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

CONVERSION FACTORS,
NON-SI TO SI (METRIC) UNITS OF MEASUREMENT

SI (metric) units as follows:

Multiply

cubic feet

cubic yards ‘
Fahrenheit degrees
feet

inches

kips (force)
kip-inches

kips (force) per
square inch

kips (fcrce) per
square foot

ounces (avoirdupois)

pounds (fovce) per
square inch

pounds (mass)

pounds (mass) per
cubic foot

pounds (mass) per
cubic yard

square feet

* To obtain Celsius (C) temperature readings from Fahrenheit (F)

By
0.02831685

0.7645549
5/9
0.3048
25.4
4.44822
112.33848

6.894757

47.88026
0.02834952

0.006894757
0.4535924

16.01846

432.49842
0.09290304

readings, use the following formula:
Kelvin (K) readings, use K = (5/9)(F -~ 32) + 273.15.

To Obtain

cubic metres

cubic metres

Celcius degrees or Kelvins*

metres
millimetres
kilonewtons

newton-metres

megapascals

kilopascals

kilograms

megapascals

kilograms

kilograms per cubic metre

kilograms per cubic metre

square metres

= (5/9)(F - 32).

To obtain

i s —— e




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 t¢c 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
compiete 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. iIn an =ffort to develop a repair method that would overcome
the problers 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
this 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).
Famiiiarity with the Phase I report would be beneficial in the reader's
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understanding of the Phase II 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 fé = 3000 psi; however, test
cylinders revealed that the actual strength was in excess of fé =
7C00 psi. An exposed aggregate finish was applied to the monolith
surface. Figure 1 shows the moncliths 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 demonstratien. 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
referernce, the drawings have been included in Appendix 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 repair. 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 result, modifications or
improvements that wonld 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 assumed 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 conpléted by the end of January 1987.
A1l phases of the work were videotaped by Corps personnel. Contributors
to the successiul completion of the demonstration are the following:

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

Prime Investigator: ABAM Engineers.
General Contractor: Pr.: ier Waterproofing.

Subcontractors: Metal Fabricators, Inc. (armor fabri-
cation); Stresscon, Inc. (precast pane! fabrication);
Colorado Test Center, Warren County Engineers (miscel-
laneous inspection services).

s 0 o
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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 navigational 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 during @

the demonstration. Ipput 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 D, Part I. The submittals included shop, handling, and erection
drawings; work procedures; material certificates; certificates of com-
pliance; catalog information; inspection repcrts; and as-built measure-
ments. A number of submittals required review by the engineer for
compliance with the contract requirements prior to commencing 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 construction-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.
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PART IV: STEEL EMBEDMENT HARDWARE

11. Approximately 4800 1b of fabricated steel was incorporated
into the installation. The rvabricated steel served two purposes:
(1) to demonstrate the practical instailation of full-size typical lock
hardware inio the precast panels and (2) to provide a means for erecting
panels and support during construction. All fabrications are shown on
Drawing A86029-5, and quantities are summarized below.

12. Typical lock hardware included the following:

a. Horizontal lock armor, 60 1in 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:

Vertical alignment screws, 8 pieces (Figure 5).

Tie weld plates, 110 pieces (Figure 7).
Alignment angles, 7 pieces at 15 1in ft each (Figure 8).

o 1o lo o lw

Shear key 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. A1l 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 (0D) 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 intoc the formwork.
16. The horizontal armor was an approximate 40-degree sector cut
from an 8-in.-0D pipe. This cut resulted in a shallow, flexible secticn
which necessitated the addition of two 3/8-in. by 1-1/2-in. flat bar

10
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Vertical alignment screw receptacle, 8 pieces (Figure 6).



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 rvess 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 flaxible. The fabricator elected to tack weld
a continuous bar across the notchea angle Teg ir order to stiffen the
angle until it was cast into the panel. The stiffener bar was removed
at the erection site.

18. A1l 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

following periods:

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

One week -- material procurement.
Two weeks -- fabrication.
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

a0 Io

for general overhead and profit.
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Figure 3.

Figure 2. Horizontal armor shown
at left, corner armor shown at right

*

One-half scale mooring hook as would be seen from
front face of panel
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Figure 4. View of back side of mooring hook, which is
embedded in infill concrete
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Figure 5. Vertical alignment (leveling) screw
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Figure 6. Receptacles for alignment screw (these are cast

into lower edge of bottom panel)

Figure 7. Weld plates which are used
to attach form ties
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Figure 9.

Figure 8. Alignment angles showing
reinforcement across notches

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

Introduction

21. The demounistration included a total of eight different size
precast panels, as shbown in Eilevation 1 on Drawing A86029-1. Al1 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 gerwral flatwork products such as columns. The
form bed was elevated above ground and enclosed with side panels extend-
ing to grade. Hot water 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 t2 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 oniy 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 rcquired 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 tc 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 placea 5/8-in. plywood against the form
surface in the space between the armor strips to produce the required
projection.

25. Both mild steel reinforcing bars and wealded wire fabric were
used to reinforce the panels. Mats consisting of No. 4 or No. 6 rein-
forcing bars were placed 2 in. ¢ _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 ic 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 D, Part II. Mixture Design 3, consisting of an eight-sack
mixture containing high early strength (Type 1III) cement, was selected
for this project. Other features of the mixture included a maximum J
aggregate size of 3/4 in. and use of admixtures for air entrainment, p
water reduction, and superplasticizing. The constituent materials were
computer batched, with the exception of ti.- superplasticizer, which was F
manually dispensed. Mixing was performed by a central mixer. A speacial
truck (Sidewinder) with a 4-cu-yd hopper and aug2r dispenser was used to
transport and discharge the concrete into the ferms. *

27. The resulting 28-day concrete strengths for the individual
panels are summarized in 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
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figure 11. Reinforcement and embedments
installed in the form
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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
1ifting the panels out of the forms. Overnight stirengths ranged 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. Figura 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" alo.g the sloping surface of the key. These
defects were caused Dy 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 consolidatian 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
tloated 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 immediately 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
wemperatures of the concrete mixture were 61°F to 65°F. After approxi-
maiely 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 tha area during 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 immediately after removal
of the curing tarps while the panels were at or near their maximum
curing temperature. Where embedded stecel is welded to forms, rapid
removal of the bulkhead forms is necessary td 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 1ift crane which included a
spreader assembly. All panels except P-1 had four lifting loops which
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-1 had eight such 1ifting loops.
Similar strand 1ifting loops were provided in the upper shear key for
handling the panel in a vertical position, as required for erection.
Panel P-1 had four loops and the remainder had two.

33. After being lifted off 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-1 placed in a horizontal position witl the
extwior 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 advcrse permanent set. Because of the length and flexibility of
Panel P-1, it was supported in a vertical position. Prior to being
stored, Panels P-6 and P-2 had a membrane-curing compound applied to the
exterior face as a trial measure.

34. A1l panels were inspected and measured by the general con-
tractor prior to their beinjy loaded for shipment to Vicksburg. No
cracking was observed, as noled 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 conjunction 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. Paneis P-1 and P-7
were placed in a steel yoke frame and shipped in the vertical position.
The remaining panels were stacked flat, one atop another, and placed on
the base of the yoke assembly to provide additional stability for
Panels P-1 and P-7. The panels were also lashed to the truck with
slings and come-&longs. Figure 13 provides a view of the shipping
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-1 and P-7 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 Cecember 1986.
Precasting started on 15 December 1986, and one panel per day was pro-
duced. Typically, a two-person crew performed 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 ard
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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Concrete placement activities

(delivery truck chute shown in background)
Figure 13.

Figure 12.




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.
A1l of this work was completed at the Waterways Experiment Station in
Vicksburg, Mississippi, during January 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. The
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 monolitii. A minimal offset was also apparent along the
lower panel (P-1) 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
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 and 32 dcwel holes was required.
A1l 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 monolith. Concrete was removed with a small, hand-
held air-chipping gun. Approximately 30 man-hours were required to
complete the excavation. 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
reinforcing billet steel conforming to the requirements of ASTM A 615.
A two-component epoxy grouting material, Concresive 1441, was used to
embed the tie or dowel into the monolith. The 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 Pari B
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produced a uniform gray color. Mixing was accomplished by the use of a
paddle attachment cn a 3/4-in. hand-held electric d~il11 with a 4- or
5-minute mixing period.

45. The tie and dowel installation procedure included several

preparatory steps. First, th: ties and dowels were fitted with 1l4-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 was extended over the full width nf the monolith 3/4 in. above the
theoretical centerline and at the required tie projection. The final
step was o clean the holes with oil-free compressed air. The first
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 tiue 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
dewnward. 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 coilar was held flush against the face of the monolith while the bar
was tapped with a hammer to the requived projection. Usually, the
chairs held the bar abcve the required centerline and slight tapping
with the hammer 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 corresponding 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 werk ranged in the
mid-40s. rPot 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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Precast Panel Erection

48. The contractor had anticipated using a 30-ton crane during
the project planning stage:, but one could not be located irn 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-1, the largest panei erected, represents the proto-
type panels for full-scale installations. The combination of panel
weight and restricted crane working radii necessitated several crane
relocatio~: to move Panel P-1 into final position 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 1ifting 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 Tinal positioning induced some
minor parel 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 parel 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 k;
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 proximity of the monolith 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)
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Figure 17. Crane and rigging used for erecting Panel P-1
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to obtain the leverage to move the panel. The wedges were then driven
with a sledge hanmer 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.

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 strews 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 remain-
ing panels were picked with the wir> 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 locations.
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:ng 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 not 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 lccation, and the cumulative effect
required the field bending of ties to enabl. 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 monalith.

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 RP1l 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-; 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 within the required tolerance.

65. The panels were erected to provide a uniform vertical joint
s0 the offset was measured along the outer panel edges. These measure-
ments are noted in Appendix D, Part 1V, Figure D3. 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 1V, Figure D4, contains the horizontal
measurements across the width of the refaced monolith at the base,
midheight, and top. These measurements varied only by 1/8 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
(AB6029-4, 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. A1l 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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connection detail, which is welded directly to the emdbedded plate,
whereas the connection that uses the finger plate {s shown in Figure 21.

69. The weld procedure and welder were qualified as required by
the applicable welding code, AWS D1.4 (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-1 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-1 than the top welds because of the "overhead" position. Because
smaller 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 extra 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-1. 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-1, tie welded directly
to embedded plate
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Figure 21. Welded connection utilizing finger plate detail
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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 dewonstration 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 fé = 3000 psi
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 e“posed 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. 1In
addition, panel movements were measured hefore and after concrete place-
ment in an attempt to extrapolate pressures through panel deflections.
These measurements are summarized on Figure D4.5 of ithe as-built measure-
ments in Appendix D, 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. A1 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 1ift, the concrete was consolidated
with a 2-in.-diameter electric stinger. The levei of the concrete was
stopped about 4 in. Lelow 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
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followed by covering both the burlap and panel with an insulated curing
blanket.

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 stump

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 workabla 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.

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.

jor

Ie}

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 the 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 1ift 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 design standard SP-4 (Hurd, 1979), this results in a form pressure
of 1.27 ksf, which is almost exactly the design pressure.

81. Infill concrete was baiched at a computer-controlled 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 nnt 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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Figure 22.

Concrete placement procedures for limited height placement

Figure 23.

Full-height infill concrete placement using hopper and trunk
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water was added cn 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 1

of the monolith with panel height concrete 1ifts. Several small areas |

of surface defects were present on the side of the full-height 1ift

along the bottom edge below Panel P-1. 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 Investigation !

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. The
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 ccncept at achieving this objec-
tive was determined by performing a detailed crack inspectior 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 exact 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). Cora j
No. 2 was taken at this location to obtain additional information about
the crack. A1l other cores obtained during 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 navigation 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 conditicns and 0.004 in. for water-retaining st*ructures.
The cracks in the precast Nanels 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 embedment and is caused by the
stress concentrations at the reentrant corners of the 1ine 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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Table 2

Core Descriptions

Cors

Crack
width @

Core Size and Description Rebar Notes

Depth of Crack®

Surface

Type

Location
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bars were cut. These bars did net

extond through core. Alse cut welded

wire fabric.
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bar.

respectively, measured from the panel

surface towsrd the lock wal)
o Intcrface joints visually sppesrsd sound

o Removed in two pieces, 8" and 7" long,
o Core brask was uneven with rubble waste

o 3" diameter x 15" long
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Jock wall

3" Yong, respectively, messsured frem
the panel surface towerd the
o First break was at a cluster o

o 3" diameter x 16" Jong
o Removed in three pieces, 2%", 10, and

(7

Short side 3" (+ 7%)
Long side 3" (+ 7°)

Average

0.0035"

Vertical

closure

pour

cIe

3
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interface and continued fate lock wall

o 3" diameter x 16" long

Resntrant

Panel P-7

4

-
-

and 9"
rom the
11

surface toward the lock wa
o Interface joints appearad sound

o Remsoved in two pleces, 7°
respectively, ssasured f

corner

Herizonta) and vertical bars

were cut.

irst and second

pleces was uneven with rubble waste

surface toward the lock wall
o Interface joints appearsd sound

respectively, ssasured froa

6" long,
the panel

2 Removed in thres pleces, 7", 4", and
o Core break betwesn f

o 3" diaseter x 17" lJong

Horfzontal

Panel P-1

king core in water and allowing it to dry.

Additiona) length shown in parentheses (s.g., + 3*) indicates s

continuation of the crack which is visible only after soa

* Depth of crack visible with the naked eye.
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heat applied too rapidly, a reaction with the form oil. or the intro-
duction of thermal strains immediztely after removing the panels from
the forms. As discussed previously, the panels were removed without a
"cool-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 infill concrete
pressures would contribute to the irregular surface crazing to form a
discrete or better defined crack.

89. The panels were one mor'h o'd 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 infill concrete, thus creating the potential for
tensile shrinkage strains. Although there will be shrinkage in the
infill 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-1 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 A
monolith where the infill concrete was placed in one 1ift and the con- (

crete placement pressures were higher. Also, more cracks are present

for the 6-ft panels (P-1 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 j

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, § 1

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 infill 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 reduction 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

Summary

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 Il of the
Phase I technical report, REMR-CS-7 (ABAM Engineers Inc., 1%87). The
Phase II installation was undertaken to physically demonstrate 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.

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.

The panels can be precast with typical lock hardware
embedded.

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.

14
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Cost and Schedule Assessment

95. The projected cost of this repair procadure 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
full-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 before
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the epoxy has cured, assuming a full 24-~hour curing period, which com-
pares to the 25 hours estimated during Phasz I.

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 not 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 ~onstruction of
the demonstration confirmed that the schedule developed during Phase I
is realistic.

102. Figures 28 and 28A have heen 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-
1ith C. The totai 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.

During precasting of the panels, steel embedments must
be more positively attached to the forms through use of
boits, 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.

Shear key forms should be constructed from thicker steel

and stiffened to maintain true alignment through repeated
use.

The 1ifting loops along the interior face of the panel
should be removed prior to the placement of infill
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 infill concrete.

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.

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

o

2]
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g. The details of the alignment screw receptacle cast into
the panel should incorporate a means of holding the
alignrent screw in place while the panel is erected.
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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.

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.

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 tc wrap foam tape around the
embedded plate, which will accommodate the expansion of
the steel without cracking the panel.

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

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

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.

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 infill concrete. One possibility
is to cast half-round voids in the upper and lower
panels and to use a hollow neoprene tube.

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 infill concrete. The
Corps has successfully used a system manufactured by
de Neef 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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FEATURES
1. Ties can be loaded immediately
2. Grout is provided for corrosion
protection only
3. Ties can be installed in the wet
4. Tolerance on hole location 1/2°
5. Tolerance on wal excavation 1°

-

‘o

L

>

1. Expansion Anchor
2. Grout
3. Fast setting coment phg

| 4. Bearing plate

NOTE: items 5b and 8b are for erection
and are optional

S ab,c Hex mt
*‘ 8. Coupler
7. Threaded extension
8 ab Washer plates
9 Grout tubes
10. Panel attachment
bracket

Figure 29. Expansion anchor tie detail
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de Neef that may have potential application is a seal
that expands upon contact with water.

Slumps for the infill concrete must be 4 in. minimum.
When trunks are used to deposit the concrete, a 5-in.
slump is preferable. A more "flowable" concrete obtained
with the addition of superplasticizer should solve the
siump problem and save time. The diameter of the trunk
should be limited to the width of the void between the
monolith face 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 1ieu of the bucket,
hopper, and trunk combination used for the demonstration.

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,

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

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

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.

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

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. The path of the mooring
load is through the infill 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

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:

I

[ 1a}

I

i@

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.

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.

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.

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

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 II 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.
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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 embedments 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 r~equirements for a quality
control plan.
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** Revisjons to specifications

29 May 1987

APPENDIX A: CONSTRUCTiON SPECIFICATIONS
' PHASE II DEMONSTRATION PROJECT

SECTION 1
GENERAL PROVISIONS

GENERAL

Description of Work

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

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

Defiunitions

a.

Corps: Shall mean the Corps of Engineers who is responsible
for commissioning the work. The Corps shall have the final

determination regarding interpretation of contract drawings and
specifications.

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
werk and interpretation of the design requirements.

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

Prosecution of the Work

a.

The stay-in-place precast form demonstration project will be
carried out at the Corps' Waierways 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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1.1.4

1.1.5

1.1.6

Corps' and Engineer's personnel will be performing inspections
and tests in conjunction with Contractor's work. Full coupera-
tion shall be given to Corps' and Engineer's personnel to
install instrumentation and to monitor and inspect the work.

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

Quality Control

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

Contractor thall 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 unon request.

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.

Submittals will be reviewed 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.

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.

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.

Housekeeping and Cleanup

a.

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

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

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.

i aw alli i Bt )

; The photographs shall be enclosed in standard three-ring binders in
S 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.

P epin i
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As a minimum, pictures of the following items or activities shall be
included in the report:

§ Z o Formwork and formwork details

0 Reinforcement installed in the forms

0 Steel hardware with views of hardware positioned in the forms
o Precast panel casting operation

o FPanel handling and transportation

o View of the existing monolith with surface prep completed

o Tie and dowel hole drilling

o Tie and dowel installation

b
o Tie and dowel testing
‘ o Panel installation, including completed tie connection, installa-
% tion of seals and grout layer.

o Placement of the infill concrete

o Details of auxiliary formwork and reinforcement for the closure :
cap

o General view of the completed installation

A3




SECTION 2
PRECAST CONCRETE

2.1 GENERAL

2.1.1 Work Included

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

S A e

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

2.1.3 Refcrences
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, dirensions, and §
temporary attachments and work. ‘

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

c. Weights of precast elements shall be computed and listed cn
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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2.1.5

2.1.6

2.2
2.2.1

e. Concrete mixture proportions and qualifying data shall be
provided.

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

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 Buildings.

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 ok
on-site developed precasting facility meeting the requirements
of PCI MNL-11l6.

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 1ifted from the
forms until panel strength has reach 0.7 fé.

b. Design of lifting embedments and handling devices shall be the
responsibility of the Contractor. Contractor shall provide
details of proposed 1ifting methods, attachments, and devices
for engineer's review. Handling embeds shall not be installed
in the exposed exterior face of the panels.

Cc. 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

0

position.
PRODUCTS

Materials

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

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

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

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

P S

0 Water-reducing admixture: Material shall conform to ASTM
C 494,

o Pozzolan: Pozzolan shall conform to ASTM C 618. J

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 y
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

0 Maximum coarse aggregate size: 3/4 in. nominal

0 Mipimum entrained air: 5 to 7 percent

o Maximum water cement ratio: 0.40

o Minimum cement content: 540 1b/cy (6-sack mixture)
o--High-range-water-reducer-{maximum):--5-027160-1b-cement *ke

o Slump: 3-1/2 in. $1/2 in. faled

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

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

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

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

Nonshrink grout: Grout for horizontal construction joints ok
shati be a prepackaged; cementitious based, naturat aggregate;
nonshrink groutr Mixing water shaii be added in accordancewith
the manufactureris recomendations to obtain a piastic
consistency which will 3level off and redistribute under the
pressure of the upper precast panei-
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2.2.2

2.2.3

2.2.4

Accessories

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.

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

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 faflure of the tie. Ties shall be anchored to
monolith concrete with epoxy grout or polyester resin cartridge
anchors.

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. *k

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.

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

Contractor shall moist-cure precast panels until the concrete
reaches a minimum strength of 0.7 f'. Precast concrete panels
may be steam cured. Control of condrete temperature during the
steam cycle shall be maintained per the guidelines of PCI
MNL-116. Membrane curing compound shail be appiied to the ok
outside surface of the panel after compietion of the
moist-curing cycie:

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

Tolerances

a.

Dimensional Tolerances for Precast Panel Fabrication
o Length: £1/2 in.
0 Width: $1/4 in.

o Thickness: $1/2 in. except :1/16 in. at alignment angle *k
contact surfaces.
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2.2.5

2.3
2.3.1

2.3.2

o Edge squareness: =1/8 in.

o Planeness (measured with respect to a straight line drawn
between any two opposite edges).

= QOutside surface: =1/4 in.
- Inside surface: 1/2 in.

o Location of embedments: 11/8 in. bdd
b. Location Tolerance for Precast Panel Erection

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

o V;;iation in horizontal alignment per three monolith widths: **
31/2 in.

0 Precast element joint to joint alignment.

Horizontal joints: £3/16 in. &
- Vertical joints: 13716 in. bkl

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.

EXECUTION
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 i
indicating lifting, temporary bracing, support and alignment :
methods. Sequence of operations and inspection hold points
shall be identified.

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. Nomshrink growt joint seaiant; Bearing pads, and neoprene seails #«
shall be installed and applied as requived 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 ultiwate tensile load

of 33 kips when tested in accordance with Section 2.3.3.f.
Reinforcing dowels shall be installed to obtain a minimum *h
ultimate tensile Yoad of 264 kips when tested in accordance
with Section 2.3.3.F.

2.3.3 Inspections and Tests

a. Contractor shall be responsible for inspection of panel fabhri-
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
placement.

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 N
monolith as directed by the Engineer. Contractor shall conduct Lo
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tensile testing of the installed ties and dowels to determine
their minimum ultimate load. The minimum ultimate 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.

g.  All load tests s hall be performed with calibrated jacks and >
pressure g%gs_ m% ions shal measured dial
#_s; T oad tests for t No test tles sha ' be conducted

—’ - —
using epoxy t un ?l'io and & uturu re nnntat?ve of
tual roductontos n fnedasthctn
gimn the tie instﬂ a on of the Tntinl
concrete pressure. oad for form tns shall be
Yied in four

uﬂ—im.twnts ml.h_fm ations measured at
each Increment. ~The final Increment sha'i‘ be the reguired
ultinto tcns“c Joads. This load shall be maintained for 1
hour with per odic recording of elo ﬁon measurements. Tests
of the No. s sha dermh:ai. except that the l-hour
sustained load w'h 1 not be required.

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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3.1
3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

3.2
3.2.1

SECTION 3
CAST-IN-PLACE CONCRETE

GENERAL
Work Included

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

Related Work

Related work includes fabrication of embedded lock hardware and
appurtenances, and fabrication and erection of precast concrete

leave-in-place form elements.

References

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

Detroit, MI.

b. Gustafson, David P. et al. 1984. "Specifications for Structural
Concrete for Buildings," ACI-301-t'4, American Concrete Institute,

Detroit, MI.

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.

Quality Control

a. A1l work shall be performed in accordance with ACI 301 and 318

as applicable.

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

Engineer on request.

PRODUCTS

Materials

a. Concrete:
the following requirements:

All

Cast-in-place concrete materials shall conform to

I
!
i
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0 Cement: Cement shall conform to the requirements of ASTM
C 150.

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

0 Air-entraining admixture: Material shall conform to ASTM
C 260.

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

) wator-nduci;g admixture, high range: Material shall conform **
to ASTH €394, Type .

o0 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
requirements.

o Minimum 28-day compressive strength: 3000 psi

o Maximum coarse aggregate size: 1-1/4 in. nominal *%
0 Minimum entrained air: 3X to 5X

0 Maximum water cement ratio: 0.5

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

o--High-range-water-reducer:--Fype-f *k
o Slump: 4-1/2 in. $1/2 in. ke

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

3.2.2 Accessories

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.

Joint seals and joint filler materials shall be as shown on the
drawings.
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3.3
3.3.1

3.3.2

3.3.3

EXECUTION
Preparation

Contractor shall prepare a written procedure for placing concrete,
identifying sequence, maximum allowable 1ift height and placing
rate, and a checklist of inspections to be made. Contractor's
proposed methods of concrete placement, consolidation, and
curing shall be submitted to the Engineer for review.

The Contractor shal) inspect all existing work prior to placing
cast-in-place concrete to verify that such work is complete and
ready to receive concrete.

The Contractar <hal) notify Engineer at least 24 hours in
advance of any concrete placement.

A1l embedded items and reinforcement shall be securely tied to
prevent movement during concrate placement and consolidation
activities.

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

Concrete Hixim, Placing, and Curing

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

Truck mixers may be used with written approval of the Engineer.
When admixtures are dispensed into the truck at the site, truck
capacities and batch sizes shall be selected that enable thorough
and complete mixing of all constituent materials.

A1l exposed concrete surfaces shall be cured by application of
absorptive mats or fabric kept wet continuously for a minimum
of seven days after concrete placement. Membrane curing shall
not be used.

The Contractor shall measure precast panel movements and deflec-
tions before and after Placing concrete. The measursments
shall be taken at all four panel corners and at the top, bottom,
and midheight along a vertical line passing through the middle
of 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.

Inspections and Tests

a.

The Contractor shall be responsible for inspection and testing
of cast-in-place concrete activities to ensure that the work

conforms in all respects to the drawings and specifications.

Records of inspections and tests shall be maintained for Engi-
neer's review.
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3.3.4

b. The Contractor shall provide the following necessary quality ' |
control and testing services for each batch of concrete placed: 7 '

o0 Two sets of three concrete specimens shall be cast, cured,
and tested to determine the concrete compressive strength at
7 and 28 days.

0 Determine slump of concrete mixture at time of placement.

o Datermine air content of concrete mixture at time and point
of placement.

Cleanup 1

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

GENERAL

4.1.1 ‘'ork Included

a.

The work shall cunsist 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 describ:d in the
specifications.

Hardware aru aopurtenances include:

Horizontal armor.

Vertical armor.

Line —ook.

Top curb armor.

Panel joint assemblies.
Panel alignment assemblies.
Form ties.

©Co0o0OOOO

4.1.2 Reference Standards

American l.stitute of Stee! Construction. 1986. Manual of Steel
Construction, 8th edition, Chicago, IL.

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

Steel Structures Painting Courcil. 1985. 'Commercial Blast
Cleaning," SSPC-SP-6, Vol 2, Steel Structures Painting Council

Painting Manual - Systems and 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.

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 D1.1.

Al5
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4.1.4

4.2
4.2.1

4.2.2

4.2.3

4.3
4.3.1

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.

¢. Contractor shall submit mill certificates for structural steel,
indicating specification compliance for chemical properties,
tensile strength, 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.

PRODUCTS

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.

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. Neformed bar anchors shall conform to ASTM A 496.

Other Materials

A11 other materials not specifically described but required for a
complete ana proper installation shall be as selected by the con-
tractor subject to approval by the Engineer.

EXECUTION

Fabrication

a. A1l 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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Welding of steel hardware and appurtenances shall conform to

AWS D1.1, "Structural Welding Code." Type, size, and spacing
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."

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

A1l exposed surfaces of hardware and appurtenances shail 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.

Steel surfaces to be uncoated shall be free of locose 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.

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

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 contrant 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

3 surfaces using precast concrete stay-in-place forms. The outline is based

f on the developmental design completed during the Phase I study and experience
; gained during the construction of the mock-up installation during Phase II.

i Although the outline addresses work activities separately, most activities

5 will be ongoing concurrently within the same monolith or on adjacent monoliths.
i The work outline addresses rehabilitation of lock-wall surfaces only and

B this plan must be appended for other repair activities. Further, the plan

4 has becn 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
leakiryg 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
performed to determine the required embedment lengths.

The required construction bonds, insurance, and permits should
be obtained.

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

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.

The construction force composition (i.e., carpenters, iron-
workers, cement finishers, equipment operators, etc.) should be
selected with consideration of "assembly-1ine" construction
techniques. Any arrangements required by local trade unions
must be established.

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

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

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.

The required 1ifting devices, spreaders, and bunking and cribbing
materials should be manufactured or procured. Fabricated lifting
items should be load tested to validate safe working loads.

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

project specifications but will generaliy include the following:
panel length *1/2 in., panel width £1/4 in., panel thickness at

c2
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GUIDELINES FOR MONOLITH PREPARATION

a.

e

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 3
numerous reuses and be adaptable for incorporating lock hardware. E

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

Lock hardware and other embednents should be positioned and
secured accurately into the formwork. All items should be
located to a tolerance of +1/8 in. A1l QC/QA inspections should
be performed to verify that the work is ready for concrete
placement.

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.

The interior face that will be exposed to the infill concrete
should be intentionally roughened to an amplitude of approxi-
mately 1/4 in. Bearing or contact surfaces shouid be troweled
to obtain panei-to-panel alignment within the required tolerances.

Panels should be moist cured until the compressive strength
reaches 0.7 (f'). At this strength level, the panels can be
picked from thé 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
suppert points must be used. Any miscellaneous finishing or
minor repairs should be completed as required.

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 f! Panels must be bunked and stored on the transporter
so that thgy are not cracked or otherwise damaged during shipment.

An in-depth risk anaiysis should be requested from the Contractor
relative to the safety features and the cr1t\ca1 path construction
activities to be used.

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 movablcs or collapsible. Movable coffer dams
or other measures should be developed if work below low pool

gl e e
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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.

Grid lines or a reference system should be estabiished from
which measurements can be made after deterijorated 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: $1/2 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 bz
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.

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

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

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
band removal of concrete. ‘

Concretle 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.

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 t1/4-in. vertical tolerance and

a $1/2-in. horizontal tolerance on tie location. Holes must be
blown clean with oil-free compressed air pric» to the installation
of ties and rlowels.

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.

The erection equipment should be load tested before the panel i
erection work is started.
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GUIDELINES FOR PANEL INSTALLATION

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.

Sacrificial support frames should be installed if required,
along with vertical alignment hardware for the bottom panels.

After the reinforcing embedding grout has sufficiently cured,
the bottom panel should be erecied and carefully aligned to the
required tolerances. After the 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.

Seals, shims, and nonshrink grout (optional) must be installed
before the upper panel is set. After the upper panel is installed
to the re uired 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.

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.

Special lock hardware, such as floating mooring bits and ladders,
should be installed where required.

Any reinforcing required in the infill concrete layer, such as
at the mooring hooks, should be installed.

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.

Concrete for the infill layer can be placed in partial 1ifts or
placed in one lift level with th: uppermost erected panel.
Partial 1ifts 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 1ift 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
excessive form pressures.
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Moist curing for exposed concrete surfaces should be provided
until a minimum strength f_ = 0.7 (f') has been attained. Like-
wise, forms should be keft in plach until concrete reaches
0.7 (f.). Special measures may be required tn protect the
concrete during the entire curing period, depending upon seasonal
weather conditions.

Forms should be removed and concrete surfaces finished as needed.
Any minor surface defects should be repaired.

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.

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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sc_* GONGARTE TEST RESULTS

s T =

L] c = P.0. No.:

seesne® +uob No.: C8-12%

COLORADO TEST CERTER, INC. Report Detes: 12/31/88
g1/2v/%7

183 South Nevejo 02/07/097

Jenver. Coluraedo 80223
{303) &98-1080

Report To: Premier Weteroroof ing Cu.
Prunier Waetwroroufing Cou.
2311 South ince
Qunvear, CO 83233

Attn: Cheries R. ¥Miller

"cgyvﬁo
Date Cast: 12/24/86 M“m.'
Test Number: 19295 R
Job Neme: ABAM
Job Address: Stresscon in Colorado Springs
Contraecter: Premier Waterproofing
Supolier: Stresscon Tickheut No.:
Truckh No.: Min [.D.: CBHR-S-AEA
CTC Reon.: 8. Crume
Location @f Pour: Piece RS
PHYSICAL PROPERTIES
Siumn: 3.75 Air (8): s.9 Wt./Cu, Fe.: 144 .2
Concrete Temp. “=: &S Air Temp. “F: 4S5
Time S8aeatcnea: Time Tested:
COMPRESSIVE STRENGTH: Svecified 28 Day Scrength (psi) _6%00
Cviinder 10 Age (days) Size Strength (psi) Average Strengin
01 7 6.00 6930
92 28 8.00 8170
03 28 5.99 8300 8235

Rumarks: 1 hour contractor delay onsite. :/ A’
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rc GONGRRTE TEST RESULTS

s T =

® c= P.0. No.:

*IWBBERR Job No.: CR2-12S%

COLORADOO TEST CENTER, INC. Report Detes: 12/30/08
01/720/87

185 South Nevejo 02/06/87

Jwnver, colorade 0022)
(303) 8%8-1080

Report To: Premier Weterproofing Co.
Premier watero~uufina Cu.
2311 Souln inue
Denver, <O 83233

Attn: Charies 3. Miiler RECE

‘n 1987
Oete Cast: 12/23/88 et &

.

Test Number: 19294

Job Name: ABAM

Job Address: Stresscor in Colorado Springs

Contracvior: Premier Waeterproofing

Supolier: Stresscon Ticket No.:

Truck NO.: Min 1.0.: COHR-S-AEA

CTC Reo.: 8. Crume

Ltocation ul Puur: Pisce 8%

PH PROPERT

Slumo: .5 Air (N): 3.8 We./Cu. Ft.: 149.2
Concrete Temn. F: 82 Air Temp. "F: S4&

Time Setchen: 12:08 Time Tested: 12:25

COMPRESSIVE STRENGTH; Soecified 28 Day Strength (psi) _8300

Cvlinder {0 Aqe (days) Size Strength (psi) Average Strength
a1 7 $.99 8730
02 28 6.00 98350
03 28 8.01 9840 $69S

Remarns: 1=-3/4 rour deley onsite. Z : /5 f
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L] c = P.O. No.:

b bl Job No.: CS8-128%

COLORADO TEST CENTER, INC. Reoort Oetes: 12/29/88
01719787

1$8 South Nevaejo 02/0%/87

Osnver., Colorade 0223
(30)) &%8-1080

Report To: Premier Waterproofing Co.
Premiar Wateroroui ing Co.
2311 South ince
Oenver, CC 80233

Attn: Cheries R. Miller -
REC
Date Cant: 12/722/088 '&“ \987 /
Test Number: 19292 - =
Job Nams: ABAM
Job Address: Stresscon in Coloredo Springs
Cuntractor: Premier Waturproof ing
Supolier: Stresscon Tichet No.:
Trucik No.: Mix 1.0.: COHR-8S-AEA
CTC Rev.: 8. Crume
Locatiun of Pour: Piece 81
PHYSICAL PROPERTIES
Siumo: 2.5 Air (N): 6.2 Wt./Cu. Fr.: 146.8
Concrete Tempo. “F: 61 Air Temp. “F: 51
Time Batched: 3:00 Time Tested: 3:20 {
[
GOMPRESSIVE STRENGTH; Soecified 28 Day Strength (psi) _§300 1
Cylinder 10 Age (days) Size Strength (pat) Average Strength !
|
01 7 6.00 8990 |
02 28 §$.99 89680 {

COLORADD TESY CENTER, INC. 1
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COLORADO TEST CENTER, INC.

15% South Nc<vajo
Jenver, Colorado 80223
(303) 698-1058¢C

Report Dates:

CONCRETE TEST RESULTS )

Job No.: C$-12§ ]

12/29/86
01/19/87
62/05/87

Report To: Premier Waterproofing Co.

Premier Waterornofinue Co.
2311 Suut™ inca
Oenver, CO 80233

Attn: Char'as R. Miller

Date Cest: 12/22/86

Test Number: 19291

Job Name: ABAM

Job Address: Stresscon ir Colorado Springs
Contractor: Premier Waterproofing

Supoiier: Stresscon Ticket No.:
Truck No.: Mix I1.D0.:
CTC Rep.: 8. Crume

Location of Pour: Piwce #1

PHYSICAL PROPERTIES

Siump: 4.0 Air (%): 6.2
Concrete Temon. ~=: 61 Air Temp. “F:
Time Batchwd: 3:00 . Time Tested:

CBHR~-S-AEA

Wt./Cu. Ft.: 148.6
s2
3:18

COMPRESSIVE STRENGTH: Soecified 28 Day Strength (psi) _6500

Cylinder IO Age (days) Size Strength (psi)
01 7 8.00 7000
02 28 6.00 3160

Remarks: 3 hour contractor delay onsitm.

— - -
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RRERRRR Job No.: C€S8-12§

SOLORADO TEST CENTER. INC. Report Dates: 12/26/86
01/16/87

15% Soutn Navejo 02/02/87

Jenver, Colorado 80223
(303) 688-1050

Report To: Premier Waterproofing Co.
Premier Waterorooting Co.
2311 Soutn Inca
Osnver, CO 80233

Attn: Charies R. Miller RECH
‘%\\937

Date Cast: 12/19/86 ———

Test Number: 19290

Job Neame: ABAM

Job Address: - Stresscon in Colorado Springs

Contractor: Premier Waterproofing

Supnl ier: Stresscon Ticket No.:

Truck No.: Mix I[.D.: C8 HRS-AEA

CTC Reo.: 8. Crume

Location of Pour: Piece 87

PHYSICAL PROPERTIES

Slumo: 5.25 Air (N): 5.2 Wt./Cu. Ft.: 147.1
Concrete Temo. "F: 64 Air Temo. “F: 46
Time Batched: 11:30 Time Tested: 11:45
COMPRESSIVE STRENGTH: Soecified 28 Day Strength (psi) _6500
Cvlinder 10 Age (days) Size Strength (psi) Average Strength
01 7 6.00 7080
02 28 6.00 9340
03 28 5.99 9230 9285
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<CLORADO TEST CENTER, INC.

155 South Naevejo
UDenver, Colorade
v303) 698-1050

80223

Premier Watwroroof ing Ca.
2311 South inca
Denver, CO 835233

Attn: Charies R. Miller

Oate Cast:

Test Number : 19289
Job Neme: ABAM
Job Address:
Contractor:

Supolier: Stresscon
Truck No.:
CTC Repo.: 8. Crunme

Location of Pour: Piece %4

PHYSICAL PROPERTIES

Siump: 2.25
Concrete Temu. ~F: 81
Time Batched: 71:08

Air (%):

CONGRETE TEST RESULTS

P.0. No.:

Job No.: C8S-125

Report Dates: 12/25/86
01/15/87
02/01/87

Report To: Premier Waterproofing Co.

Stresscon in Colorado Springs
Premier Waterproofing

RECEIWVED
1887
12/18/86 Mgl
“w“
Ticket No.:
Mix I.D.: C8 HRS AEA
3.2 Wt./Cu. Fr.: 149.8

Air Teamp. “F: 43
Time Testad: 11:1§

COMPR IVE 3TR TH: Soecified 28 Day Strength (psi) 6500

Cylinder ID Age (Jdays) Size
01 7 6.00
02 28 6.00
c3 28 §.01

Remarks:

Strength (psi) Average Strength

8590
8320 8455

Gul )

COLORADO TEST CENTER, INC.

.
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SOLORADO TEST CENTER, INC.

‘33
@n ol
3

Soluradoe
N
1e58

80223

Souin Naevajo
[~

v ]
{383 35%&-

~
y

I W)

REBOOML

Srenies yaierzosol g

A .

2307 Suaiy lnvaa
<

Jenve: .,

dgbm: Zliae”

Jate Ceost:
192867
ABAM
Siresscon
Premier Waterproofing
Stresscon

Test Numnger:
JOO Nare:
Job Adcress:
Contraccor:
Supoiier:

CRET

2.0.
+ob No.:

Seport Dates:

JEST RESULTS

No.: REBE\\"

JAN 201987

'W‘“’

C3-125

12/28/86
01/14/31
01/31/87

To: Premier wWdteroproofing Co.

12/17/886

in Colorado Springs

Ticket No.:

Truc< NG.: Mix I.D.: C8 HRS AGA
C7C Reo.: B. Crume
ICat lor S¥ Tour: ®igce
»D
PHYSICAL PROPERTIES
3%umn: 2033 Air (%): 4.8 we./Cu. Fz 152.0
concreca Ceno. 0T 31 Air Tamp. ~%: 41
Time@ Jdue ‘@l 11:358 Time Testad: 11:45

COMPRESSIVE STRENGTH: Svecified 28 Day Strength (psi) _6500

Cviinuer 2 Age (days) Size Strenqth (psi) Average Strengt-
) 7 6.00 7000
G2 28 5.99 9260
93 28 6.00 3130 3185
Remarxs: :/ Z
COLORADO TEST CENTER, iNC.
D10
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A Job No.: £3-:23 RECEN
COLORADO TEST CENTER, INC. Report Oates: 12/23/36 MQO\S
0i/13/87 L
cEx e . ’ < o wtt
55 Souin Navejo 33/30/87
Senver, Joiorado 80223
(333 598-:080G
Report To: Premier wWateroroufing Jo.
Srem. e wdilerutew i So.
237" Souch laca
Sgitve:, <C 3:2:3
Attn: CTharag . Vi7" gr
Date Cast: 12/16/86
Test Numowr: 18281
Job Naine: ABAM
JOL Aduress: Siresscon in Colorddo Springs
ContraciLar: Premier wateroroofing
Suppiier: Swresscon Ticket No.:
Trugk No.. Min I1.D.: C8 HRS AEA

CTC Rewn.:
wocatior or lour:

o m

. wrhuTne
ane? %

4
PHYSICAL PROPERTIES

3'ump: .33 Air (%): 5.9 wt./Cu. Fz 37,3
Caorncre.e “enu. ~F: 33 Air Temp. “F: §0O
Time Jaccihea: 1:00 Time Tested: 1118
COMPRESSIVE STRENGTM: Sowcified 28 Day Strength (psi) _6500
; Cylinder 10 Age (uays) Size Strength (psi) Average Strengin
¢
i 3 7 5.99 7040
g2 28 6.01 9130
33 28 6.00 9230 3180
: %
; REMArkKs : %
4
{
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= = CONCRETE TEST RESULTS

® T =

x C = 2.5, No.:

MR NN sob Nu.: C3-125%

COLORADO TEST CENTER, INC. Report Dates: 12,/22/86
d1/12/87

'35 Suutn Navejo 01/29/87

Twirve~, Zw'aredeo 80223

{383 3%535-'C359

Reocort To: Premier wWateroroofing Co.

Srgm e Mgl SR Tw Co
Q3% Duou. Inwa
Jenve joger 22233 #
Al Scac o oes R, 4iYer RECEW
4
JAN 151987
Jate Cast: 12/15/86
ww‘ )
Test Numper: 18275
s0u Name: ABAM
Job Address: Stresscon in Colorado Springs
Contractor: Premier Waterproofing
Supwiiar: Siresscon Ticket No.:
Trucxk Nuo.: Min I1.D.: C8 HRS AGA
CTC Rewu.: M. Fitzgerald
Local jon of Sour: Panel &6

PHYSICAL PROPERTIES

3turn: 3.3 Air (%): 3.8 We./Cu. Fe.: 1UT.7 J
Soncrewe Teaw., TT: 33 Air Tempo, “F: 43 ‘
“ive 3alzreo: '2:55 Time Testad: 1:13

COMPRESSIVE STRENGTH: Specified 28 Day Strength (psi) _6500

Cviincer {5 AQu (days) Size Strength (psi) Average Strengcuhn ‘
{
33 7 6§.00 7060 ’
ce 28 5.99 3010 ’
33 28 6.CO 9340 9175 .

e\ T D i . TS W G S S T T e WD TP G - = WP S W = %4 W WS e
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FORT OPMICE BOR NO. 1I'IM
ODLORADS SPMNEE, COLO. SN0
TELEPHONT: (03 J00-00e¢

PROPOSED MIX DESIGNS FOR STAY-IN-PLACE FORMS, VICKSBURG, MS

Mix Design (1) For A One Cubic Yard

Cement

Concrete Sand

3/4" River Gravel
Pozzolith 30CR
Pozzolith 400N

Air Entraining Agent
Total Water

Slump

Percent Air

752% (8 sk)

10603 (ssD)

1800%

37 ounces (5 ounces/CWT)

105 ounces (14 ounces/CWT)

11 ounces

34 tc 36 gal. (.37 to .32 w/c)
4" to 6"

5 to 6

Mix Design (2) For A One Cubic Yard

Cement

Concrete Sand

3/4" River Gravel
Pozzolith 300R
Pozzolith 400N
Air-sntraining'Ag.nt
Total Water

Slump

Percent Air

D13

L

7524 (8sk)

10604 (SsSD)

1800%

37 ounces (5 ounces/CWT)

120 ounces {16 ounces/CWT)

12 ounces

33 to 35 'gal. (.37 to .39 w/c)
5.

5.7

<
B
2
¢
%
T
hd
i
¥
=




Page Two

.rr-~-..., - . e -

Mix Design (3) For A One Cubic Yard

Cempant

Concrete Sand

3/4" River Gravel
Pozgzolith 300R
Pozzolith 400N

Air Entraining l.gent
Total Water

Slump

Percent Air

7524

10604 (SsSD)

18008

37 ounces (5 ounces/CWT)

135 ounces (18 ounces/CWT)

13 ounces

34 to 36 gal. (.38 to .40 w/c)
6-

6.6

Strength tests will be conducted at 14, 21, and 28 days. Test
raports will be forwarded upon completion of testing,

D14
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PART III: PREDELIVERY INSPECTION REPORT
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GENBRAL any SPEOALTY CONTRACTORS

?" QMI e" _ WATERPROOFING COMPANY

. et Smuema sy - mmmen —r e m e

BIWUNCA B Sty B

JOB MEMO
T0: Elmer Oxolin, ABaN Enginsers, Inc. ‘
FROM: Charles R. Niller, Premier Waterproofing A.ngpp”'
SUBJECT: Field Inspection - Precast Stay-In—Plaézn;;rm Panels
DATE: December 30, 1986

On December 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 Jce Miller not to patch these, as we will apply
grout in ths 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 the panel below. Will make a full description if
this i3 a problem during erection.

Also noted was the fact that the raked finish was carried
full panel height which may make the joint too tight, if
amplitude is full {". Again, we will grind this excess off
in the field. Recommeni that rake finish stop 2}" below
top of panal lip v at the weld plates.

No cracking wac noted.
Neasuremen®s were taken, and are recorded on sheet two.

Panels are ready to ship and are acceptable fominstallation.

¢
cct D. Schultheis 12 za/s

D16
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PART IV: AS-BUILT DATA
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Pl wJengr ! 23 %" 23% " Yo
z 2% ’/‘ " 2; % " —
3 23 "Y%" 23 %" e
¢ 23 %" 23 %" he'
$ 3 'Y 3% " e
(] 4 . 73“;{0. e
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2.2 29 Jen8T 10 23 %" 25%s" - 'het
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< te 23 'Y + fe
% 23'e u 2 ~ he
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P71 17 Jen 87 8 237" u% Yo+
218 Jea 87 /9 23 AV -
20 22'%e 2% Ye*
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22 23 % 2374 -
23 22y, 22 % ‘s
2+ 23 22'% :/5:
114 OY%e 3%, ()
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 requirad by
Specification Section 2.2.3.f. Figure D5.1 identifies locaticns of the
No. 7 ties and No. 6 dowels that were instalied 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. The equipment included two
parallel mcunted 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 fiat jack configuration was used to test the No. 7 ties, whereas
the center hole jack was used for the No. G 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 tie same epoxy (Concresive 1441) and
general work procedures as the production ties and doweis. All were
embedded i5 in. into the monolith wail except for Specimen 7-3. At this
location, reinforcing steel was encountered while the hoie 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 1 hour with extensions periodically
measured, Followiny the l-hour sustained load, additional ioad incre-
ments were applied which took the load beyond the theortical bar yield
point.

A1l three No. 7 ties were successfully tested withcut failure. Results
of the testing are summarized in pages D27 and D28. Elongations beyond
the theoretical yieid point remained l1inear. 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 l-ihour 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. & dowel tests are summarized
on page D30. Testing was discontinued when the yield load was reached,
at which time extension readings increased without increasing load. Two b
dowels yielded at the theoretical load. The third dowel, No. 6-2, ;%
required a 28.8-kip load tc reach the yield point. Despite the yielding, 2
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.

D25
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AN WOT BWAM. T MK 9,

ELEVATION - FORM TIE., DOWEL & CONCRETE EXCAVATION LOCATIONS

uD

SCALL) 174%03°-Q"

@ TIES AND DOWELS TESTED FOR PULLOUT CAPACITY

Figure D5.1. Test tie and dowel locations
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CALIgRATION TEST

| |
Tes1s Rrfvrmed byt & Otofin ArdAN

DATA

Vack ('anﬁJurclun -

2- 10 Tom Lnwrprc E/)sp Jacks
rpae 0,000 psi Pand Aydrectee
Unit.

/-

/. /0,000 psi /)ydre.y&.c J.’g "J:»‘l/ul "

&ne

0. Mlfsen
12 Jon 87

dop

;|
i
-
o
‘o L ]
R
) 3 *I
g W
Y 4
a,
4 :
W Average Jeck Area % 2.22
A 4
3
! /
~
A . $ 47 4
{0,000 20,000 30,000 4o, o0
FoRrecA (/6
JEST DATA
FoRcE (/b5) @
PRES Ps 1 rR/iaL 2 TR/AL 3 Ave
%00 2,500 2,%00 z2,300
‘o000 4,0 4,600 4,600 4,6%
1500 7, 000 6,%0 ¢, %80
2000 9,100 9,100 Yoo 9,100
Joee 13,600 13,600 3 e00 /3 600 ;
do00 /8, b00 18, 000 18,000 18,000
Ses0 22,506 22,400 22,300 22,370
600 26,800 2%, 800 . 26,700 2,No
7000 3/, 200 31,000 3/,00e 31,070 £
7800 33,300 3,390 27, 209 33270 o
8000 28, Soo Fssoe 35, 500
2000 40,000 %, 000 40, 0vo

® Per formed ofler /‘c,ohwy 14#/7!.’ - A’drud.'c. Jene
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| Ny £ 0whn 2fea2r |
i‘z LAR _(F)E) Pllioor TEST RESUrS
Requrred Jic Capocity - B3 0w lbs
P
Lesat Theremenss ® %"s = B82S0 /b¢
Cebar Y/ield Force = 9.60 X 60,000 2 36,000 /hk
Reber ¥ /-
& Kosh A7
FoRcs  PRESUNE  EXTENSlon) ExTBAienl
o o 8.486 )
0.o40"
B82S0 ks (Boo pxi  0.f26
0.018"
losse /s  306o pts .54 "
0»013“
29780 lks  55% po 0.584"
2.018°
f3000 /bs 744e ,u 0.672°
4.002"
33000 s 1¥9opss  0.574° .
0.002
38500 lis  bacopsi  0.576' _ = :0.0%° B yield ot
o0.01%"
40000 lic  Yocepsi  0.59S°
Rehar #7-2
o o o’
0.021"
8250 bt /800 pss 0-292°
o0.010°
/oS00 lbs P60 po 0302°
0olo0"
29750 /be S50 ps/ ong'
o.on"*
38c00 bt w0 pis 0.323"
0.001"
33000 le vV psi 238"
2.003 "
35500 lhh  Bosopsi  0.318° , $:0.057" 1o gield pt.
0.0/6
$0,000 rks Y00 A 034"
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| | & 22e /3 o
1 REBAR_#2~3  (Depth of Embeaipact = 13%2")
I
¢ Seans NET
! FoRcE PRSSCute Esrpiiion Exreamonl
i
o o o6’
’.092'
82S0 As tboo psi 0.340"
o.026°
luSoo /b5 Jede psi 0.38¢" .
s.0"
" 2uiso /e K0 p3/ 090"
v.o27"
93000 /b5 Tuh ps o4’
0.003"
@ 33000 /br ¥vo psi O.440"
0.006"
5500 44 8900 psi X £0./18" 7o ydld
O.c3y” ’
doove /bs Y000 pei 0.¥80"
® leo A SUSTAINEY ForR 40 minwtes oNLY
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CAcipRaTiod TESI DATA

Jack Llon A‘zg ratioq :

Tesbs Performmet By

€. Cwlin Adam
D. WiHHsen Co&®
13 Jegon 22
I- Enerpac Cenler Aole Jack
I~ Enerpec 10,000 psi Nend fipdréedic unit
1 10,000 psi hydraulic geye  Sor/test’
/

Y

6468

PRessore  (Fst)

looo 2a00 Beeo

re

-

b

Mz‘qc Jeck Areas 139 WP

lo.'ooo h',uo .i.',uo do0eo
Fogce (lés
CALIBRATIOAN dATA

PRESS VRS Fotck (/br)

(rse) TRI&L | TRIAL 2 Ave

500 ssi 7400 lés 7200 (&5 7300 /bs
leeo pi/ 14,100 los /3, 300 14 M, 000 /44
/1500 L3¢ 20, 200 /lér 20,200 Ay lo,700 /bs
lees pb/ 27, %00 Yy Nt loy 27, %0 /6:
150 ks 34,200 /os 34,800 ‘er 343D lbs
Sose p5/ fo,800 /s 41,100 tes 40,95 los.
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l _By EOuglin Dlcaf)

$6 AAR  (OowkL) PuceowT TEST RESULTS _

(Obuorod ile C"PM %

dead Zncremeqss » a"}”r 000 ibs

.48

Doy &y 26~
= $Qourls ANeTr
Leodcs  Pressyeg _SrroNsienl  Exvediod)
oW2L"

6,600 & 450 psi o. 3%e' o8B m
/13, 200 /s Svo psi 0.3¢%" 0.035/9
13, 800 % 1360 psi 0.32' 0.08/ wn
X, 900 l6 /920 psi B Vietdast
Dowser Wé-2 .

0.392

&, 600 (& 950 psi 0.3¢g” 0.027"
/3, 200 b o ps/ 0.3’ 0.018°

19,800 18 /340 ps/ 0.329" 0.08"

20,700 /1§ /S00 ps/ 0 23" 0.o01"

22,060 lb /400 psi 0.23*° 0.008"

23,420 16 1706 psi 0.n2? 0.006"°

2y, 780 /4 /180 pss 0-30f" 0.007"

26,140 16 1900 pss 0.300" 0.008"
21,500 /0 2c00 ps/ 0.82" 8,008
28,87076 2106 p3i o.280" 0.012*
Yielded
dowee #6-3
PSITN
6,600 4SO osi o.leo" o. 17"
/3, 200 b o psi 6./69* o.0N"
/9, 890 16 /36e p3i a.147° 0.022'
20,70/ /800 pii 0.138° o0.00%"
22,000 %6 fioo pS/ 0.131" 0.007"
23 e20/b RLLY-" o0./28" o.007'
2,70 /6 /800 psi 0.718* o 007,
26,/v0 /6 /%00 ps d. /08" 0.o0l0
2000 psi  Threid on Pebar brike
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PART VI: WELD PROCEDURE AND
WELDER QUALIFICATION TESTS
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WELDING PROCEDURE FORM g
i
|
!

Specification Number 21

Desoription Upper Tie Connection
PROCEDURE SPRCIFICATION

mmw i
Welding Fromn SMAM
Manusl or Mashine Janual
Piier Mutsl Specifiestion AS.5
Filior Motal Classifestion 1)
Weld Motal Gvade Ed

On .77 \
Sngle or Muhigle Pan
Single or Muhtiple Are X1
Welding Currert 120 = 200 i
Palariey Pasitive
fost Trestment JNone
Prohast and intorpams Tomperatwe A,

WELDING PROCEDURE

no. | mzm AMPERES YoLVAGE

1 | s/32 | 170-200 | 18-24 ;
2 | 5/32 | 170-200 | 18-24 |
3 | s/32 | 170-200 | 18-24

This presssure may vry dus t febeinstion sagwanes, fap, Pom s, 0to. within o Limintion of Vastihiss ghven in 8.3.1.

Promdure No. __ 01 Manufastuser or Conraseer _ Preimicr Matarproofing
Rovisien Ne. ___ 0! Authosiend by charles Miller
Oste 12/4/86 Rev'd, 1/21/87 _

D34




Specification Number %2__ |
Description __Bottom Tie Connection

—
1 1/8 150 18-24
2 | w8 150 18-24
3| 8 150 18-24
a | 18 150 18-24
5 1/8 150 18-24
6 | 1/8 150 18-24
This proumiue say vary $ue t fubvinstion swusncs, Atep, am i, oo, whlin $he Limistien of Vestshins given s 6.2.1.
Prosdure Na. __02 Munslosturer o Conruster . Preinier Waterproofing
Rovisien Ne. ___ 00 Authoriond by _Charles Miller

L Y 1/19/87
D35
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COLOMDO TRST CUNTER, I
133 SOUTH AveJD STzt
OENvER C ot 2021

303} 98- 3080

Jaouary 16, 1987
708002

REPORT: Tensile Teating of Rebar to Plate Weld for
' Procedure Qualification

CLIENT: Premier Waterproofing lac.
2311 §. tanca
Deaver, CC 80223

_ Atta: Chuck Miller T
DATE OF TE3T: January 13, 1987

PROJECI: Colorado Teat Center, lac. (CTC) was requested by
the clienl to perform a tengile tast on a welded
rebar specimen provided dy the clisat. The pr.aary objective of
the test was to qualify the welding procedure used on the
particular size aad type of redar and plate. {

The test specimen was supplied for testing by the {
client and was identifiod as the following:

Reinforcing Steel Bar: &7, grade 8 ASTK A706,/18 inches in

leugth

Plate: 1/2% X 3" X 8", grade Ad6

Veld: 7/18 double flare bevel groove weld grade
£90XX

TEST

PROCEDURE: The 1/2 inch plate was welded by CTC to a larger

7/8 inch plate and then placed ia the testiag bay
of a Tinius Olsen Uaiversali Testing Machine. The tasting machine
{8 iy current calibration and traceable to the National Bureau of
Standarda. The plate snd was affixed to the top cross-head of
the machine while the rebar eud was gripped in the lower
crosshead’'s jaws. A tensile load was gradually applied (1000
lbs/sec) until ultimate failure occurred.

TEST RESULTS: An ultimate load of 54,630 ibs. was obtained at
which point the specimen failed in the rebar at the

heat affected zope of the weld. The ultimate stresgth of the
waldmern?

UL 2y O 12 P T AN e b g

54,850 1bs/C.60 isches® = 81.1 ksi

exceeds the specified ultimate streagth or the pareat material
(80 ksi per A3TN A817).

o xsi for ASIM 4200 tiatdtas;
¢ graie. bézv
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Prewier Waterproofing Inec,
706002

Jaauary 18, 1987

Page 2

5
*
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Two Macroetch samples were made of the revar and
weld cross sectiong. Fusion zone, heat affected zone and weld
size were examined and found acceptatle.

T¢ you have any questions regarding this report
please fezel free to call.

Very truly vours,

COLORADO TEST CENTER, INC.

JD:kd
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EFABCO INC.

ViSUAL LXAMTNATION
WELDERS NAME .  _ yrILIAM L. ALLEN a5 587-N3-9693
] E 1. PRE=-WELD Irvspection:
. Material Idencificatioan Condition:
4 Material Stamping A-36 Plate -~ A706 Rebar -
g Storage cf Welding Consumables el
¥ E Surface Condition .
Mishandling : ) 2
Joint Preparazion:
b | : Correct Bevel Angle o
. Proper Cleaning &
k Preper Root Face a4
Dimensions o
‘ : Special Set~Ups:
Jigging and Bracing oA
f Pre-Stressing or Pre-Chambering A(At__
Joint Fit-Up and Tacking:
r
h Root Spacing prcd
Placement >f Tacks A
Y
{ : ‘Tacks Proparly Ground A
L : Correct Type Joint per Drawing X
>
) 2. INSPECTION DURING WELDING:
i‘ : Preheat MK
Filler Material (Type and Size) 532 E9018
{ Electrical Charateristics
(Polarity, Amps) DC POS 170-200 18-24 Volts

{ ; Root Pass

Interpass Jemperature

Cleaning batween Passes

Root Preparation to weld Second Side

Appearance of Passes (Compare to
workmanship sample)

1 bk

D38
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Inspection During Welding (Cont'd):

Purge Back Side (Gas & Flow Rate)
Variations from Approved WP3

3. INSPECTION AFTFR WELDING:

TR T MR AR

i AR e TR

i

AU EBOBAEMT R  l

A
g3

Size of Filler Welds

Convex.ty and Concavity

Finish of Weld Surface

Undercutting

Overlap

Crackirg

Surface éorosi:y & Slag

Lack of Fusion

Incomplete Penetration

Weld Re-enforcement (Cap)

Excessive Grinding

Excessive Center Pinching or other
Marking

Evidence ot Mishandling

Need of Other NDT

4. REPAIRS:

Markine

Inspecrion of Preparation for Repair
Inspection after Repair

Postheat Treatment

Hydrostatic Testing

it

NDE Technician

D38
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PART VII: CAST-IN-PLACE CONCRETE
MIX AND INSPECTION REPORTS
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19 December 1966

CONCRETE MIX DESIGN
MIX & 3341508 3000 psi

. CONTRACTOR : PREMIER WATERPROOFING COMPANY
PROJECY : CORPS OF ENGINEERS STAY-IN-PLACE FORMS
SOURCE OF CONCRETE : MILLER READY-MIX CO.INC.

IDENTIFICATION OF MATERIALS

1 PRI

CEMENY, BRAND, TYPE LONESTAR, C=-180 (I

MINERAL ADMIXTURE TRINITY MATERIALS, C-618 CLASS F
FINE AGGREGATE RUNYON 87 PIT

COARSE AGGREGATE RUNYON 87 PIT @57

ADMIXTURE, BRAND, TYPE GRACE WRDA-79, A
ORACE DARABET, E
ORACE DARACEM, F
AIR ENTRAINING AGENT GRACE DAREX

WEIGHTS PER CUBIC YARD (BATURATED, SURFACE-DRY)

YIELD, CF
CEMENT, LB. 408 2.08
MINERAL ADMIXTURE, LB. e 0.81
FINE AGGREGATE, LS. 1300 7.98
COARSE AGGREGATE, LB. 1920 12.121
WATER, LB. (GAL.) 217 (26.0) .47
AIR ENTRAINMENT, PERCENT 8 ¢t0 8 1.09
¢ 1t 1 1 ]
27.18 TOTaAL
: ADMIX 1, 0% 24.0
B ADMIX 2, 02 96.0
E ADMIX 8, 02 43 .8
j AIR ENTRAINING AGENY, 02 6.7
% WATER/CEMENT RATIO, LBS/LE 0.45
é SLUMP, INCHES 8.00 (.00 to $+.00)
H 4.1

3 CONCRETE UNIT WEIGHT, PCF 14

PREFARED_BY .

g ..
3 N .
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CHIX ¢ 33413049 3000 psid -~ PAGE B

MIX ANALYSIS

MIX VOLUME, CURIC FEET 7.2
COARSENESS (Q /7 (Q + 1)) 4.9
WORKADILITY 34 .2
W - ADUST 2.0
PERCENT MORTAR 81.8
TOTAL FINENESS MODULUS 8.85
48 | ! ! H } !
H ! L H { L
t i 1 L ! !
! ! ! ! $ $
40 H 1 - H L] { 1
W t ! t ! H !
O ! ! i ! S t
R : ! H ! R R R |
K 8 | | | S I N |
A ! ! x 1 R A S i
B H ) (- T R O { }
I H H R T R S ! H
L ao | m———————— | I SN X - ! ! -=|
I H I S - ! ! !
T | B T N H ] ! !
Y IS S S ! H ! H
25 b s t - t t
t ! ! t ! {
H ! H ? o - TOTAL MIX !
! H ! 3 ¥ - AGGREGATES !
20 o e ! i ! H i 1
100 80 60 40 20 )
COARSENERSS cQzs Qq+ I 21
MIX CHARACTERISTICS )
STCNE SAND ’
——— e = - e "
SPECIFIC GRAVITY 2.5 £.635 8
% PASSING 8/8" SIEVE 80.0 100.0 t
% PASSING NO. @ SIEVE 1.0 83.0 P
FINENESS MODULUS 6.97 . a.e2 i
X
MINERAL ADMIXTURE SPECIFIC ORAVITY -~ B.26 3 1
EXPOSURE CONDITIONS -~— NO SEVERE EXPOSURE -
i
[ )
g
D43
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PACE 9

3000 peild

CMIX & 33412AWS

FULL ORADATION ANALYSIS

A EU g ot bt e

PASTE TOTAL AGGR

STONE SAND

SIEVE

MOOGO

100.0
96.7
8.9
67.4
8$7.7
38.8
4.2

100.0
7.8
86.6
78.9
68.86
834.9
S$1.8
49.39
45.1
2y.8
87.0
26.8
85.89
16.8

100.0
96.1
69.06

oCnooocooo

oo.bnvl
m“”qv‘...ﬁ °

"
is72%
/8"

*¢ 4

+
-~
”

1-1/8"
¢ @
® 16
¢ 90
® 30
€100
*200
325

Liquid

1

LB WL Fy e L e i L e

GRADATION CHART

100% o——=%-|

- P o SS e BE oy BE ep BP ey OO ow S o

70
60

| Bt *

tr)

20

10
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- 0® 400

.
~——® @O

- o od w0

.lﬂ."

- o o

—— W)
o

e e el RN 1 WA A B 45l

AGGREGATES

ALL COMPONENTS
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WARREN COUNTY
ENGINEERING SERVICES, INC N
TEETING LARORATORY WAd
:.u. ANODD PLAZA RECEN
1104 OPENWOOD STRERT
VICKSSURG, M8 39160 Fea 3198
-
CONCRETE CYLINDER TESTS
§ PROJECT: Premier wWaterproofing Co. DATE January 20, 1937
(Purchase Order # 1183)
{ (Contract & 86-7) LAB. NO.
CseMede Jan. 20, 1987 Cyinders madeby: Mel Carlson
: Contractor Premier Waterproofing Co. Reportedto Contractor
Brand of Cement Quantity Poured 2 yds.
Wator, Gal. per sack of cement Concrete Temperature 4) °
Mix Design No. Air Temperature 38 °
—BDLLained Ai
Requred Age
Cylknger Load Pounde Per Poundes Per when | Sump
Numbar Totl Square Inch Square inch Tested | Inches | Lncahon of pour.
{28:0ny) | Oeys - —_— e = ‘
W -1 65,500 2300 3000 7 34 | WFS - Stay-in-place
lock wall
PW - 2 63,000 2230 7
PW - 3 112,000 3960 28
PW - 4 115,000 4070 28
: {
i
|
3
z
: 1 |
: Momarts: WARREN COUNTY ENGINEERING SERVICES, INC. g ,
% P
cct Miller Ready Mix ay /4‘4/ b
l D4s




rece
WARREN COUNTY ceo %) 38l
ENGINEERING SERVICES, INC _’,‘—""
TEETNG LABORATORY
2 OPENWOOD MAZA
1104 OPENWOUO STREET
M8 39180
t901) 630-T842
CONCRETE CYLINDER TESTS
PROJECT: Premier Waterproofing Co. DATE January 21, 1987
LAB. NO.
DateMade Jan. 21, 1937 Cyinders madeby: Me) Carlson
Contactor Premier Waterproofing Co.  Reportedd cgoneractor
8rard of Cement Quantty Poured yd.
Water, Gal. per sack of cement Concrete Temperature™ 4 o
Mix Design No. Air Temperature 4
SIS 2T LR VY. SRR T S S—
. Requred Age
Cylinder Load Pounds Per Pounds Per When | Stump
Number Tow Square inch Square Inch Tested | Inches |Locaton of pout
— ‘2.'“!! - Mj-—‘—-‘b‘ C—— N = meme -
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
PWw - 8 124,000 4390 28
1
;
Romars: WARREN COUNTY ENGINEERING SERVICES, INC, !
ce:s Miller Ready Mix Bv____éf_/_‘&' P
.
D46 i :
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PROJECT: premier Waterproofing Co.

e — -

WARREN COUNTY

ENGINEERING SERVICES, INC

TEATING LABORATOAY

OeteMade Jan. 22, 1987

20000 MLARA

1104 OPENWODL) STRER Y
VICEBURG, MS 39180

1001) 638- 7042
CONCRETE CYLINDER TESTS

LAB

.NO.

"r"‘“"—'

ReC

DATE January 22, 1987

Cylinders made by: Mel Carlson

Contractor Premier Waterproofing Co. \
Brand of Cemaent Quantity Poured | yq
Water, Gal. per sack ot cement Concrete Temperature  4g°
Mix Design No. Air Temparature 40°
_.hm-inﬂd-n.w
Requred Age
Cylinger Load Pounda Per Pounta Pev wWhen | Siump
Number Towt Sauare inch Sauare Inch Teatwea | nchea |Locanon of pour
{28-Dey) | Osys —
PW- 9 3000 4% | Stay-in-place wWal:
PW - 10
PW - 11 99,000 3500 28
PW - 12 102,900 3610 28
‘l.‘ L:::-====r
R v A
e T WARREN COUNTY ENGINEERING SERVICES, INC.
cC: Miller Ready Mix

Reportedtc Contractor

@5 ‘\Q%T
=t
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WARREN COUNTY

TRETHA LABORATORY

1108 OFENWOOD STREEY

M8 30180
901)820- 7042

CONCRETE CYLINDER TESTS

PROJECT: Premier Waterproofing

OsteMade Jan. 22, 1987
Convector Premier Waterproofing

Co. DATE January 22, 1987
LAB. NO.

Svindersmatdedy: Mel Carlson
Co. +.porwdi® Contractor

Brand of Coment Quantity Poured )
Water, Gal. per sack of coment Concrete Temparabure 4 ¢
Mix Doaign No. Ar Tomparsture 40° P "
Pounds Por Pouns Por ::- Sune
Cylinaw Land
Naaber Towm Square inch Qautre Inoh Toatow | vahas | Losstion of pour:
—[20-Ony) Oue

-9 63,500 | 2650 3000 7 | & | Stay-in-plzce Wall

M - 10 62,000 22%0 7

M - 11 99,000 3500 28

PN - 12 102,000 3610 23
%

Aompte:
cct MNillear Ready Mix

WARREN COUNTY ENGINEERING SERVICES, INC.

g e e
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PROJECT: premier Waterprooting Co. DATE ganuary 23, 1987
LAB. NO.

Oate Made g.n.iza. 1987 e W:"Wuu Carlson
t o
Contrector remier Waterproofing Co Reporied©  Contractor

Srand of Coment 2 8.
Water, Gal. per aack of coment m‘h«u&n{dsoo
Mix Design No. ‘gmi'll ﬁ i Po 1123
Aoguired Age
Cylder (r Poynin Por Poungs Per “Weon | Sump
Number Towm Square Inch Souwrech | Tosed | Wnches [Lacetion of pour:
(20-Oay)
M - 13 76,000 2690 3000 7 3 Stay-in-place Wall
M - 14 77,500 2740 7
P - 15| 112,500 3980 20
P - 16 | 113,500 4010 28

m

WARREN COUNTY ENGINEERING SERVICES, INC.

omate:

ce: MNiller Ready Mix
o 2K

D49

R P

hind,

et AN ¢

EECH ERREN

e e T I E TT

iy o,




WARREN COUNTY
SNGINERRING SERVICES, INC

1104 OPIONODD STVIET
VICKBEURG, M8 30180
901)600-7002

PROJECT: premier Waterprooting Co. UDATE january 27, 1987

LAB. NO.
OstoMade Jan. 27, 1927 Cytwiers made by. Nel Carlson
Contractr Premiar Waterproofing Co.. FReporedio Contractor
Srand of Coment Quantity Poured S yas.
Water, Gul. per sack of cemont Concrete Tempershure 53¢
Mix Dcaign No. Ar Tompershure  87° Po ug3
S = . e
eguired Agn
Cylinger et Pounts Per Pounds Per Wean | Sme
Number Towt Suvwe hah 1 Touted | ohes | Losstion of peur:
290w}
™ - 17 74,500 1640 3000 7 4 Stay-in-place Lock Wall
PN -~ 18 75,500 2670 7
PN - 19 107,000 3706 28
PN - 20 105,000 3710 al |

_—A_—Qé*___——

Remasta: WARREN COUNTY ENGINEENING SERVICES, INC.

cc: Miller Realy Mix o LELZ
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WARREN COUNTY
ENGINESRING SERVICES, INC

m REDY .
VICKDRUNG. W8 30180 WAR 1987

|
W01 438732 -

CONCRETE CYLINOER TRSTS

PROJECT: Prenmier Naterproofing Co. DATE January 28, 1907

OsioMede Jan. 28, 1987

LAB. NO.
Cyinders made by: Mel Carlson

Contractx Prenier Waterproofing Co: Aswpurtedto Contractor

Srand o Coment Quantity Poured 2% yds.
Water, Gal. per sack of cemant Concrete Temamabure £0°
Mix Deaign No. Ax Temparshwre 68 ° PO 1123
.- . PR
Rogured Ags
Cyarger Loed Pounds Per Pounts Per War | Sume
Nurhr Tolml Squre tnoh Squore voh Toewe | nprae fLeceson of pour.
1200wy} Owys
™ - 21 7%,000 2650 3000 7 6 Locking Wall
PN - 22 77.500 2740 7
PN -~ 21 105,000 3710 29
- 24 97,500 3450 18
ﬁ“— s e ———
Pamarte: WARREN COUNTY ENGINEERING SERVICES, INC.

cc: Milier Ready Nix

w_ L E

D51
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PART VIII: TEMFERATURES DURING CONSTRUCTION PERIOD
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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 anrd
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.

El
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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 conjurction with cast-in-place !
infill concrete to repair deteriorating navigational lock wall surfaces i
The repair will encompass 1in ft of lock wall surface with typical :
wmonolith 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. A1l 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 orientation and
attached to the lock walls using [welded, mechanicai] 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 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 decumented by a nonconformance
report, as outlined in Section III.
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Figure E2.
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The general superintendent will notify the QCM when a unit of work
is complete and ready for final inspection. The QCM will verify that
all contract requirements have been satisfied by performing field
inspections and measurements and verifying the documentation in the
files. If a)l requirements ave satisfuctorily completed, the QCM will
advise the PM 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.  COMMUNICATIONS

Comrunications 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 PM'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 mandat>ry. The presence of
individual QC staff members may be requested by the COE RE, PM, or OCM.
Special meetings may be called by the COE C) at any time. Minutes of
all meetings shall be preparec¢ by the PM 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 effort 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 COE RE's quality assurance (QA) staff. k)

E.  DOCUMENT CONTROL AND RECORGS

A1l correspondence will be addressed by the PM to the COE CO and
serially numbered, commencing with No. 1, with ro numbers missing or
duplicated. A11 correspondence, including attachments, will be provided
in quintuplicate (five copies). A1l 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 PM's staff and will be arranged seguentially by

E8




receipient and by subject. The PM will forward copies of correspondence
pertaining to quality matters to the QCM for the QC files.

A1l incoming correspondence will b date stamped and ~orded in
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 t. “tion
items. The PE and all staff on the distribution 1ist will i. al the
correspondence tc ackrowledge that it has been ~ead. Corres dence
will be maintained in both sequential and subject files similar to the
outgoing correspondence files.

A filing system also will be maintained by the QCM. 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.
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II. CONTRACTOR SUBMITTALS

Submittals required to provide evidence of compliance with contract
documents have been compiled on ENG Form 4288. [A1l required Form 4288s
would be inserted following this page.] Specific submittals requiring
review and approval by the COE CO have been noted en the form. No work,
including materials procurement, will commence until 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 PM, 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 QCM.

A1l submittals will be forwarded to the COE CO with a serially
numbered transmittai document, ENG Form 4025. All information required
to identify the transmittal will be provided.

A1l 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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IIT. GENERIC QUALITY CONTROL REPORTS

The QC staff below the QCM will be assigned to cover specific
construction activities as described in Seactions IV through IX. QC
activities and documentation specific to a particular work activity are
described in these sections. Standard forms for the docuumentation are
contained in the appendix. This section describes quality control
documentation that will be generally used by ali QC staff inspectors.

Every inspector will submit a daily inspection report to the QCM.
Inrformation to be included in the report is described on Form QC-0 and
includes such items 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 heginning 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 wade for the required field control testing, (c) an
examination of the work area to ascertain that all prelimirary 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
(f) verification of instructions from the government or other
resolutions from QC meetings.

Initial inspections will be performed as soon as work begins on a
representative portion of the particulav 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 and 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, untii 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 govermment.

Safety inspections will be performed daily to assure compliance

with OSHA and EM 385-1-1. Daily GC reports are used to document

the safety deficiencies and corrective actions taken. QC staff is
used to perform these inspections.

Form QC-1, a certificate of compliance, will be used to document
that materials or workmanship meet specified requirements. For
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example, the form may be used when mill certificates, test results,
etc., are not readily available.

If an occasion arises in which the work is not corracted
hefore it is completed, the QC inspector will prepare a nonconfor-
mance report (Form QC-2), which will be acknowledged by the PM.
The nonconformance report will be transmitted to the COE CO by the
PM within 24 hours of fssuance by the QC inspector.

Remedial measures to correct 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 CCE CO for approval prior to the commence-
ment of repairs. Once approved, the repairs will be carried out in
the presence of a QC inspector, who will verify that tha 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. (NPD 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 (NFS 302)

Data Sheet Compressive and Flexural Strengths of Concrete
(NPD 355)

Statistical Evaluation of Concrete Compression Tests (NPS 57)
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IV. STEE. FABRICATION

A.  SAUKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC inupections and tests required in the
production of jock 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~-certified.

A1l work will be performed per the following documents. The inspec-
tor will be thuroughly familiar with their requirements.

Project Specifications, Section 05500

AISC Steel Construction Manual

AISC Code of Standard Practice

AWS D1.1, Structural Weiding 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.

Reviewing and becoming familiar with all other submittals
related to steel fabricatien. such as work procedures and
catalog cuts, and verifying their action code.

Ny

3. Obtaining weld procedure specifications and verifying that
these have been qualitied. Obtaining applicable test resulis
if necessary.

4. Obtaining welder qualification records.

5. Obtaining ana 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 dimensionai fit-up to verify that it is within AISC
tolerances.

8. Verifying proper calibration and setup of weld equipment.

9. Inspecting welds.
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10. Verifying surface preparation and painting procedures. Verify-
ing that the required surfaces have been painted.

11. Obtaining periodic samples of steel as reguested 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 and quality control
procedures. Daily inspection reports (Form QC-0) 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-
1ist 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.
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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.

A11 work will be performed per the following ¢ .cuments. The inspec-
tors will be thoroughly familiar with their requirements.

Project Specifications, Sections 03100, 0320C, 03300, and 03400.

ACI 301, Structural Concrete for Buildings.

ACI 318, Building Code Requirements fcr Reinforced Concrete.

PCI MNL-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.

Becoming familiar with all other submittals, such as work pro-
cedures, concrete mixtures, and materials, and ascertaining
their action code.

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.

Verifying that reinforcing bars have been stored in an accept-
able manner.

Checking formwork preparation, including cleaning and oiling
and dimensional fit-up. (Tolerances are listed on Form QC-4.)

Checking QC files to assure that steel fabrications have been
approved for incorporating into the precast panels (QC-3).

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.
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8. Checking reinforcing 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 commencing concrete placements, verifying QC inspec-
tor's sign-off on Form QC-4.

1 11. Performing tests and obtaining samples at the frequencies
3 outlined in Table El.

12. Observing concrete placing procedures, compaction, and finishing.
Performing checks to verify panel thicknesses.

et )

13. Verifying that approved curing practices are fcllowed. Ascer-
taining that temperature recordings during curing are monitored.

o e ey e

14. Determining strengths of concrete at time of 1lifting 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 °bf variability and the 1imiting 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 precast1ng and quality control
procedures. Daily inspection reports (Form QC-0) 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-
Tist QC-4 has been approved by the QCM, the formwork is ready for concrete 5
placement. Checklist QC-5 will be prepared to document the concrete ’
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placement activities and to acknowiedge that concrete strengths have
been achieved. Checklist QC-6 will document visual inspections of the
finished panel, including required repairs, while QC-7 will te a record
of the as-built measurements. A1l four checklists must be apprcved by
the QCk before he allows a parel 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 avaiilable for
delivery. The QCM will forward copies 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.
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TABLE €1

CONCRETE TESTING

Material

Test

Minimum Sampling and
Testing Frequency

-

Portland cement
and pozzolan

Admixtures

Water

Coarse aggregate
(for each grading
size)?

Chemica? and
physical tests

Certification of
compatability
and samples

Sample and test

Gradation

Deleterious
substance

Abrasion

Moisture,
specific gravity,
and absorption?

Manufacturer's certificate of
compliznce with a test report
for each delivery or lot.
Submit a 10-1b sample for
every other certification.

Upon request by contracting
officer, 1-qt samples are to be
submitted during progress of
work. Certification including
test results for each lot are
to be submitted.

A sample and/or water quality
test if requested by the con-
tracting officer.

One test every 500 cu yd of
concrete.

One test initially and there-
after when appearance makes the
material suspect.

One every 5000 tons of
aggregate.

One initially and every 250 cu
yd thereafter. One moisture
to be conducted prior to any
batching and more frequently
if hauling and storage do not
provide a consistent moisture
content.
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TABLE E1 E
CONCRETE TESTING (continued) %

Material Test

Minimum Sampling and
Testing Frequency

Gradation and
fineness modules

Fine aggregate!

Deleterious
substances

Moisture,
specific gravity,
and absorption?

Concrete STump

Entrained air

Ambient and
concrete
temperatures

Unit weight,
yield, and water/
cement ratio

Compressive
strength and
evaluation of
results per
ACI 214
(includes unit
weight of each
cylinder)

One every 250 cu yd of
concrete,

Same as coarse aggregate.

Same as coarse aggregate.

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.

Conduct with slump test.

Conduct with slump tests.

Conduct with strength tests.
Check unit weight and adjust
aggregate weights to ensure
proper yield.

Take two sets of three cylinders
at time of performing slump
tests. Test two cylinders

prior to 1ifting panels out of
forms, and two cylinders at

7 days and two at 28 days. A
plot and statistical evaluation
shall be maintained in accor-
dance with ACI 214 for com- 1
pressive strength results. The
required average strength shall
be the design strength fé plus

Bl g et o
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TABLE E1
CONCRETE TESTING (continued)

Material

e U S

Batching and
mixing equipment
tests

Curing compound

Vibrators

Test

Contract
compliance

Certification and
submittal

Frequency and
amplitude

Minimue Sampling and
Testing Frequency

the required overdesign factor
(ASTM C 94, Table 3). The
limiting probability of tests
falling below the required
strength shall be as required
by the specifications. Cylin-
ders to verify strength at
picking shall be field-cured.

Contractor compliance with
ASTM C 94, “Standard Specifica-
tions for Ready Mix Concrete,"
with documentation, reports,
and certification of
compliance.

A 1-gallon sample to be sub-
mitted initially with certifi-
cation and test results, for
each lot and type of curing
compound.

Check frequency and amplitude
initially and any time vibra-
tion is questionable.

1 A petrographic report for aggregate is required with the sample for
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.

source approval.
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VI. LOCK WALL DEMOLITION, SURFACE
PREPARATION, AND TIE INSTALLATION

A.  BACKGROUND REFERENCES AND QUALIFICATIONS

. This section defines the QC irnspections and tests required to
verify that surface excavation and preparation are completed in accordance
with the contract documents. The inspectors will have gencral 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 requirements.

Project Specifications, Section 02071

Corps of Engineers Technical Letter ETL-1110-2- 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.

7. Verifying that tie holes have been cleaned out subsequent to
drilling.

e i, R s o B it e

8. Witnessing and documenting test tie installation, testing
procedures, and results. (Workmanship and materials for 1
production ties will be identical to those of the test instal- :
lation procedure. ) L.
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9. Verifying procedures used during production tie installation.

10. Ferfurming random load tests on production ties. Using cali-
brated equipment to test 5 tiss out of 100.

C.  REPORTS ANO QC COCUMENTATION

Reports will be prepared to document excavation progress and quality
control procedures. Daily inspection reports (Form GQC-0) will be pre-
pared to record work progress. Checklist GC-8 will be prepared for
individual monolith segments. Approval by the QCM indicates that the
monolith is ready for erectiun of precast panels. Nonconformance reports
(Form QC-2) will be prepared as neeced.

- “, :‘(-‘? N !

E22

I e R A



This

certified.

following
1.

VII. PANEL ERECTION

A.  BACKGROUND REFERENCES AND QUALIFICATZONS

section defines the QC inspections and tests required tc

ensure that precast panels are erected utd attached to the lock wall as
required by the contract documents. Tha inspectors covering this work
will be experienced in all phases of precast concrete crection. In
addition, where tie welding is required, the inspectors will be AWS-

The use of a diving inspector may he required for the bottom

panel, which will be partially submerged, and a certified diver/inspector
will be retained to inspect such work on an as-nended basis.

A1l work will be performed per the foliowing documents. The inspec-
tors will be thoroughly familiar with their regquirements.

Project Specifications, Section 03300
AWS D1.4, Structural Welding Code, Reinforcing Steel

8. RESPONSIBILITIES OF THE QC INSPECTORS

Specific responsibilities of the QC inspectors will include the

items:

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.

Verifying that the required panels are available for erection
(Checklist QC-5) and that all surface preparation work is
complete (Checklist QC-8).

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.

Verifying that rigging and lifting equipment are properly
maintained throughout the course of the construction. Spot
checking that all connections between panel's and rigging are
adequately secured. Noting any unusual wear or signs of
distress and notifying the erection superintendent immediately.

Verifying that surface cleaning of both parels and mondlith is
completed prior to the erection of the panels on the monolith
wall.

Verifying that required tolerances have been achieved after a

panel has been positioned and {emporarily secured. (Toler-
ances are shewn on Checklist QC-9.)
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7. Allowing work to proceed on the remainder of the form 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 completed as required.

9. Verifying that the required items are provided at joints
between 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 (C-0)
to record work progress, weather conditions, number of workers, equipment,
etc. Checklist QC-9 will be prepared for individual monolith segwments.
Approval by the QCM 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) will be prepared as needed.
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VIII. CAST-IN-PLACE CONCRETE

A.  BACKGROUND REFERENCES AND QUALIFICATIONS

This section defines the QC inspections and tests required to
ensure that cast-in-place concrete for the infill behind the panels and
for closure cap pours meets the requirements of the contract documents.
The inspections will bs performed by parsons experienced with general
concrete production practices, including preparation of formwork, rein-
fore:ng bar installation, concrete sampling, placing, finishing, and
testing.

All work will be performad per ithe following documents. The inspec-

tors will be thoroughly familiar with their requirements.

Project Specifications, Sections 03100, 03200, and 03300
ACI 301, Structural Concrete for Buildings
ACI 318, Building Code Requirements for Peinforced Concrete

8. 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 impiemented and followed throughout the
work.

2. Obtaining and reviewing for coapliance 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 embedments have been approved
(QC-3) and verifying whether their installation is within
specified tolerances.

5. Inspecting reinforcing steel locatiun, 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 survace:s

will be coastructed to the specified tolerances. Checking to
see that forms have been acequately cleaned and oiled.
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7. Perforeing the concrete tests and oblaining the required
samples as outlinad on Table E1 in Section IV during concrete
production.

8. OQoserving concrete placing procedures, compaction, and finishing.

9. Verifying tha! approved curing measures are followed.

19. Hairntaining a running statistical evaluation of concrate com
pression test results. Making sure that the required average
strength (fé ) is consistent with the standard deviation or
coefficient “5t variability and the limiting probability for
low test results. [Limiting probability will be stated in the
specifications; however, a 1 in 10 Yimiting probability would
be uppropriate for cast-tn-place concrete. ]

C. REPORTS AND QC DOCUMENMTATION

Each inspector will complete daily inspection reports (Form QC-0)
to record work progress, weather conditions, number of workers, equipment,
etc. Checklist QC-10 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 in acknowledge that concrete
strengths have been achieved. Nonconformance reports (Form GC-2) will
be preparad as needed.
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iX. TINAL INSPECTION

A.  BACKGROUND REFERENCES AND QUALIFICATIONS

This section derines the QC inspections reguired to ascertain that
all work associated with an individual monglith section has been com-
pieted and that tha work is rcady for submitting to the contracting
officer for acceptance. in: inspections will be performed by persons
with general construction iuspection experience including surveys for
verifyirg as-built dimensions. Some underwater inspecktion that can be
coordinated with a diver/inspector will he necessary.

A1 work will ne performed per the following documents. The inspec-
tors will be thorougr.y famiiiar with their requirements.

Project Specifications, Sections 031G0, 032:(, and 93300
B.  RESPONSIBILI "YES OF THE QC INSPECTORS

Specific responsibilities ot the QU inspectors will include the
following items:

1. Inspecting ail concrete surfaces after remcval of the formwork
to determine if any surfece defects that reauire remedial
measures are present. Documenting locations of surface defects.
Verifying that repair procedures have been documented and
approved prior to their iaplementation. Observing any repairs
to confirm that the approved procedure was followed.

M

Verifing that all miscallanecus surface stoning, grinding,
sacking, etc., nave been satisfactorily completed.

~ Reviewing documentation for a'l 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., Ortaining measurements to verify whether the final installation
is within the specified tnlerances.

C.  REPORTS AND QC DOCUMENTATION

Each inspeztor will complete daily inspection reports (Form QC-0)
to record work progress, weather conditions, number of workers, equipmen<,
etL. Checklist QC-12 will be prepared by mecnclith 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 the complected 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
will 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.
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XI. REFERENCE INFORMATION

contract Design Drawings

Number Title

Contract Shop Drawings

Number Title

Corps of Engineers Resident Engineer's Manual

Corps of Engineers Quality Assurance Marual
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Form

Qc-0
QC-1
QC-2
Qc-3
QC-4
QC-5
QC-6
Qc-7
QC-8
QC-9
QC-10
QC-11
QC-12
ENG 4025

ENG 4288
NPD 300
NPD 88
ENG 2087
NPD 359
NPS 302
NPD 355
NPS 57

XII. STANDARD QUALITY CONTROL FORMS

Title

Daily Construction Quality Control Report
Certificate of Compliance

Nonconformance Report

Steel Fabrication Checklist

Precasting Inspection Checklist

Concrete Placement Checklist

Handling, Storage, Finishing, and Shipment
As-Built Measurements

Demolition and Surface Preparation Checklist
Panel Erection Checklist

CIP Preplacement Inspection Checklist

CIP Concrete Placement Checklist

Final Inspection Checklist

Transmittal of Shop Drawings,, Equipment Data, Material
Samples, or Manufacturer's Certificates of Compliance

Submittal Register

Transmittal of Materials Sampies

Screen Analysis of Concrete Aggregates

Gradation Curves

Report of Concrete Mixture Design Methods CRD-C3 and 10
Transit Mix Concrece Control Record

Data Sheet - Compressive and Flexural Strengths of Concrete
Statistical Evaluation of Concrete Comnression Tests
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(Sample of Typical Contractor Quality Contro! Report)
CONTRACTOR'S NAME
(Addrass)
DAILY CONSYRUCGTION QUALITY CONTROL REPFCRT
Date: Report No.__

Contract No.:

Bascription and Location of Work:

WELTHER: (Clear) (P. Cloudy) (Cloudy); Temperaturs: Min. Max;
(Snow) (Rainfall) Taches,

Contractor/Subcontractor Activity:

Coatractor/ Time
Vork in Frogrese Subcontractor Craft Worked

o el et Sl WHMJV%

b.

Ce

d.

e.

f£.

h,

uipment Data: (Indicate items of construction equipment, cther than hand
tools, at tha job site and vhether or not used.)

Contractor/ Time
Equipment Subcontractor Craft Used
a.
b.
c.
d.
e.
f.
Form QC-0
EA1

]
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2. Initial Inspectiong

3. Egliow-Up Inspections

4. Dafety ingpections

CONTRACTOR'S VERIFICATION: The above report is complete and correct and all
material and equipment ucred and work parformed during this reporting period

are in compliance with the contract plans and specificationt except as noted
above.

CONTRACTOR QUALITY CONTROL INSPECTOR
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CERTIFICATE QF COMPLIAGNCE

CORPS OF ENOINEERS
NAVIOATIONSL LOCK REPA]IRS
USINOG
PRECASET CONCRETE STaY-—IN-PLACE FORMS

Reference Project:

Contract Number:

Material:

In accordanc? to the requirements of the Contract Specifications and
dramings, we hereby certity that the materials furnished per the
attached documents to bs in compliance with the requirements of Speci-
f¢ication Section » Paragraph y OF
Draming » and the following referenced standard(s):

Tests were perforavd by:
and are on file with the Manufacturer. Copies can be made available on
request,

Toest Results Attached

Testing Not Applicable
I certify that the abovi statements are true and correct, and the
materials delivered comply with the Contract Requirements.

Dates

(Mér, Authorized Még’s Representative, Contractor)

Form GC-1
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INSTRIFTIONS FOR “CERTIFICATE OF COMPLIANCE® FORM

(1) Name and address of the Purchaser o( the materials being certified

(2) Project Title, Contract Number

(3) A brief description of the materials being cartified.

(4) The applicable specification wumber and paragraph numbsr or drawing

number of the materials being certitied.

(3) The applicable referenced standardis) of the materials being certified

such as ASTM, AASHTO, etc.

(8) Check the appropriate box for tcstvroquironnnts; $ill=in complete name
and address of the Testing Agency if the first box is checked.

(7) Certification of Materials; 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.
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Contract Name

Contract Mumber

NCR Ne.
Date Location

Reference Draming or Specitication Section:

Rescriotion of Non-Conformance

Initiated by Acknowledged by
&C Inspector Project Manager
Eronosed Corrective Action
Submitted by _ Approved by
Project Engineer Project Manager Date
Contracting Officer’s Disposition: Approved __ Rejected __
Contracting Officer Date
kepairs Completed per Approved Procedure Yes __ No __
aC Inspector Date
NCR Closed Ur:
0C Mamager Date
Form @C-2
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Contract Name

Contract Number

STEEL _FABRICATION CHECKLIST

Steel Fabrication ltem
No. of Pieces in Fabrication Lot

Reterence Designh Draming No.
Reference Shop Draming No.

Approved & Released for

Construction Yes __ No __
Steel Material Used in Fabiication Approved Mill Certiticate on File
ASTH A~34 Yesa . No __
ASTM A-372, Grade 30 Yes __ No __
AST™M A-108 Yes __ No __
ASTM A-494 — Yes __ No __
Yes __ No __
Yes __ No  __
Dimensional Fit-up Within Tolerances Yes __ No __
Welders Performing Work Qualitied
Yes __ No __
Yes __ No __
Yes __ No ___
Weld Inspection Method Meids ficceptable Yes __ No ___
Surface Preparation Adequate Yes __ No __
Painting:
1. Prime Coat Material Dry Film Thickness _____
2. Main Coat Material Ory Film Thickness
3. Main Coat Material Ory Film Thickness
Required Surfaces Painted Yes __ No __
NOTES: __

A1l work has been satistactorily compieted per the contract requirements and
the above referencod steel fabrications are racammended for acceptance!

Inspector Date QC Manager Date
Form QC-3
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Contract Name

Contract Number

PRECASTING INSPECTICN CHECKLIST

Precast Panel Mark Number
Other Panels in Fabrication Lot

Reference Design Drawing No. e

Reference Shop Draming No. Approved & Released for
Construction Yes __  No __

Reinforcing Steel Used in Fabrication Appraoved Mill Certificate on File

ASTM A-413, Grade &40 Yes __ No __
ASTH A-183 —_— Yes __ No __
Yes ___ No __
Yes __ No __
Fabricated Steel Hurcware Incorporated into the Pane!
Type Mark No. No. of Pieces ac-3 approved
Yes __ No __
Yes __ WNo __
Yes __ No __
Yes __ WNo __

FormworX Preparation: Cleaning: Adequate __  lnadequate __
Qilingt Adequzte __ Inadequate __

Formwork Fit-up Within Tolerances Yes __ No __
(Required Tolerances: Length ¢ 1/2*, Width ¢ 1/4"%, Thickaess & 12"
Edge Squareness ¢ 1/8°%, Panel Planeness!
Qutside Face ¢ 1/4°, Inside Face 2 172,
Location of Embedments t 1/8%)

Reinforcing Steel: 0K Ilnadequate 0K 1lnadequate
Bar Grades — — Bending faccuracy — -—
Storage/Cleanliness __ — Bar Size, No., Location _ —
Splice Locations — — JTies — —_—

Litting Devices
Location Length
Fizing

NOTES:

All work has been satisfactorily completed per the contract requirements and
the referenred panel is approved for coacrete placement:

Inspector " Date QC Manager Date

form QC-4
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Contract Name
Contract Number

SIMCRETR PLACEMINT CMECKLINT

Precart Panel Mark Nuaber
Other Panels in Fabrication Lot

Placement Comnents
Concrete Batching oxX Inadequate
Delivery Time
Detivery Date
P2tlh Number
Batch Data on File Yes Neo
No. of Cylinders Cast
Stump, Temp., Air Tests 0K inadequate

Discharge into Forms 0K __ Inadequate

Placing and Vibration OK __  Inadequate

Screeding & Finishing OK __  Inadequate __
Curing

Method

Elapsed Time ———

Preset Time ———

Temp. Increase Rate

Temp. Decrease Rate —_—

Max. Stable Tewmp. ————

Max. Stable Temp. Duration
Strength/Appearance

Strength Achieved 0K __  Inadequate __

Ave 20-day {c’ —_—— bsi

Concrete Test Report

NPD 333 Ok __ Inadequate
Handl ing, Storage, Finishing,
Shipment ¢QC-4) 0K __ Inadequate __

As~Built Measurements (QC-7) 0K __  Inadequate __

NOTES:

A1) work has been satisfactorily completed per the contract requirements and
the referenced pancl is approved for erection:

Inspector Date QC Manager Date

Form QC-9
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Contract Namwe

Contract Number

HANDLING, STORARE. FINISHING. & SHIPNENT

Precast Panel Mark Number ____

Panel Storage: per the sulmitted and approved procedure: Yes __

Pane! Visval Inspections:
Surface Defects Yes __ No __ (1¢ yes, locate Delow)
Cracks Ye¢ _ No __ * ° . .

No

Irceguiar Edges Yes __ -
Finish, Ext Face OK __ lnadequate __
Finish, Int Face OK __ Inadequate __
Coler o __  Inadequate __

Finishing ox Inadequate

e g Lgid mw,m iﬁ!"iz

e b

=t bt ] ey ] ] et p—] —) —— ———t ———y
Exterior Face
Y r— I—r - 3 W 4 2 .L s B Ll rre—— et

N e .

h W

S ————

Dashed Line - hwterior Face Defect —~

——

| e
P

| e

Repairs:
Locations ldentified and Circled on Diagrams Yes

-— N
Nethods and Materials for Repairs Approved Yes __ No __
Repairs Completed Satisfactorily Yes __ No __
Repair Date

Al work has been satisfactorily compieted per the contract requirements and

the referenced panel is approved for arection:

Inspector

Shipment:
Panels loaded for shipment per approved procsdure Yes

Date QC Manager

Shipping Date
QC lnspector

Fora QC-¢
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frecast Panel Mark Number
Date of Panel Measurements

2174

$1/4%!

) )
Spot Check
)
® ®

NOTES: Show Embedment Locations - Tolersnge $1/8°

Unless otherwise nated, all dinensions have been veritied and found tc e
within the specified tolerances prescribed by the contract specitications,

laspector Date 9C Manager Date
form OC-7
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Contract Name

Contract Number

QEMOLITION AXD SURFACE PREPARATION CHECKLIST

Honolith Segeent Number
Corresponding Precast Panels

Reference Design Drawing No.

Reference Shop Draming No. Approved and Released For

Construction Yes __ No __
Demolition:
Reference Datum Established Yer __ No __
Limits of Excavation Correctly Established Yes _ No __
Work According to Submitted Frocedures Yee __ No ___
Excavation/Denolition Pracedure
Depth of Excavation to Sound Substrate Yes __ No __
Zones of Overbreakage Requiring Repairs Yes __ No __
Clean-vup Practices O __  Ilnadequate __
Tie Installation
Location of Tie Holes within Tolerances Yes __ No __
Size of Tie Holes: Depth 0K __  Inadequate __
Diameter 0K __  Inadequate __

Installation Procedures 0K __ Inadequate __
Location of Ties Within Tolerances Yes __ No __
Tie Load Tests

Performed By

Date

Equipment Used

Calibration Data on File Yes __ No __

Recalibration Data

Tie No. Load Pass Fail Comments

Tie Installation Time and Date t(Last Tie to be Installed)
Date Ties Avaitable for Loading (Minimum Cure Period)

NOTL 31

Al 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 QGC-8
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Contract Name

Contract Number

PANEL ERECTION CHECKLIST

Monolith Segment Number

Corresponding Precast Panels Approved for Erection
(QC-3 Verified) Yes _ No __

Reference Design Drawing No.

Reference Shop Drawing No. Approved and Released for
Construction Yes __ No

Post-Delivery Panel Inspections: Damage to Panels

Panel No Repairs Regyired

Yes _. No __

Yes __ No __

Yes __ No __

Yes __. No ___

Yes ___ No __

Yes __ No __

Yes __ No __

Panel Erection:

Monolith surface clean 0K __  Inadequate __
Panel interior face clean CK __ Inadequate __
Rigging and Lifting Equipment OK __  Jnadequate __

Erected to To'erance (Vertical & 1/2", Horizontal & 1/2°,
Joint-to Joint 23/18)

Panel No, Meets Tolerance Qescription
Yes __ No __
Yes __ No ___
Yes __  No __
Yes __ No __
Yes __ No __
Yes __ No _
Yes __ No __
Panel 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 for cast-in-place concrete
placement.

Inspector Date QC Manager Date

Form QC-9
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Contract Name

Contract Number

C1P PREPLACEMENT INSPECTION CHECKLIST

Reference Monolith Designation
Corresponding Precast Panels

Reference Design Drawing No.
Reference Shop Drawing No.

Aoproved & Released for
Construction Yes No

Reinforcing Steel Used in the Work Approved Mill Certificate on File

ASTM A-615, Grade 40 Yes _ No __
ASTH A-183 Yes _  No __
Yes ___  No __
Yes __ No __

Fabricated Steel Hardware Incorporated into the Work

Trpe Mark No. No. of Pieces QC-3 Approved
Yes __  No __
Yes __  No __
Yes __  No __
Yes __  No __

Formmwork Preparation: Cleaning: Adequate __  Inadequate
Oiling: Adequate __  Inadequate
For miork Fit-up Within Tolerances Yes __ No ___
(Required Tolerances: MHorizontal & 1/2°, Vertical & 1/2°, Offset between
CIP concrete surface and precast surface & 3/14°,
Location of Embedments & 1/8")

Reinforcing Steel: 0K 1Inadequate 0K 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 referenced monolith section is approved for concrete placement:

Inspector Date QC Manager Date

Form @C-10
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Contract Name
Contract Number

C1P CONCRETE PLACEMENT CHECKLIST

Reference Monolith Designation
Corresponding Precast Panels

Placement Comments
Concrete Batching 0K Inadequate
Delivery Time
Delivery Date

Batch Number —_——

Batch Data on File Yes __ No __

No. of Cylinders Cast _

Slump, Temp., Air Tests 0K __  Inadequate __

Discharge into Forms 0K __ lnadequate __

Placing and Vibration 0K __ Inadequate __

Screeding & Finishing 0K __  Inadequate __
Curing

Met..od

Elapsed Time

Concrete Testing Results - Evaluation

Strength Achieved 0¥ __  Inadequate __

Ave 28-day fc’ psi

Alr entrainment 0K __  Inadequate __

Water/Cement Ratio OKX __ Inadequate _
NOTES:

All concrete production and placement work for the referenced monolith section
has been satisfactorily completed per the contract requirements.

Inspector Date 0C Manager Date

Form GC-11
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Contract Name
Contrrct Number

EINAL_INSPECTION CHECKLIST

Reterence Monolith Designation
Corresponding Precast Panels -

Reference Design Drawing No,
Reference Shop Drawing No.

Concrete Surface Inspections:
Texture/Coloration OK __  Inadequate __
Edges/Pour Lines 0K __  Inadequate __
Surface Defects Yes __ No __
Defect Repairs OK __  Inadequate __ NA __

Condition of Lock Hardware OK __  Inadequate
GC Documentation 0K __ Inadequate

As-Built Dimens.onal Verification:
Lock Hardware within Tolerance OK __  Inadequate __
( 1/2° horizontal & vertical, + 1/8° offset)

Summary of Offset Measurenents:

NOTES: _—

Al concrete production and placement work for the referenced monolith scction
has been satisfactorily completed per the contract requirements,

Inspector Date GC Manager Date
Form QC-12
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NOTES TO SUBMITTAL REGISTER

1. If ACTION ELEMENT ie bdlank (does not identify technical review
responsibility): 1Identified submittal shall be spprovud by the Contractor and
then submitted to the Contracting Officer for information.

2. 1f the CONTRACTING OFPICER (CO) ie identified in Lhe ACTION ELEMENT
column: Identified submittal shall be first approved by the Contractor and
then submittad to the Contracting Officer for approval.

3. The attached Submittal Register lists only the technical items te be
submitted. Contractor shall complete the Sudbmittel Register (see SPECIAL
CLAUSES SC-8), this also includes listing for submittal, to the Contracting
Officer, as specified, those submittals identified in the SPECIAL CLAUSES and
in Division 1 of the TECHNICAL SPECIFICATIONS.

4, Contractor shail also, vhen requeated by the Contracting Officer,
provide additional submittals at no additional cost to the Government.

S« Blank ENG FORM 4288's and full size copies of attached 4288's will be
furnished by the CO.

01001-16
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SCREEN ANALYSIS OF CORNCRETE AGGREGATES
PROJECT CONTRACT
Material Time Date
Wt. of Sample Sample Inspector
Feom
Screen Weight Percent Accum. Accum,
“igh Percent Percent Pessing s
Size Retained | Retained Retsined | Reteined Semple Specs.
Total Arcum. Percent Retained Fineness Modulus
Maisture Color
Content Limiting F. M. (Specifications)
Clay Soft »
[ Lumps Fragments L3 From
Remarks

£52

L —

.
by




B R T & st el

4802 “.07 ' ON3

,
) SIANMND NOLLYQWYHD
ﬁ - e ] T I -
ﬁ b T T wa - — — ——— —— - - _—
ﬁf SEEEm——— R _— — — - — - - —_— _ — -3 - - - —_—
e tt— et = i £ - IE hd - -
v "] "] n % . wepmgr) ateg » o) o sbwey
D 18 ] 1 glll | e s d_! Eo) sTe8c0 L
f ST M 308 eveD
’ | . ] S00 10 $0 | [ [ ] [} 008
Y _ ‘
SO O A 1 0 1 . !%f q
— - 'Lﬁl' 44— AT'aJ\IILrl#—
3 L\ +4++ +—t- : -1} - s H - ”714
v — HH i i ™ lﬁ : hTL| ]
. ad
_
w m i i —_ - _ - 4 - -
b §— -} - —— - & b - - 43144 ————4 — —4

i 4 i
| n N . _ 1L — ) - —_ — = ; - - Aﬁ 1 Ari iIA -t - 9

m - = - - ALT -1 m

4‘ —Jo¢
b ———-e - b ———— p— - H ﬁ R —
o le
/ __
? o— fos
, o - 4 ?ATA ‘lﬁA -1 - — - — 4 -4 — 1 - 44
i Lk 1 i1 'mray 1 1 1

ﬁ %C 0Vi 601 OC O Or OF O #H 010 9 ¢ ¢ ¥ T BT e 9
ﬁ SRLIOUEN ISR S CVOIVLS 3 N SIS 18 DGO ANS GUWOIVIS § N
V




T T TR e Y *v_.?—w

R

PRI A 2512 L * AP 1

MIX DATA SCREEN ANALYSES-% RETAINED
! . NOMINAL SIZES COMBINED
le BULK [A) [(B) }C) KO)
MATERIAL | % [SAMPLE| SOLID HTS .,§
“lca [Tno. | voLuwe ssn CECt it | b A Coorse | Total
cu it _i6"103"[3toilg g 4| Sand JAgoregete lagaregate
MMA& 7"
» . (a B G.
[ . (c)l 5-
» ) (D!] 4.
Sond 3
Cament 2
Pazzoion L 2:
Water | 2
At % on-i'2) y*
Totals %
- [y
MIX CHARACTERISTICS e’
WATER- |Gallons per bag, sauivalent amn :
CEMENT By weight, * Te
RATIO ., '.lw. C—WT———”. pglo on 30
Gemant foctor, bogs/cu yd( Eq. Sol. Vol.as PC.) 50
Pozzolon X replacement by solid volume 100
Slump, inches PAN
Air content (Note i), % F. M
Unit weight, ibs/cu ft
Bleeding (Note 2). % PROJECT
Sand /oggregate, % by volums
Tempercture of plastic concrets, °F OISTRICT
STRENGTH TEST DATA ¢ ) FINE AGGREGATE
Age, doys
Strength, p s i(average) COARSE AGGREGATE
Age, days
Strangth, p s i (overage)
NCTES:
I_In that portion of the concrete conteining oggreqele smelier Than the
e Pe’vu“a"“d ting e ote in besdng test
2. Percontoge M waret 0pareting from concr in % 5 CEMENT
REMARKS
POZZOLAN
AEA,
OTHER ADMIXTURE
MIX tNO. W70 NO.
CAST
{ Dte o l{.tl ‘:I Congrete m

e 359

REPORT OF CONCRETE MIXTURE DESIGN
METHODS GRD-C 3 AND IO
CORPS OF ENGINEERS NORTH PACIFIC DIVISICN TESTING LASORATORY
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