tests will be conducted at 14, 21, and 28 days. Test
reports will be forwarded upon completion of testing.

D14
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TO: Elmer Ozolin, AMbh Engineers, Inc. N 5 0

FRO: Charles R. Miller, Premier Waterproofing PROW--

SUBJECT: Field inspection - Precast Stay-In-Place Form Panels

DATEz December 30, 1986

On L)cembor 30, 1986, 10:00 am the undersigned inspected
all eight completed precast panels at Stresscon Corporation
facility in Colorado Springs.

All panels looked good, some air pockets were noted on the
concrete lip where concrete abuts the steel alignment angle.

I instructed Joe Miller not to patch these, as we will apply
grout in the field.

It was noted that we may have to grind off a small piece of
concrete lip where corner armour metal work (panel above) meets
the lip of tho panel below. Will make a full description if
this is a problem during erection.

Also noted was the fact that the raked finish was carried
.;ll panel height which may make the joint too tight, if

amplitude is full i. Again, we will grind this excess off
in the field. Recommend that rake finish stop 2|I below
top of panel lip .'r at the weld plates.

No cracking wac noted.

Measurements were taken, and are recorded on sheet two.

Panels are ready to ship and are acceptable f installation.

cc: D. Schultheis

016
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PART IV: AS-BUILT DATA
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Figure D4.5. Panel deflections
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PART V: TIE AND DOWEL PULLOUT TESTS

Pullout tests were performed on form ties and dowels as required by
Specification Section 2.2.3.f. Figure D5.1 identifies locaticons of the
No. 7 ties and No. 6 dowels that were installed solely for the purpose
of pullout testing. The reinforcing bar for testing was installed on
8 January 1987 using the same materials and general work procedures as
the production bars. All tests were conducted on 13 January 1987.

Equipment for performing the tests was supplied by the Waterways
Experiment Station Structures Laboratory. ihe equipment included two
parallel mounted 10-ton flat jacks, a center hole jack, a 10,000-psi
pressure gage, a 10,000-psi hand hydraulic unit, and a dial gage. The
parallel flat jack configuration was used to test the No. 7 ties, whereas
the center hole Jack was used for the No. 6 dowels. The two jack con-
figurations were calibrated prior to their use and the calibration data
are attached. The reinforcing bar to be tested had threads provided on
the projecting end for attachment to the testing equipment.

Ties and dowels were installed with the same epoxy (Concresive 1441) and
general work procedures as the production ties and dowels. All were
embedded 15 in. into the monolith wail except for Specimen 7-3. At this
location, reinforcing steel was encountered while the hole was being
drilled and the embedment was 13-1/2 in. rather than 15 in.

The test procedure for the No. 7 ties included the application of the
load in four equal increments up to the required loading of 33 kips.
Extension of the tie was recorded at each increment. The 33-kip load
was then sustained for a minimum of I hour with extensions periodically
measured. Following the 1-hour sustained load, additional load incre-
ments were applied which took the load beyond the theortical bar yield
point.

All three No. 7 ties were successfully tested without failure. Results
of the testing are summarized in pages D27 and D28. Elongations beyond
the theoretical yield point remlained linear. No visible distress was
noted at the surface of the epoxy

The No. 6 dowels were tested in a similar manner but without the require-
ment for sustaining the load for a 1-hour period. Although not speci-
fically noted in the specification, the dowels were tested up to the
yield load of 26.4 kips. Results of the No. 6 dowel tests are summarized
on page 030. Testing was discontinued when the yield load was reached,
at which time extension readings increased without increasing load. Two
dowels yielded at the theoretical load. The third dowel, No. 6-2,
required a 28.8-kip load to reach the yield point. Despite the yielding,
no visible changes to the bars were observed, nor was any visible distress
observed on the surface of the epoxy.

Based on the above tests, the materials and work procedures used to
install ties and dowels result in capacities that meet the requirements
and intent of the project specifications.

LJ25
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Figure D5.1. Test tie and dowel locations
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January 16, 1987
700002

REPORT: Teusile Testing of Rebar to Plate Weld for
Procedure Qualification

CLIENT: Preoter Waterproofing fac.
2311 S. Inoa
Denver, CC 80223

Attn: Chuck Miller

DATE OF TLET: January 13, 1987

PROJECt: Colorado Test Center, Inc. (CTC) was requested by
the client to perform a tensile test on a welded

rebar specimen provided by the client. The primary objective of
the test was to qualify the welding procequre used on the
particular size and type of robar and plate.

The test specimen was supplied for testing by the
ellent and was identified as the followin..

Reinforcing Steel Bar: W7, ¶rade 86 ASTV A706, 18 inches in

leugth

Plate: 1/2" X 3" X 6", grade A36

Weld: 7/16 double flare bevel groove weld grade
E9OXX

TEST
PROCEDURE: The 1/2 inch plate was welded by CTC to a larger

7/8 inch plate and then placed in the testing bay
of a Tinius Olsen Universal Testing Machine. The testing machine
is iu current calibration and traceable to the National Bureau of
Standards. The plate end was affixed to the top cross-head of
the machine while the robar e.d was gripped in the lower
crosahead's jaws. A tensile load was gradually applied (1000
lbs/eec) until ultimate failure ocurred.

TEST RESULTS: An ultimate load of 54,650 lbs. was obtained at
which point the specimen failed in the rebar at the

heat affected zone of the weld. The ultimate strength of the
weldment

54,650 lbs/0.60 inches* - 91.1 ksi

exceeds the speuifled ultimate strength of the parent material
(90 ksi per A3TM A617).

036



Premier Waterproofing Inc.
706002 I
January 16, 1987
Page 2

Two Macroetch samples were made of the rebar and
weld cross sections. Fusion zone, heat affected zone and weld
size were examined and found acceptatle.

Tf you have any questions regarding this report

please feel free to call.

Very truly yours,

COLORADO TEST CENTER, INC.

Th s Engineer

JD:kb

I'

___.__,.037
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"IFABCO INC.

-~~~ Xi:a rAv T NATTON

WELD•,ERS NAME. • I A L •E SSI 587-n3-9693

S1. PRE-WILD Inspecti•on.,

SMaterial, Identif'rcation Condition:
_Material Stamping A-36 Plate -A706 Reber

S~Storage of Welding Consumables

! Surface Condition

Mishandling Alp

Joint Preparation:

Correct Bevel Angle Oe
Proper Cleaning,•_

Propear Root Face

Dimensions Ar"

Special Set-Ups:
Jigging and Bracing_ .__

Pre-Stressing or Pre-Chambering _4

Joint Fit-Up and Tacking!

Root Spacing •

Placement 3f Tacks

Tacks Properl,, Ground

Correct Type Jontn per Drawing .

2. INSPECTION DURING WELDING:

Preheat &1A/
Filler Material (Type and Size) 532 E9018

Electrical Charateristics
(Polarity, Amps) DC POS 170-200 18-24 Volts

Root Pass ae•
Interpass .7emperature ,,Al•

Cleaning between Passes V_•_.

Root Preparaftin to weld Second Side .•Z

Appearance of Passes (Compare to
w'orkmanship sample)

:i•;:!•,D38



Inspection During Welding (Cont'd):

Purte Back Side (Gas & Flow Rate)

Variations from Approved WPS _yxk

3. INSPECTION AFTER WELDING:

Size of Filler Welds
Convexity and Concavity

Finish of Weld Surface

Undercutting

Overlap

Crackin~gA

Surface Porosity & Slag ... s

Lack of Fusion

Incomplete Penetration
Weld Re-enforcement (Cap)

Excessive Grinding

Excessive Center Pinching or othur

Marking All,

"Evidence oa Mishandling 4,0
Need of Other NDT

4. REPAIRS:
Markinq

Inspection of Preparation for Repair

Inspection after Repair

Postheat Treatment

Hydrostatic Testing

S_1-8-87

NDE Technician DATE

D39
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PART VII: CAST-IN-PLACE CONCRETE
MIX AND INSPECTION REPORTS

4
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19 December 1966

CONCRlTE MIX DESIGN

MIX # 85431AW• 3000 pat

CONTRACTOir PREMIER WATERPROOFING COMPANY
PROJECT : CORPS OF W GNEERI STAY-RN-PLACE FORMS
SO0RCE OF CONCRETE : MILLER READY-MIX CO. INC.

IDENTIFICATION OF MATERIALS

CEMENT, BRAND, TYPE LONEaTAR, C-1SO CEX
MINERAL ADMIXTURE TRINITY MATERIALS, C-619 CLASS F
FINE AGGREGATE RUNYON 27 PIT
COARSE AGGREGAT" RUNYON 27 PIT 057
ADMIXTURE, BRAND, TYPE GRACE WRDA-79, A

GRACE DRASET, E
GRACE DARACEM, F

AIR ENTRAZNXNG AUENT GRACE DAREX

WEIGHTS PER CUBIC YARD (SATURATED, SURFACE-DRY)
YIELD. CF

CEMENT, LB. 408 2.05
MINERAL ADMIXTURE, LB. 72 0.51
FINE AGGREGATE, LB. 1300 7.92
COARSE AGGREGATE, LB. 1920 12.11
WATER, LB. (GAL.) 217 (26.0) 3.47
AIR ENTRAINMENT, PERCENT a to 5 1.09

27.15 TOTAL
ADMIX 1, OZ 24.0
ADMIX 2, OZ 96.0
ADMIX a, Oz 43.2
AIP ENTRAINING AGENT, OZ 6.7

WATEkICEMENT RATIO, LSSILS 0.45
SLUMP, INCHES 9.00 (2.00 to 4.00)
Cr'NCRETE UNIT WEIGHT, PCF 144.1

PREPARED SY
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---- -. -

MIiX 6 5I41si aOo0 p9i2 -- PAW a

MiX ANALYSIS

MIX VOLUME, CUBIC FEET V7.R
COARSENESS IQ I fQ + 1)) 64.3
WORKABILITY 34.3
W - ADJUST 33.0
PERCENT MORTAR 51.5
TOTAL FINENESS MODULUS 5.35

45 I --------- I I-----------1---------I----------I
I I I

I I II
1 IIII

40 1 ---------- I--------- I ---------- I---------
w I I I I I
0 I I ........
R I

K 95 1 ----------------------- I-----I .:

A I I5I I* I-I.: : : : : :
B I ml I .:: .:::: ::: :::

BI I I..: :: : : : :

I I

T I ...... : : ::: : : I II

Y I:::::::::: I

25 -.--------- -------- - -------
I I I

SI *I o - TOTAL MrX
I I I I - AOGREOA T ES I

Lb0 ------ I--------- - ------- I---------I

100 so 60 40 20 0

C 0 A R S E N E S 8 c Q I (a + I) 3

MIX CHARACTERISTICS

STONE SAND

SPECIFIC GRAVITY 3.54 R. s
SPASSNO S1IVA, SIEVE 90.0 100.0
I PASSING NO. S SIEVE 1.0 35.0 "t
FINENESS MODULUS 6.97 .63

MINIERAL ADMIXTURE SPECIFIC GRAVITY - 3.L3
EXPOSURE CONOITIONI - NO SEvEjR EXPOSURE
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II C9IIX 0 6542!AWS 3000 pu1-3 -- ' PAGE
PILL. OAATI40TON AlNAL•YSIS~

SIEVE STONE SAN•D PAS'TE TOTAL AG.

S1-1t13" 100.0 1.00.0 100.0

1 94.5 97.5 916.7
914" 70.0 •6.6 81.9
l1i" 46.0 75.9 67.4
aoll" 30.0 100.0 W6.6 57.7

# 4 .0 95.0 54.9 98.3
0 6 1.0 S".0 51.5 34.3
* &1 0.0 79.0 49. 92.2
* 90 64.5 45.1 23.5
0 0 1o.0 o9.6 4.7
0100 3.5 27.0 1.0

2030 0.0 100.0 26.9 010
0925 96.1 235. 0.0

Liquid 69.6 16.9

GRADATION CHART
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WARRENCOUNTY
IE NIINIOG URV ICES CNC

"SUWILAMMOIM rgCVI
WPOODtAZAi o4 @PiwOOlrnPii

CONCRETE CYUNDER TESTS

PROJECT: Premier Waterproofing Co. DATE January 20, 1987
(Purchase Order # 1183)
(Contract # 86-7) LAB. NO.

CeMMWe Jan. 20, 1987 Cy*xindQemby: Mel Carlson
Contmacto Premier Waterproofing Co. Reo to Contractor
WrandoCement QuW0atyPou1rd 2 yds.
Water. W. perw akc of cement Concrete Temperature 41
Mix Oftign No. A Tempwera 38B

-s Age
CynAMr Load Pownd Per Pounds Per mots Shmu

anbMa ToW Square hch SQuse W4ch Tested Wnces LarIan of pow
1260 .") - De

PW - 1 65,500 2300 3000 7 34 WrFS - Stay-in-place
lock wall

PW - 2 63,000 2230 7

PH - 3 112,000 3960 28

PW - 4 115,000 4070 28

I I

WARMm CONYEGIERN SERVICES, INC.

cc M Miller Ready Mix BY pl-4ý
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WARM COUNTY
ENGI•NME ING ERVICKS, INC

UT68S60600ATOWr

VIcKSJPAR VA 30160

CONCRETE CYLINDER TESTS

PROJECT: Premier Waterproofing Co. DATE January 21, 1987

LAB. NO.

ateMade Jan. 21, 1987 Cy)ndOmbedy: Mel Carlson
Contractor Premier Waterproofinq Co. "OPOtCO Contractor
StaN of Cement Oumhty P 1w I yd.
WarW, G. W sack of cement Concrete TeOmrPM"tUre 40
Mix Oeaign No. Air TemPsrture 40*

PN rrn , & AaIReqa Ago
CyINnd LoW P"WadS P Paurif P When Skm
Nunebw ToW SqU, ich SquM InCh T*%f}j W'he, LacahainOf o W1_ 128,0q)_y . _. -,_ _ .. . . ... . ... . . .

PW - 5 75,500 2670 3000 7 3 WES - Stay-in-place

lock wall
PW - 6 74.500 2646 7

PW - 7 122,000 4320 28

PW - 8 124,000 4390 28

IWARREN COUNTY ENINEERING SERVICES, INC.

cc: Miller Ready Mix IV
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WARREN COUNTY
INGLIN NG SIR VICE, INC

1utLmmaoAIoAV f
uwoqmaomi, tN ie'

CONCRETE CYLINDER TESTS

PROJECT: Premier Waterproofing Co. DATE January 22, 1987

LAB. NO.

DateMmde Jan. 22, 1987 Cyldncmaneby: Mel Carlson
Cantnict Premier Waterproofing Co. RePW"C11 Contractor
So o Cement Quntity Pu•med 1 yd
Watr. Go. pw sekck of cement ConcrMt Tempe ature 45"
Mkt Oein No, A Temperuem 40

-• 9 - 1a"'A1
Fgiwgd AVe

Cb Lowd Pounds PV Poung. Ps Whenl hIWO
M~TOW Square fhci SquVt InCIh Towa inchoS Loraoh of Pouw

- 3000 4h Stay-in-place 'Wall

Pw - 10

PW 11 99,000 3500 28

PW - 12 102, t jO0 3610 28

S~WARREN COUNTY ENGINEERING $RVICWS, INC, ;

ces Killer Ready NRC

D47



WAIMN COUNTY

C,0sMMw " SM U80

PROJCT:Premier Waterproof in; Co. DATE .4anuary 22, 1937

LAD. NO.

DINMUO Jan. 22, 1987 M*~mmsby- Ma CarlsonCh Nmmn Premier Waterproofing Co. ý,-,omedt contractor

Vfmr, (NIL per sm* ofm Cuw"MaTewsuae 45,0
mk0SSpNo. AVTwwsrus 400

-FWA A" 4a W n
cLiw PUMOsPg. PIRPW WA ohm

t" SPAWN" somw~ 60m Lauft o vwN

IV - 9 63,500 2650 3000 7 41t Stay-in-place wall

9W - 10 62,000 2250 7

1W - 11 99,000 3500 28

1W - 12 102.000 3610 23

WAKR4COUNYWMIS VCS C
CC: IMiller Ready Niz

_____ _____ _ - D48



WARREN OUNTY

IiSSi~iIUm1U.
•IINC

CONOMST CYUND TESTS

PRO=!: . Pretier waterproofing Co. CATE January 23, 1987

LAS. NO.

04:r Jan. 23, 1967 CO"Obw" a:Ml Carlson
u NO Premier waterproofing Co. A-nU S Contractor

b'd OsOnr QWIn' P _ P.6n ilia

MkbS~~*10. A"~nui
__I__ _ 3ui• rai ..I~~

cowLow POSMPW PWAMPW "W
WA*WTWM lowea a~ft TOWN bokm I F 41pow.

l - 13 76,000 2690 3000 7 3. Stay-in-place Wall

PW - 14 77,500 2740 7

PW - 15 112,500 3980 28

PW - 16 113,500 4010 28

- m m• -

act Miller ftaty lux.j
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-WA OOUNTY

WIMRMbISS10

PROJECT: Premier Waterproofing Co. DATE January 27, 1967

LA& NO.

OtM0 Jan. 27, 1987 Cyb*mwaIU :by Mel Carlson
oum Premier Waterproofing Co.. ResMit Contractor

SInMACCMM4 avo mPow S% yds.!lw, ¢M lW'a~ oSf~l Clwti!'ninpmlft 5Sl

PW - 17 74,50O0 2640 3000 7 4 St:ay-in-piacw L~oc'k Wal

PW - 17 75,500 2670 7

1w - 19 107,000 3700 2a

PW - 20 105,000 3710 28

SWAI~~~~liN COUNlTY EINUNNG• SgVICSS, l-

ces Killer Reedy Mix od
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WAMMON •; ,Y

1IMuM aumIfaw Uv

w~ciumom, uswieo tt0 2,198?

CONCRETE CYLOM TEIrS

PFOJECT Pretier Waterproof ing Co. DATE January 28, 1907

LA&. NO.

OstmdWMs Jan. 29, 1987 C*•NwsAuobv: Mel Carlson
OuAtv Premier Waterproofing Co. Nww to Contractor
grooifCmeM CAm0ioPSumd 2% yde.
Wor. adt pu elm* ofmant Cmo-ro Tempmsufe So*
MROOMnPo. ATemawbte 6"Se

,Itnr in A4 r Alt

StaU p'Um• • '• tmiw In bon I0•TOM sw•NMt SPAM k Tmot IMM eman ofM.

PV - 21 75,000 2650 3000 7 6 Locking Wall

PW - 22 77,500 2740 7

PW - 23 105,000 3710 28

PM - 24 97,500 3450 2e

D51
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APPENDIX E: QUALITY CONTROL PLAN

The Quality Control Plan was prepared from the perspective of a con-
tractor about to use a precast forming system to perform repairs to a
navigational lock. This plan should satisfy the Corps of Engineers
standard specification requirements (Section 01400) of a quality control
plan submittal by the contractor. Standard Corps of Engineers forms and
procedures have been incorporated whenever possible. This document can
be used as a benchmark to compare to actual submittals from contractors
or, with modifications to the wording, it can be appended to the contract
documents for any given project. Information contained in brackets
represents choices to be included in the text or commentary.

kAi
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QUALITY CONTROL PLAN

Project Name_________________________

Project Number _______________________

Submitted by

Contractor _________________________

Contracting Agency______________________

Contracting Officer _____________________

Contractor' s Representative ________________
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I. IMPLEMENTATION

A. INTRODUCTION

The work covered by this contract includes the use of precast
concrete stay-in-place form panels in conjurnction with cast-in-place
infill concrete to repair deteriorating navigational lock wall surfaces
The repair will encompass lin ft of lock wall surface with typical
monolith dimensions of ft wide by ft high. The completed
installation will include a-total of precast panels and cu
yd of cast-in-place concrete. All panels will be cast at a[n] ------
[on-site, remote] precasting yard and stored until they are required for
erection. The form panels are erected in a horizontal oriertation and
attached to the lock walls using [welded, mechanical] ties.
Some panels contain embedded lock hardware. Additional lock hardware
will be incorporated at joints between the panels and embedded into the
infill concrete. The overall success of this repair depends on the
Contractor's ability to install panels and construct closure pours to
the tolerances specified in the contract documents while minimizing lock
closure time.

B. OBJECTIVES

As a condition of the contract, a quality control (QC) plan will be
implemented by [contractor] to verify that all facets of the
lock wall repair work are completed in accordance with the contract
requirements. This document presents an outline of such a QC plan,
including a comprehensive list of all required tests and inspections,
identification of QC personnel, establishment of authority, and communi-
cations. Appropriate forms have been developed to document inspections
for the project record and these have been incorporated in the appendix.

C. RESPONSIBILITIES AND AUTHORITY

Responsibility for the quality of the completed work rests with the
contractor's project manager (PM). A QC staff, as shown in the organiza-
tion chart (Figure El), will perform the detailed QC functions described
herein and report to the project manager (PM). The PM will assure that
production superintendents are knowledgeable relative to the requirements
of the QC program and cognizant of the authority vested in the QC staff. a

A QC manager (QCM) will be responsible for the activities of the QC
staff, as identified in Figure E2. The QCM will maintain daily communi-
cations with the PM regarding the status of QC matters. The QCM will be
notified of any nonconforming work by the QC inspectors and will deter-
mine the need for suspending work to prevent recurrence. The QCM has
the authority to issue stop work notices to the production superintendent.
After stopping work, the QCM, PM, project engineer (PE), production
superintendent, and Corps of Engineers resident engineer (COE RE) will
meet to resolve the nonconformance. In the resolution of quality versus
production schedule conflicts, quality concerns shall govern. All
instances of nonconforming work shall be documented by a nonconformance V .
report, as outlined in Section III.
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Figure E2. QC staff organization
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The general superintendent will notify the QCH when a unit of work
is complete and ready for final inspection. The QCM will verify that
all contract requirements have been satisfied by pe-forming field
inspection% and measurements and verifying the documentation in the
files. If all requirements are satisfactorily completed, the QCM4 will
advise the PR that the unit of work is ready for submitting for accep-
tance. Upon the PM's concurrence, the Corps of Engineers contracting
officer (COE CO) will be notified in writing that the specific work is
ready -for acceptance. No work will be accepted with an unresolved
nonconformance report.

D. COMM4UNICATIONS

Coar-unications, will follow the lines shown in the organization
chart in Figure El. Two levels of communications are required to ensure
that work is performed to the required quality. The first level repre-
sents formal transmittals between the contractor and the COE, which
includes serially numbered transmittals over the PM4's signature. These
include factors such as recurrence of QC problems, schedule variations,
design conflicts, and other contractual issues. The second type of
communications occurs at the "worker's level,"' which includes actions,
resolutions, exchanges of data, etc., that are within the limits of the
contract documents. Typical correspondence includes daily inspection
reports, checklists, internal memoranda, and discussions.

Regular meetings will be held at one-week intervals to review the
performance of the QC program and other related QC concerns. Attendance
by the COE RE, PM, PE, and QCM shall be mandatiry. The presence of
individual QC staff members may be requested by the COE RE, PM, or 0CM.
Special meetings may be called by the COE CJ at any time. Minutes of
all meetings shall be prepared by the P14 and distributed to all in
attendance within five working days of the meeting.

QC staff members have the authority to directly discuss QC matters
with individual trade superintendents in an effoit to avert nonconform-
ing work. These discussions are not contractual obligations that intend
to create change orders to the contract with cost and schedule impacts.
These discussions are to maintain communications to clarify what is done
within the limits of the contract documents. If a resolution cannot be
reached at this level, the QCM will be notified. The QC staff members
also have the authority to discuss quality matters directly with members
of the CUE RE's quality assurance (QA) staff.

E. DOCUMENT CONTROL AND RECORDS

All correspondence will be addressed by the PM to the CUE CO and
serially numbered, commencing with No. 1, with no numbers missing or
duplicated. All correspondence, including attachments, will be provided
in quintuplicate (five copies). All sequential transmittal numbers will
be assigned by the PM, who will also maintain an outgoing correspondence
log. Copies of all outgoing correspondence will be contained in master
files maintained by the P14's staff and will be arranged sequentially by

E8



rectipient and by subject. The PH will forward copies of correspondence
pertaining to quality matters to the QCI for the QC files.

All incomi ng correspondence will be date stamped and -orded i n
incoming correspondence logs. The PE will read all corresp ence and
determine the distribution list for reading and subject file ignment.
The PE will also designate responsibility for responding tt -tion
item. The PE and all staff on the distribution list will 1. al the
correspondence to xckrowledge that it has been read. Corres, dance
will be maintained in both sequential and subject files similar to the
outgoing correspondence files.

A filing system also will be maintained by the. QC4. This filing
system shall contain all correspondence pertaining to QC matters, records,
and documentation. Separate files will be maintained for each standard
form used by the QC staff. In addition, the QC files will contain
copies of all approved submittals, incoming and outgoing correspondence
pertaining to QC data, and informal memoranda. The QC files will be
open at all times to the COE CO's QA staff and will be turned over to
the COE CO at the closure of the job.

E
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11. CONTRACTOR SUBMITTALS

Submittals required to provide evidence of compliance with contract
documents have been compiled on ENG Form 4288. (All required Form 4288s
would be inserted following this page.] Specific submittals requiring
review and approval by the COE CO have been noted on the form. No work,
including materials procurement, will commence iintil approval has been
receivad from the COE CO. Those submittals not specifically requiring
approval by the COE CO will be reviewed by the contractor for compliance
with the contract documents. Each submittal will be stamped on the
first sheet and signed to indicate completion of review and approval.
The P14, PE, and QCM have the authority to approve contractor submittals,
depending upon the type of submittal.

Submittals for shop drawings, work procedures, choice of materials,
samples, certificates of compliance, etc., will be prepared under the
supervision of the PE. Submittals pertaining to material conformance to
specified standards such as material certificates, gradation analysis,
and other test results will be reviewed and approved by the QCI4.

All submittals will be forwarded to the COE CO with a serially
numbered transmittal document, ENG Form 4025. All information required
to identify the transmittal will be provided.

All comments by the COE CO will be incorporated into the submittals.
Submittals identified as Action Code C or E will be revised and resub-
mitted. No work will be started until an Action Code A or B is returned
by the COE CO.
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III. GENERIC QUALITY CONTROL REPORTS

The QC staff below the QCM will be assigned to cover specific
construction activities as described in Sections IV through IX. QC
activities and documentation specific to a particular work activity are
described in these sections. Standard forms for the docuumentatlon are
contained in the appendix. This section describes quality control
documentation that will be generally used by all QIC staff inspectors.

Every inspector will submit a daily Inspection report to the QCN.
Ir'formation to be included in the report is described on Form QC-O and
includes such i teas as work progress, weather conditions, number of'
workers, equipment, conflicts in drawings and specifications, delays,
and safety. The four phases of inspections and tests are as follows:

Preparatory inspections include all activities that are to be
performed prior to beginning each feature of any on-site construc-
tion work. Preparatory inspections include the following: (a) a
review of submittal status, (b) a check to determine that provisions
have been made for the required field control testing, (c) an
examination of the work area to ascertain that all preliminary work
has been completed, (d) verification of all field dimensions and
advisement of discrepancies or other conflict in the drawings or
specifications, (e) a physical examination of materials and equipment
to assure that they conform to approved shop drawings or submittal
data and that all materials and/or equipment are on hand, and

Mf verification of instructions from the goyernment or other
resolutions from QC meetings.

Initial inspections will be performed as soon as work begins on a
representative portion of the particular feature of work and will
include examination of the quality of workmanship as well as a
review of control testing procedures and results for compliance
with contract requirements. As part of these inspections, the
number of personnel in trades arnd hours worked and any instructions
received from the government will be noted.

Follow-up inspections will be performed continuously as any par-
ticuiar feature of work progresses, to assure compliance with _
contract requirements including control testing, until completion
of that feature of the work. The inspections will also include
notation of delays to the work, defects, rejection of work, proposed
remedial actions, corrective actions taken, and any instructions
from the goverim'-nt.

Safe inpectonswill be performed daily to assure compliance
wit OSA ad E4 35-11.Daily QC reports are used to document

the safety deficiencies and corrective actions taken. QC staff is
used to perform these inspections.

Form QC-l, a certificate of compliance, will be used to document

that materials or workmanship meet specified requirements. For
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example, the firm my be used when mill certtifcates, test results,
etc., are not readily available.

If an occasion arises in which the work is not corrected
before it is completed, the QC inspector will prepare a nonconfor-
mance report (Form QC-2), which will be acknowledged by the PM4.
The nonconformance report will be transmitted to the COE CO by the
PH within 24 hours of Issuance by the QC ins•ector.

Remedial measures to corpect the nonconforming condition will
be developed by the PE. The remedial measures may be to reject the
work entirely and start over. The proposed corrective measures
will be submitted to the COE CO for approval prior to the commence-
wont of repairs. Once approved, the repairs will be carried out in
the presence of a QC inspector, who will verify that the materials
and procedures are per the approved submittal. The inspector will
sign off on the nonconformance report and submit it to the QCM for
closure. No work will be submitted for acceptance with open noncon-
formance reports.

Other typical documents that the QC staff will maintain include
the following standard COE forms:

Transmittal of Shop Drawings, etc. (NPO 300)
Screen Analysis of Concrete Aggregates (NPD 88)
Gradation Curves (ENG 2087)
Report of Concrete Mixture Design Methods (NPD 359)
Transit Mix Concrete Control Record (NPS 302)
Data Sheet Compressive and Flexural Strengths of Concrete

(NPD 355)
Statistical Evaluation of Concrete Compression Tests (NPS 57)
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IV. STEEL FABRICATION

A. ,ACKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC inupections and tests required in the
production of lock hardware and miscellaneous steel embedments for panel
erection. The inspections will be performed by a person experienced
with general fabrication shop procedures and workmanship, including
surface preparation and painting. In addition, the inspector shall be
AWS-certi fi ed.

All work will be performed per the following documents. The inspec-
tor will be thoroughily familiar with their requiremen~ts.

Project Specifications, Section 05500
AISC Steel Construction Manual
AISC Code of Standard Practice
AWS D1.1, Structural Welding Code, Steel
AWS D..4, Structural Welding Code, Reinforcing Steel

B. RESPONSIBILITIES OF THE QC INSPECTORS

Specific responsibilities of the QC inspector will include the
following .tems:

1. Verifying that shop drawings have been approved and released
for construction.

2. Reviewing and becoming familiar with all other submittals
related to stL, el fabrication, such as work procedures and
catalog cuts, and verifying their action code.

3. Obtaining weld procedure specifications and verifying that
these have been qualified. Obtaining ;.pplicable test results
if necessary.

4. Obtaining welder qualification records.

5. Obtaining and reviewing steel mili certificates for the steel
to be incorporated into the work.

6. Verifying stockpiling of materials and selection of correct
materials for use in the work.

7. Checking dimensional fit-up to verify that it is within AISC

tolerances.

8. Verifying proper calibration and setup of weld equipment.

9. Inspecting welds.

E13
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10. Verifying surface prepiration and painting procedures. Verify-
ing that the required surfaces have been painted.

11. Obtaining periodic samples of steel as requested by the COE CO's
QA staff and delivering them to the COE for testing.

C. REPORTS AND QC DOCUMENTATION

Reports will be prepared to document fabrication ar.d quality control
procedures. Daily inspection reports (Form QC-O) will be prepared to
record work progress. Checklist QC-3 will be prepared for specific
pieces or groups of like pieces fabricated simultaneously. When Check-
list QC-3 has been approved by the QCM, the fabricated elements are
ready for incorporating into the subsequent work (precast panels, cast-
in-place concrete). Nonconformance repcrts (Form QC-2) will be prepared
as needed.

E14
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V. PRECAST PANEL PRODUCTION

A. BACKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC inspections and tests required in the
production of precast concrete panels. The inspections will be per-
formed by persons experienced with general concrete production practices
including preparation of formwork, reinforcing bar installation, concrete
sampling, placing, finishing, and testing.

All work will be performed per the following '',cuments. The inspec-
tors will be thoroughly familiar with their requirements.

Project Specifications, Sections 03100, 03200, 03300, and 03400.

ACI 301, Structural Concrete for Buildings.

ACI 318, .Building Code Requirements for Reinforced Concrete.

PCI NNL-116, Manual for Quality Control for Plants and Production
of Precast Prestressed Concrete Products.

B. RESPONSIBILITIES OF THE QC INSPECTORS

Specific responsibilities of the QC inspectors will include the
following items:

1. Verifing that shop drawings have been approved and released
for construction.

2. Becoming familiar with all other submittals, such as work pro-
cedures, concrete mixtures, and materials, and ascertaining
their action code.

3. Obtaining and reviewing for compliance mill certificates for
the cement and reinforcing steel to be incorporated into the
work. Verifying that the aggregate gradation and condition
remain consistent throughout the course of the project.
Requesting additional testing if required.

4. Verifying that reinforcing bars have been stored in an accept-
able manner.

5. Checking formwork preparation, including cleaning and oiling
and dimensional fit-up. (Tolerances are listed on Form QC-4.)

6. Checking QC files to assure that steel fabrications have been
approved for incorporating into the precast panels (QC-3).

7. Verifying accuracy of blockout placement and the location of
hardware and other embedments. Checking to make sure all
blockouts and embedments are securely fastened to the formwork.

E15



8. Checking rtinforclng bars. and welded wire fabric for grade,
size, bending accuracy, location, cover, ties, and splice
locations. Providing samples for COE testing as requested by
the COE CO's QA staff.

9. Verifying locations of miscellaneous inserts required~ for
follow-on construction and locations, lengths, and fixing of
lifting devices.

10. Prior to coummencing concrete placements, verifying QC inspec-
tor's sign-off on Form QC-4.

11. Performing tests and obtaining samples at the frequencies
outlined in Table El.

12. Observing concrete placing procedures, compaction, arid finishing.
Performing checks to verify panel thicknesses.

13. Verifying that approved curing practices are followed. Ascer-
taining that temperature recordings during curing are monitored.

14. Determining strengths of concrete at time of lifting panels
out of the formwork.

15. Inspecting panels for surface irregularities or defects.
Enforcing the use of approved methods for repairs.

16. Checking arrangement of bunking and other storage requirements.

17. Performing final inspections to verify that panels are within
dimensional tolerances. Noting any panel cracking and deter-
mining whether cracking is within approved criteria.

18. Verifying that panel loadout for transportation to the erection
site is per the submitted and approved procedure.

19. Maintaining a running statistical evaluation of concrete com-
pression test results. Making sure that the required average
strength (f' ) is consistent with the standard deviation or
coefficient f variability and the limiting probability for
low test results. [Limiting probability will be stated in the
specifications; however, a 1 in 100 limiting probabiliy would
be appropriate for the precast panels.]

C. REPORTS AND QC DOCUMENTATION

Reports will be prepared to document precasting and quality control
procedures. Daily inspection reports (Form QC-O) will be prepared to
record work progress. Checklist QC-4 will be prepared for specific
panels or groups of panels constructed at the same time. When Check-
list QC-4 has been approved by the QCM, the formwork is ready for concrete
placement. Checklist QC-5 will be prepared to document the concrete
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placement activities and to acknowledge that concrete strengths have
been achieved. Checklist QC-6 will document visual inspections of the
finished panel, including required repairs, whIle QC-7 will be a record
of the as-built measurements. All four checklists must be approved by
the QCI before he allows a panel to be shipped. Checklist QC-5 has line
items to acknowledge completion of QC-6 and QC-7; therefore, QC-5 will
be used to determine when a panel or groups of panels are available for
delivery. The QCN will forward copier. of Checklist QC-5 to the PM,
informing him of the availability of specific panels for erection.
Nonconformance reports (Form QC-2) will be prepared as needed.

I
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TABLE El
CONCRETE TESTING

Minimum Sampling and
Material Test Testing Frequency

Portland cement Chemical and Manufacturer's certificate of
and pozzolan physical tests compliance with a test Teport

for each delivery or lot.
Submit a 10-olb sample for
every other certification.

Admixtures Certification of Upon request by contracting
compatability officer, 1-qt samples are to be
and samples submitted during progress of

work. Certification including
test results for each lot are
to be submitted.

Water Sample and test A sample and/or water quality
test if requested by the con-
tracting officer.

Coarse aggregate Gradation One test every 500 cu yd of
(for each grading concrete.
size) 1

Deleterious One test initially and there-
substance after when appearance makes the

material suspect.

Abrasion One every 5000 tons of
aggregate.

Moisture, One initially and every 250 cu
specific gravity, yd thereafter. One moisture
and absorption 2  to be conducted prior to any

batching and more frequently
if hauling and storage do not
provide a consistent moisture
content.

EI
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TABLE El
CONCRETE TESTING (continued)

Minimum Sampling and
Material Test Testing Frequency

Fine aggregate' Gradation and One every 250 cu yd of
fineness modules concrete.

Deleterious Same as coarse aggregate.
substances
Moisture, Same as coarse aggregate.
specific gravity,

and absorption2

Concrete Slump Conduct test for each day's
production with an additional
test for each increment of
50-cu-yd production on a given
day. Conduct tests more
frequently if batching appears
inconsistent. Conduct with
strength tests.

Entrained air Conduct with slump test.

Ambient and Conduct with slump tests.
concrete
temperatures

Unit weight, Conduct with strength tests.
yield, and water/ Check unit weight and adjust
cement ratio aggregate weights to ensure

proper yield.

Compressive Take two sets of three cylinders
strength and at time of performing slump
evaluation of tests. Test two cylinders
results per prior to lifting panels out of
ACI 214 forms, and two cylinders at
(includes unit 7 days and two at 28 days. A
weight of each plot and statistical evaluation
cylinder) shall be maintained in accor-

dance with ACI 214 for com-
pressive strength results. The
required average strength shall
be the design strength fc plus
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TABLE El

CONCRETE TESTING (continued)

Minimum Sampling and
Material Test Testing Frequency

the required overdesign factor
(ASTR C 94, Table 3). The
limiting probability of tests
fallin• below the required
strength shall be as required
by the specifications. Cylin-
ders to verify strength at
picking shall be field-cured.

Batching and Contract Contractor compliance with
mixing equipment compliance ASTM C 94, "Standard Specifica-
tests tions for Ready Mix Concrete,"

with documentation, reports,
and certification of
compliance.

Curing compound Certification and A 1-gallon sample to be sub-
submittal mitted initially with certifi-

cation and test results, for
each lot and type of curing
compound.

Vibrators Frequency and Check frequency and amplitude
amplitude initially and any time vibra-

tion is questionable.

1 A petrographic report for aggregate is required with the sample for
source approval. If the total amount of all types of concrete is
less than 200 cu yd, service records from three separate structures
in similar environments that used the aggregates may substitute for
the petrographic report.

2 Aggregate moisture tests are to be conducted in conjunction with
concrete strength tests for water/cement calculations. f
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VI. LOCK WALL DEMOLITION, SURFACE
PREPARATION, AND TIE INSTALLATION

A. BACKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC in~spections and tests required to
verify that surface excavation and preparation are completed in accordance
with the contract document~s. The inspectors will have general heavy
(civil works) construction experience, including drilling, blasting,
excavation, layout, and surface preparation work. Underwater construction
may be required, and a certified diver/inspector will be retained to
witness such work on an as-needed basis.

All work will be performed per the following documents. The inspec-
tors will be thoroughly familiar with their requirem~ents.

Project Specifications, Section 02071

Cor'ps of Engineers Technical Letter ETL-111O-2 275, Concrete Removal
Methods

B. RESPONSIBILITIES OF THE QC INSPECTORS

Specific responsibilities of the QC inspectors will include the
following items:

1. Reviewing submittals related to work procedures and verifying
their action codes. Checking to see that such procedures are
being implemented as documented.

2. Checking the establishment of a reference system for use in
dimensional control during construction.

3. Verifying that the extent of the area to be excavated has been
correctly identified.

4. Verifying that excavation of deteriorated surface has been
carried to sound concrete.

5. Checking for overbreakage along the perimeter of excavation
and determining whether remedial measures are required.

6. Checking tie hole locations, depths, and diameter.4

7. Verifying that tie holes have been cleaned out subsequent to
drilling.

8. Witnessing and documenting test t~e installation, testing
procedures, and results. (Workmanship and materials for
production ties will be identical to those of the test instal-
lation procedure.)
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9. Verifying procedures used during prnduction tie installation.

10. Perfrming random load tests on production ties. Using cali-
brated equipment to test 5 tits out of 100.

C. REPORTS AND QC DOCUMENTATION

Reports will be prepared to document excavation progress and quality
control procedures. Daily inspection reports (Fore QC-0) will be pre-
pared to record work progress. Checklist QC-8 will be prepared for
individual monolith segments. Approval by the QCM indicates that the
monolith is ready for erection of precast panels. Nonconformance reports
(Form QC-2) will be prepared as needed.
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VII. PANEL ERECTION

A. BACKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC i spections and tests required to
ensure that precast panels are erected auad attached to the lock wall as
required by the contract documents. The inspectors covering this work
will be experienced in all phases of precast cncrete erection. In
addition, where tie welding is required, the Inspectors will be AWS-
certified. The use of a diving inspector may be required for the bottom
panel, which will be partially submerged, and a certified diver/inspector
will be retained to inspect such work on 4n as-ne'eded basis.

All work will be performed per the following documents. The inspec-
tors will be thoroughly familiar with their requirements.

Project Specifications, Section 03400
AWS 01.4, Structural Welding Code, Reinforcing Steel

B. RESPONSIBILITIES OF THE QC. INSPECTORS

Specific responsibilities of the QC inspectors will include the
following iteus:

1. Reviewing submittals related to work procedures (erection ,and
rigging diagrams) and asertaining their action code disposition.
Verifying that such procedures are being successfully imple-
mented and followed throughout the work.

2. Verifying that the required panels are available for erection
(Checklist QC-5) and that all surface preparation work is
complete (Checklist QC-8).

3. Checking the condition of the panels upon their arrival at the
erection site and comparing them to their condition at loadout
(Form QC-6). Recording any damage caused by shipment and
determining the need for remedial measures.

4. Verifying that rigging and lifting equiplent are properly
maintained throughout the course of the construction. Spot
checking that all connections between panels and rigging are a
adequately secured. Noting any unusual wear or signs of
distress and notifying the erection superintendent immediately.

5. Verifying that surface cleaning of both panels and monolith is
completed prior to the erection of the panels on the monolith
wall.

6. Verifying that required tolerances have been achieved after a
panel has been positioned and Lemporarily secured. (Toler-
ances rvr shewn on Checklist QC-9.)
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7. Allowing work to proceed on the remainder of the fore tie
connections only if the panel has been positioned to the
required tolerances.

8. Visually inspecting each tie connection to verify that it has
been comleted as required.

9. Verifying that the required item are provided at joints
betwen adjacent panels (shims, seals, etc.)

10. Verifying that the minimum required number of tie connections

has been completed if work is suspended for a lock opening.

C. REPORTS AND QC DOCUMENTATION

Each inspector will complete daily inspection reports (Form QC-O)
to record work progress, weather conditions, number of workers, equipment,
etc. Checklist QC-9 will be prepared for individual monolith segments.
Approval by the QCN will indicate that the monolith is ready for instal-
lation of formwork and placement of cast-in-place concrete. Noncon-
formance reports (Form QC-2) wi 1 be prepared as needed.
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VIII. CAST-IN-PLACE CONCRETE

A. N REFERENCES AND QUALIFICATIONS

This section defines the QC inspections and tests rqulred to
ensure that cast-in-place concrete for the infill behind the panels and
for closure cap pours meets the requirments of the contract documents.
The inspections will be performed by parsons experienced with general
concrete production practices, including preparation of forauork, rein-
forcing bar installation, concrete sapling, placing, finishing, and
testing.

All work will be performed per the following documents. The inspec-
tors will be thoroughly fmiliar with their requirements.

Project Specifications, Sections 03100, 03200, and 03300
ACI 301, Structural Concrete for Buildings
ACI 318, Building Code Requirements for Ptinforced Concrete

B. RESPONSIBILITIES OF THE QC INSPECTORS

Specific responsibilities of the QC inspectors will include the
following items:

1. Reviewing submittals for materials, work procedures, shop
drawings, etc., and verifying the status of the assigned'
action codes. Making sure that documented procedures are
being successfully implemented and followed throughout the
work.

2. Obtaining and reviewing for compliance mill certificates for
the cement and reinforcing steel to be incorporated into the
cast-in-place concrete. Verifying that the aggregate gradation
and condition remain consistent throughout the course of the
project. Requesting additional testing if required.

3. Verifying that panel erection work has been satisfactorily
completed (Form QC-9).

4. Checking that the required embedlents have been approved
(QC-3) and verifying whether their installation is within
specified toleraaces.

5. Inspecting reinforcing steel location, bar sizes, grades,
splice location, etc. Providing samples for COE testing as
requested by the COE CO QA staff.

6. Inspecting the formwork to ascertain that finished surfaces
will be constructed to the specified tolerances. Checking to
see that forms have been adequately cleaned and oiled.
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7. Performiog the concrete tests 1nd obtaining the required
samples as outl nod o.n Table El in Section IV during concrete
production.

S. Observing concette placing procedem, compaction, and finishing.

9. Verifying that approved curing measures are followed.

11. Maintaining a vunning statistical evaluation of concrete com-
pression test results. aeking sure that the roquired average
strength (' ) is consistent with the standard deviation or
coefficientCEf variability and the limiting probability for
low test results. [Limiting probability will be stated in the
specifications; however. a 1 in 10 limiting probability would
be appropriate for cast'-in-place concrete.]

C. REPORTS AND QC OOCUNENTATION

Each inspector will comqlete daily inspection reports (Form QC-O)
to record work progress, weatheT conditions, number of workers, equipment,
etc. Checklist QC-1O will be prepared by monolith segment to document
the status of the work. Checklist QC-11 will be prepared to document
the concrete placement activities and to acknowledge that concrete
strengths have been achieved. Nonconformance reports (form QC-2) will
be prepared as needed.

A
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IX. FINAL INSPECTION

A. BACKGROUND REFERENCES AND QUALIFICATIONS

This section derines the QC inspections required to ascertain that
all work associated with an individual monolith section has been com-
pleted and that the work is ready for submitting to the contracting
officer for acceptance. rc iinspections will be performed by persons
with general construction ivspection experience including surveys for
verifying as-built dimensions. Some underwater inspection that can be
coord4 nated with a diver/inspector will be necessary.

A'] work will re performed per the following documents. The inspec-

tors will be thoroucý.4 y familiar with their requirements.

Project Sperifications, Sections 03100, 0327.;:, and 03300

B. RESPONSIBILITES OF THE QC INSPECIORS

Specific re3ponsibilities ot the QC inspectors will include the
following items:

1. Inspecting all concrete surfaces after removal of Lhe formwork
to determine if any surfece defects that require remedial
measures are present. Documenting locations of surface defects.
Verifying that repair procedures have been documen'ed and
approved prior to their -.. iplementation. Observing any repairs
to confirm that the approved procedure was followed.

2. Verifing that all miscellaneous surface stoning, grinding,
sacking, etc., nave been saLisfactorily completed.

Reviewing documentation for all work required to complete the
repairs for tne monolith section under consideration. Making
sure that the QC file for each monolith section contains
copies of all forms used to verify completion of the work.

4. Ohtaining measurements to verify whether the final installation
is within the specified tolerances.

C. REPORTS AND QC DOCUMENTATION

Each inspe,,tor will complete daily inspection reports (Form QC-O)
to record work progress, weather conditions, number of workers, equipmenr.,
et... Checklist QC-12 will be prepared by mcnolith segment and, whan
completed, will be used to notify the COE CO that the referenced monolith
section' has been completed in its entirety and is ready for acceptance.
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X. APPEARANCE STANDARDS

To assist in interpreting the contract requirements with respect to
overall appearance, standards of comparison will be established for
precast panels and for thie completed installation.

After the first group of panels is completed, one panel will be
mutually selected by the COE CO and the contractor's PM to best represent
the minimum standard for surface texture, finish, and coloration. This
panel will be retained at the precast plant until all panels have been
approved for erection. If possible, minimum acceptable surface defects
will1 be identified on this panel and used to determine the need for
defect repairs.

The first monolith section completed will likewise be finished to
the minimum required appearance criteria (surface texture, finish, and
coloration) as mutually agreed upon by the COE CO and the PM. If possible,
minimum acceptable surface defects will be identified. All remaining
monolith sections will be compared to the baseline monolith to determine
acceptable appearance.



XI. REFERENCE INFORMATION

C~ontract Design Drawings

Number Title

Contract Shop Drawings

Number Title

Corps of Engineers Resident Engineer's Manual

Corps of Engineers Quality Assurance Man~ual
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XII. STANDARD QUALITY CONTROL FORMS

Form Title

QC-O Daily Construction Quality Control Report

QC-1 Certificate of Compliance

QC-2 Nonconformance Report

* QC-3 Steel Fabrication Checklist

QC-4 Precasting Inspection Checklist

QC-5 Concrete Placement Checklist

QC-6 Handling, Storage, Finishing, and Shipment

QC-7 As-Built Measurements

QC-8 Demolition and Surface Preparation Checklist

QC-9 Panel Erection Checklist

QC-10 CIP Preplacement Inspection Checklist

QC-11 CIP Concrete Placement Checklist

QC-12 Final Inspection Checklist

ENG 4025 Transmittal of Shop Drawings,, Equipment Data, Material
Samples, or Manufacturer's Certificates of Compliance

ENG 4288 Submittal Register

NPD 300 Transmittal of Materials Samples

NPD 88 Screen Analysis of Concrete Aggregates

ENG 2087 Gradation Curves

NPD 359 Report of Concrete Mixture Design Methods CRD-C3 and 10

NPS 302 Transit Mix Concret.e Control Record

NPD 355 Data Sheet - Compressive and Flexural Strengths of Concrete

NPS 57 Statistical Evaluation of Concrete Compression Tests
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(tample of Tpical Contractor Quality Control Rplort)

COUr•TAAO• S NAM
(Address)

DAILY CONSTRUCTION QUALITY COUtROL UPOIT?

Date: Report No,.

Contract No.:

Description and Location of Work:

EL&THlR: (Clear) (P. Cloudy) (Cloudy); Tmeperature: Min. iaz';
(Snow) (Rainfall) .In_-- !uches.

Contractor/Subcoutractor Activityt

Contractor/ Time
Vork in Froress Subcontractor Craft Worked

b.

Ce

d.

f,

5.

h,

Equipment Data: (Indicate items of construction equipment, other than hand
tools, at the job site and whether or not used.)

contractor/ Time

Equipment Subcontractor Cra ft used

b.

C.

d. I
Co

Fo~m OC-O
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1. Praearatory Inapections

2. Initial Inspections

3. Follow-Ulp Insoections

4. Safety Insoections

CONTRACTOR'S VERIFICATIONs The above report is complete end correct and all
material and equipment used and york performed during this reporting period
are in compliance with the contract plans and aFecificationt except as noted
above.

CONTRACTOR QUALITY CONTROL INSPECTOR
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Toe . ..... ... . . Date -

CEwT" I Fr [ E OF C1PLI NCE

CORPS OF UNS[NKEfRS
P4^V'I " ITONIL LOCK REKPDIRS

USING
PRECdS"r" CONCRETr S'%Y- I N-PIL.CE FORMS

(2) Reference Projecti .....

Contract Number:

(3) Material -

(4) In accordance to the requirements of the Contract Specifications and
dramings, we hereby certify that the materials furnished per the
attached documents to be in compliance with the requirements of Speci-
fication Section ,_, Paragraph , or
Drawing , and the follosing referenced standard(s):

S(5) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(6) Tests were performed bys __,

and are on file with the amaufacturer. Copies can be made available on
request.

Test tesults Attached

Testing Not Appl icable

(7) 1 certify that the absuu statements are true and correct, and the
materials delivered comply with the Contract Requirements.

_ _ _._,_ _ _ _Datest _

(frlfr Authorized HfS's Representatlve, Contractor)

Form SC-I
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INSTR'"rIaNS FOR "CERTIFICATE OF COMPLI94CE' FORM

(I) Nme and address of the Purchaser of the materials being certified

(2) Project Title, Contract Number

(3) A brief description of the materials being certified.

(4) The applicable specification isumber and paragraph numbar or drawing
number of the materials being certified.

(5) The applicable referenced standard(s) of the materials being certified
such as ASTh, AIINTO, etc.

(6) Check the appropriate box for test requirements; fill-in. camplete name
and address of the Testing Agency if the first box is checked.

(7) Certification of Materialsl signature and complete address of
Manufacturer, Manufacturer's representative, or contractor.

Documentation relative to the material being certified such as catalogue
cuts should be attached.

E3
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Cotract Nine
Contract omber _

NCR No. -

Date ........ Locat Ion

Reference Orming or Speclficatito Sections .....

Descriation of 4 N-Comfarmae. i

lnitiated by A__ _cknowledged by
Kc Inspector Project Mnager

Promosed CQrective Action

Submitted by _- ,, _ Approved by Proet "'
Project Engineer Project Manager Date

ContractIng Officer's Dispostileoa Approved Rejected

Contracting Officer Date

kepairs Copleted per Approved Procedure Yes _. No

SC Inspector Date

NCR Closed __ys_....__________

IC m•anger Dates

Form OC-2
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contract M• . ..

Contract Hisaber .___ __,

ST1EL 1Mglch CNOILIET

Steel Fabrication Itm
No, of Pieces is Fabrication Lot

Reference Design Dra"ing No. ,
Reft rence Shop Drawing No. _ _Approved & Released for

Construction Yes _ No -

Steel Mattrial Used in FAb-ication Approved Mill Certificate on File
AiM Al-36 - Yes No __

ASM A-572, Brade 50 - Yes N_ o _

AM AJ-lOS -- Yes __ No __

A91h A-416 - Yes __ No __

Yes _ No
Yes No

Dimensional Fit-up Within Tolerances Yes __ No __

Welders Performing Work Qualified

Yes INo

Yes No

Yes No

Weld Inspection Method _Wetds Acceptable Yes __ No -

Surface Preparation Adequate Yes __ No _.

Paintings
1. Prime Coat material Dry Film Thickness -

2. Main Coat Material Dry Film Thickness -

3. main Coat Material Dry Film Thickness -

Required Surfaces Painted Yes N No __

NOTES .. __

All work has been satisfactorily cmpleted per the contract roquirements and
the above referencod steel fabrications are recommended for acceptances

Inspector Date OC Manager Date

Form QC-3
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Contract Noew
Contract Number _ _ _ .

pS!ASI'anG iNSPECT1C4 CHECKLIST

Precut Panel Mark Number -_ _

Other Panels in Fabrication Lot _

Reference Design Drawing No- A

Reference Shop Drawing No. Approved Released for
Construction Yes __ No

Reinforcing Steel Used in Fabrication Approved Miill Certificate on File

ASTM A-615, Grade 60 Yes __ No -

ASTIl A-185 - Yes __ No -

""-_____ _ - Yes __ No -

Yes .No

Fabricated Steel Hardware Incorporated into the Panel
Type Mark No. No. ol Pieces QC-3 Approved

Yes _ No __

"Yes _ No __
-- "-'-"Yes __ No _

Yes _ No

Fornmork Preparation: Cleaning: Adequate __ Inadequate -
Oili::gi Adequate __ Inadequate _

Formmork Fit-up Within Tolerances Yes __ No -

(Required Tolerances: Length ± 1/24, Width 1 1/40, Thickwess . 1/2%

Edge Squareness + 1/9", Pane* Planenesst
Outside Face ! 1/40, Inside Face j 1/2",

Location of Embedment% t 1/8')

Reinforcing Steel: OK Inadequate OK Inadequate

Bar Grades S - Bending Accuracy - -

Storage/Cleanliness __ - Bar Size, No., Location __

Splice Locations - - Ties - -

Lifting Devices
Locat ion - - Length - -

Fixing - -

NOTESs _

All work has been satisfactorily completed per the contract requirements and

the referenred panel is approved for concrete placementi

Inspector Date QC Manager Date

Form OC-4
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Cesatrct Nimo . . . .
C4trtact Ntwer __

SpT_ PiAT __~MLUT a

Precatt Panel "ark Number
Other Panels in Fabrication Lot _

Placement Coments
Concrete Batching OK -- Inadequate .
Delivery Time -

Delivery Date -

P.ztzh Nimber -

Batch Data oan File Yes __ No -
No. of Cylinders Cast ,_,.
Slump, Temp., Air Tests OK __ Inadequate -

Discharge into Forms OK ._ Inadequate .
Placing and Vibration OK __ Inadequate -

Screeding & Finishing OK __ Inadequate .

Curing
Method
Elapsed Time .... _

Preset Time -

Tem". Increase Rate
Temp. Decrease Rate
Max. Stable Tem..
Max. Stable Temp. Duration .._-

Strength/Appearance
Strength A.hieved OK -. Inadequate -

Awe 20-day Ic' - . psi
Concrete Test Ropcort

NPO 355 OK I_ Inadequate -

Mandling, Storage, Finishing,
SfhPment (K-4) OK __ Inadequate ..

As-Built Measurements (KC-7) OK i. Inadequate

NOTESs _... .

All work has been satisfactorily oempleted per the contract requirements and
the referenced panel is approved for erections

Inspector Date KC Heager Date

Form C-5
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Contract M1W -

Contract Nkmer

,meNuia. zlr .l pmlmnm. & arnlfi n r

Precast PFel Mark Number ..

Panel Storagte per the sWlmttted and approved proceduret Yes No

Pasnt ViVul1 Inspectionst
Suwface Defects Yes __ No __ (if Yes, locate below)
Cracks Yes __ No - "
Irrogular Edges Yes No
Finish, 1Ext Face OK ._ Iadequate
Finish, Jnt Face OK ._ Inadequate -

Color OK __ Inadqute __
Finishing OK __ Inadequate .

Exterio Face

DasMd Line - hirlor Face DOfeot

Repairs:

Locations Identified and Circled on Diagrams Yes __ No
Methods and Materials for Repairs Approved Yes __ No
Repairs Completed Satisfactorily Yes No -

Repair Date

NOTES_

All work has been satisfactorily completed per the contract requirements and
the referenced panel is approved for erection:

Inspector Date OC Manager Date

Shipment aI

Panels loaded for shipment per approved procedure Yes __ No

OC Inspector

Form QC-4
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1~1A

custiact Of _____________

ftecast Poole NUwk fbet ~MssWed Obsensbone)
Date of Punwl Nbaum~aeets _______

_ q

- Fu Ir-~

__II

V. il'

............. .g -

W~A y _____________age_

112 Tburyp)

~ ObeA

Miless stbemise maote4, all dimesiinas have bees verified and feund to be
wi thi a the sphc i f I d teiwtances pretse ibed bY the costPac t PeC 14 1Cat I am%

IRIG@cte Date INC "Manaer oat*

Peru OC-7
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Contract Name __________

Contract Number

.MILITIO ND SURFACE PREIMAMTiN CHECKLIMT

Monolith Segment Number
Corresponding Precast Panels

Reference Design Drawing No.
Reference Shop Drauing No. Approved and Released for

Construction Yes __ No

Demolit ions
Reference Datum Established Yes No
Limits of Excavation Correctly Established Yes No
Work According to Submitted Procedures Yes _ No
Excavation/Demol it ion Procedure
Depth of Excavation to Sound Substrate Yes _. No __
Zones of Overbreakage Requiring Repairs Yes _ No
Clean-up Practices OK -- Inadequate _

Tie !nstallation
Location of Tie Holes within Tolerances Yes No
Size of Tie Holeos Depth OK _ lnadequate __

Diameter OK __ Inadequate _
Installation Procedures OK Inadequate _
Location of Ties Within Tolerances Yes No
Tie Load Tests

Performed By
Date
Equipant Used
Calibration Data on File Yes No
Recalibration Data _

Tie No. Load Pass Fail Comments

Tie Installation Time and Date (Last Tie to be Installed)

Date Ties Available for Loading (Minimum Cure Period)

NOTL t

All work has been verified and found to meet the requirements of the contract
documents. This monolith segment is ready for precast panel installation.

"Inspector Date QC Manager Date

Form QC-8
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Contract Name __________

Contract Number __________

PMiEL ERECTION4 CHECKLIST

Monolith Segment Number_____
Corresponding Precast Panels ______ Approved far Erection

(QC-5 Verified) Yes __ Nao

Reference Design Drawing No.______
Reference Shop Drawing No. ______ Approved and Released for

Construction Yes __No

Past-Delivery Panel Inspections: Damage to Panels
Panel No~ Descrintion Repairs Reouired

___ __ _ ___ __ __ ___ __ __ ___ __ __ Yes __ No _

___ __ __ __ ___ __ ___ __ ___ __ __ Yes No

___ __ __ __ __ __ __ __ __ __ Yes __ No _

___ __ _ _ __ ___ __ ___ __ ___ __ Yes __ No _

___ __ __ __ ___ __ ___ __ ___ __ __ Yes __ No _

___ __ __ __ ___ __ ___ __ ___ __ __ Yes __ No _

___ __ __ __ ___ __ ___ __ ___ __ __ Yes __ No _

Panel Erection:.
Monolith surface clean OK __ Inadequate -

Panel interior fact clean OK __ Inadequate -

Rigging and Lifting Equipment OK __ Inadequate
Erected to Tolerance (Vertical ± 1/2*, Horizontal :t 1/2',

Joint-to Joint 13/16)

____ ___ Yes __ No __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

___ __ __ Yes No _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__ __ __ Yes __ No __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__ __ __ Yes __ No __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____ ___ Yes __ No _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~ Yes __No _

Panel1 Tie Attachment OK __ Inadequate
-No. of Tie Connections Inspected
Joint Preparation/Installation OK __ Inadequate

NOTES. _______________________________

All work has been verified and found to meet the requirements of the contract
documents. This monolith segment is ready far cast-In-place concrete
placement.

Inspector Date OC Manager Date

Form AC-9

E42



Contract Name
Contract Number

CIP PREP.ACBIIrT INSPECT121 CHECKLIST

Reference Monolith Designation
Corresponding Precast Panels _

Reference Design Drawing No.
Reference Shop Drawing No. Agproved & Released for

Construction Yes __ No

Reinforcing Steel Used in the Work Approved Mill Certificate on File
ASTh A-615, Grade 60 Yes _ No _

ASTN A-195 - Yes _ No _

Yes No
Yes No

Fabricated Steel Hardware Incorporated into the Work
Type Mark No. No. of Pieces 0C-3 Approved

Yes No
Yes No
Yes No
Yes No

Formwork Preparation: Cleanings Adequate _ Inadequate _

Oiling: Adequate _ Inadequate _

For mork Fit-up Within Tolerances Yes - No _

(Required Tolerances: Horizontal ± 1/2", Vertical t 1/20, Offset between
CIP concrete surface and precast surface ± 3/16",
Location of Embechents ! 1/8')

Reinforcing Steel: OK Inadequate OK Inadequate
Bar Grades - - Bending Accuracy -

Storage/Cleanliness Bar Size, No., Location -

Splice Locations __ Ties -

NOTES .

All work ha: been satisfactorily completed per the contract requirements and
the relerenced monolith section is approved for concrete placement:

Inspector Date GC Manager Date

Form OC-1O
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Contract Neme
Contract Number

CIP CONCRETE PLAC81M CHECKLIST

Referen:e Monolith Designation
Corresponding Precast Panels

Pl acement Comments
Concrete Batching OK __ Inadequate
Delivery Time -

Del ivery Date
Batch Number
Batch Data on File Yes No
No. of Cylinders Cast _

Slump, Temp., Aie Tests OK X Inadequate _
Discharge into Forms OK I_ Inadequate _
Placing and Vibration OK X Inadequate -

Screeding & Finishing OK _ Inadequate _

Curing
"Het .od
Elapsed Time

Concrete Testing Results - Evaluation
Strength Achieved M. __ Inadequate _
Ave 28-day fc' psi
Air entraliatent OK _ Inadequate _
Water/Cement Ratio OK I Inadequate -

NOTES:

All concrete production and placement work for the referenced monolith section
has been satisfactorily completed per the contract requirements.

Inspector Date BC Nanager Date

Form OC-II
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Contract Name
Contrtct Numer

FIL INSPECTION CHECKLIST

Reference Monolith Designation
Corresponding Precast Panels

Reference Design Oruwing No.
Reference Shop Drawing No.

Concrete Surface Inspectionsl
Texture/Coloration OK _ Inadequate _

Edges/Pour Lines OK _ Inadequate
Surface Defects Yes No _

Defect Repairs OK _ Inadequate NA

Condition of Lock HIardeare OK __ Inadequate -

QC Documentation OK _ Inadequate

As-Built Dimensonal Verification:
Lock Hardware within Tolerance OKX Inadequate

(1 1/2" horizontal & vertical, ! 1/8" offset)
Summary of Offset Measureiments:

lOTESe

All concrete production and plIacment work for the referenced monolith section
has been satisfactorily completed per the contract requirements.

Inspector Date K Manager Date

Form OC-12
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2523h

NOTES TO SUBMITTAL REGISTER

1. If ACTION ELEMENT is blank (does not identify technical review
responsibility): Identified submittal shall be epproved by the Contractor and
then submitted to the Contracting Officer for information.

2. If the CONTRACTING OnFxCIt (CO) is identified in Lhe ACTION ELEMENT
column: Identified submittal shall be first approved by the Contractor and
then submitted to the Contracting Officer for approval.

3. The attached Submittal Register lists only the technical items te be
submitted. Contractor shall complete the Submittal Register (see SPECIAL
CLAUSES SC-8), this also includes listing for submittals to the Contracting
Officer, as specified, those submittals identified in the SPECIAL CLAUSES and
in Division I of the TECHNICAL SPECIFICATIONS.

4. Contractor shail also, when requested by the Contracting Officer,
provide additional submittals at no additional cost to the Government.

5. Blank ENG FORK 4288's and full size copies of attached 4288's will be
furnished by the CO.

01001-16

E48
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II
PRqOJEC:T €ONTINACT

Masteriel Time Date

Wt. of Sample Somple tnelpctor

Scretn Weight Pere-nt Ac -m. Accum. Percent passing
m4ight Peteent Remarks

Si Me RtaineW R.eteined Retained Retained S3Ieq specs,

Total Arcm. Perceft ntamned Finrema Modulus

Moisture Color
Cotnt - Limiting F. M. (Speciflcationa)

Clay Soft

. S Fragments Frm
Remarks
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MIX DATA SCREEN ANALYSES-I RETAINED
NOMINAL SIZES COMBINED

MATERIAL SAMPLE SOLID S SB.ULK A) (B) (C) D()
TA•.•. NO• VOLI , sOR. SIE VE Coors TotalG.. o VO LUk q ,. $,S .a &S.D S UE io tin"oo

cu It lb) - !to 3to4 Sand egetO Am"reglte
O-,,, A _ _"

* " (8 1 1
* (C) ___"S

r'gment 2 _ __--
Pazzolan___ .,

Wat'r __
Ah't ?. on-1i13) 1 t

Totals
MIX CHARACTERISTICS 318,n

WATER- Gallons per bell ea u lmmW onf4

CEMENT By Z ig2t2 a _

Water 16
RIATKO aywih, ©oemtn + Porto01an 30:

C on ant toc W~ x,,!p c u yd( E.%rSol. V b.os P UC -90
Pozzolant replacement by solid volume - -00

Slump, incte LA-_N.
Air content (NoteI). F .M4 - - -

Unit weight, Ibs cu ft PROJECT
Sieeding (Note 2),.%

Son$ /aggregatei % by volume
Temperoture of plastic concrete. OF DISTR ICT

STRENGTH TESTDATA FINE AGGREGATE
Age, days

Strength, p I i (afera) COARSE AGGREGATE
Age, days

Stre~g.h tp se(overae)
•;C.S:

I. In that portion of the conclme" contm•mnrqg eggf in"Hr Ihb" Vi~l'- inch smye. ,.,____________________
k P e m ine • ov, e separatin from, €efre in blood"~ N et CE ETREMARKS

POZZOLAN

A.IE.A.

OTHER ADMIXTURE

MIX NO. W/o NO.
CAST

__I 0* m alews I , e- CMM44 Ow

P RREPORT OF CONCRETE MIXTURE DESIGN
A 359 METHODS CRD-C 3 AND 10

II
• ~CORPS OF ENGINEERS NORT1 PAClIFIC DivISK&N TESTING LAIWORATORT

S~E54
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TEST DATE
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