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Abstract

Self-consolidating concrete or SCC has creataffereht style of designing,
mixing and placing concrete. Although admixturaséithe ability to change the fresh
properties of the concrete mixture, the aggregastili an important factor in creating a
workable SCC mix. The focus of this paper is anitifluence of aggregate grading on
the properties of SCC mixtures using aggregatasatefrom basalt rock which is native
to and readily available on the Island of Oahue Bhsalt rock is crushed into respective
sizes, therefore creating very angular surfacescaBse of the porous nature of basalt,
both coarse and fine aggregates have high watearn#sn The results of this research
will aid in the design of a SCC mix to be usediitled shaft construction at the North
Kahana Bridge project on the east side of Oahiwcai®e of potentially long travel times
to the project site, the SCC properties are reduiggon delivery after a 2-hour travel
time. In addition, standard HDOT drilled shaft gieations require a minimum slump
of 6” at 4 hours after batching to ensure adeqgflaidity during tremie placement of the
entire drilled shatft.

The aggregate used includes crushed basalt frerHalawa Quarry, limestone
sand from the Nanakuli Quarry and sand importeohfBritish Columbia, Canada. The
Halawa Quarry produces three (3) aggregates use¢dddaoncrete. The Halawa 3F and
Halawa Chips are coarse aggregates with a maxineem§3/4”. Halawa No. 4 or
crushed basalt, Nanakuli Limestone Sand, and Brilislumbia Sand are used as fine
aggregates. This report highlights some resultisaaralyses of mixes used to determine

whether the gradation of Hawai'i aggregates plaggaificant role in the SCC mixes.
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1 Purpose and Literature Review

1.1 Purpose
The purpose of this research is to determine venelie gradation of Hawai'i
aggregates, such as Halawa 3F, Halawa Chips, H&awd, Nanakuli Limestone Sand,

and British Columbia Sand, have a significant ¢fteca SCC mix.

1.2 Literature Review

1.2.1 Brief History

In 1986, self-consolidating concrete or SCC wasvalutionary idea proposed by
Professor Hajime Okamura of Kochi University of eology in Japan. Okamura had
proposed this idea as a solution to the growing e durability concerns of the
Japanese government. At the time, inadequate bdason was the leading problem in
Japan’s concrete structures. By 1988, Okamurar@zdy to try the first real-scale test.
The following year in 1989, the first paper on S@&s presented at the East-Asia and
Pacific Conference on Structural Engineering andsfioction (EASEC-2). The next
presentation occurred in 1992 at a meeting for ggnBiversification Research
Laboratories (CANMET)/American Concrete InstitugeC(). Since then many
worldwide organizations have published numerouslastand have founded many

committees to study SCC. (Vachon, 2002).

1.2.2 Whatis SCC?

According to the 2006 ASTM C125-06 SCC is defiasdollows: concrete that
can flow around reinforcement and consolidate untdeswn weight without additional

effort and without exceeding specified limits ofjssgation (p. 69).



Superplasticizers and aggregate gradation arevihenain elements used to
produce a SCC mix. The superplasticizers createalility by creating a charge around
the cement particles; therefore, the particleslrepeh other. When this occurs, the
cement particles no longer lump together and aetiv flow. Attention to the gradation
of the aggregates is crucial in creating a stall€ &ix. An increase in the fines causes
the mix to stabilize and reduces the amount ofegggion. The stability is achieved by
increasing the amount of fine aggregates or byrapddditional cementitious material
(NRMCA, Mix Design, 2008). However, if majority ¢ie mix consists of fine
aggregates, then this could cause a decrease filowability of the mix. Therefore,

aggregate proportions will generally be tested teebéoeating a final mix design.

1.2.3 SCC Practice in the Field

According to Joe Nasvik (2003), SCC has been ggiacceptance in the cast-in-
place market, but the biggest hurdle most areffigds in the education about SCC more
than the promotion of it. Nasvik goes on to memtioat contractors using SCC may be
able to allocate labor differently although thaliwequire better levels of communication
and planning with ready-mix producers (2003). Nkasiso mentions that the application
of this new technology is considered more probl&rat ready-mix producers because
there are many more variables to control, whichsaddhe educational and marketing
challenges (2003).

Today SCC has made its way into the American coastm industry and has
blossomed into a new revolutionary way to creatéfarm concrete. As with any new
product, there comes many tests and studies tdatalits claim and possibilities. SCC

mixes are usually created with the use of rivenasoand beach sands because they have



smooth surfaces and generally create good flovigllithe SCC mixes, but these types
of aggregates are not always available to locati@a batch plants. The challenge of
getting a good working SCC mix has been found lyphieavily on the mix design, a
synthetic high-range water reducer (HRWR) (supstpier), and sometimes a

viscosity-modifying admixture (VMA) (Nasvik, 2003).

1.2.4 Aggregate Gradation

There are many conflicting articles regardingltbeefits of a well-graded
aggregate mix design versus a non-graded mix desigan article published in 2007 the
members of the National Ready Mixed Concrete Asdimei Research (NRMCA) have
reported the following in relation to graded aggteg:

“packing tests demonstrated that using well-grastedbined aggregates did not

lead necessarily to maximum aggregate packing tfensurther, concrete

performance studies indicated that the use of gralled combined aggregates
failed to result conclusively in lower water demaleds shrinkage, reduced
bleeding, or higher strength. Yet, improvementnrishability and segregation
resistance were observed in certain situations.”

Nasvik comments in his 2002 article that:

“Many locations around the country, however, haggher the equipment nor the

aggregate to produce well-graded aggregate migaseven when only gap-

graded aggregates are available, SCC can stiltdobuped. A mixture containing

a gap-graded aggregate will have a tendency talldesegregate or both, but this

can be corrected by increasing the cementitioutecbiiincluding pozzolans) to



as much as 752 pounds per cubic yard (eight baglsyising a VMA to control
segregation and bleeding and to facilitate placerhen
Whether or not SCC is truly affected by the gramtatnust be tested and confirmed by

the actual users and with the use of the availatpgegates at the user’s disposal.

1.2.5 Combined Percent Retained Gradation and Coarsene$sctor Charts

Another issue regarding the aggregate gradatitreisise of the combined
percent retained gradation chart or otherwise knasvthe 8-18 chart. This chart
represents the gradation of the total combinedeagdes used in a particular concrete
mix design. The chart sets limits between 8 angelr8ent retention for large top-size
aggregates with maximum size of 1.5 inches, ordBZhpercent for smaller maximum-
size aggregates, of 1 or 0.75 inches, retainedhoh sieve below the top size and above
the No. 100 (NRMCA, 2007) (see Figures 1-1 and.1A}I article 302.1R-04 Section

5.4.3 includes specification for the sieve sizesdusr the 8-18 chart.
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The 8-18 chart came about during a meeting byAtbe301 Committee. The
committee wanted a fixed range to control the \mlitg of the gradation range and 8-18
was the agreed upon range. Jim Shilstone (2008 }heaonly member opposed to the
range because he felt that one chart should nargdww all data ranges should behave.
Shilstone (2005) biggest concern was:

“the combined grading of two adjacent sieves shobeldo less than 13.5% of the

combined aggregate as that points to segregalibis is especially bad when it's

at the Nos. 16 and 30 sieves. You get ‘fatty mbdiasome call it ‘creamy
concrete.™

The coarseness factor or CF chart is a graphepaésentation of the percent of
combined aggregate that is retained on the Nod8lampercent of combined aggregate
that passes the No. 8 sieve (see Figure 1-2). rAoapto the articléOn Aggregate
Grading (Obla & Kim 2008), the CF chart is divided intsé&ctions: gap graded, well
graded, 1/2 inch and finer, sticky, and rocky. Séneharacteristics are dependant on

where your mix falls into this graph.



Coarseness Factor vs Workability Factor Chart
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Figure 1-3: Coarseness Factor Chart

The 8-18 and CF charts should allow one to predete a rough characterization
of a particular mix design. It is also understdloak the two charts will not be a perfect
fit for the aggregates used in the mixes and tiatésearch conducted will further

increase the accuracy of these charts for Hawggieates.

1.3 Scope of this Study

The primary objective of this study is to evalugtadation performance on SCC
mixes. The current gradations of the aggregates wlgtained by performing sieve
analysis on each of the five different aggregaidse absorption values for each of the
aggregates were found in order to adjust the mm@istontent to bring the aggregates
closer to a saturated surface dry condition. THaelations and absorption results were

then used to design eight mixes, which varied theumt of each aggregate and



aggregate size in a mix. The mixes were thenddstetheir perpendicular slump flow

diameters, s, and visual stability index (VSI) values.

1.4 Report Organization

Chapter 2 of the report explains the test methusesl to collect the data and
conduct the SCC mixes. A description as to wh&d deas collected and how it pertained
to the research is included in the test methodsosecChapter 3 presents the sieve
analysis results. The data and detailed descniptod the SCC mix design processes are
presented in Chapter 4. Chapter 5 presents thassi®n and analysis of the results
obtained from the sieve analysis and SCC mixesaph 6 will then close with

conclusion and future research topics.



2 Test Methods

2.1 Common Apparatus

The measuring scales used were the A & D ComgdadyModel No. 51304
scale and the Tanita Company Model No. BSC-15@gsale Figure 2-1). The A& D
scale showed accuracy to the nearest 0.01 Ib.T&h#a scale showed accuracy to the
nearest 0.1 Ib. All aggregate samples were ditid@@ degrees Fahrenheit in ovens

manufactured by the Despatch and Humboldt Company.

Figure 2-1: A & D Company Scale (left) and Tanita @mpany Scale (right)

2.2 Reducing Samples to Testing Sizes

Test samples were created according to procedutésed in ASTM C 702-98.
The Gilson Company, Inc. sample splitter box (Segeifé 2-2) was used to create the test
samples. This apparatus created two samplesraeanith adjustable blades to
accommodate coarse and fine aggregates. Threparsywere used to measure and hold

the divided samples.



Figure 2-2: Sample Splitter Box

2.3 Sieve Analysis Tests

The sieve analyses were conducted according teedues outlined in ASTM C
136-05. There were three different sieve shaksesl to conduct the sieve analyses. A
Gilson Screen Company’s sieve shaker used traysnbasured 26” x 18” by 2.75” high.
The sieve tray sizes were 3/4”, 1/2", 3/8”", NoN#, 8, No. 16, and pan. The second
sieve shaker was a Gilson Company, Inc. 12" siéegex (see Figure 2-3). The Gilson
sieves were 12" in diameter by 3.5” high. The sisizes were 3/4", 1/2", 3/8", No. 4,
No. 8, No. 16, No. 30, No. 50, No. 100, No. 20Qj pan. The fine aggregates were
sieved using a W. S. Tyler Company’s Ro-tap TesBmaye Shaker (see Figure 2-4).
This sieve shaker had 8” diameter by 2.5” higheasevThe sieve sizes were 3/8", No. 4,

No. 8, No. 16, No. 30, No. 50, No. 100, No. 200] pan.
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Figure 2-3: Tray Sieve Shaker (left) and 12" Siev&haker (right)

Figure 2-4: 8" Sieve Shaker

Seven — 5 gallon City Mill buckets and 48 — Metrb75” x 8.25” x 7" Olympic
bins were used to hold the sieved samples (seed=&36). The buckets held the Halawa
3F aggregate sizes 1/2”, 3/8”, and No. 4, two btecka each size, as well as one bucket
for Halawa Chips No. 4 sieved aggregates. Thedatrs contained the rest of the

aggregates separated by sieve sizes.
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Figure 2-5: Metro Olympic Bins

2.4 Aqgregate Moisture Absorption

The aggregate moisture absorption was measureddiag to procedures
outlined in ASTM C 127-04 (for coarse aggregates) ASTM C 128-04a (for fine
aggregates). When conducting the saturated sutlfgdests a Gilson water bucket,
sample container, pycnometer, and pycnometer geg Figure 2-6) were used. The
water bucket and sample container were used fazdhese aggregates. The pycnometer

and pycnometer ring were used for the fine aggesgat
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Figure 2-6: From left to right water bucket, samplecontainer, pycnometer, and pycnometer
ring.

2.5 SCC Mix Apparatus

The SCC mixes were mixed using a Gilson Mixer Mddle 59015C (see Figure
2-7), which spins at 22 revolutions per minute.e Tement, conforming to both Type |
and Type Il, was produced by Hawaiian Cement Compdine admixtures used for the
mixes were Glenium 3030, VMA 358, and Delvo staleiti which were all produced by

BASF (see Figure 2-7).
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Figure 2-7: Gilson Cement Mixer and Admixtures

2.6 SCC Mix Preparations and Procedures

The aggregates were prepared before the day ofitheThe sieved aggregates
were measured out according to the mean percexheetfound from the sieve analyses.
For each batch the quantities required were medswebased on the mean percent
retained on each sieve. They were then combineplikg the coarse aggregate separate
from the fine aggregate. Their moisture conterd th@n increased by 3% and 1% for
coarse and fine aggregates respectively. Thisdeas because the sieving required oven
dry aggregate, and the moisture content in thewasmeasured as 0.88% after sieving.
Each bucket was then mixed and left for 18-24 htmuedlow time for absorption of this
water.

On the day of the mix, a butter batch was maderbedhe initial mix. This was
done to coat the interior of the cement mixer. Bbhter batches were half of the actual
mix size and they were not graded per sieve slie main batch of each mix was 1

cubic foot. The hydration-controlling admixtureglo stabilizer) was added to the
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water before the mix, during the batching of theenals. The butter batch and main
batch mixes were conducted using the following ngxprocedures:
1. Mix coarse aggregate and 1-2 Ibs. of water fore&fbads.
2. Add fine aggregate and cement, mixing for 1 minute.
3. Add the remaining water and continue mixing for iButes.
4. Turn the mixer off and let the concrete sit for Bim
5. Atthe end of the 3 min. start the mixer and addHIRWR (high range water
reducer), mixing for 90 seconds.
6. Add the VMA (viscosity-modifying admixture) mixinigr 30 seconds.
7. Stop the mixer and perform the first slump flowt @5 15 minutes after adding
the water to cement (starting approximately 5 nmeawfter stopping the mixer)
8. Do a slump flow and record the following:
a. Tso.
b. Two perpendicular slump flow diameters.
c. VSI (visual stability index).
9. If desired, make one 6” x 12” cylinder (The butbatch procedures stop after this
step).
10.Repeat steps 8 and 9 at 15 minutes and then atr2@enintervals thereafter until
slump flow does not fall within SCC specificatidags than 18 inches in
diameter). Note: The mixer was turned off dutting 15 and 30 minutes
between slump flow tests. Before the cement waoved to create the slump
flows, the mixer was turned on for approximatelysEsonds to allow the SCC to

mix.
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2.7 TsqReading

Tso results are an indication of the viscosity of tlesh SCC mixture as it spreads
during a slump flow test of the SCC mix. The 5@eigresentative of a 50.0 cm ring. The
time is recorded to see how long it takes the cairdio flow starting when the slump
cone is lifted to an inscribed 50.0 cm ring onad €ry steel plate. It typically varies
between 2 to 10 seconds (NRMCA, Testing, 2008)e National Ready Mixed Concrete
Association found that a “higher {J value indicates a more viscous mix which is more
appropriate for concrete in applications with catgd reinforcement or in deep sections.
A lower [Tso] value may be appropriate for concrete that hasatieel long horizontal

distances without much obstruction.” (Testing, 2008

2.8 Visual Stability Index (VSI)

The visual stability index (VSI) is a “visually” @asured amount of segregation in
a SCC mix. The National Ready Mixed Concrete Aggmn mentions that the “VSI is
established based on whether bleed water is olbatwbe leading edge of the spreading
concrete, or if aggregate pile at the center. Wfhlies range from O for ‘highly stable’ to
3 for unacceptable stability.” (NRMCA, Testing, )0

The definition for the VSI values, according to AT 1611/ C 1611M -05, are
listed in Table 2-1. Examples of VSI ranging fr@8no 0 are shown below in Figures 2-8
and 2-9. If the SCC mix could not be definitelyided with values of 3, 2, 1, or O half

increment values could be used to record the VSllig

16



Table 2-1: VSI Rating Scheme

VSI Values Criteria

Clearly segregating by evidence of a large mortar
Highly Unstable | halo > 0.5 in. (> 10 mm) and/or large aggregate pil
in the center of the concrete mass.

A slight mortar halo 0.5 in. ( 10 mm) and/or

Unstable aggregate pile in the center of the concrete mass.

No evidence of segregation and slight bleeding

Stable
observed as a sheen on the concrete mass.

Highly Stable No evidence of segregation or hilegd

Figure 2-8: VSI 3.0 (left) and VSI 2.0 (right)

Figure 2-9: VSI 1.0 (left) and VSI 0 (right)
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3 Sieve Analysis Results

For each of the aggregates, with exception oHakwa Chips, a series of 30
sieve analyses were performed. A normal distrdsugraph or bell curve has majority of
its values fall within three standard deviatiom®refore, 30 sieve analyses would
provide enough results to represent the entire Ean#s stated before, all sieve analysis
procedures were in accordance with ASTM C 136-Dbe sample sizes were prepared in
accordance with ASTM C 703-98, a minimum of 5 kgswaed for coarse aggregates,

and 1 kg for fine aggregates.
3.1 Halawa 3F

The Halawa 3F aggregate has a maximum size oh8is, is grey in color, and
has a rough surface texture (see Figure 3-1). r@fdts of the 30 sieve analyses for
Halawa 3F are shown in Figure 3-2. Trials 1 — &idbhave values for finer aggregate
less than the No. 16 sieve. When the sieve amalysee initially conducted, it was
thought that the percent retained in the pan, aftesing the No. 16 sieve, was not
significant enough to affect the gradation. It Water determined that an average of
0.50% of the sample was retained on the pan; thierdfie sieve analyses thereafter

considered the finer aggregate passing the Noielé.s

19



Figure 3-1: Halawa 3F

Halawa 3F: 30 Sieve Analyses
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Figure 3-2: Halawa 3F Sieve Analyses

3.2 Halawa Chips

The Halawa Chips aggregate has a maximum siz&ahéhes, is grey in color,
and has a rough surface texture (see Figure 343¢.results of the 20 sieve analyses for

the Halawa Chips are shown in Figure 3-4. Dudéolack of resources available at the
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time of the tests, only 20 sieve analyses wereopmed. For trials 1-14, the sieve
analyses did not include finer aggregates lessttiaio. 100 sieve. In order to be
consistent with the other aggregates’ sieve ang)yke decision to consider the

aggregates finer than the No. 100 sieve was madadaemaining sieve analyses.

Figure 3-3: Halawa Chips

Halawa Chips: 20 Sieve Analyses
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Figure 3-4: Halawa Chips Sieve Analyses
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3.3 Halawa No. 4

The Halawa No. 4 aggregate has a maximum sieeeo$ilo. 4, is grey in color,
and has a rough surface texture (see Figure 343¢.results of the 30 sieve analyses for

Halawa No. 4 are shown in Figure 3-6.

Figure 3-5: Halawa No. 4

Halawa No. 4: 30 Sieve Analyses
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Figure 3-6: Halawa No. 4 Sieve Analyses
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3.4 Nanakuli Limestone Sand

NLS is white in color and is made from crushedataherefore it is very porous
and not very dense (see Figure 3-7). The restittseed30 sieve analyses for the Nanakuli

Limestone Sand are shown in Figure 3-8.

Figure 3-7: Nanakuli Limestone Sand

Nanakuli Limestone Sand: 30 Sieve Analyses
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Figure 3-8: Nanakuli Limestone Sand Sieve Analyses
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3.5 British Columbia Sand

BCS is light brown in color and has a coarse textsee Figure 3-9). The results

of the 30 sieve analyses for British Columbia Saredshown in Figure 3-10.

Figure 3-9: British Columbia Sand

British Colombia Sand: 30 Sieve Analyses
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Figure 3-10: British Columbia Sand Sieve Analyses
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3.6 Results of the Sieve Analyses

Figure 3-6 shows the mean gradation plot foriaed fggregates. The sieve

analyses done by the University of Hawai'i (UH) ao¢ed in long dashed lines. For

comparison, the sieve analyses from Hawaiian Ce@entpany (HC) have also been
included in the plot; they are represented by Hweter dashed lines. The dark solid line
represents the average gradation of all data gettable from both UH and Hawaiian

Cement Halawa Quarry. The values in the parenshesethe number of sieve analyses

conducted for each data set.

Mean Sieve Analyses Gradatio
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Figure 3-11: Mean Sieve Analysis Gradation
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4 Mix Design

Eight (8) SCC mixes were created for the gradatsts. Each mix was altered to
conform to a different percentage of coarse anel diggregates. The mixes were based
on a successful SCC mix developed previously asgbar different research project.
This mix was called Mix 41. With Mix 41 as the bder the eight mixes, the focus on

gradation was achieved by altering only the aggeegeoportions in the mix.

4.1 Determination of Aggregate Gradation

Each of the eight mixes was designed to vary thdaion within the range
recommended by the ACI 302 Committee—commonly reteto as the 8-18 chart. The
aggregates were combined as shown in Table 4-Figde 4-1 for each mix. Table 4-1
indicates the combination of the aggregate as @p&ge by weight of total aggregate.
Table 4-1 also shows the specific gravity of eagiiragate. Due to the close similarity
of the specific gravity for all aggregates andrislative small quantity of Nanakuli
Limestone Sand, the percent by weight and percemblume are essentially identical.
Figure 4-1 indicates the relative amounts of coaggegate (CA) and fine aggregates
(FA) in each of the mixes.

Table 4-1: Aggregate Gradation Summary (% by Weighiof Total Aggregate)
Aggregate | S.G| HG-A | HG-B | HG-C | HG-D | HG-E | HG-F | HG-G | HG-H

Halawa 3F | 2.65 0.650| 0.550 0.352 0.352 0.500 0.450.400| 0.000
Halawa Chipg 2.65| 0.000| 0.000 0.148 0.148 0.000 0.000.000| 0.250
Halawa No. 4/ 2.65| 0.100| 0.125 0.167 0.16f 0.250 0.276.300| 0.350

NLS 2.49| 0.050| 0.050, 0.037 0.037 0.000 0.000.000| 0.150
BCS 2.69 0.200| 0.275 0.296 0.296 0.250 0.276.300| 0.250
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Coarse vs Fine Aggregates Per Mix
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Figure 4-1: Coarse vs Fine Aggregates Per Mix

4.2 Combined Percent Retained Gradation Chart (8-22 Chid)

Figure 4-2 shows the combined percent retaineddoh of the eight mixes based
on the aggregate proportions in Table 4-1. Thesuppd lower bound of the ACI 302

recommendations are also plotted in the figure.
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8 - 22 Chart for Mixes A- H
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Figure 4-2: Combined Percent Retained Gradation Chi for Mixes A- H

4.3 Mixes

The mix proportions were created according tontiean percent passing results
obtained from the sieve analyses. The proportdiise mix per cubic yard are listed in
Table 4-2 below. The amount of admixtures usedkeas constant throughout all eight
mixes (see Table 4-3) as well as the water/cenadiat, which was 0.40. A moisture
adjustment was made for each mix because of theglpyocedure required by the

sieving process as discussed in section 4.4 below.
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Table 4-2: Mix Design Quantities per CUYD

Material HG-A| HGB| HG-C| HG-D| HG-EH HGFH HG-G HGH
Cement /il (b) | 799 | 799| 799| 799 799 799 799  7d9
Air (%) 3 3 3 3 3 3 3 3
water (Ib) 320 | 320 3201 3200 320 320 320 320
Halawa 3F (Ib) | 1755 1483 950 950 1330 1215 1080 D
Halawa Chips 0 0 400 | 400 0 0 0 675
(Ib)

Z'S)'a""a No. 4 270 | 3375| 450| 450! 675 743 810 945
NLS (Ib) 135 | 1350, 100| 100 O 0 0 40%
BCS (Ib) 540 | 7425 800| 800 673 743 810 675

Table 4-3: Admixture dosages for all mixes

Admixture Dosage
Stabilizer (BASF Delvo) 5 oz/cwt
HRWRA (BASF Glenium 3030) 15 oz/cwt
Viscosity Modifier (BASF VMA 358) 3 oz/cwt

4.4 Batch Moisture Adjustment (Moisture Absorption Resuts)

Each aggregate was tested in accordance with AGTR¥ and C128 to

determine its absorption. The results are detaildichble 4-4. The absorption values

were then averaged and entered into a spreadstexbtaidetermine the amount of each

aggregate needed per mix. The moisture contethiecdiggregates were then increased

by 1 %, for fine aggregates, and 3%, for coarseeggges. The final batching moisture

content of the aggregates are shown in Table 4-5.
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Table 4-4: Absorption Results

Trial No. H%"i""a Hé‘r']?[‘)"éa H,\"j‘(')"f“’za NLS BCS
1 553% | 5.75% | 5.41%| 3.43%  1.12%
2 528% | 6.08% | 579%| 3.28%  0.96%
3 5.40% | 6.83% | 6.11%| 3.75%  1.08%
4 530% | 5.83% | 529%| 3.17%  0.88%
5 1.24%
6 1.21%
Average | *5.38% | 6.12%| 5.65%|  3.41%  1.08%

*An absorption of 5.62% was used during batchingdonform to previous test results.

Table 4-5: Moisture Content

Aggregate | Moisture Content
Halawa 3F 3.88%
Halawa Chips 3.88%
Halawa No. 4 1.88%

NLS 1.88%
BCS 1.88%

45 Mix Fresh Property Results

After all the materials were carefully measuretiand prepared, the mixes were
made and the slump flows for each of the differenttures were recorded. When each
slump flow was performed a recording of the craasn@ter lengths, sp, and visual
stability index (VSI) were taken. Typically, thieisip flows were recorded at two 15-
minute intervals and 30-minute intervals thereatfit&il the mix was no longer a viable

SCC mix (Slump flow less than 18 inches).
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45.1 Slump Flow Results

The slump flow diameters for all the mixes felthin the range of 35 to 10.5
inches over the course of two hours. AccordintheoNational Ready Mixed Concrete
Association, a typical diameter for a SCC mix isnmen 32 to 18 inches (NRMCA,
Testing, 2008). The cross diameters were meastreach slump flow and then

averaged. Thesfvalues ranged between 8.4 to 1.4 seconds.

4.5.1.1 Mix HG-A

At 15 minutes after batching, the maximum averdigeneter was 30 inches and
the Tso reading was 4.4 seconds (see Figure 4-3). Thenmiax Tsovalue occurred at 60
minutes after batching with a reading of 5.0 sesamtl an average diameter of 25
inches. The smallestdvalue occurred at 90 minutes after batching witbaaling of 3.8

seconds and an average diameter of 26.5 inches.
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HG-A: SF and T50 vs Time
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Figure 4-3: Slump Flow and T50 vs Time for HG-A

4.5.1.2 Mix HG-B

At 15 minutes after batching, the maximum avemigeneter was 34.5 inches and
the Tsp reading was 2.0 seconds (see Figure 4-4). Thenmiax Tsovalue occurred at 30
minutes after batching with a reading of 5.4 sesamtl an average diameter of 30
inches. The smallestdvalue occurred at 90 minutes after batching witbaaling of 2.0

seconds and an average diameter of 26 inches.
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HG-B: SF and T50 vs Time
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Figure 4-4: Slump Flow and T50 vs Time for HG-B

4.5.1.3 Mix HG-C

At 15 minutes after batching, the maximum avemigeneter was 28 inches and
the Tso reading was 2.4 seconds (see Figure 4-5). Thenmiax Tsovalue occurred at 90
minutes after batching with a reading of 3.2 sesamatl an average diameter of 20.0
inches. The smallestdvalue occurred at 30 minutes after batching witbaaling of 1.4

seconds and an average diameter of 27.5 inches.
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HG-C: SF and T50 vs Time
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Figure 4-5: Slump Flow and T50 vs Time for HG-C

4.5.1.4 Mix HG-D

At 15 minutes after batching, the maximum avemigeneter was 32 inches and
the Tso reading was 2.0 seconds (see Figure 4-6). Thenmiax Tsovalue occurred at 90
minutes after batching with a reading of 2.4 sescanatl an average diameter of 27.5
inches. Note that the diameter at 120 minutes béieching was 46 cm (18 inches), thus
it never reached the 50 cm diameter ring. Theegfilee maximum value for thegl
reading of 5.6 seconds at 120 minutes after bagasimvalid. The smallestsfvalue
occurred at 70 minutes after batching with a regdinl.6 seconds and an average

diameter of 28 inches.
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HG-D: SF and T50 vs Time
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Figure 4-6: Slump Flow and T50 vs Time for HG-D

4.5.1.5 Mix HG-E

At 30 minutes after batching, the maximum avemigeneter was 33 inches and
the Tso reading was 3.2 seconds (see Figure 4-7). Thenmiax Tsovalue occurred at 15
minutes after batching with a reading of 3.6 sesaattl an average diameter of 31.5
inches. Note that the diameter at 150 minutes béieching was 46 cm (18 inches), thus
it never reached the 50 cm diameter ring. Theegfilee maximum value for thegl
reading of 4.2 seconds at 150 minutes after bagasimvalid. The smallestsfvalue
occurred at 60 minutes after batching with a regdinl.6 seconds and an average

diameter of 29 inches.
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HG-E: SF and T50 vs Time
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Figure 4-7: Slump Flow and T50 vs Time for HG-E

4.5.1.6 Mix HG-F

At 15 minutes after batching, the maximum avemigeneter was 35 inches and
the Tso reading was 1.6 seconds (see Figure 4-8). Thenmiax Tsovalue occurred at 90
minutes after batching with a reading of 2.4 sescaatl an average diameter of 23.5
inches. Note that the diameter at 120 minutes béieching was 41 cm (16 inches), thus
it never reached the 50 cm diameter ring. Theegfilee maximum value for thegl
reading of 5.4 seconds at 120 minutes after bagasimvalid. The smallestsfvalue

was recorded at 15 minutes after batching alonly thié¢ maximum average diameter.
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HG-F: SF and T50 vs Time
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Figure 4-8: Slump Flow and T50 vs Time for HG-F

4.5.1.7 Mix HG-G

At 15 minutes after batching, the maximum avemigeneter was 33 inches and
the Tso reading was 1.4 seconds (see Figure 4-9). Thenmax Tsovalue occurred at 60
minutes after batching with a reading of 2.4 sesamt an average diameter of 23
inches. Note that the diameter at 90 minutes a#erhing was 46 cm (18 inches), thus it
never reached the 50 cm diameter ring. Theretbeemaximum value for thesd
reading of 4.8 seconds at 90 minutes after batasingralid. The smallestsjvalue was

recorded at 15 minutes after batching along wighrttaximum average diameter.
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HG-G: SF and T50 vs Time
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Figure 4-9: Slump Flow and T50 vs Time for HG-G

4.5.1.8 Mix HG-H

Mix HG-H was re-dosed with HRWRA at a dosage wdt8.21 oz/cwt, or 2
gallons per 10 cuyds of concrete 8& minutes after batching. The maximum average
diameter at 15 minutes after batching was 26.5as@nd had as§ reading of 2.0
seconds (see Figure 4-10). The average diame®rminutes after batching and re-
dosing, was 23 inches and hadsgréading of 2.2 seconds. The 30, 60, 88, 120, &0d 1
minute slump flows after batching never reachedbthem diameter ring. A traditional

slump flow was taken at 60, 88, 120, and 150 mmafeer batching (see Table 4-6).
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Table 4-6: Standard Slump Flow for HG-H

. . Average Diametef Standard Slump Test
Time (minutes : .
cm (in) (in)
60 37 (14.5) 8
88 28 (11) 6
120 41 (16) 9.5
150 28 (11) 6

HG-H: SF and T50 vs Time
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Figure 4-10: Slump Flow and T50 vs Time for HG-H

45.2 VSI Results

All VSI ratings 3 to O were observed in the mixésr the mixes with a VSI

rating of 3, it was often a combination of segremaat the edges and a mound of
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aggregate at the center of the spread. A mix s8I greater than 1.5 is considered

unstable and a mix with a VSI less than 1.5 is lmred stable.

4.5.2.1 Mix HG-A

The VSI for mix HG-A remained at 3.0 for the eatd0 minutes of mixing (see
Figure 4-11). The mix is considered unstable. dieps taken at 15 minutes, 30 minutes,
60 minutes, and 90 minutes after batching eachaHacge mortar halo greater than 0.5

inches and a pile of aggregate at the center dfltlap flow spread (see Figure 4-12).

HG-A: VSI vs Time
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Figure 4-11: VSI vs Time for HG-A
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Figure 4-12: VSI for HG-A at 90 minutesafter batching

4.5.2.2 Mix HG-B

The VSI for mix HG-B ranged from 3.0 at 15 minuggter batching to 0 at 120
minutes after batching (see Figure 4-13). Theismponsidered unstable until
approximately 80 minutes after batching. The nemained in a stable state for the

remaining 40 minutes. The mix reached a VSI of D28 minutes after batching.

42



HG-B: VSI vs Time
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Figure 4-13: VSI vs Time for HG-B

4.5.2.3 Mix HG-C

The VSI for mix HG-C ranged from 2.0 at 15 minudé®r batching to 0 at 90
minutes after batching (see Figure 4-14). Theisponsidered unstable until
approximately 35 minutes after batching. The neained in a stable state for the

remaining 55 minutes. The mix reached a VSI of @aminutes after batching.
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HG-C: VSI vs Time
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Figure 4-14: VSI vs Time for HG-C

4.5.2.4 Mix HG-D

The VSI for mix HG-D ranged from 3 at 15 minuté®abatching to 0 at 120
minutes after batching (see Figure 4-15). Theisconsidered unstable until
approximately 77 minutes after batching. The nemained in a stable state for the

remaining 43 minutes. The mix reached a VSI of D28 minutes after batching.
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HG-D: VSI vs Time
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Figure 4-15: VSI vs Time for HG-D

4.5.2.5 Mix HG-E

The VSI for mix HG-E ranged from 3 at 15 minutéem@batching to 0 at 150
minutes after batching (see Figure 4-16). Theisconsidered unstable until
approximately 90 minutes after batching. The nemained in a stable state for the

remaining 60 minutes. The mix reached a VSI of D58 minutes after batching.
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HG-E: VSI vs Time
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Figure 4-16: VSI vs Time for HG-E

4.5.2.6 Mix HG-F

The VSI for mix HG-F ranged from 3 at 15 minutégiabatching to 1.0 at 120
minutes after batching (see Figure 4-17). Theispconsidered unstable until
approximately 75 minutes after batching. The nemained in a stable state for the

remaining 45 minutes.
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HG-F: VSI vs Time
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Figure 4-17: VSI vs Time for HG-F

4.5.2.7 Mix HG-G

The VSI for mix HG-G ranged from 3 at 15 minutégm@batching to 0 at 90
minutes after batching (see Figure 4-18). Theisponsidered unstable until
approximately 38 minutes after batching. The nexained in a stable state for the

remaining 52 minutes. The mix reached a VSI of @aminutes after batching.
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HG-G: VSI vs Time
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Figure 4-18: VSI vs Time for HG-G

4.5.2.8 Mix HG-H

The VSI for mix HG-H remained at O for the entlf#0 minutes of mixing (see
Figure 4-19). The mix is considered stable, buslamp flows, with exception to the 15
and 92 minute slump flows after batching, failedrteet the required diameters for a
SCC slump flow. The mix was re-dosed with a HRW& /A8 minutes after batching,
mixed, and then another slump flow was taken anBfutes after batching (see Figure 4-
20). All results from the slump flows, before aafter re-dosing, showed no visible signs

of segregation or bleeding.
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HG-H: VSI vs Time

3.0

2.0

VSI
!
%

1.0

0.0 = L T L T i T L T L
0 15 30 45 60 75 90 105 120 135 150 165

Time (minutes)

Figure 4-19: VSI vs Time for HG-H

Figure 4-20: VSI Slump Flow at 88 minutesfter batching (left) and 92 minutesafter batching
(right) for HG-H
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5 Discussion and Analysis

Most of the mixes yielded stable slump flows ag@minutes from when the
water was initially added to the mix. It is impamt when examining these mixes to
incorporate the time to transport a concrete nmoxnfthe batch plant to the job site, which
would typically take between 90 to 120 minutestfos project. Therefore, a mix that
could stabilizes after 90 minutes would be congidex viable mix. The VSI would be
used to define the stability of the mix.

Understanding how gradation affects these issu#sSZC requires us to
consider the gradation variability. It is also ontant to consider the fresh mix properties
such as slump flow versus time, T50 versus timd,w8sus time. The slump flow,
which exists at the time when an unstable mix bexostable, can help in the process of
selecting a viable mix. An analysis of how precctdted coarseness and workability

factors can lead to prediction of viable mixes hatp with future mix designs.

5.1 Sieve Analyses -Gradation Variability

Understanding the variability of the aggregatesnfibatch to batch is important
when determining how the gradation is affectingrtfie. It can also help to understand
how changes in the aggregate source will affectréuapplications of SCC.

To analyze the variability of each of the aggregathe average and standard
deviation for each sieve size were determined. rékalts are shown in Figure 5-1 and
5-2. These results were based on all of the sieaéysis results conducted at the
University of Hawai'i. Figure 5-1 is a represematof the percent passing a particular
sieve size. Figure 5-2 represents the percenjgriegate retained on a particular sieve

size.
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In both figures, the NLS and BCS have similar gtaxh graphs. Mixes HG-E,
HG-F, and HG-G contained no NLS and have yieldemtigesults. All three mixes
reached the 90 minutes mark with good slump flowgs, and stable VSI values. If the
mixes were rated from good to great on their pentorce, it would be HG-G, HG-F, and

then HG-E. HG-E maintained its workability for 160nutes.

—BCS: Average

—+— BCS: Average + Standard Deviation
100 —=—BCS: Average - Standard Deviation
=—NLS: Average
Q0 - —t+— NLS: Average + Standard Deviation
—— NLS: Average - Standard Deviation
=——H NO. 4: Average
—+—H NO. 4: Average + Standard Deviation
—— H NO. 4: Average - Standard Deviation
= H3F (3/4): Average

70 —t+— H3F (3/4): Average + Standard Deviation
—— H3F (3/4): Average - Standard Deviation
60 ——H Chips (3/8): Average
—+— H Chips (3/8): Average + Standard Deviatjon
—=—H Chips (3/8): Average - Standard Deviation
50
40 - \\
) \k\

20

80

Percent Passing (%)
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3/4" 1/2" 3/8" NO. 4 NO. 8 NO. 16 NO. 30 NO. 50 NO.1001200

Figure 5-1: Compiled Average and Standard Deviatiorfior Percent Passing
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Figure 5-2: Compiled Average and Standard Deviatiofior Percent Retained

5.2 Slump Flow vs Time

Figure 5-3 shows the variation of slump flow wiitlne for all eight mixes.
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ALL SF vs Time
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Figure 5-3: All Slump Flows vs Time
Figure 5-4 illustrates the rate at which the slftopy decreased over time for

each of the mixes.
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Average SF Loss Rate
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Figure 5-4: Average Slump Flow Loss Rate

HG-H was re-dosed with a HRWRA, which is why thare two bars for the mix. HG-H
has a large loss rate, but had loss its workalaligroximately 36 minutes into the
mixing process. After it was re-dosed, HG-H quydkist its workability within 24
minutes. This explains why HG-H has such a higis lamte. HG-A had the worst results
of all the mixes, which is consistent with the \eddor the mix’s VSI results, which were
all 3's. The figure also shows HG-G as havingrgddoss rate, but according to the
slump flow charts, it was lost within the first #bnutes of the mix. In addition, HG-G

remained workable until it reached 90 minutes.

5.3 Tsq vs Time
As mentioned before in section 2.7, 5 fieading is typically between 10 to 2
seconds. Most of the mixes adhered to this randena mix had a sp below 1.0

seconds (see Figure 5-5).
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ALL T50 vs Time
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Figure 5-5: All T50 vs Time

For mixes that failed to reach the 50 cm ringlenliase plate,s§ readings were
taken until the mix stopped spreading. The spikd®G-H at 88 minutes represents the
Tso before the mix was re-dosed. HG-A was the only tinat did not dip below the 2
second during its sp readings. It can be concluded that the mixe®ah@utes either

have reached their highest rate for flowabilitjhare started to become more viscous.

5.4 VSIvs Time
When considering the VSI, a mix with a value lgem 1.5 will have little to no

segregation and will be a more viable mix for amp@ee Figure 5-6).
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ALL VSI vs Time
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Figure 5-6: All VIS vs Time

The range in which the VSI's fell below 1.5 is fr@ to 90 minutes. HG-A, which has

a VSl rating of only 3's, was comprised of 65% c@aaggregate. The other seven mixes
did not have coarse aggregate greater than 50#eahix. HG-H, which has a VSI

rating of only 0’s, was comprised of 75% fine aggtes and no coarse aggregate sizes
greater than 3/8 inches. Although HG-H had ndoléssegregation, it had a very high

viscosity, which leads to poor slump flow ang) flesults.
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5.5 Slump Flow at VSI=1.5

VSl at 1.5 vs Slump Diameters

HG-D

HG-E

HG-(
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Figure 5-7: VSI at 1.5 vs Slump Diameters

With exception to HG-A and HG-H, all mixes app&ahave relatively close
diameters when their VSl is 1.5. The mixes slufopfdiameters seem to range between
26 and 28 inches. Therefore, if a mix has a rarigéSI values and good workability,

the mix diameter at VSI 1.5 can be said to be rbug¥ inches for a graded mix.
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5.6 Mix41, HG-C, and HG-D

Mix 41, HG-C, & HG-D
SF vs Time
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Figure 5-8: Mix 41, HG-C, & HG-D Slump Flow vs Time
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Figure 5-9: Mix 41, HG-C, & HG-D T50 vs Time
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Mix 41, HG-C, & HG-D
VSI vs Time
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Figure 5-10: Mix 41, HG-C, & HG-D VSI vs Time

Mix 41, HG-C, and HG-D were created using the samedesign. Mix 41 had
no special attention paid to gradation and wasesidy to the variability indicated by the
standard deviation for the gradations. Mixes H@nd HG-D were graded per sieve size
and by aggregate. Therefore, HG-C and HG-D wetasulgected to the variability
indicated by the standard deviation for the graateti There are similarities in the
curvature of the three graphs (see Figures 5-810)5 When comparing Mix 41 and
HG-D, HG-D has a slightly better workability anditde more segregation before the 90
minute slump flow. Of all three mixes, HG-C had thost variability in its results.
Because the mixes were from the same mix desigihand were only slight difference
in the results for Mix 41 and HG-D, it can be cam#d that rigorously sieving and
grading the aggregate for each batch did not makgréficant difference in the fresh

properties of the mix as indicated by the vari&pil the results.
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5.7 Coarseness and Workability Factors

The coarseness and workability factors, otherkigevn as CF and WF, were
calculated with the percent retained results obthinom the sieve analyses. Each mix
had a different percentage by weight for a paréicafggregate and this value was then
multiplied by the percent retained (see Equatidr).5All similar sieve size quantities
were then added together to create a percent dbioech aggregate weight by sieve size
per mix. With the values for the percent of coneimggregate, the CF can be calculated
with Equation 5-2 and the WF can be calculated W&ijation 5-3. Note that all mixes
used 799 Ibs/cuyd of cement. Refer to Tablestdugh 5-3 for values used in
calculations. CF and WF values are displayed ilél&-4. See Table 5-5 for the
coordinates used to construct the gradation box.

Equation 5-1: Percent of Combined Aggregate

% of Combined Aggregate on sieve size No. __ farHMB-# = 100 * [ (%

retained on sieve No. __ for Halawa 3F)*(% of Hata@F in Mix HG-#) + (%

retained on sieve No. __ for Halawa Chips)*(% ofi&dea Chips in Mix HG-#) +

(% retained on sieve No. __ for Halawa No. 4)*(%-allawa No. 4 in Mix HG-#)

+ (% retained on sieve No. __ for NLS)*(% of NLMix HG-#) + (% retained

on sieve No. __ for BCS)*(% of BCS in Mix HG-#) ]

Equation 5-2: Coarseness Factor

_ Sum_of _all _% _of _Combined_ Aggregates with _sieve_size> No4

= *100
Sum_of _all _% _of _Combined_ Aggregates with _sieve size® No.8
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Equation 5-3: Workability Factor

(Ibs/cuyd of cement used in mix) — 564) /94) 1 2.5

Table 5-1: Percent Retained on Each Sieve

Pan) + 100 * (1- Sum of all % of Combined Aggregaiatil Pan) + [ ( (

WF = 100 * (Sum of all % of Combined Aggregatefsitve sizes No. 16 to

" " " No. No. No. No. | No.
Aggregate 3/4" | 1/2 3/8" | No. 4| No. 8 16 30 50 100 | 200
Halawa | ; 53| 33 75| 32.45| 26.95| 3.23| 0.03| 003 003 003 1.39
3F (%)
Halawa | o 00 0.00 | 0.38| 79.5316.36| 1.21 | 0.33| 022 017 0.0
Chips (%)
Halawa | o 0ol 0.00 | 0.00| 3.22 29.9425.24| 14.88 8.85 | 4.90| 2.42
No. 4 (%)

NLS (%) | 0.00[ 0.00 | 0.00| 0.03] 4.83 28.284.45|20.41|14.84|4.10
BCS (%) | 0.00 0.00 | 0.00| 0.47| 12.4D17.66| 22.63| 28.14| 13.85| 3.37
Table 5-2: Percent of Aggregate Per Mix
Mix (%) | Halawa 3F| Halawa Chips Halawa No. 4 NLS | BCS

HG-A 0.65 0.00 0.10 0.05 0.20

HG-B 0.55 0.00 0.13 0.0 0.28

HG-C 0.35 0.15 0.17 0.04 0.30

HG-D 0.35 0.15 0.17 0.04 0.30

HG-E 0.50 0.00 0.25 0.00 0.25

HG-F 0.45 0.00 0.28 0.00 0.28

HG-G 0.40 0.00 0.30 0.00 0.30

HG-H 0.00 0.25 0.35 0.15 0.25

Table 5-3: Percent of Combined Aggregate Per Mix

Mix " " " No. | No. | No. No. | No.
(%) 3/4 1/2 3/8 No. 4 No. 8 16 30 50 100 | 200
HG-A | 0.15 21.93| 21.10f 17.93 7.82 749 7.5 7|55 24.2.03
HG-B 0.13 18.56| 17.85 15.3% 9.17 9.44 932 9/88 85.2.20
HG-C | 0.08 11.88| 11.48 21983 1241 10/68.15|10.60| 5.50 | 2.05
HG-D | 0.08 11.88| 11.48 2193 1241 10/68.15|10.60| 5.50 | 2.05
HG-E 0.12 16.87| 16.23 14.40 12.20 10(78.39 | 9.26| 4.70 2.15
HG-F 0.10 15.19 14.60 13.14 13.10 11,810.33|10.18| 5.17 | 2.22
HG-G 0.09 13,50 1298 11.89 13.99 12/88.26|11.11| 5.64 | 2.30
HG-H 0.00 0.00 0.10 21.13 18.3p 17/794.62| 13.25| 7.45 | 2.31
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Table 5-4: Coarseness and Workability Factors

Mix CF WEFE
HG-A 62.64 37.32
HG-B 59.84 45,19
HG-C 40.57 48.47
HG-D 40.57 48.47
HG-E 55.53 46.44
HG-F 53.26 50.12
HG-G 50.66 53.80
HG-H 0.24 66.63

Table 5-5: Coordinates for Gradation Box
Corn.er CE WE
Location
Upper

Right | a4
Lower
Right 45 33
Lower

Left 75 28
Upper

Left 75 39

The coarseness and workability factors for theeggfes are plotted in Figure 5-
11. According to the graph, HG-A is the only nmat is well graded. The other mixes
fell into the “1/2 inch and finer” or “sticky” rarey The farther the point is to the upper
left corner, the higher the probability of gettiad1/2 inch and finer” mix. This can be
further proven by considering thegglresults of mix HG-H. The viscosity of the mix was
so high that the mix reached its max slump flonhimit30 minutes. Most of the other

mixes reached their max slump flow between 90 neimaind 120 minutes.
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Coarseness Factor vs Workability Factor Chart
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Figure 5-11: Coarseness vs Workability Factor Chart

For the well graded mix, HG-A, the mix had a visstability index of 3.0
throughout the 90 minutes of testing. There wasmoch coarse aggregate in the mix,
which caused problems when the mix was flowingajuhe slump cone. Each of the
slump tests showed a mound of course aggregate icenter and a ring of segregated

mix at the edges. Out of all the mixes, HG-B ha@asistent 4, of roughly 4 seconds.
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New Coarseness Factor vs Workability Factor Chart
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Figure 5-12: New Coarseness vs Workability Factor Rart

Based on the results one can conclude that agnaaled mix has a higher chance
for segregation and a more “1/2 inch and finer” mvik yield a quicker Fomax slump
flow. The chart also suggests that a good regiaight above the graded box near mixes
HG-B, HG-E, and HG-F (See Figure 5-12). Theseetimnéxes provided a good slump
flow, T50, and VSI and lasted at least 120 minutésthe mix time. Also, all three

mixes had stable VSI readings around 90 minutes.
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6 Conclusion

The purpose of this research was to determinehehgiraded aggregates affect
the workability of a SCC mix. Rigorously sievingdagrading the aggregate for each
batch of SCC did not make a significant differemcthe fresh properties of that mix as
indicated by mixes HG-C, HG-D and Mix 41. The Gaaress Factor (CF) and
Workability Factor (WF) chart can be a good indmatof consistency when creating a
successful mix. Many factors contributed to tlteedusion, which has greatly narrowed
the gradation ranges to a particular area of tlaesemess factor chart. With more
research, a better mix can be created to havetanded time for workability and little to
no segregation. Another factor that creates limoits to the workability of the mix is
heat and whether re-dosing of a HRWRA at the jabisinecessary. All tests at the

University of Hawai'i are based on controlled labting conditions.

Some further research with SCC include:
Create a concentrated region on the coarseness &zt for mixes using
Hawali'i aggregate
Fiber-reinforced SCC mixes
Effects of segregation and voids in SCC mixes tisatHawai'i aggregates
Studying how formwork can be adjusted to accomnetia excessive pore
pressure that results from the SCC being in a4kl form
The top-bar effect, which is caused by the fornmatbair pockets near the top

reinforcement bars in the formwork (mainly for largggregate mix designs)
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7 Appendix A: Sieve Analyses

Individual standard deviation values and graphgé&rcent passing for each

aggregate.
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Halawa 3F: Std. Deviation
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A - Figure 1: Halawa 3F Standard Deviation Graph fo Percent Passing

Halawa Chips: Std. Deviation
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A - Figure 2: Halawa Chips Standard Deviation Graphfor Percent Passing
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Halawa No. 4: Std. Deviation
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A - Figure 3: Halawa No. 4 Standard Deviation Graphfor Percent Passing

Nanakuli Limestone Sand: Std. Deviation
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A - Figure 4: Nanakuli Limestone Sand Standard Devition Graph for Percent Passing
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British Colombia Sand: Std. Deviation
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A - Figure 5: British Columbia Sand Standard Deviaton Graph for Percent Passing
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8 Appendix B: Concrete Mixes

Mix Design for Mixes HG-A through HG-H
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9 Appendix C: Slump Flow Summary

The recorded values for the slump flow diametégg, and VSI as they were
taken in the lab. BB represents the butter baseltl o coat the inside of the mixer.

Although these values were recorded, they weréngotrporated in the analysis.
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C - Table 9-1: Recorded Values for Slump Flow Dianters, T50, and VSI

Time Slump Flow T50 VS|
Mix No. | (minutes)| 1 2 Avg. SF (sec) (0-3)
HG-A BB 15 25 26 25.5 4.5 3.0
HG-A 15 30 30 30.0 4.41 3.0
HG-A 30 28 27 27.5 4.02 3.0
HG-A 60 25 25 25.0 4.97 3.0
HG-A 90 26.5| 26.5 26.5 3.73 3.0
HG-B BB 15 23 | 235 23.3 6.76 1.5
HG-B 15 35 34 34.5 2.09 3.0
HG-B 30 30 30 30.0 5.44 2.5
HG-B 60 28 | 285 28.3 2.02 2.5
HG-B 90 26 26 26.0 1.97 1.0
HG-B 120 18 17.5 17.8 3 0.0
HG-C BB 15 22 22 22.0 7.29
HG-C 15 28 28 28.0 2.43 2.0
HG-C 30 28 27 27.5 1.31 1.8
HG-C 60 245 25 24.8 2.4 0.0
HG-C 90 20 | 20.5 20.3 3.25 0.0
HG-D BB 15 27 27 27.0 3.18 2.5
HG-D 15 31 33 32.0 2.05 3.0
HG-D 30 29 33 31.0 2.07 3.0
HG-D 70 28 28 28.0 1.66 2.0
HG-D 90 27 28 27.5 2.31 0.5
HG-D 120 18 18 18.0 5.53 0.0
HG-E BB 15 28 27.5 27.8 3.33 3.0
HG-E 15 29 34 315 3.55 3.0
HG-E 30 32 34 33.0 3.19 3.0
HG-E 60 28.5| 29 28.8 1.63 3.0
HG-E 90 27.5| 27.5 27.5 2.06 1.5
HG-E 150 18 18 18.0 4.27 0.0
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C - Table 9-1: Recorded Values for Slump Flow Dianters, T50, and VSI

(cont'd)
Time Slump Flow T50 VSI
Avg.

Mix No. | (minutes) 1 2 SF (sec) (0-3)
HG-F BB 15 28.5 29 28.8 2.38 2.5
HG-F 15 35 35 35.0 1.63 3.0
HG-F 30 30.5 29.5 30.0 2 2.5
HG-F 60 29 29 29.0 2.37 2.0
HG-F 90 23.5 23.5 23.5 2.47 1.0
HG-F 120 16 16 16.0 541 1.0
HG-G 15 33.5 33 33.3 1.47 3.0
HG-G 30 30 29 29.5 1.94 2.0
HG-G 60 23 23 23.0 2.38 0.0
HG-G 90 18 18 18.0 4.72 0.0
HG-H BB 15 17 17 17.0 16 0.0
HG-H BB 20 26 26 26.0 3.76 0.5
HG-H 15 26.5 26.5 26.5 2.01 0.0
HG-H 30 19 19 19.0 6.08 0.0
HG-H 60 14 15 14.5 4.14 0.0
HG-H 88 10.5 11.5 11.0 8.48 0.0
HG-H 92 23 23 23.0 2.3 0.0
HG-H 120 16 16 16.0 4.35 0.0
HG-H 150 11 11 11.0 5.04 0.0
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