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INTRODUCTION

This report documents the Arizona Department of Transportation's (ADOT) experience
with synthetic fiber reinforcing at low dosages on one shotcrete channel lining project. This
report begins by giving information on how the channel lining project became necessary and why
fibers were specified. The report then gives some details about synthetic fiber reinforcing
materials and mechanisms for action,

The construction process is documented in detail as is the material testing. Descriptions
of construction of each test section are given in the order they occurred. Results from the
material testing are given along with results of statistical testing. The results of this project
represent a first step by ADOT in the investigation of potential applications and benefits for
synthetic fiber reinforcing in concrete materials.

Background

Drainage facilities are an integral component of freeway systems and usually encompass
a system of storm drains and subsequent outfalls into detention ponds, lakes, or rivers. This
report documents the use of discrete synthetic fibers to provide secondary reinforcement for a
shotcrete lined channel outfall. The particular outfall channel in this report serves the storm
drains for the north-south running portion of the inner loop freeway. This outfall empties to the
Salt River.

The above mentioned outfall was originally lined with gabions (Figure 1), but because
the gabions allowed seepage into an adjacent sand and gravel pit, an impermeable lining became
necessary. One of the most economical methods of providing an impermeable lining for
channels is to use shotcrete. Shotcrete is a process whereby a grout-like material with maximum
aggregate size of up to 1/2" is applied to the intended surface pneumatically.

FIGURE 1. GABION LINED CHANNEL



Problem Definition

The design consultant for the project recommended discrete synthetic fiber reinforcing at
manufacturers recommended dosage, 1.6 lbs/yd3. The special provisions for the project
contained a specification that was restrictive in nature and which effectively limited the number
of potential suppliers:

"Reinforcing shall be a collated fibrillated, twisted bundle, polypropylene
fibrous reinforcement and shall contain chemically and alkali inert, virgin
polypropylene”.

Because ADOT has no standard specification for the use of fiber reinforcing in shotcrete
an Experimental Project (EP) was initiated to evaluate performance and possibly develop
standard specifications. The experimental project was to compare a wide range of reinforcing
fibers to determine which, if any, were suitable for future ADOT projects.

Synthetic Fiber Reinforcing

ASTM 1116-89 Fiber-Reinforced Concrete and Shotcrete states that there are three
classifications of fiber reinforcing: 1) Type 1 - Steel, 2) Type 2 - Glass, and 3) Type 3 -
Syntheticl. This experimental project was concerned with synthetic fiber reinforced shoicrete.

For a synthetic fiber reinforcing agent two propertics are of special interest: 1) the
material from which the fiber is manufactured, and 2) the configuration of the fiber. The material
from which the fiber is manufactured must be resistant to the alkali environment of the shoicrete
and also must be able to withstand the natural elements. For instance, when the shotcrete cracks
the fiber will be exposed to uliraviolet radiation and moisture. The configuration is critical
because most synthetic fibers are hydrophobic and the only bond between the cement paste and
the fibers is mechanical. Therefore the configuration should, in some way, promote bonding.
Configuration is also important as it relates to a phenomenon known in the fiber reinforcing
industry as "balling”, which will be discussed later.

ASTM C 1116-89 comments on the effectiveness of fiber reinforcing:

"The performance of fiber-reinforced concrete or shotcrete depends strongly
upon the susceptibility of the fibers to physical damage during the mixing
process, their chemical compatibility with the normally alkaline environment
within the cement paste, and their resistance to service conditions
encountered within uncracked concrete or as a consequence of cracking,
involving, for example, carbon dioxide, chlorides or sulfates in solution with
water and oxygen or ultraviolet light in the atmosphere. The magnitude of
improvements in the mechanical properties of the concrete or shotcrete
imparted by fibers also reflects having a high modulus of clasticity and
tensile strength being more effective on an equivalent volume basis then
fibers of low modulus and strength.”

There are several materials that fall under the heading of synthetic fiber: polypropylene,
nylon, polyester, polyethylene, aramid, carbon, and acrylicZ. Two of these materials were used
for this project: polypropylene and polyester.

Manufacturers claim that the benefit of fiber as a reinforcing agent for concrete comes
from the three dimensional nature of the reinforcing and its wide dispersion in the concrete



matrix, However it has been pointed out that a portion of the fibers in any concrete mix will
have an orientation that does not enhance the concrete2.

Commercially available reinforcing fibers vary in their length, configuration,
recommended dosage, and material makeup. The four proprietary reinforcing fibers used in this
experimental project are listed in Table 1 along with their description and length, Figures two
through five show the individual fibers as seen under a microscope and magnified 20 times.

TABLE 1. FIBER IDENTIFICATION

FIBER NAME DESCRIPTION LENGTH

Fibermesh Collated Fibrillated 0.50"
Polypropylene Bundles

Fiber-Lok Monofilament Polypropylene 0.75"

Forta CR Collated Fibrillated 1.50"

Polypropylene Twisted Bundles

Nurlon Monofilament Polyethylene 0.75"

Terpthalate (Polyester)

e
FIGURE 2. FIBERMESH MAGNIFIED 20 TIMES




FIGURE 3. FIBER-LOK MAGNIFIED 20 TIMES

FIGURE 4. FORTA-CR MAGNIFIED 20 TIMES



FIGURE 5. NURLON MAGNIFIED 20 TIMES

The two basic fiber configurations are monofilament and collated fibrillated.
Monofilaments are round fibers and can be considered first generation3. The collated fibrillated
fibers are single individual fibers which when rolled between the thumb and forefinger reveal an
open netting pattern. Twisted bundles refer to the grouping of fibers by twisting them together.
One of the constructibility problems with fiber reinforcing is called "balling". This is when the
fibers clump together upon introduction into the mixer. Twisted bundles are reported to open up
during the mixing process and alleviate the problem of balling.

One of the problems with any concrete product is plastic and drying shrinkage cracking.
As the cement hydrates a volume change takes place that causes these cracks. The accepted
method of dealing with this problem is to use welded wire fabric (WWF) or small diameter
reinforcing steel (#3 or #4 bars) to hold the cracks together. Shrinkage cracking is a function
water content, aggregate, temperature, and curing 4.

Fibers are reported to reduce plastic shrinkage cracking by reducing bleeding and
redistributing shrinkage stresses. Bleeding occurs when aggregate segregate to the bottom of the
placed mix leaving water to rise and hence evaporate. Fibers are reported to act as a netting that
prevents the aggregate from settling and thereby reduces bleeding and the subsequent plastic
shrinkage cracks.

OBJECTIVES

The primary objectives of this experimental project were to evaluate the constructibility
and performance of fiber reinforced shoicrete. From the experience with the construction
process, a generic specification and a method for judging compliance could have been developed.



The development of a generic specification and method for judging compliance was contingent
upon fibers producing measurable beneficial effects at a cost consummate with the benefits.

The evaluation of constructibility was straight forward. The question was whether or not
any significant obstacles to construction existed and, if so, how could they be overcome. The
performance question was more complex and was divided into two categories: 1) performance of
samples in standard ASTM laboratory tests, and 2) subjective/analytical evaluation of the in-
place shotcrete liner. The standard laboratory tests were compression (ASTM C-42), flexural
toughness (ASTM C-1018), and percent permeable voids (ASTM C-642). The evaluation of the
in-place shotcrete is subjective and analytical because crack determination is subjective and
because projections of cracking were made to determine a value called apparent incipient
cracking.

APPROACH

The Arizona Transportation Research Center (ATRC) prepared an experimental plan to
evaluate the different fibers used as secondary temperature reinforcement. The experimental plan
was implemented by a change order at a cost of $5,600.00. The salient portions of the special
provisions and the change order are included in APPENDIX A,

As is the normal procedure when beginning an experimental project a workplan was
prepared that was acceptable by both ADOT management and the Federal Highway
Administration (FHWA). The workplan is contained in APPENDIX B. The workplan outlines
the laboratory testing program and the field evaluation program. The workplan was prepared
after gathering comments from the various fiber manufactures and by reviewing available
literature.

Experimental Plan

The experimental layout (Figure 6) shows a portion of the channel lining that has
conventional secondary temperature reinforcement. This section was included to allow for a
comparison between fiber reinforcing and conventional reinforcing.  Unfortunately, the
conventionally reinforced section was covered with mud shortly after construction when a heavy
rainstorm occurred. Therefore no conclusions can be drawn about the difference in performance
between fiber reinforcing and conventional secondary temperature reinforcing.

Ideally, an experiment to evaluate the effect of fiber reinforcing on shotcrete would
systematically vary the fiber lengths, configurations, and chemical composition. This would
allow a statistically valid conclusion to be reached about the effects of each of these factors on
any of a number of responses (such as flexural toughness, compressive strength, percent
permeable voids, and percent cracking). Due to limited resources this was not possible, and
therefore only conclusions about the differences in responses between fiber brands is possible.
However, if any one of the fibers had performed better than the others some extrapolations about
fiber length, configuration, or chemical composition might have been possible.
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Material Test Plan

Material tests were performed to assess the difference between the properties of shotcrete
containing each of four different fiber types and shotcrete without fibers. The material properties
measured were; concrete slump before and after fiber addition, 28 day compressive strength of
cylinders molded from the same truck mixer load before and after fiber addition, and the
compressive strength, flexural toughness, and percent permeable voids of beam and core samples
extracted from fiber reinforced shotcrete panels fabricated during construction.

A 4'x4' sheet of polyethylene was placed in the southeast corner of each test section. The
purpose of the polyethylene was to provide a bond break between the first and second
applications of shotcrete so that after two years beam and core samples could be extracted from
the lining. The beam and core samples extracted from the lining were to be tested along with
samples that were extracted from the 2'x3' sholcrete test panels fabricated at the time of
construction and subsequently stored for two years. Both sets of samples were tested, at the
same time, according to ASTM C-1018 and ASTM C-42.

During the construction of each test sections four truck mixers were chosen at random to
provide shotcrete samples for testing. Testing included eight slump tests: each truck had a slump
test before the addition of fibers and after addition of fibers (Figure 7). There were a total of
sixteen molded cylinders made from cach test section (Figure 8). Each truck had two cylinders
molded without fiber and two cylinders molded with fibers. There were a total of four shotcrete
panels fabricated during the construction of each test section (Figure 9). One panel was
fabricated from each of four tucks randomly selected from the group of 15 or 16 truck mixers
required to provide the approximately 110 cubic yards of shotcrete required for each test section.

FIGURE 7. SLUMP TEST



FIGURE 8. MOLDED CYLINDERS

FIGURE 9. SHOTCRETE TEST PANELS



PROJECT LOCATION AND DESCRIPTION

The construction project, ACI-10-3(270), which is the subject of this report is located in
the middle southemn portion of Arizona. Specifically it is located in central Phoenix between
19th and 20th streets just south of University drive. The outfall was constructed for draining
storm water from the north south running portion of Interstate 10 that is sometimes called the
inner loop freeway.

CONSTRUCTION

The construction activities related to ACI-10-3(270) consisted of modifying the outfall
channel and included consolidating the dumped riprap, removing debris from the surface of the
existing gabions and dumped riprap and applying shotcrete to the bottom and sides of the
existing channel and additional project related work. The construction of this project was
divided into two phases: 1) preparation of the channel for the 5" thick lining of fiber reinforced
shotcrete, and 2) the application of the fiber reinforced shotcrete.

Phase 1

The application of shotcrete to cover the gabions contained no reinforcing fibers. Project
specifications called for the first layer of shotcrete to penetrate the 18" gabion mattress to a depth
of 8". Since ADOT is interested mainly in the performance of fiber reinforced shoicrete no
detailed account of this phase of the construction is given except that the specification called for
no curing agent to be used on this shotcrete. The curing agent was not permitted in order to
promote a better bond between the first and second application. Sprinklers were used for seven
days to give the first application a moist cure (Figure 10).

Upon completion of phase 1 the gabions of the channel slope were completely covered
and only portions of the gabion stones wire baskets were visible (Figure 11). It was believed that
the exposed wire would help bond the two applications of shotcrete.

Phase 2

Phase 2 began with the application of the 5" thick fiber reinforced shotcrete lining. The
second application began at the north end of the project as did the first application. All sections
of the lining contained Fibermesh fibers except the test sections which each contained one of the
four fibers being tested. Calmat of Arizona supplied the shotcrete. The mix design for both the
first and second application of shotcrete can be found in Appendix C. Calmat delivered the
shotcrete to the project in 10 cubic yard truck mixers. The fibers for the test sections were added
to the concrete when the trucks arrived on the job site. The fibers for all other sections were
added to the shotcrete mix by Calmat at the batch plant. Each manufacturer of reinforcing fiber
was contacted in advance to approve the on-site introduction of fibers. R.R. Hensler, Inc.
construction company performed the work.

10
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FIGURE 10. WET CURING OF FIRST APPLICATION OF SHOTCRETE

FIGURE 11. SURFACE OF FIRST APPLICATION OF SHOTCRETE
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Construction Equipment

The type of shotcreting used in this project is termed "wet" in ACI 506R-85 Guide to
Shotcrete. The term wet means the ingredients are already mixed when being introduced into the
pump. There were two shotcrete pumps on the job, one for each side of the channel. Because
only the west facing side of the channel was formally monitored the pumps were not
interchanged and remained on their respective sides throughout shotcreting of the test sections.
The shotcrete pump used for this project was a Mayco ST-30 and is shown in Figure 12
APPENDIX D contains manufacturer specifications for the Mayco ST-30.

FIGURE 12, SHOTCRETE PUMP

The diameter of the pump outlet and the hosing used on this job is of particular
importance because plugging of the hosing is one of the construction concerns with shotcreting,
The outlet from the pump is 5" which is connected directly to a 90° elbow that reduces to 3".
Figure 13 shows the final reducer (3" to 2") that connects the 90° elbow to the hosing. The
shotcrete nozzle is attached at the end of the hosing and has a diameter of 1" (Figure 14).

The addition of the fiber on-site was handled by erecting a small platform from which a
worker could drop the fibers into the truck mixer drum (Figure 15). In some cases it was
necessary for the truck mixer driver to assist by washing the fibers down into the drum with
water (Figure 16). When the truck mixer arrived on-site the driver was instructed to reverse the
direction of the drum in order to bring the mix to the top of the drum. Once the fibers were
added the driver was instructed to rotate the drum at high speed, 18 revolutions per minute, for
five minutes. All fibers appeared to be thoroughly mixed after this procedure was followed.
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FIGURE 14. SHOTCRETE NOZZLE
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FIGURE 16. WASHING OF FIBERS INTO SHOTCRETE TRUCK MIXER
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Activities
In order to apply the shotcrete to the intended surface, benches were erected on the slope

of the channel (Figure 17). The nozzle operator stood on the benches and one other worker
helped to handle the hosing.

FIGURE 17. BENCHES USED TO APPLY SHOTCRETE

There was occasional plugging of the shotcrete hosing. This plugging occurred during
both the fiber reinforced shotcreting and plain shotcreting operations. The plugging was
alleviated by disassembling the fittings located between the flexible hosing and the shotcrete
pump and clearing obstructions.

Work for each of the test sections began at approximately 5:00 am and required a full
eight hour day and approximately 110 cubic yards of shotcrete to complete. Some specific
information will now be given on the construction of each test section.

Test Section D

Test section D, which contained Nurlon fibers, was the first test section constructed.
Work for this test section took place on August 4, 1989. The maximum temperature that day was
105° F. Fifteen, 10-cubic yard capacity, truck mixers were required to construct this test section.
Each truck mixer contained approximately 7 cubic yards. The 4th, 6th, 9th, and 13th trucks were
selected for material sampling. The shotcrete pump pressures corresponding to the loads being
tested were 1500 psi, 1200 psi, 1400 psi, and 1400 psi respectively. Three gallons of water were
added to the 6th truck, after material samples had been obtained, to facilitate pumping.
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Test Section C

Test section C, which contained Forta CR fibers, was the second test section constructed.
Work for this test scction took place on August 7, 1989. The maximum temperature that day was
106° F. The 4th, 7th, 10th, and 15th truck mixers were selected for material sampling. Fifteen
truck mixers were required to provide shotcrete for this test section. Pump pressures were
unacceptably high during pumping of many of the shotcrete loads and necessitated that
construction personnel add water to facilitate pumping. Truck number 1 required 16 gallons of
water, truck number 3 required 14 gallons of water, truck number 4 required 4 gallons of water,
truck number 6 required 4 gallons of water, and truck number 7 required 10 gallons of water.

Test Section B

Test section B, which contained Fiber-Lok fibers, was the third test section constructed.
Work for this test section took place on August 8, 1989. The maximum temperature for the day
was 107° F. The 4th, 10th, 14th, and 15th truck mixers were selected for material sampling. The
shotcrete pump operator commented that this material pumped very similar to the material in test
section D. No additional water was required in this section.

Test Section A

Test section A, which contained Fibermesh fibers (as did the other portions of the
channel lining that were not formally monitored) was the fourth test section constructed. Work
for this test section took place on August 9, 1989. The maximum temperature for the day was
108° F. The 4th, 7th, 9th, and 14th trucks were chosen for material sampling. No additional
water was required to facilitate pumping in this section. There was a pump breakdown during
construction of this test section; but it was repaired by replacing a hydraulic seal.

Control Section

The control section was the Iast portion of shotcreting on the job and contained no
reinforcing fibers, This section was completed August 14, 1989. As mentioned previously this
section was submerged under water and mud and was therefore invalidated as a control section.
There were also some pumping problems in this section, which indicate that the pumping
equipment, mix design, or some factor other than the fibers contributed to the pumping problems
experienced in the other sections.

Flooding

Four days after the contractor completed the shotcreting operation, rain fell in the area of
the project. The precipitation at Phoenix Sky Harbor Intemnational Airport, which is extremely
close to the project site, was recorded as 0.45" and 0.63" for August 15th and 16th respectively.
The contractor was about ready to apply joint sealer to the construction joints on the project but
the rain occurred before this could be accomplished. In addition to the rain falling directly on the
project and getting moisture in the joints there was also a discharge of storm water in the channel
from the rain falling on the inner loop freeway (Figure 18). The control section, was covered
with approximately 6" of mud.
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FIGURE 18. FLOOD FOUR DAYS AFTER SHOTCRETE COMPLETION

MATERIAL TEST RESULTS

Beam and core samples taken at the time of construction were tested according to three
ASTM procedures. Slump tests were performed before and after the addition of fibers fo give an
indication of the effect of fibers on shotcrete workability.

Samples extracted from shotcrete panels, fabricated during construction of each test
section, were stored indoors for two years. The samples were stored indoors for two years so
they could be compared against beam and core samples extracted from the lining after two years.
This should have given information about the environmental deterioration of fibers.
Unfortunately, the samples taken from the liner were highly irregular and did not yield useful
information. The results from these irregular beams are reported in the interest of completeness.

The test results from samples taken during construction are given first under the heading
of Unaged Samples. Subsequent testing results, after two years, for samples stored and samples
extracted from the channel lining are given under the heading of Aged Samples.

Unaged Samples

Specimens collected during the construction of ACI-10-3(270) were tested according to
ASTM C-1018 for flexural strength and toughness, ASTM C-642 for percent permeable pore
space, and ASTM C-42 for cylinder compressive strength. ADOT Material Testing Services
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performed the tests on the cylinders while Westem Technologies Inc. performed all other tests.
In addition to these laboratory tests, slump tests were performed in the field by ADOT personnel.

Tests of flexural strength and toughness of the fiber reinforced shotcrete were conducted
for each of the four test sections A, B, C, and D, where fiber reinforced shotcrete was used. For
each test section, a set of eight 21"x6"x5" beam samples, each containing cight specimens were
used. For test section X where plain shotcrete was used four beam specimens were used for
testing flexural strength and toughness. Pieces of the broken beams were used for determining
the percent of permeable pore space. Table 2 summarizes the results of tests conducted on beams
cut from the shotcrete test panels.

TABLE 2. SUMMARY OF CONCRETE BEAM TEST RESULTS

TEST SECTION AVERAGE AVERAGE FIRST AVERAGE VOLUME
FLEXURAL CRACK TOUGHNESS OF PERMEABLE
STRENGTH (PSD) (IN-LBS) PORE SPACE
A (Fibermesh) 552.5 121.5 19.7
B (Fiber-Lok) 546.3 137.6 19.9
C (Forta) 591.3 160.9 20.2
D (Nurlon) 593.8 139.1 19.7
X (No Fiber) 587.5 119.3 19.1

To make comparisons between the five test sections, an analysis of variance (ANOVA)
was carried out independently on three response variables: flexural strength, first crack
toughness, and percent permeable pore space. The results of all three ANOVA showed that at
the 5% significance level, that there were no differences between the test sections in terms of
flexural strength, first crack toughness, or percent permeable pore space.

Similar statistical analysis and hypothesis testing were performed on the data sets

gathered from molded cylinder and panel cylinder compressive strength test resulis. The results
of testing on molded cylinder for compressive strength are summarized in Table 3.

TABLE 3. MOLDED CYLINDER COMPRESSIVE STRENGTH RESULTS

TEST SECTION FIBERS NUMBER OF MEAN STANDARD
CYLINDERS COMPRESSIVE DEVIATION
STRENGTH
(PSD
A NO 8 5094 324.9
A YES 8 4965 468.5
B NO 8 4967 146.7
B YES 8 4501 182.8
C NO 8 4957 320.0
C YES 8 4914 374.9
D NO 8 4492 540.1
D YES 8 4740 178.3
ALL NO 32 4877 4144
ALL YES 32 4880 321.5
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The results of hypothesis testing using paired t-tests on cylinder compressive strength
data showed that, at 5% significance level, fibers had no effect.

Using ANOVA and DUNCAN's multiple comparison procedure, the average
compressive strength of those cylinders, made out of the batches of plain shotcrete, which was
used in the Nurlon test section (D), were significantly different from that of the plain shotcrete
used in the other test sections. Interestingly enough, this difference between the test sections
could not be observed when average compressive strengths obtained for cylinders-with-fibers
were compared.

The results obtained from 28-day compressive strength test results is summarized in
Table 5. All cylinders were cored from the 2'x3' shotcrete test panels and therefore all cylinders
were fiber reinforced.

Similar analyses were carried out on panel compressive strength data set to make
comparisons between the concrete properties of the five different test sections. Using
DUNCAN's procedure, test sections B, C, and D differ significantly from test section A at the
confidence level of 95%. However, these differences were not significant at the samne confidence
level when the more conservative SCHEFFE's procedure was used.

Another analysis was made between molded cylinder compressive strengths and panel
cylinder compressive strengths to identify any differences. From the analysis, it was found that
there exists a significant difference between the compressive strengths measured from the two
types of test specimens. This difference was also observed separately in all test sections.

TABLE 4. 28-DAY PANEL COMPRESSIVE STRENGTH TEST RESULTS

TEST SECTION NUMBER OF MEAN 28-DAY STANDARD
CYLINDERS COMPRESSIVE DEVIATION
STRENGTH (PST)
A 8 4170.3 450.7
B 8 3431.5 673.4
C 8 3487.1 666.4
D 8 3474.1 282.1
X 4 3882.0 73.0

The next data set that was analyzed contained the measured slump values before and
after the addition of fibers to the shotcrete, When the data was grouped so that all tests with
fibers and all tests without fibers were compared the analysis revealed that there is a significant
effect on slump due to the addition of fibers and/or additional mixing. But in two independent
analysis for test section A and C, average slump values for the two cases, before-and-after fiber
added, appeared to be the same. For test sections B and D, the two average slump values were
different. A summary of the test results is given in Table 5.
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TABLE 5. SLUMP TEST RESULTS

TEST SECTION NUMBER OF MEAN SLUMP MEAN SLUMP
READINGS BEFORE FIBERS AFTER FIBERS
A 4 2.81 2.44
B 4 3.44 2.75
C 4 2.75 2.00
D 4 3.19 2.63
Aged Samples

Two years after the construction of the channel, beam and core samples from each of the
test sections were extracted. These samples along with the shotcrete test panel samples that had
been stored were sent to ATL Testing Laboratories in Phoenix, Arizona for testing. Table 6
shows the results of the panel shotcrete beams that were stored indoors for two years. Table 7

shows the results of panel shotcrete cylinders that were stored indoors for two years.

TABLE 6. SUMMARY OF AGED CONCRETE BEAM TEST RESULTS

TEST SECTION AVERAGE STANDARD AVERAGE STANDARD
FLEXURAL DEVIATION | FIRSTCRACK | DEVIATION
STRENGTH TOUGHNESS
®SD (IN-LBS)
A (Fibermesh) 495.00 83.88 26.91 17.87
B (Fiber-Lok) 440.00 46.64 37.35 10.28
C (Forta) 521.43 113.31 43.89 21.31
D (Nurlon) 443.13 47.35 43.93 18.33
TABLE 7. AGED PANEL COMPRESSIVE STRENGTH TEST RESULTS
TEST SECTION NUMBER OF MEAN STANDARD
CYLINDERS COMPRESSIVE DEVIATION
STRENGTH (PSD)
A 8 4293.75 514.39
B 8 4343.75 403.13
C 8 4575.00 509.20
D 8 4620.00 608.82

ANOVA carried out at the 5% significance level show that there is no difference in

flexural strength, first crack toughness, or compressive strength for any of the different fibers.

The plan for extracting samples from the lining for testing included four 21"x6"x5"
beams and four 2.75" diameter cores. As mentioned, during construction a 4'x4' polyethylene
sheeting was placed in the upper northeast portion of each test section between the first
application of shotcrete and the second application of shotcrete. This shecting was to act as a
bond breaker to allow the retrieval of samples.

20




Some shifting of the 4'x4' polycthylene sheeting had taken place during the construction
of all test sections. Also, the surface of the first application of shotcrete was highly irregular.
Because of these two problems a great deal of difficulty was encountered when trying to extract
samples from the Lining. Only one beam and two cores from each test section could be extracted.

Tables 8 and 9 give the results of testing conducted on the shotcrete beam and core
samples extracted from the lining.

TABLE 8. EXTRACTED BEAMS TEST RESULTS

TEST SECTION FLEXURAL AVERAGE
STRENGTH FIRST CRACK
(PSD) TOUGHNESS
{IN-LBS)

A (Fibermesh) 370 33.75
B (Fiber-Lok) Beam could not
be tested duc to
dramatic cavities

C (Forta) 485 26.25

D (Nurlon) 420 60.75

TABLE 9. EXTRACTED CORES TEST RESULTS

TEST SECTION | COMPRESSIVE
STRENGTH
(PSD)
A (Fibermesh) 3330
B (Fiber-Lok) 4100
C (Forta) 3040
D (Nurlon) 4110

EVALUATION OF CRACKING IN TEST SECTIONS

Crack Mapping

All visible cracks in the test sections were marked with white paint. Full section
photographs were taken in order to measure the linear feet of cracking (Figures 19, 20, 21, 22).
These full section photographs were enlarged to 8x10 and a geometrically scaled grid system was
superimposed onto the photograph. A map measure was used to measure linear feet of cracking
in each cell of the grid system and was then converted to actual feet of cracking (Table 10).
When cracks were extended, they tended to form block pattems on the order of 10'x10". The
linear feet of cracking associated with the extension of cracks in blocks is referred to as apparent
incipient cracking in Table 10 and Figures 23, 24, 25, and 26.
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FIGURE 19. INITIAL CRACK EVALUATION: TEST SECTION A

FIGURE 20. INITIAL CRACK EVALUATION: TEST SECTION B
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FIGURE 21. INITIAL CRACK EVALUATION: TEST SECTION C

FIGURE 22. INITIAL CRACK EVALUATION: TEST SECTION D

23



FIGURE 23. APPARENT INCIPIENT CRACKING: TEST SECTION A

FIGURE 24. APPARENT INCIPIENT CRACKING: TEST SECTION B
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FIGURE 25. APPARENT INCIPIENT CRACKING: TEST SECTION C

FIGURE 26. APPARENT INCIPIENT CRACKING: TEST SECTION D
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TABLE 10. ACTUAL AND APPARENT INCIPIENT CRACKING

TEST SECTION ACTUAL CRACKING (FT) APPARENT INCIPIENT
CRACKING (FT)
A 406.7 580.7
B 304.2 440.3
C 227.2 437.3
D 292.1 488.7

The apparent incipient cracking did not develop. This can be taken as an indication that
the fibers had some ability to prevent crack propagation.

Crack Measurements

Six cracks from each test section were selected for measurement and monitoring. Two
levels of severity were designated, with three cracks of each scverity being selected for
monitoring. The cracks were located with x-y coordinates having an origin in the south comer of
each test section. Cracks were measured shortly after construction, approximately one year after
construction. Table 11 shows the results.

TABLE 11. CRACK WIDTHS

TEST X Y CRACK CRACK CHANGE

SECTION COORDINATE | COORDINATE WIDTH WIDTH
(inches) (inches)
11/7/89 1/11/91

D 49.9 16,8 0.02 0.03 01

44.6 6.4 0.02 0.03 .01

41.6 29.0 0.01 0.03 02

18.7 32.2 0.05 0.06 01

13.9 4.0 0.03 0.04 M

6.4 19.6 0.05 0.06 01

C 38.6 0.8 0.01 0.02 .01

344 324 0.06 0.06 —

30.7 10.8 0.05 0.05 -

27.7 16.2 0.01 0.02 01

10 15.9 0.02 0.03 .01

5.4 8.9 0.01 0.01 —

B 43.1 19.5 0.04 0.04 ---

41.9 10.9 0.01 0.05 04

37.2 3.9 0.04 0.06 02

31.1 25.2 0.03 0.04 .01

11.7 17.2 0.06 0.06

8.8 26.9 0.02 0.03 .01

A 40.6 8.5 0.02 0.02 —

35.1 14.6 0.03 0.03 -

34.7 30.5 (.01 0.03 .02

30.1 2.7 0.04 0.04 ---

19.2 8.7 0.02 0.02 -

12.2 28.1 0.04 0.04 ---
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The table indicates that 14 of the 28 cracks, or 58 percent, have widened an average of 0.014
inches, In light of temperature changes that would have taken place and the difficulty in measuring
cracks to the one-hundredth of an inch on a unfinished (not trawled) surface it is difficuit to say that the
fibers have not held the cracks together.

CONCLUSIONS AND RECOMMENDATIONS

The obijective of this project was to evaluate fiber reinforced shotcrete. The objective
was carried out by evaluating a channel lining that incorporated fiber reinforcing and by carrying
out a laboratory testing program. If the fibers had proven effective, both in terms of ficld
performance and in terms of laboratory testing, a standard specification would have been
developed. The fibers did not prove effective with respect to laboratory testing and therefore no
standard specification is forthcoming,

It is usuaily difficult to draw a conclusion with respect to a product on the basis of onc
project. Some products may be more applicable in certain situations than others. From a
statistical viewpoint one project is a sample size of one.

A control section was included in this project that would have yielded information with
respect to the differences between conventional secondary reinforcement and synthetic fiber
reinforcement. The loss of the control section due to flooding was indeed a significant hindrance
to the evaluation. If a factorial experiment which varied the fiber lengths and dosages could have
been implemented that would have provided data to make statistically valid inferences. The
number of test sections required for this type of experiment was prohibitive.

The reader should kecp in mind that reinforcing steel and synthetic fibers are different
approaches to crack control. Reinforcing steel is intended to hold cracks together once they
occur. Of course the effectiveness of the reinforcing steel (or wire mesh) is dependent upon the
steel being placed and maintained at the correct depth during the construction process. Synthetic
fiber reinforcing is intended to prevent bleeding and to redistribute stresses in the plastic
shotcrete.

In the view of the authors the crack evaluations of the test sections indicated that one of
the fibers (Forta-CR) had less cracking than the others. The authors belicve that this is duc to the
length of those fibers.

The laboratory test plan did not indicate any effect on shotcrete from synthetic fibers.
Slump tests, performed in the field, indicated that fibers do reduce slump. However there is not
indication that fibers reduce pumpability or workability. The beams cut from shotcrete test
panels did not indicate any toughness beyond first crack. The reader should bear in mind that the
test developed specifically for fiber reinforcing (ASTM C1018) was developed for steel fiber.
The authors believe that higher doses of synthetic fibers are necessary before any toughness
beyond first crack will be observed.

The work done on this project does not show that fibers are beneficial at the dosages
used. However, the authors recommend additional laboratory and field testing at varying fiber
lengths and dosages. If the fibers should prove to have an effect at higher dosages then
economics become the question.
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ARIZONA DEPARTMENT OF TRANSPORTATION

ADVERTISEMENT FOR BIDS

BID OPENING: FRIDAY, JUNE 9, 1989 AT 11:00 A.M.

PROJECT NO: ACI10-3(270)

TRACS NO: 10MA 149 H 0128 05cC

TERMINI: PHOENIX-CASA GRANDE HIGHWAY

LOCATION: East Tunnel Outfall Modification

ROUTE NO. DISTRICT ITEM NO.
I-10 1 463

The location and description of the proposed work and the
representative items and approximate quantities are as follows:

The proposed work 1is located in the City of Phoenix South of
University Drive, between 19th and 20th Streets. Major cross streets are
léth Street and University Drive, approximately one mile south of
Interstate 10 and the 16th Street Traffic Interchange. The work consists
of modifying the outfall channel and includes consolidating the dumped
riprap, removing debris from the surface of existing gabions and dumped
riprap and applying shotcrete to the bottom and sides of the existing
channel and additional project related work.

Pipe, Reinforced Concrete, 24" L.Ft. 120
Headwall Each 1
Concrete Curb, Precast (Roughness Control Device) Each 224
Shotcrete (First Application) Sqg.yd. 7,970
Shotcrete (Second Application) Sq.Yyd. 10,450
Force Account Work (Channel Surface Preparation) L.Sum 1
Construction Survey and Layout L.Sum 1

The number of working days specified for the completion of the work
is 60.

The Arizona Department of Transportation hereby notifies all
bidders that pursuant to this advertisement for bids, Disadvantaged
Business Enterprises will be afforded full opportunity to submit bids in
response to this solicitation and will not be discrimated against on the
grounds of race, color, sex, or national origin in consideration for an
award.

The minimum goals for participation by Disadvantaged Business

Enterprises in the work, as a percentage of the total amount bid, shall
be 0.




HNTB ACI 10-3(270)
02,/03/89 10 MA 149 H0128 05C
REV: 05/03/89

SPECIAL PROVISIONS
ARIZONA PROJECT ACI 10-3(270)
10 MA 149 HO0128 05C

EAST TUNNEL OUTFALL MODIFICATION

PROPOSED WORK:

The proposed work is 1located in the City of Phoenix south of
University Drive, between 19th and 20th Streets. Major cross
streets are 16th Street and University Drive, approximately one mile
south of Interstate 10 and the 16th Street Traffic Interchange. The
work consists of modifying the outfall channel and includes
consolidating the dumped riprap, removing debris from the surface of
existing gabions and dumped rip rap and applying shotcrete to the
bottom and sides of the existing channel and additional project
related work.

PROJECT DESIGNATION:

All references on the project plans to Project I 10-3(270) shall be
changed to read Project ACI 10-3(270).
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HNTB ACI 10-3(270)
02/03/89 10 MA 149 H0128 05C
REV: 05/03/89

ITEM 9120001A - SHOTCRETE (First Application):
ITEM 9120001B - SHOTCRETE (Second Application):

Description:

Shotcrete shall conform to the requirements of Section 912 for the
wet mix process except as modified by these special provisions.

General:

Shotcrete shall be applied in two separate applications. The
purpose of the first application is to £ill the voids between the
rocks in the gabions to a minimum depth of 9 inches and the voids in
the riprap at the bottom and ends of the channel to a minimum depth
of 18 inches. The second application shall have a minimum thickness
of 5 inches.

Materials:

Materials shall conform to the requirements of Subsection 912-2
except for the following:

Reinforcement:

Reinforcing shall be a <collated €fibrillated, twisted bundle,
polypropylene fibrous reinforcement and shall contain chemically and
alkali inert, virgin polypropylene.

The fibrous reinforcement shall have the following physical
characteristics:

Characteristic Requirement Test Method
Specific gravity: 0.91 ASTM D-792
Tensile strength: 70 ksi ?inimum ASTM D-1682
Modulus of elasticity: 0.70x10 psi ASTM C-469
Fiber length: as recommended by the manufacturer.

Certificates of Compliance will be required in accordance with
Subsection 106.05.

Page 21 of 27

A-4



HNTB ACI 10-3(270)
2/03/89 10 MA 149 H0128 05C
REV: 05,/03/89

Surface Sealant:

Surface sealant shall be a waterproofing material of the penetratxng
type that contains no added chlorides or sodium compounds, is
organic, non-toxic, resists chemical attack and conforms to the
following:

Physical Property Result Test Method
Adhesion 175+ 9 psi ASTM C-452
Tensile Strength 332+ 16 psi @ 100% RH ASTM C-190
118+ 6 psi @ 50% RH
Flexural Strength 472+ 24 psi ASTM C-580
* Permeability 2.63 x 10\-10 + 5%
CM/Sec (1 coat) CRD-48-73

* Tested at water heads of 461+ ft. (200 psi) for surface water-
proofing.

The contractor shall obtain from the manufacturer, for submittal to
the Engineer, SEM photographic proof showing penetration into a
substrate which has received application of the waterproofing
material.

Certificates of Compliance will be required in accordance with
Subsection 106.05.

Joint Sealant:

Joint sealant shall consist of styrene butadiene styrene black
polyer cross-linked with bitumen. It shall have an elongation
greater than 2000 percent and retain flexibility at temperatures
down to -25 degrees C. The joint sealant shall be resistant against
rodents, roots, salt solutions, diluted acids, and shall be stable
against aggressive water,

“The joint sealant shall conform to the following:

Physical Property Result Test Method
Viscosity @ 180° C. 2000 approximate ASTM DZIT0
Viscosity @ 160° C. 3000 approximate

Tensile strength and
elongation (25° C, 50 cm/min
elongation speed)

Modulus 300% - Kp/Cm : . 0.8+ .04 ASTM D2523
Modulus 500% - Kp/Cm’ 1.3+ .07
Puncture elongation - percent 2200 110 ASTM D1708
Puncture resistance - Kp/Cm2 10. Si 0.5

Olinsis resistance 3 day, 50° C
with B~80 used as impregnating
fluid mm 0.3+ 0.015 ASTM D1370
Stain test, 18 hrs, 100° C 6-7 ASTM D1328
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HNTB ACI 10-3(270)
¢2,/03/89 10 MA 149 H0128 05C
REV: 05,03/89

The contractor shall furnish the Engineer with three sample strips
of cured joint sealant material 1"x6"x1/2" thick. Strips shall be
able to be extended 400 percent by hand without fracturing. Follow
extenstion, the material shall have the recovery and memory to
return to the original configuration within 5 minutes.

Certificates of Compliance will be required in accordance with
Subsection 106.05.

Construction Reguirements:

Construction requirements shall conform to the requirements of
Subsection 912-3 except for the following:

First Application:

The first application of shotcrete shall be premixed non-reinforced
mortar and shall consist of not less than 6.0 sacks of portland
cement per cubic yard, fine aggregate and water mixed to a desired
consistency, generally to a slump that will provide the penetrations
specified above for gabions and riprap.

The material may be mixed at a central mixing plant or at the
project site. If mixing is done at the project site, the mixer
shall be capable of thoroughly mixing the specified materials in
sufficient quantity to maintain continuous placing of the mortar.

Second Application:

The second application of shotcrete shall not be placed until the
entire first application of shotcrete has been completed.

The contractor shall determine the mix proportions and shall furnish

concrete for pneumatic placement which contains a minimum of 7 sacks.

of portland cement per cubic yard of concrete and which attains a
minimum 28-day compressive strength of 3,000 psi. Fine aggregate
and coarse aggregate shall conform to the requirements of Subsection
912-2.02. The total mix shall contain, by weight, 15 to 20 percent
coarse aggregate.

If ready-mixed concrete is |used, it shall conform to the
requirements of ASTM C 94.

Fibrous reinforcement shall be added to the mix for the second
application at the time of batching in an amount of 1.6 + 1lbs. per
cubic yard of concrete as directed by the Engineer ana oy a metheod
recommended by the manufacturer to assure a uniform and complete
dispersion of the fibers. The contractor shall provide the services
of a qualified technical representative of the manufacturer to
assist the contractor in proper batching and mixing of materials.
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HNTB ACI 10-3(270)
02,/03/89 10 MA 149 HO128 05C
REV: 05,/03/89

In no case shall the slump be greater than four inches for the
second application. Slump will be measured prior to the
introduction of the fiber into the concrete mix.

Fibrous reinforced concrete shall be placed in accordance with the
requirements of Section 912 and as directed by the Engineer. Tined
rakes will not be allowed as a means of moving the fibrous concrete.
The ready mix discharge chute shall be raised approximately 12
inches above the pump grate or screen as directed by the Engineer at
the time of discharging concrete.

Testing:
First Application:

The contractor shall first apply the shotcrete to the gabions and
riprap at the south end of the channel as a test area at an exact
location designated by the Engineer. The Engineer will then examine
the test area to determine that the required penetration has been
attained. If the required penetration has not been attained then
the Engineer will direct the contractor to adjust the mix and repeat
the test.

Second Application:

Tests to determine the physical quality of the shotcrete for the
second application will be performed by the Engineer periodically
during the work as required. Test panels and cores shall be
prepared by the contractor.

Test panels at least 12 inches sqguare and as thick as the structure
being constructed shall be prepared by gunning shotcrete mix on a

piece of plywood form. Cores shall be taken from the panels for
compressive strength tests and for visual examination. Cores shall
have a minimum diameter of three inches and a length to diameter
ratio of at least one. Test panels shall be cured in the same

manner as the production work.

Cores shall be obtained and tested 1in accordance with the
requirements of AASHTO T 24. The cores will be tested for a minimum
compressive strength of 3,000 psi at 28 days.

The cut surfaces of the test specimens will be carefully examined
for soundness and uniformity of the material and shall be free from
laminations and sand pockets.

Construction Joints:

Construction joints shall be in accordance with the details shown on
the project plans and these special provisions.
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A construction joint shall be placed at the end of each days
operations or every 200 feet, whichever is less. The contractor may
either construct transverse construction joints that are continuous
and coincidental across the entire section of channel or he may
construct longitudinal construction joints on each of the sloped
sides of the channel a minimum of 3 feet vertically from the bottom
of the channel. 1f the longitudinal joints are constructed, the
location of transverse joints do not have to coincide; however, the
longitudinal joints shall be continuous from beginning to end of the
channel.

The contractor shall submit a written plan to the Engineer for
approval showing the method he plans to use in determining the
location of construction joints. Once the plan is approved, the
contractor shall not deviate from the plan unless approval in
writing is obtained from the Engineer.

The surface sealant and the joint sealant shall be prepared and
applied at a time and in a manner recommended by the manufacturer
and as approved by the Engineer. The contractor shall provide the
services of a qualified technical representative of the manufacturer
during the process of sealing joints.

The concrete (shotcrete) surface shall be clean, structurally sound
and free of all contaminates including curing compounds, form
release agents, dust, dirt and oil coatings just prior to applying
the surface sealant and the joint sealant.

Curing:

The surface of the first shotcrete application shall be kept
continuously moist immediately after placement by means cof either a
water spray or fog system for a minimum of seven days. The use of
membrane forming curing compound or sheeting will not be allowed.

The surface of the second application of shotcrete shall be kept
continuously moist for at least seven days, beginning immediately
after placement by means of either a water spray or fog system
capable of being applied continuously or by liquid membrane-forming
compound or by polyethylene sheeting conforming to the requirements
specified in ASTM C 171.

If polyethylene sheeting is wused, it shall be white opaque and
adjoining sheets shall overlap at least 12 inches and the 1laps
secured to provide an airtight and windproof joint. If ligquid
membrane-forming compound is used it shall be Type I conforming to
the reguirements of ASTM C 309 and the application rate shall be 100
square feet per gallon.
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.Method of Measurement and Basis of Payment:

The method of measurement and the basis of payment will be in
accordance with Subsections 912-4 and 912-5 except that the surface
area for measurement will be the separate area of the first and
second applications and the contract price shall include the cost of
fibrous reinforcement and having a manufacturer’s representative
present during batching and applying the second application of
shotcrete and during the sealing of construction joints.

ITEM 9240010 - FORCE ACCOUNT WORK (Channel Surface Preparation):

The work under this item consists of preparing the surface of the
existing outfall channel and riverbed rip-rap for the application of
shotcrete and includes, but is not limited to, removing mud and
debris, resetting gabions, <consolidating riprap and removing
projecting portions of rock to obtain a reasonably uniform surface.

Payment for channel surface preparation will be made on a Force
Account Basis in accordance with Subsection 109.04.

GEOTECHNICAL INVESTIGATION REPORT:
A copy of a geotechnical investigation report is available for

prospective bidders to review at Contracts and Specifications
Services, 1651 West Jackson Street, Room 121-F, Phoenix.
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BIDDING SCHEDULE

PROJECT NO. ACI 10-3(270)
10 MA 149 HO128 05C

SHEET 2 OF 2

ITEM NO. ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
) SHOTCRETE OVER EXISTING OUTFALL CHANNEL
s 2060001 FURNISH WATER SUPPLY L.SUM 1
3 2070001 DUST PALLIATIVE M.GAL., 500 8.00 4,000.00
. 2011025 PIPE, REINFORCED CONCRETE, CLASS VvV, 24" L.FT. 120
s | 0016088 HEADWALL ((:14.30) (DOUBLE) EACH 1
o | 9010001 MOBILIZATION L.SuM 1
;| 9080114 CONCRETE CURB, PRECAST (Roughness Control Devicd) EACH 224
, 9120001A SHOTCRETE (First Application) SQ.YD. 7,970
0 91200018 SHOTCRETE ({Second Application] SQ.YD, 10,450
10 9240010 FORCE ACCOUNT WORK (Channel Surface Preparation) L.SUM 1 25,000.00 25,000.00
" 9250001 CONSTRUCTICN SURVEY AND LAYOUT L.SuM 1
'2 §250102 2-PERSON SURVEY CREW HOUR 10 65.00 650.00
'3 9250103 3~PERSON SURVEY CREW HOUR 10 75.00 750.00
9250104 4-PERSON SURVEY CREW HOUR 10 85.00 850.00

14

18

17




* -
ARIZONA DEPARTMENT OF TRANSPORTATION page _{_of _1°
DIVISION OF HIGHWAYS

SUPPLEMENTAL AGREEMENT

K] Change Order
O Force Account Work Request

"':» S ! Fund Code 7/’/7 No. 14

e .~ e

Project No.

East Tunnel Outfall Modificatiog i ..o .

;R;wHEQSIézm“inC~I-!

Name of Project

DESCRIPTION AND REASON

REQUEST : To create Item No. 9120002R, Sthoctorete (Fiber
Reinforced) (Special), as a basis of pavmert for comstruacting
four different types of fibrous reinforced shoterete in
accordance with the attached plan arnd specificaticons
(Attachmerts 1 & 2)., Additicnally, a 25" x&35' section of steel
reinforced shoteorete linino will ke comstructed in liew of
fibroue reinforced eshotcorete in accordance with attached gplan
and specificaticns (Attachmernts 1 & &). Material testirng will
be perfoarmed as cutlined in ARttachment Z. .

REASON @ This chanpe was reguested by the RAZ., Trans. Research Center to
assess the performarnce of multiple fiber types, develope a
neperic contract specification for symthetic fiber
reinforcement and determivne methoads for determinivg conmtract
campliance o future prajects. e

COST:
Ttem Nc. Descripticon Guart ity Unit Price Amcurnt
FS1000ZA ¢+ Shoteorete +1 L. Sum * €5, 50,00 +85, 650, 00 ¢

(Fiber Reinforced)
‘Special),

: DEC22'89

AZ By,
ProeN%

xExension e LGonwaeiRirmelchmihidmithmatos % onpistere R 3 R0k UMK SURMSMERTRARRIDERN X

TOTAL DIFFERENCE

PLUS MINUS

$ 5,650.00 ¢ $

Date w Date Date
b ]
(ﬂ’éjbmmedw% Approved Approv
RES. ENGR CITY/COUNTY ENGR

one_DEC 14 1989
el Ko

FIELD REPORTS SE”ZES

hecke

DISTRICT ENGR

For Valuable Consideration, It 1s mulually agreed that the matier detalled above shall be done and payment made as shown hereln for a
Supplemsntal Agreement Change Order, all in accordance with the terms of the contract. For work being performed as a Supplemental
Agreement Force Account Request, final payment shall be made as stiputated the Standard Specifications and its supplements upon
completion of sald work.

Date 4‘7 fof, /5 E 7 oae { 2 [ 97 Date DEC 2 € 1989

R.R. Hensler, Inc.
CONTRACTOR
t

Pproved with/witSetFederal Participation.
By Z%é‘? -
2 DIVISI& ADMWISTRATOR,FEDERA’L HIGHWAY ADMINISTRATION

G e
e LTI .
- R O LT L 8 &L I I

R

Approved for

By

1@ 12-1801 R1/84




Doug Lattin,
charge order cn July 15,

Dan Lance,
arnd comcurred. .

Phil Eleyl,

CHECKED Q,Z,

FIELD REPORTS 8

ARIZONA DEPARTMENT bF TRANSPORTATION

“CHANGE ORDER OR FORCE ACCOUNT WORK REPORT

S LT A g g,

Project No “ACI-10- 3(27oauuocooz 4147

Changs Order
To sccompany

R ROEHMONEX Rider
F KO8 KNG 36 00t

Ne. 1

Additional pertinent information not contalned In the transmitted document.

Arizorna Transportation
1383, »

Assicstant District I Ewpineer,

onve _J24Y-EF

VICES

RECEIVED

DEC 181969
H.N.T.B.

Research Sectior,

Pricr approval was granted at the project level on Auguet &,

vias contacted or July 31,

requested this

1969

1983, »

Discussed With Federat Highway Administration.

Explain Thelr Cominents.

Area Erigineer,
gave his tewntative approval.?

F.

ubmitted by/

Date

H. W. A..

-

vae contacted on

July 31,

F.H.W.A. AREA ENGR.

1383 and

“ itie Res. Eng.” pate M7/a‘i/°’

District Engineer's Comments:

RECENED DATE RECENED

Fi - c!a;;%z%@’
DESTR!CT 1 e,d Remm Bran C DISTRICY ENGI R ﬁ/
SIGN IN PROPER COLUMN DATE

APPROVED *DISAPPROVED *REVISIONS

F.A. FINANCE OFFICER YA | L2 - lef b

MATERIALS SECTION ’ JeNa! [2-13 -

ENGINEER OF RuwANS A/ A/ 78 7%}]{7‘7}//JM - 42 /f-

STRUCTURES SECTION 7,

TRAFFIC CIVIL ENGINEER

ENGINEER ROADSIDE DEVE LOPMENT

CHIEF RIGHT OF WAY AGENT

RIGHT OF WAY APPRAISALS

RIGHT OF WAY PLANS

LEGAL

ASST. DIR. ADMIN. SERV.

UTILITIES ENGINEER 2 .,

Frzeww Fevaen bpames - e — /2 AS5FF

*Fully explain on separate sheet.

1@ 10-0701 R1vED

Use additional sheets if necessary.)

/(Original copy only to be attached to Change Order, F.A.W.K., or Fiscal Variance Report. \'ﬂ»p
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RUIZONA DEPARTMENT OF TRANSPORTY 1ON

OFFICE MEMO

August 2, 1989

TO: DAN POWELL
N District Engineer

FROM: MICHAEL J. HARRINGTON
Resident Engineer

RE: ACI 10-3 (270)
. East Tuanel Outfall Modification
Change Order No. 1 Authorization

This confirms that authorization was granted by the Resident Engineer for
Change Order No. 1 to reimburse the Contractor for additional work to be
performed on the East Tunnel Outfall Modification. The performance of
multiple fiber types will be assessed s» that a generic contract specifi-
cation for synthetic fibers and a method for establishing compliance on
future projects can be developed. Four 50' test sections will be con-
structed with four different types of fiber. 1In addition, a 20' x 20'
section will be reinforced with reinforcing steel and the shotcrete in
this contrel section will not contain any fibrous reinforcement.

The total cost of this change order will be $5,600.00.

Doug Lattin of Arizona Transportation Research Section requested this change
order on July 15, 1989.

Dan Lance, Assistant District I Engineer was contacted on July 31, 1989
and concurred.

Phil Bleyl, Area Engineer for the FHWA was contact on July 31, 1989 and

gave his tentative approval.

MICHAEL J. Hamgﬁcron RES.

Approved:
POWELL, DIST. ONE ENGR.

EQD £
MJH: SAK : dm

xc: Chief Deputy State Engineer DATE RECEB\J,ED

Highway Operations

Field Reports Services

Larry Scofield (Az. Trans. Research Center) AUG 211989
FHWA '

Project File (#610 CO #1) Field Reports Branch

1 @s-9530 2/75
(FORMERLY 8-984)
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RARIZD DERPARTMENT OF TRANSPORTA™ N
RES . ENT ENBINEER'S COST ANALYSL. s
AND ADDITIONAL JUSTIFICATION
£X1 Charige Order ) Na. ) Project No. _ACI-10-3({270)°
L 1 Force Account Work Reguest No. Fund Code

Resident Erigineer's indeperdent cost or price analysie:

1) REDUCED READY MIX LDOADS:

Ivi corder to have a good mMix with the fiber added on site. Ready mix lcads
had tc be reduced from 39 cys. tcac 7 cye.

The contractor has beern orderivip 9 cys. per truck for the first and second
application of shotcrete. Therefore, additiornal trips will have to be
made to secure the same producticrn rate. Or the average the coartractor
pumps 110 cye. per day. The rnet ivcrease in trips will be:

110 - 110 12 -~ 16 4 additicrial trips

E] 7
No additional trucks will be involved. However,; four extra batches are
rieeded. Calmat gquoted an extra #3.50 per cubic yard for the extra batches
and the trips.

(447 + 10% mixer waste) x $3.50 = $1,782.00

2) FIERER PLACEMENT:

Twc pumps will be utilized, and twa laborers will be rneeded to place the
fiber in the mixer trucke.

Labor = %11, 00/Hr

Surcharpe = 20% x $11.00 = @ 2Z,.20/Hr
Irvisurarce = 13% %x $11.Q0 = % 1.E5/Hr
Frinpes = $ 2.77/Hr
TOTAL %17.62

Four days will be needed to place the test sectionms.

48 Hours x $17.E2/Hr x & Laborers = $1,631.52 v

2) FEURNISH AND PLACE REERAR FOR 20 X0 TEST SECTION:

Steel: 400 Ft x 0.668 Lb/Ft x 0.20 ¢/Lb = ¢ SZ. 44

(&)

Iror Worker:

Labor = $15.0/Hr

Surcharne = 204 X $15.00 = ¢ 3, 00/Hr

Irsurarce = 15% x 15,00 = & Z,25/Hr

Frivnnes = % _2.77/8Hr

TOTAL $23. 02

Z23.02 x 3 Hrs = $63.06

Furnish ang place rebar = $£3.06 + $53.44 = $1&82.50 -
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ARI20M™~ DEPARTMENT OF TRANSPORTAT N
¢ COST ANRLYSIS

4) OPERATION:

Addition of fiber orn the project site, adjustment cf slump and testing and
reduced mixer loads will result in reduced pumpirnpg efficiency.

Laoss of efficierncy = £ _cy reduction irn mixer lcads = 22%
9 oy of ricrmal mixer loads

c2% X 8 hr/day = 1.76 hours/day 22 2 hcaurs/day

This lcse of efficiericy will be made up by working two additicmnal hours
each day ta finish each test section.

A PUMPING CREW:

Fovremarn = %1&6./hr »x 1 Foreman = %$1&./br
Laber = #$1l./hr x 6 Labarers = %66, /hr
Nozzelmnan = #1%./hr x 2 Nczzelmen = %30, /hr
Pump Operator = $13./hr x 2 Operators = $ZE./hr
Subtctal $138. Q0
Surcharpe = 20% x $138. /hv = $g7.60/hr
Insurarce = 15% x $138. /hr = &20.7C¢/hr
Friviges = 11 persaormel x $2.77/hHr = $30.47/hr
Total Labor Cost $216.77

R) EQUIPMENT:

Tocw pickup $3. /hr

Conerete Pump (35 cy/hr) $45, /hr

Tatal Eguipment Cost 54, /hr

Increased pumping coast = (54, 00+216.77)/hr  x E hr/day x 4 days

S} CONSTRUCTION JOINTS:

No extra jcints will be rneeded, sirice each controlled section is equal to
a day's production and will be dore in the csame day.

&> MATERIAL TESTING:

Sixteer test parels at least 3 feet by & feet ard as thick as the
structure being constructed shall bhe prepared. The shotcrete on the
panels shall be sawcut and cored, so that & beams arnd 4 cores can be
tested from each parel.
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a)d Panels:

1. Materials - 100, 00

2. Shoatcrete 2 oy x $558./cy = %$110.00
1) Labor

Labar = %$1i./hr

Suwrcharage 204 x €11, /hr = %1,65/hr

Irsurarce 15% x %11, /hr = %2,25/hr

Frirvipes £2.77/hr x 1 Laber =  $2,77/hr

$17. 62

Three hours will be reeded to corstruct the parels
$17.62/hr % 3 hros = $52. 86

Total cost of panels — $52.86 + $110. hr + $100, = $2Z62. 86

b)Y Corirng = 64 cores x $10. /core = %640, 00

) Sawing = 32 beams x 6 ft/beam x $2.00 ft = $384, 00
Tatal cost of Material Testirng %1, 28E. 86 v

7) EIBER: *

The Department will supply the fiber for three of the test sectians.
Calmat will credit the contractor %6.00/cy for vot addivig the fibermesh to
the corerete used in the three test secticms. The fourth section will
have fibermesh in it, except that it will be added or the jobsite.

(337 cy + 10% mixer waste) x $6.Q00 = $2,234.00
SUMMARY 0= COSTS:

1)  Reduced reacy mix loads + $1,722.00
2) Fiber placement + 91,691,552
3) Furmish ard place rebar + % 1Z2=2.50
4) DOperation + %2, 166.16
)Y Conmstructiorn Joints + % OC. Q0
&} Material testing + $1,286.86

+ $6,9893. 04

Total cost - $6,383. 04 x 154 averhead anmd prafit = $8,037. 40 -~

¥*Fiber—lock, Nurlon and Forta fibers will be donated to the Department by
the manufacturers.
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.SUMMARY DF CREDITS:

7) Fiber $&,224.00
Tetal cost for Change Order No. 1 $8, 037.34 - $2,824.00 =

+$5,813. 34 ,///

PS: The cortractor's cost analysis did rnot include material testing,
however, it included a cost for added joints. The Department
riepotiated with the contractor to deduct the cost of the construction
Joints and to deduct the cost of the fibermesh for three sections anly
irnstead of feour. The marixfacturer of fibermesh refused tc donate the
fiber for testirign purposes. Therefore, the Departmernt deducted
%3, 242, 84 from the caontractor’s total cost for the extra joints and
added $726£.00 for the fibermeeh ivi the forth secticor.

The coarmtractcer aoreed to perform the work for $5,E650.00.¢ <3
%8, 135.24 - $32,242.84 + $786.00 = 5,638, 40

This price is within cre percent of the Departmert’s Coast Analysis,

therefore, it is recammerded to authorize the work requested iv Charnge
Ovrder Nca. 1.

(Driginal capy tc be attached to C.0. or F.R.W.R. for traremittal to Field
Repcerts EBranch ocnly)
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R. R. HENSLER, INC.
Mining » Contractors * Construction
14238 EAST UNIVERSITY DRIVE
PHOENIX. ARIZONA 85034
(602) 287-1656

TR ji‘f}
[N R } '1‘1

July 24, 1989 . E:) E @ E '
'!‘“ (i

Arizona Department of Transportation “IUI‘Lﬂ. b

. e noa JEFFERSON FitLD 123

% CRG. %147

Atten: Mr, Mike Harrington
Resident Engineer

Subject: ADOT Project ACI-10-3(270)
{H012805L)
Change Order No. 1 - Fiber

Gentlemen:

We have made the following analysis of increased cost to preform
the work as outlined in your request. It is our understanding
the experimental fibers will be added by us on the jobsite.
Added cost:

1. Increase in mixer cycle time

2. Reducing mixer loads from 11 cu yds to 7 cu yds to facilitate
jobsite mixing

3. Labor and scaffolding to add fiber

4., Increased pumping costs

5. Cost of furnishing and placing reinforcing steel for 20 fr.
by 20 ft. test section

6. Increase estimated construction joint by 180 lin, feet

Cost Analysis:

1. Increased cycle time
a. Spot mixer at fiber loading platform and add fiber to

load —- 10 minutes
Mix in fiber — 10 minutes
Total increased time per 7 cy load — 20 minutes

2, Reduced readymix loads from 11 cu yds to 7 cu yds - 64%
reduction. This will require approximately 63 additional
mixer trips.
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Arizona Department of Transportation
July 24, 1989
Page 2

Calmat has quoted an additional $3.25 per cubic yard to their
original quote without fiber for readymix for Item 9120001B
shotcrete (second application).

997
%4554 cubic_yard + 10%Z mixer loss and waste =
@-‘{‘152 overhead & profit = $ +e74e /SEFE B

éyaicy X

Calmat fiber credit $6.00 per cubic vard
11.00 20%+15%
3. Labor - 2 men at $10+58+_28% labor burden + 2.77 fringes
= § per hour. Estimated 6 - 8 hour days to add fibers,
g‘%n’&

ere dismantle scaffold for 2 men.
48 hours x 2 x 3593 = $ 13529:28 /6 P52
Plus 15% = /E.62 22039 =z 5 3.73
Scaffold rent, delivery & pickup —106-60- o
Total $ 4—8—58—67—,.’%? 45725
7 72

4. Increased pumping costs:
Estimate loss of efficiency due to testing, spoting mixer,
adjusting for charging fiber etc. 2 hours per day for four
days equals 8 hours additional time.
Crew Cost:

/ A Foreman € 16.00 per hour = $ BHE J6.00
2 - Nozzelmen € $3535% Be2%hour = oo /4, 3162~ 2 9.00
2 - Mixer men @ $ per hour'Z’ ’ —2g:75- Zé&.00
& -4~ Laborers @ 3-6—5'8‘ per hour = 4332 ¢ 6 .00
/,00
o9 /2 E-00
4+ 20% B s e ’
$110. 094426 burden = 4692~ /F 630
Fringeg 64 labor x $2.77 = 180+ BoY7
I~ Fringe 2 operetors—s$3. 76—~ 56—
206.77 $  Heeme_2/6.77
$I6649- + 15% overhead & profit = 272,29
Total labor cost per hour $ O+t
Equipment:
//;Foreman Pickup @ 8.64 $ -ﬁ.—32-—-3,67
1 Pump tow vehicle @ 8.64 8.64
1 Concrete Pump, inc. hose, nozzles etc. 36.50
1 Air compressor 160 cfm 7.75

Hourly Equipment Cost §$ S g /5 3
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Arizona Department of Transportation
July 24, 1989
Page 3

Total pump crew cost per hour $ 24867 B9
pump crews = $ %9751 3B/0, 82

X
x B hours = ‘V‘o?‘x ZW/J-;, extra y

Increased pumping cost $ BOFEFZ <86.5L

5. Furnish and place rebar on 12" C.C.E.W. in 20' x 20' test
section

vooftx O-668 6/ f¢ xéo/ zo/76.
—-536-€t rebar F.0.B. jobsite @ $120.00 + A 138-006— 5’3,{/§/

Estimated chairs & tie wire 54,0 +3--60
> hour iron worker $*67‘99—k%‘8é+ 5.10 +
IR x X3 hto. ¢5.00 55T 7605

7 20% 1 S5% Yy = Z
| 15 7% $  See=SE /L B
6 revide Tes?t Pore s £LeTE
/.00 +8%%HS %
| labgrer 058 -8+ 2.77 + 15% $ 48.—76—‘5/20,-96
times ;85hour ('_‘,m._ ber, et $ 608 0.7&

// 500
#e L C. Y E?s*ls-'fovc YHSE 3 002 76~ ,RL.c0

CY W /O.oq/cc.- +If9"_——'— 7
é@ E‘ ot x£2 '?/-Fr‘”” -‘_ . 1/3/-60

777988

Summary of additional cost for change order # 1
1. Additional readymix cost $ 4—8?—1—&9—~6838 g5 -
2. Additionel cost to add fiber 485867 SR PL XL
3. Fiber credit from Calmat at $6.00 per 55

cubic yard times 501 cubic yards (3,006.00) ( Ze4, 005
4, Increased pumping cost -3—9-?8—-?—"*#-7‘/86 5—6
5. Rebar cost 208752~ /ﬁa. 24
6. Gemstruction—jeint—scest Materi=l Testing 8—2&—"-—84—'_‘_7_’_7_2.__&8_
—% CPcrz:'J:‘ gks* Pomefty) #

Total added cost for C.0. # 1 $ B3i55w2k X5, 675,95

Any cost incurred by delays during the testing that are not the
fault of the contractor will be payed for as provided under
Section 109.04 Extra and Force Account.

We are concerned with both 90 minute time limit and the temp-
erature requirements for the readymix operation with the fiber

being added in the field.
C_aw\")t'('c.\.‘/‘nr— Ajrcg J 7LO
Cest ofF rgs/-éS'O,Oa' ~

T
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Arizona Department of Transportation
July 24, 1989
Page 4

It has been agreed that the slump tests prior to adding the fiber
to the mix during the research period will furnish ADOT their
required data.

We request a two day time extention for Change Order # 1.

Sincerely,

R. R. Hensler, Inc.

J. A. Mason

Manager of Construction
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APPENDIX B: WORKPLAN
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ARIZONA DEPARTMENT OF TRANSPORTATION
HIGHWAYS DIVISION

206 South Seventeenth Avenue Phoenix, Arizona 85007

ROSE MOFFORD

Governor
CHARLES L. MILLER THOMAS A BRYANT. 11|
Dneciov Siate Engineer

ARIZONA TRANSPORTATION RESEARCH CENTER

August 23, 1989

Ed Wueste

Division Administrator

Federal Highway Administration
234 N. Central Ave., Suvite 330
Phoenix, Arizona 85004

Attn: Nate Banks

Dear Sir:

The ATRC is currently documenting the construction of experimentat project AZ-8902, Channel
Lining With Synthetic Fiber Reinforced Shotcretc. ATRC participation was solicited by the FHWA in
carly 1989 at which time the project had already been desipned by a consultant using only one fiber
type. In July the ATRC iniliated a change order on this project so that three other fiber types wouid be
included and a comparison could be made.

Enclosed for your use is a copy of the experimental project workplan which has been followed
thus far along with an initial FHWA form 1461 for each proprietary product (A-D). The construction
report will follow within 120 days. Questions regarding project specifics should be addressed to Doug

Lattin of my staff.
Sincerely,
- =) C
- Frank R. McCullagh
Assistant State Engineer
Research Section
DJIL

Enc. AZ-8902 Detailed Workplan
Form 1461 for AZ-8902(A-D)
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ARIZONA TRANSPORTATION RESEARCH CENTER

EXPERIMENTAL PROJECTS PROGRAM
AZ-8802 DETAILED WORKPLAN

CHANNEL LINING WITH SYNTHETIC
FIBER REINFORCED SHOTCRETE

. PROBLEM STATEMENT

Drainage faclities are essential components of a highway system. The current and
torthcoming quantity of new highway construction in Arizona motivated ADOT to publish a repont
in February of 1989 titied Channe! Lining Design Guidelines. The conclusions of this reporn focus
on the use of welded wire tabric (WWF) or other secondary steel reinforcement in concrete
channel linings. Reinforcement of this nature is not expecied to prevent cracking in a concrete
channel fining but is expected 10 hold cracks together once they are formed.

Shotcrete is concrete that is placed by projection onto a surface at high velocity. Channel
lining is one activity in which shotcrete reinforced exciusively with discontinuous discrete synthetic
fibers may have application. In such a situation the fiber would be used to reduce formation of
early plastic shrinkage cracks. Inclusion of fibers in the concrete mix can atso resuit in 2 material
with increased toughness, lower permeability, higher flexural and compressive strength, and
oreater abrasion and latigue resistance. The degree and manner in which these material
properties are aftected depends upon the type, length, strength, configuration, and quantity of the
fiber incorporated into the concrete mix.

in order to gain future consideration, synthetic fiber reinforced shotcrete linings must be
capable of controlling all cracking equal to or better than channel linings with conventional
secondary steel reinforcement.  Any claimed material property improvements musl be confirmed
and no! negated by excessive material and labor costs. Furthermore, the fiber reintorced
sholcrele musi not present any fiber related construction problems.

il. OBJECTIVES

The primary objective of this project is to cevelop a generic specification for synthetic fibers
used in shotcrele and 1o esiablish & testing program for verifying compliance with this
speciiication. Preliminary material and construction specifications will be tested on ADOT project
ACI-10-3(270). This project involves moditying the East Papago Tunnel Outtall channel by
appliving a 5" thick fiber reinforced shotcrete lining. The channel is approximately 500° long with 2
130" cross section perimeter. Four 50° lest sections will be constructed using four different fiber
brands. The fibers used will be FIBERMESH, FIBER-LOK, FORTA. ang NURLON as shown on the

attached Figure 1. An additional small control section will be included using a conventional steel
reinforced lining.

The variation between measured maiterial properies of shoicrete using difterent fiber types
and configurations will be analyzed and compared with the contro! sholcrele. Material properties
1o be measured are the slump of a given concrete mix before and aher the addition of fibers, the 28
day compressive strength of the same mix with ang without fibers, ang the compressive strength,

fiexural toughness, and percent permeable voids of beam and core samples extracled from
shotcrete panels.
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kssessment of construclion ditierences between difierent fibers is another main objective.
Reporting will focus on the abliity 10 place the different types of fiber on the channel without fiber
related construction problems such as improper mixing, fiber balling, or plugging of the shotcrete
pump.

Earty field evaluations wlll be performed 1o determine I fiber reinforced shotcrete does in tact
minimize early plastic shrinkage cracking. The diferent fiber materials and fiber geometries are
included in this project 1o determine If these variables affect the abllity of & fiber 10 mitigate this
type of cracking. Funthermore, in the event that cracking does occur due 10 eary plastic shrinkage
or any other cracking mechanism, the fibers will be expected to inhibit further crack propagation.
The relative abliity of diffierent fibers 1o achieve this goal will be substantiated by flexural toughness
tests and by detailed field monitoring over time.

Verification of different fiber material inertness in an alkali environment is research that may be
performed in the context of this channel lining project. If any fiber used on this project does
deteriorate this will be manifesied by substandard performance. In addition, petrographic or other
laboratory analyses may be performed on field samples 1o determine the degree 10 which the fiber
has deteriorated over time.

. IMPLEMENTATION

Specifications developed and refined during this project can be used on future ADOT projects
where channel lining or similar activities are required. Based on the findings of this research effort,
the applicability of the different fiber types and configurations will be identified in terms of design
objectives and distributed to designers.

V. WORKPLAN

1.  Review literature on the use and control of fiber reinforced concrete, conventional
shotcrete, and fiber reinforced shoicrete. Compile an appropriate coliection of articies and
a bibliography tor placement in the ATRC library.

2. Select aporopriate fibers 10 be included in this project so that the primary fiber materials
and fiber geometries can be compared.

3. Establish appropriate iaboraiory test procedures 1o evaluate the quality of the sholcrele
and the efiects of the fiber.

4. Esablish field ouality contro! procedures 10 be emploved on this project so that the fiber
addition and the concreie mixing, testing, and sholcreting is performed in a uniform and
consistent manner.

5. Prepare additions and modifications 1o the construction documents as required for project
ACI-10-3(270). Both a change order 1o the special provisions and a diagram, Figure 1,
identitying test sections are necessary on this project.

8. Monitor and document all relevant phases of test section construction. Primary emphasis
will be placed on identification of critical construction activities that may affect the ability 10
deliver the shotcrete to the channel surface in an acceptable manner. Mixing times,
pumping pressures, progduction rates, and equipment types will aiso be recorded.




7. insure that all material testing reguirements are satisfied at the proper time, in the proper
iocation, and in the proper manner. All sampie labels will be cross referenced 1o AZ-8902
sample ID format. 1D tormat is SECTION-TRUCK-SAMPLE. SECTION is the test section
designation A, B, C, D, or X as defined on Figure 1. TRUCK Is the truck sequence 1, 2, 3,
or 4. SAMPLE is the sample type and sequence defined below.

All samples in parts (a) and (b) are to be obtained in accordance with AASHTO T141 with
the exception that the samples are from the beginning portion of the loads by necessity.
All sampling methods are to be consistent.

(@) SLUMP: The following test shall be run and recorded by ADOT personnel in the field on
the material delivered by at least 4 randomly select ncrete 1rpcks per test tion:

S0 Slump test before fiber is added to the concrete.

S1 Slump test ahter fiber is added 1o the concrete and mixed per fiber manutacturer
representative’'s recommendation.

One additional stump test shall be performed on the control section material:

S* Control section slump test.

A cumulative total of 32 siump tests will be conducted on the test section material and one
on the contro! section malerial. No additiona! 1esting or saving of the material used in
these tests is required.

{b) COMPRESSIVE STRENGTH: The following samples shall be fabricated and labelled by

ADOCT personnel in the field using the material delivered by the same 4 congcrete trucks
setected in (2) above:

Co1,C02 Two concrete  cviinder tesl _specimens tabricated in accorcance with the
reguirements of AASHTO T23 shall be 1aken prior 1o the addition of fibers 10 the
concrete.

C11,C12 Two concrete cvlinder test specimens tabricaled in accordance with the
requirements of AASHTQO T23 shall be 1aken ghter fiber is addec 10 the concreie
and mixed per fiber manuiacturer representative’'s recommencation.

One additiona! congcrete cvlinder set will be fabricated and labelled by ADOT personne!
using the materia! from the control section:

C*1,C*2 Iwo concrete cvlinders test specimens tfabricaled in accordance with the
requirements of AASHTO T23.

A cumulative 1otal of 64 cviinders tabricated from lest section material and 2 cvlinders
fabricaled from the contro! section shall be 1ested for compressive strength in accordance
with the requirements of AASHTO T22 at 28 days.




(c) PANEL FABRICATION: The following specimens shall be fabricated by the contractor
unhder supervision of ADOT personnel in the field using the materia! delivered by the same
4 congrete truck in ve:

P1 One 2x? pane! will be shot with shotcrete 1o a depth of approximately 5°. The
panel will be sawed as ingicated in Figure 2 and will be cured in the same manner
as the channe! tor 28 days.

Additional panels will be fabricated from the material delivered by the only truck defivering
1o the control section:

P*1,P*2 Two 2'x3' panels will be shot with shotcrete to a depth of approximately 5. The
panel will be sawegd as indicated in Figure 2 and will be cured in the same manner
as the channel for 28 days.

A cumulative tolal of 16 panels will be fabricated from the test section material and 2
panels tabricated trom the control section.

(d) PANEL TESTING: The following beam ang core specimens shall be gbtained from each
panel fabricated in step (¢} above no more than 7 days prior to testing:

FLEXURAL TOUGHNESS: Beams will be tested for flexural toughness in accordance
with the requirements of ASTM C-1018.

T1 Jwo beams of dimensions 21"x6"x5" for 1esting at 28 days.
T2 Jwo beams of dimensions 21°x6°x5" for 1esting at 2 years.

A cumulative total of 32 flexural 1oughness tests will be performed on tes! section material
and 4 more on controt section materal a1 28 davs.

A cumulative 1otal of 32 flexura! toughness tests wili be performed on test section material
and 4 more on control section material at 2 vears.

COMPRESSIVE STRENGTH: Cores wil be tested for compressive strength in
accordance with the requirements of AASHTO T22.

C1 Two cores with diameter 2.5" and height 5" for testing a1 28 davs.

g

C2 Two cores with diameter 2.5" and height 5™ for tesling at 2 vears.

A cumuylative total of 32 compressive sirength tests will be performed on 1est section
material and 4 more on control section material a1 28 days.

A cumulative total of 32 compressive strength lests will be performed on test section
material 3ng 4 more on control section material at 2 vears.

- PERMEABILITY: Scrap material remaining atier 1esting beams and cores above will be
tested in accordance with ASTM CB42 for percent of permeable voids.

8. Compliation and analysis of all short ierm test data will be included in the construction
repori. An analysis of variance will be performed on all test results 10 verify the validity of

the sampling program. Inclusion of long 1erm test data will not be possible until the final
report.
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8. Field evalyations will be scheduled for 1 month, 1 year, and 2 years from the time of
construction. Fieid evaluations will consist of documenting the number of cracks, type of
cracks, crack widths, crack lengths, and vertical dispiacement across cracks. Crack maps
will be prepared for each section at each evaluation. All measurements will be analysed
over time to determine the degree to which crack growth is inhibied.

10. Field samples will be obtained from a predetermined location after 2 years. Field beams
and cores obtained at this time wlll be tested in exactly the same manner and at the same
time as the remaining panel samples which were obtained during construction. A
petrographic or similar analysis may be performed on the field samples at this time.

V. REPORTING

A construction report will be prepared in accordance with ATRC procedures for reporting on

experimental projects and submitted to the FHWA within 120 days after completion of the last
construction activity.

A technical summary, 1-2 pages in lengih, will also be prepared which summarizes the
findings and conclusions of the construction repon.

An impiementation report will be prepared within 120 days after submission of the
construction report.

A final repont will be prepared in accordance with ATRC procedures for reporting on
experimental projects and submitted to the FHWA within 120 days of the iast field evaluation. The

report will detail all activities included in this experimental project and discuss the findings and
conclusions.
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EAST TUNNEL OUTFALL ACI-10-3(270)
CHANNEL LINING MODIFICATIONS
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APPENDIX C: SHOTCRETE MIX DESIGN
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FIRST APPLICATION s° CRETE

Calmat of Arizona
06-Jul-B9 PRODUCT CODE 3B6O
Mix Specifications

6.0 SACK SAND/CEMENT/FLY ASH/WATER

ADOT PROJECT: PHOENIX-CASA GRANDE HWY(EAST TUNNEL OUTFALL(ACIR-10-3(270})
CONTRACTOR: RR HENSLER

PLANT: 32: 1801 £. UNIVERSITY DRIVE, PHOENIX, AZ.

Siump range: 0.00 To 4,350 Fineness Modulus: 2.75
Unit Weight: 142.93 Percent fine aggregate:100.00%
Weight Volume
Weight per cubic yard: 3859.00 Total volume: 27.06
Water/Cement: ¢.798 Water/Cement: 9.001 (gls/sk)
Water/(C+P): 0.660 Water/(C+P): 7.449 (gls/sk)
Specific
Material Quantity Weight Gravity Absorption Volume
Cement 0.000 480.0 3.150 0.00 2.442

ASTM C1S0 TYPE I/1I LA(ARIZONA PORTLAND CEMENT,RILLITO,RZ.)

Flyash ' 0.000 100.0 2.300 0.00 0.697
ASTM C-618 TYPE F (NAVAJD) PAGE, AZ.

Water ©.000 383.0 1.000 0.00 6£.138
CITY/WELL (POTABLE)

Fine Acgregate 0.000 2B946.0 2.650 0.00 17.513
ASTM C3I3 (MANUFACTURED) (SALT RIVER)AASHTO M&-EL

Entrapped Air 0.010 0.0 0.000 0.00 0.270
0-3% ASTM C-260 @ 2 0Z/PCY {MASTERBUILDERS MBVR-S5TD)

Admixture 0.000 0.0 0.000 0.00 0.000
ASTM C-494 TYPE A @ 2.5 0z/CWT(MASTERBUILDERS 220N)
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Calmat of Arizpna
15~Jun-B9 PRODUCT CODE 1873 PABGE 1
Mix Specifications
7.0 SK 20% 3/B" 3000PSI AT 2B DAYS
ADOT PROJECT: PHDENIX~CASA GRANDE HWY (EAST TUNNEL DUTFALL(ACIR-10-3{270)}

CONTRACTOR: RR HENSLER
PLANT 32: 1801 E. UNIVERSITY DRIVE, PHOENIX,AZ.

Slump range: 1.00 To 3.00 Fineness Modulus: 2.73
Unit Weight: 146.59 Percent fine aggregate: 79.66%
Weight Volume
Weight per cubic yard: 3958.00 Fotal volume: 27,07
Water/Cement: 0.532 Water/Cement: &.000 (gls/sk)
Water/{C+P): 0.532 Water/(C4+P): &.000 (gls/sk)
Specific
Material Quantity Weight Gravity Absorption Volume
Cement 0.000 658.0 3.150 0.00 3.348

ASTM C-150 TYPE I/II LA(ARIZ PORTLAND CEMENT,RILLITO,ARZ.)

Water 0.000 350.0 1.000 0.00 5,609
CITY/WELL (POTABLE)

Fine Aggregate 0.000 2350.0 2.650 0.00 14.213
ASTM C33 (MANUFACTURED) (SALT RIVER-AASHTD M&6-Bl)

Coarse Aggregate 0.000 600.0 2.630 0.00 3.428
ASTM C33 SI1ZE #B (3/8")(SALT RIVER-AASKHTO M43-82)

Entrapped Air 0.010 0.0 0.000 0.00 0.270
0-37% ASTM C-260 & 2+~ 2 0Z/PCY (MBVR STD)

Admixture 0.000 c.0 0.000 ¢.00 0.000
ASTM C-494 TYPE A @ 2.5 DI/CWT (14.5 DZ/PCY){MB: 220N)




APPENDIX D: SHOTCRETE PUMP TECHNICAL SPECIFICATIONS

D-1



MID-RANGE STRUCT URAL
CONCRETE PUMP

BIG PUMP PERFORMANCE
REASONABLY PRICED

~~~~~~

e o s

BALANCED HYDRAULICS..
~ « Volume output from 0 to 30 cubic » Shotcrete, masonry block fill, slabs, —
yards per hour (23 m/hr) footings, lightweight mixes
* Designed to handle the larger 34" * Reverse pumping...pistons are
—. and 1” aggregate (25 mm) reversed, not the concrete valve
* Concrete piston face pressure of * Full flow, cast steel Shuttle-Tube

— 750 psi (52 bar) | R

* Reversible, hardened wear com-
— o “’Cushioned’’ hydraulic cylinders ponents for longer life and less —
means a smoother pumping stroke maintenance
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SPECIFICATIONS
PERFORMANCE

Volume Output 30 yds/hr (23 m/hr)*
Maximum Aggregate Size 1% inch {35 mm)*
Minimum Concrete Slump Oinch (O mm)*
Vertical Pumping Height 200 ft (60 m)*
Horizontal Pumping Distance 1000 ft (300 m)*
Maximum Concrete Pressure 750 psi (52 bar)*
* These figures wili vary due to concrete mix design, line size, job-site conditions and engine
options.
ENGINEERING
Engine diesel 57 or 36 hp (42 or 26 kW)
gas 65 hp (48 kW)
Concrete Cylinders 6 x 24 inch {150 x 610 mm)
Hydraulic Cylinders 3 x 24 inch (76 x 610 mm)
Hyd. Oil Capacity 70 gallons (265 liters)
Hyd. Qil Cooler standard on all models
Pump Outlet Diameter 5 inch raised end (125 mm)
Hopper Height 43 inch {1090 mm)
Hopper Capacity 10 cu ft (283 liters)
Brakes hydraulic surge type
DIMENSIONS -
LxWxH 140 x 67 x 54 inch
.356 x 170 x 137 cm
Weight 3500 Ibs (1588 kg})

T TR
'OPTIONS |
Hopper remixer, engine cover (hood), Auto-Comp}* rear hydraulic out-
riggers, hopper vibrator, Hatz, Deutz or Wisconsin engines, Silent Pack

engines, electric motor, high pressure water pump, wireless remote
control, electric brakes, skid or truck mount.

B SIS Z MAYCO AUTO-COMP.
TG L The optional Auto-Comp..eliminates destructive line surge and
! Vot ot
5 reduces hose wear. Now you cen place 2" minus aggregate
! with SMOQTH, even, continuous flow at the end of the hose.
When pumping large aggregate mixes, simply bypass the Auto-

rf ~. Comp™ and attach the larger 3" and 4” hoses.
N \ The Shotcrete Advantage
J (G AMayco ST-30 swing tube pump with

AUTO-COMP-

We carry a complete line of

superior pumping accessories
and delivery systems for
all makes of pumps.

MAYCO PUMP CORP.
4640 Sperry St., Los Angeles, CA 90039
(818) 507-3900 TELEX 292479
FAX (818} 244-4799

“MAKE IT A MAYCO”

* Specifications subject to change without nofice.
© 1990!5 1.9M Mayco Pump Corp.
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HOW IT WORKS

The Mayco series of structural concrete pumps are hydraulically
operated, trailer mounted pumps designed to pump concrete mixes
through steel pipes and flexible discharge hoses (placing line).
The engine powers an hydraulic pump which delivers oil, under
pressure to operate the system.

The concrete valve on this series a shuttle-tube or swing tube,
which provides a U4-way action in feeding concrete into the
concrete cylinders and in discharging the concrete into the
placing line.

Concrete is poured into the hopper and as the shuttle-tube is
aligned with one concrete cylinder (B), the other concrete
cylinder (A) is on the jntake stroke, drawing concrete into the
concrete cylinder (see figure 1). A piston cup or mud cup is
attached to the "ram™ in the hydraulic cylinder and serves as the
agent to both draw concrete into the concrete cylinder and to
expel concrete through the shuttle-tube into the placing line.

As the Intake stroke is completed and cylinder A is fully charged
with material, c¢ylinder B will have completed its discharge
stroke at the same time. Simultaneous with cylinder A now in the
discharge stroke and cylinder B now cn the intake stroke (see
figure 14), the shuttle-tube will swing over to cylinder 4 and
align itself and concrete will continue to flow through the
shuttle-tube into the placing line. This process is continuously
repeated, at the desired volume level, until the Jjob is
completed.
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