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 Abstract 

 Self-consolidating concrete or SCC has created a different style of designing, 

mixing and placing concrete.  Although admixtures have the ability to change the fresh 

properties of the concrete mixture, the aggregate is still an important factor in creating a 

workable SCC mix.  The focus of this paper is on the influence of aggregate grading on 

the properties of SCC mixtures using aggregates derived from basalt rock which is native 

to and readily available on the Island of Oahu.  The basalt rock is crushed into respective 

sizes, therefore creating very angular surfaces.  Because of the porous nature of basalt, 

both coarse and fine aggregates have high water demands.  The results of this research 

will aid in the design of a SCC mix to be used in drilled shaft construction at the North 

Kahana Bridge project on the east side of Oahu.  Because of potentially long travel times 

to the project site, the SCC properties are required upon delivery after a 2-hour travel 

time.  In addition, standard HDOT drilled shaft specifications require a minimum slump 

of 6” at 4 hours after batching to ensure adequate fluidity during tremie placement of the 

entire drilled shaft.   

 The aggregate used includes crushed basalt from the Halawa Quarry, limestone 

sand from the Nanakuli Quarry and sand imported from British Columbia, Canada.  The 

Halawa Quarry produces three (3) aggregates used for the concrete.  The Halawa 3F and 

Halawa Chips are coarse aggregates with a maximum size of 3/4”.  Halawa No. 4 or 

crushed basalt, Nanakuli Limestone Sand, and British Columbia Sand are used as fine 

aggregates.  This report highlights some results and analyses of mixes used to determine 

whether the gradation of Hawai’i aggregates plays a significant 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 whether the gradation of Hawai'i 

aggregates, such as Halawa 3F, Halawa Chips, Halawa No. 4, Nanakuli Limestone Sand, 

and British Columbia Sand, have a significant effect on a SCC mix.   

1.2 Literature Review 

1.2.1 Brief History  

 In 1986, self-consolidating concrete or SCC was a revolutionary idea proposed by 

Professor Hajime Okamura of Kochi University of Technology in Japan.  Okamura had 

proposed this idea as a solution to the growing concrete durability concerns of the 

Japanese government.  At the time, inadequate consolidation was the leading problem in 

Japan’s concrete structures.  By 1988, Okamura was ready to try the first real-scale test.  

The following year in 1989, the first paper on SCC was presented at the East-Asia and 

Pacific Conference on Structural Engineering and Construction (EASEC-2).  The next 

presentation occurred in 1992 at a meeting for Energy Diversification Research 

Laboratories (CANMET)/American Concrete Institute (ACI).  Since then many 

worldwide organizations have published numerous articles and have founded many 

committees to study SCC.  (Vachon, 2002). 

1.2.2 What is SCC? 

 According to the 2006 ASTM C125-06 SCC is defined as follows: concrete that 

can flow around reinforcement and consolidate under its own weight without additional 

effort and without exceeding specified limits of segregation (p. 69). 



 2

Superplasticizers and aggregate gradation are the two main elements used to 

produce a SCC mix.  The superplasticizers create flowability by creating a charge around 

the cement particles; therefore, the particles repel each other.  When this occurs, the 

cement particles no longer lump together and are free to flow.  Attention to the gradation 

of the aggregates is crucial in creating a stable SCC mix.  An increase in the fines causes 

the mix to stabilize and reduces the amount of segregation.  The stability is achieved by 

increasing the amount of fine aggregates or by adding additional cementitious material 

(NRMCA, Mix Design, 2008).  However, if majority of the mix consists of fine 

aggregates, then this could cause a decrease in the flowability of the mix.  Therefore, 

aggregate proportions will generally be tested before creating a final mix design.   

1.2.3 SCC Practice in the Field 

 According to Joe Nasvik (2003), SCC has been gaining acceptance in the cast-in-

place market, but the biggest hurdle most are finding is in the education about SCC more 

than the promotion of it.  Nasvik goes on to mention that contractors using SCC may be 

able to allocate labor differently although that will require better levels of communication 

and planning with ready-mix producers (2003).  Nasvik also mentions that the application 

of this new technology is considered more problematic by ready-mix producers because 

there are many more variables to control, which adds to the educational and marketing 

challenges (2003). 

Today SCC has made its way into the American construction industry and has 

blossomed into a new revolutionary way to create and form concrete.  As with any new 

product, there comes many tests and studies to validate its claim and possibilities.  SCC 

mixes are usually created with the use of river stones and beach sands because they have 
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smooth surfaces and generally create good flowability in the SCC mixes, but these types 

of aggregates are not always available to local concrete batch plants.  The challenge of 

getting a good working SCC mix has been found to rely heavily on the mix design, a 

synthetic high-range water reducer (HRWR) (superplasticizer), and sometimes a 

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

1.2.4 Aggregate Gradation 

 There are many conflicting articles regarding the benefits of a well-graded 

aggregate mix design versus a non-graded mix design.  In an article published in 2007 the 

members of the National Ready Mixed Concrete Association Research (NRMCA) have 

reported the following in relation to graded aggregates: 

“packing tests demonstrated that using well-graded combined aggregates did not 

lead necessarily to maximum aggregate packing density.  Further, concrete 

performance studies indicated that the use of well-graded combined aggregates 

failed to result conclusively in lower water demand, less shrinkage, reduced 

bleeding, or higher strength.  Yet, improvements in finishability and segregation 

resistance were observed in certain situations.” 

Nasvik comments in his 2002 article that: 

“Many locations around the country, however, have neither the equipment nor the 

aggregate to produce well-graded aggregate mixes.  But even when only gap-

graded aggregates are available, SCC can still be produced.  A mixture containing 

a gap-graded aggregate will have a tendency to bleed or segregate or both, but this 

can be corrected by increasing the cementitious content (including pozzolans) to 
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as much as 752 pounds per cubic yard (eight bags) and using a VMA to control 

segregation and bleeding and to facilitate placement.”  

Whether or not SCC is truly affected by the gradation must be tested and confirmed by 

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

1.2.5 Combined Percent Retained Gradation and Coarseness Factor Charts 

 Another issue regarding the aggregate gradation is the use of the combined 

percent retained gradation chart or otherwise known as the 8-18 chart.  This chart 

represents the gradation of the total combined aggregates used in a particular concrete 

mix design.  The chart sets limits between 8 and 18 percent retention for large top-size 

aggregates with maximum size of 1.5 inches, or 8 and 22 percent for smaller maximum-

size aggregates, of 1 or 0.75 inches, retained on each sieve below the top size and above 

the No. 100 (NRMCA, 2007) (see Figures 1-1 and 1-2).  ACI article 302.1R-04 Section 

5.4.3 includes specification for the sieve sizes used for the 8-18 chart.   
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Figure 1-1: 8-18 Chart 
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Figure 1-2: 8-22 Chart 
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 The 8-18 chart came about during a meeting by the ACI 301 Committee.  The 

committee wanted a fixed range to control the variability of the gradation range and 8-18 

was the agreed upon range.  Jim Shilstone (2005) was the only member opposed to the 

range because he felt that one chart should not govern how all data ranges should behave.  

Shilstone (2005) biggest concern was: 

“the combined grading of two adjacent sieves should be no less than 13.5% of the 

combined aggregate as that points to segregation.  This is especially bad when it’s 

at the Nos. 16 and 30 sieves.  You get ‘fatty mortar’ or some call it ‘creamy 

concrete.’” 

 The coarseness factor or CF chart is a graphical representation of the percent of 

combined aggregate that is retained on the No. 8 and the percent of combined aggregate 

that passes the No. 8 sieve (see Figure 1-2).  According to the article On Aggregate 

Grading (Obla & Kim 2008), the CF chart is divided into 5 sections: gap graded, well 

graded, 1/2 inch and finer, sticky, and rocky.  These characteristics are dependant on 

where your mix falls into this graph. 
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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 predetermine a rough characterization 

of a particular mix design.  It is also understood that the two charts will not be a perfect 

fit for the aggregates used in the mixes and that the research conducted will further 

increase the accuracy of these charts for Hawai'i aggregates.   

1.3 Scope of this Study 

 The primary objective of this study is to evaluate gradation performance on SCC 

mixes.  The current gradations of the aggregates were obtained by performing sieve 

analysis on each of the five different aggregates.  The absorption values for each of the 

aggregates were found in order to adjust the moisture content to bring the aggregates 

closer to a saturated surface dry condition.  The gradations and absorption results were 

then used to design eight mixes, which varied the amount of each aggregate and 
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aggregate size in a mix.  The mixes were then tested for their perpendicular slump flow 

diameters, T50s, and visual stability index (VSI) values. 

1.4 Report Organization 

 Chapter 2 of the report explains the test methods used to collect the data and 

conduct the SCC mixes.  A description as to what data was collected and how it pertained 

to the research is included in the test methods section.  Chapter 3 presents the sieve 

analysis results.  The data and detailed descriptions of the SCC mix design processes are 

presented in Chapter 4.  Chapter 5 presents the discussion and analysis of the results 

obtained from the sieve analysis and SCC mixes.  Chapter 6 will then close with 

conclusion and future research topics. 
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2 Test Methods 

2.1 Common Apparatus 

 The measuring scales used were the A & D Company, Ltd. Model No. 51304 

scale and the Tanita Company Model No. BSC-150 scale (see Figure 2-1).  The A& D 

scale showed accuracy to the nearest 0.01 lb.  The Tanita scale showed accuracy to the 

nearest 0.1 lb.  All aggregate samples were dried at 120 degrees Fahrenheit in ovens 

manufactured by the Despatch and Humboldt Company.   

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

2.2 Reducing Samples to Testing Sizes 

 Test samples were created according to procedures outlined in ASTM C 702-98.  

The Gilson Company, Inc. sample splitter box (see Figure 2-2) was used to create the test 

samples.  This apparatus created two samples at a time with adjustable blades to 

accommodate coarse and fine aggregates.  Three tray pans were used to measure and hold 

the divided samples. 
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Figure 2-2: Sample Splitter Box 

2.3 Sieve Analysis Tests 

 The sieve analyses were conducted according to procedures outlined in ASTM C 

136-05.  There were three different sieve shakers used to conduct the sieve analyses.  A 

Gilson Screen Company’s sieve shaker used trays that measured 26” x 18” by 2.75” high.  

The sieve tray sizes were 3/4”, 1/2", 3/8”, No. 4, No. 8, No. 16, and pan.  The second 

sieve shaker was a Gilson Company, Inc. 12” sieve shaker (see Figure 2-3).  The Gilson 

sieves were 12” in diameter by 3.5” high.  The sieve sizes were 3/4", 1/2", 3/8", No. 4, 

No. 8, No. 16, No. 30, No. 50, No. 100, No. 200, and pan.  The fine aggregates were 

sieved using a W. S. Tyler Company’s Ro-tap Testing Sieve Shaker (see Figure 2-4).  

This sieve shaker had 8” diameter by 2.5” high sieves.  The sieve sizes were 3/8", No. 4, 

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

 

 
Figure 2-4: 8” Sieve Shaker 

 Seven – 5 gallon City Mill buckets and 48 – Metro 14.75” x 8.25” x 7” Olympic 

bins were used to hold the sieved samples (see Figure 2-5).  The buckets held the Halawa 

3F aggregate sizes 1/2”, 3/8”, and No. 4, two buckets for each size, as well as one bucket 

for Halawa Chips No. 4 sieved aggregates.  The Metro bins contained the rest of the 

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

2.4 Aggregate Moisture Absorption 

 The aggregate moisture absorption was measured according to procedures 

outlined in ASTM C 127-04 (for coarse aggregates) and ASTM C 128-04a (for fine 

aggregates).  When conducting the saturated surface dry tests a Gilson water bucket, 

sample container, pycnometer, and pycnometer ring (see Figure 2-6) were used.  The 

water bucket and sample container were used for the coarse aggregates.  The pycnometer 

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

ring.  
 
2.5 SCC Mix Apparatus 

 The SCC mixes were mixed using a Gilson Mixer Model No. 59015C (see Figure 

2-7), which spins at 22 revolutions per minute.  The cement, conforming to both Type I 

and Type II, was produced by Hawaiian Cement Company.  The admixtures used for the 

mixes were Glenium 3030, VMA 358, and Delvo stabilizer, 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 of the mix.  The sieved aggregates 

were measured out according to the mean percent retained found from the sieve analyses.  

For each batch the quantities required were measured out based on the mean percent 

retained on each sieve.  They were then combined keeping the coarse aggregate separate 

from the fine aggregate.  Their moisture content was then increased by 3% and 1% for 

coarse and fine aggregates respectively.  This was done because the sieving required oven 

dry aggregate, and the moisture content in the bins was measured as 0.88% after sieving.  

Each bucket was then mixed and left for 18-24 hours to allow time for absorption of this 

water. 

 On the day of the mix, a butter batch was made before the initial mix.  This was 

done to coat the interior of the cement mixer.  The butter batches were half of the actual 

mix size and they were not graded per sieve size.  The main batch of each mix was 1 

cubic foot.  The hydration-controlling admixture (Delvo stabilizer) was added to the 
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water before the mix, during the batching of the materials.  The butter batch and main 

batch mixes were conducted using the following mixing procedures: 

1. Mix coarse aggregate and 1-2 lbs. of water for 30 seconds. 

2. Add fine aggregate and cement, mixing for 1 minute. 

3. Add the remaining water and continue mixing for 3 minutes. 

4. Turn the mixer off and let the concrete sit for 3 min. 

5. At the end of the 3 min. start the mixer and add the HRWR (high range water 

reducer), mixing for 90 seconds. 

6. Add the VMA (viscosity-modifying admixture) mixing for 30 seconds. 

7. Stop the mixer and perform the first slump flow test @ 15 minutes after adding 

the water to cement (starting approximately 5 minutes after stopping the mixer) 

8. Do a slump flow and record the following: 

a. T50. 

b. Two perpendicular slump flow diameters. 

c. VSI (visual stability index). 

9. If desired, make one 6” x 12” cylinder (The butter batch procedures stop after this 

step).   

10. Repeat steps 8 and 9 at 15 minutes and then at 30 minute intervals thereafter until 

slump flow does not fall within SCC specification (less than 18 inches in 

diameter).    Note: The mixer was turned off during the 15 and 30 minutes 

between slump flow tests.  Before the cement was removed to create the slump 

flows, the mixer was turned on for approximately 15 seconds to allow the SCC to 

mix. 
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2.7 T50 Reading 

 T50 results are an indication of the viscosity of the fresh SCC mixture as it spreads 

during a slump flow test of the SCC mix.  The 50 is representative of a 50.0 cm ring.  The 

time is recorded to see how long it takes the concrete to flow starting when the slump 

cone is lifted to an inscribed 50.0 cm ring on a flat dry steel plate.  It typically varies 

between 2 to 10 seconds (NRMCA, Testing, 2008).  The National Ready Mixed Concrete 

Association found that a “higher [T50] value indicates a more viscous mix which is more 

appropriate for concrete in applications with congested reinforcement or in deep sections.  

A lower [T50] value may be appropriate for concrete that has to travel long horizontal 

distances without much obstruction.” (Testing, 2008). 

2.8 Visual Stability Index (VSI) 

 The visual stability index (VSI) is a “visually” measured amount of segregation in 

a SCC mix.  The National Ready Mixed Concrete Association mentions that the “VSI is 

established based on whether bleed water is observed at the leading edge of the spreading 

concrete, or if aggregate pile at the center.  VSI values range from 0 for ‘highly stable’ to 

3 for unacceptable stability.” (NRMCA, Testing, 2008).   

The definition for the VSI values, according to ASTM C 1611/ C 1611M -05, are 

listed in Table 2-1.  Examples of VSI ranging from 3 to 0 are shown below in Figures 2-8 

and 2-9.  If the SCC mix could not be definitely defined with values of 3, 2, 1, or 0 half 

increment values could be used to record the VSI results. 
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Table 2-1: VSI Rating Scheme 
VSI Values Criteria 

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

2 Unstable 
A slight mortar halo �  0.5 in. (�  10 mm) and/or 
aggregate pile in the center of the concrete mass. 

1 Stable 
No evidence of segregation and slight bleeding 
observed as a sheen on the concrete mass. 

0 Highly Stable No evidence of segregation or bleeding. 

 

   
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 of the Halawa Chips, a series of 30 

sieve analyses were performed.  A normal distribution graph or bell curve has majority of 

its values fall within three standard deviations; therefore, 30 sieve analyses would 

provide enough results to represent the entire sample.  As stated before, all sieve analysis 

procedures were in accordance with ASTM C 136-05.  The sample sizes were prepared in 

accordance with ASTM C 703-98, a minimum of 5 kg was used for coarse aggregates, 

and 1 kg for fine aggregates.   

3.1 Halawa 3F 

 The Halawa 3F aggregate has a maximum size of 3/4 inches, is grey in color, and 

has a rough surface texture (see Figure 3-1).  The results of the 30 sieve analyses for 

Halawa 3F are shown in Figure 3-2.  Trials 1 – 8 do not have values for finer aggregate 

less than the No. 16 sieve.  When the sieve analyses were initially conducted, it was 

thought that the percent retained in the pan, after passing the No. 16 sieve, was not 

significant enough to affect the gradation.  It was later determined that an average of 

0.50% of the sample was retained on the pan; therefore the sieve analyses thereafter 

considered the finer aggregate passing the No. 16 sieve. 
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Figure 3-1: Halawa 3F 
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Figure 3-2: Halawa 3F Sieve Analyses 

3.2 Halawa Chips 

 The Halawa Chips aggregate has a maximum size of 3/8 inches, is grey in color, 

and has a rough surface texture (see Figure 3-3).  The results of the 20 sieve analyses for 

the Halawa Chips are shown in Figure 3-4.  Due to the lack of resources available at the 
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time of the tests, only 20 sieve analyses were performed.  For trials 1-14, the sieve 

analyses did not include finer aggregates less than the No. 100 sieve.  In order to be 

consistent with the other aggregates’ sieve analyses, the decision to consider the 

aggregates finer than the No. 100 sieve was made for the remaining 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 sieve size of No. 4, is grey in color, 

and has a rough surface texture (see Figure 3-5).  The 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 crushed coral; therefore it is very porous 

and not very dense (see Figure 3-7).  The results of the 30 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 texture (see Figure 3-9).  The results 

of the 30 sieve analyses for British Columbia Sand are shown 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 for all five aggregates.  The sieve 

analyses done by the University of Hawai'i (UH) are noted in long dashed lines.  For 

comparison, the sieve analyses from Hawaiian Cement Company (HC) have also been 

included in the plot; they are represented by the shorter dashed lines.  The dark solid line 

represents the average gradation of all data sets available from both UH and Hawaiian 

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

conducted for each data set.  
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Figure 3-11: Mean Sieve Analysis Gradation 



 26

 



 27

4  Mix Design 

 Eight (8) SCC mixes were created for the gradation tests.  Each mix was altered to 

conform to a different percentage of coarse and fine aggregates.  The mixes were based 

on a successful SCC mix developed previously as part of a different research project.  

This mix was called Mix 41.  With Mix 41 as the base for the eight mixes, the focus on 

gradation was achieved by altering only the aggregate proportions in the mix. 

4.1 Determination of Aggregate Gradation 

 Each of the eight mixes was designed to vary the gradation within the range 

recommended by the ACI 302 Committee—commonly referred to as the 8-18 chart.  The 

aggregates were combined as shown in Table 4-1 and Figure 4-1 for each mix.  Table 4-1 

indicates the combination of the aggregate as a percentage by weight of total aggregate. 

Table 4-1 also shows the specific gravity of each aggregate.  Due to the close similarity 

of the specific gravity for all aggregates and the relative small quantity of Nanakuli 

Limestone Sand, the percent by weight and percent by volume are essentially identical.  

Figure 4-1 indicates the relative amounts of coarse aggregate (CA) and fine aggregates 

(FA) in each of the mixes. 

Table 4-1: Aggregate Gradation Summary (% by Weight of 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 0.400 0.000 

Halawa Chips 2.65 0.000 0.000 0.148 0.148 0.000 0.000 0.000 0.250 

Halawa No. 4 2.65 0.100 0.125 0.167 0.167 0.250 0.275 0.300 0.350 

NLS 2.49 0.050 0.050 0.037 0.037 0.000 0.000 0.000 0.150 

BCS 2.69 0.200 0.275 0.296 0.296 0.250 0.275 0.300 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 Chart)  

 Figure 4-2 shows the combined percent retained for each of the eight mixes based 

on the aggregate proportions in Table 4-1.  The upper and 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 Chart for Mixes A- H 

4.3 Mixes 

 The mix proportions were created according to the mean percent passing results 

obtained from the sieve analyses.  The proportions of the mix per cubic yard are listed in 

Table 4-2 below.  The amount of admixtures used was kept constant throughout all eight 

mixes (see Table 4-3) as well as the water/cement ratio, which was 0.40.  A moisture 

adjustment was made for each mix because of the drying procedure 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 HG-B HG-C HG-D HG-E HG-F HG-G HG-H 

Cement I/II (lb) 799 799 799 799 799 799 799 799 

Air (%) 3 3 3 3 3 3 3 3 

Water (lb) 320 320 320 320 320 320 320 320 

Halawa 3F (lb) 1755 1485 950 950 1350 1215 1080 0 
Halawa Chips 
(lb) 

0 0 400 400 0 0 0 675 

Halawa No. 4 
(lb) 

270 337.5 450 450 675 743 810 945 

NLS (lb) 135 135.0 100 100 0 0 0 405 

BCS (lb) 540 742.5 800 800 675 743 810 675 
 

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 Results) 

 Each aggregate was tested in accordance with ASTM C127 and C128 to 

determine its absorption.  The results are detailed in Table 4-4.  The absorption values 

were then averaged and entered into a spreadsheet used to determine the amount of each 

aggregate needed per mix.  The moisture content of the aggregates were then increased 

by 1 %, for fine aggregates, and 3%, for coarse aggregates.  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. Halawa 
3F 

Halawa 
Chips 

Halawa   
No. 4 

NLS BCS 

1 5.53% 5.75% 5.41% 3.43% 1.12% 

2 5.28% 6.08% 5.79% 3.28% 0.96% 

3 5.40% 6.83% 6.11% 3.75% 1.08% 

4 5.30% 5.83% 5.29% 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 batching to conform 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% 

 

4.5 Mix Fresh Property Results 

 After all the materials were carefully measured out and prepared, the mixes were 

made and the slump flows for each of the different mixtures were recorded.  When each 

slump flow was performed a recording of the cross diameter lengths, T50, and visual 

stability index (VSI) were taken.  Typically, the slump flows were recorded at two 15-

minute intervals and 30-minute intervals thereafter until the mix was no longer a viable 

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

 The slump flow diameters for all the mixes fell within the range of 35 to 10.5 

inches over the course of two hours.  According to the National Ready Mixed Concrete 

Association, a typical diameter for a SCC mix is between 32 to 18 inches (NRMCA, 

Testing, 2008).  The cross diameters were measured at each slump flow and then 

averaged.  The T50 values ranged between 8.4 to 1.4 seconds.   

4.5.1.1 Mix HG-A  

 At 15 minutes after batching, the maximum average diameter was 30 inches and 

the T50 reading was 4.4 seconds (see Figure 4-3).  The maximum T50 value occurred at 60 

minutes after batching with a reading of 5.0 seconds and an average diameter of 25 

inches.  The smallest T50 value occurred at 90 minutes after batching with a reading 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 average diameter was 34.5 inches and 

the T50 reading was 2.0 seconds (see Figure 4-4).  The maximum T50 value occurred at 30 

minutes after batching with a reading of 5.4 seconds and an average diameter of 30 

inches.  The smallest T50 value occurred at 90 minutes after batching with a reading of 2.0 

seconds and an average diameter of 26 inches. 

 



 34

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 average diameter was 28 inches and 

the T50 reading was 2.4 seconds (see Figure 4-5).  The maximum T50 value occurred at 90 

minutes after batching with a reading of 3.2 seconds and an average diameter of 20.0 

inches.  The smallest T50 value occurred at 30 minutes after batching with a reading 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 average diameter was 32 inches and 

the T50 reading was 2.0 seconds (see Figure 4-6).  The maximum T50 value occurred at 90 

minutes after batching with a reading of 2.4 seconds and an average diameter of 27.5 

inches.  Note that the diameter at 120 minutes after batching was 46 cm (18 inches), thus 

it never reached the 50 cm diameter ring.  Therefore, the maximum value for the T50 

reading of 5.6 seconds at 120 minutes after batching is invalid.  The smallest T50 value 

occurred at 70 minutes after batching with a reading of 1.6 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 average diameter was 33 inches and 

the T50 reading was 3.2 seconds (see Figure 4-7).  The maximum T50 value occurred at 15 

minutes after batching with a reading of 3.6 seconds and an average diameter of 31.5 

inches.  Note that the diameter at 150 minutes after batching was 46 cm (18 inches), thus 

it never reached the 50 cm diameter ring.  Therefore, the maximum value for the T50 

reading of 4.2 seconds at 150 minutes after batching is invalid.  The smallest T50 value 

occurred at 60 minutes after batching with a reading of 1.6 seconds and an average 

diameter of 29 inches. 



 37

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 average diameter was 35 inches and 

the T50 reading was 1.6 seconds (see Figure 4-8).  The maximum T50 value occurred at 90 

minutes after batching with a reading of 2.4 seconds and an average diameter of 23.5 

inches.  Note that the diameter at 120 minutes after batching was 41 cm (16 inches), thus 

it never reached the 50 cm diameter ring.  Therefore, the maximum value for the T50 

reading of 5.4 seconds at 120 minutes after batching is invalid.  The smallest T50 value 

was recorded at 15 minutes after batching along with the 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 average diameter was 33 inches and 

the T50 reading was 1.4 seconds (see Figure 4-9).  The maximum T50 value occurred at 60 

minutes after batching with a reading of 2.4 seconds and an average diameter of 23 

inches.  Note that the diameter at 90 minutes after batching was 46 cm (18 inches), thus it 

never reached the 50 cm diameter ring.  Therefore, the maximum value for the T50 

reading of 4.8 seconds at 90 minutes after batching is invalid.  The smallest T50 value was 

recorded at 15 minutes after batching along with the maximum average diameter. 
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HG-G: SF and T50 vs Time

0.0

6.0

12.0

18.0

24.0

30.0

36.0

0 15 30 45 60 75 90 105

Time (minutes)

D
ia

m
et

er
 (

in
)

0

3

6

9

12

T
50

 (
S

ec
on

ds
)

Slump Flow
T50

 
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 rate of 3.21 oz/cwt, or 2 

gallons per 10 cuyds of concrete, at�88 minutes after batching.  The maximum average 

diameter at 15 minutes after batching was 26.5 inches and had a T50 reading of 2.0 

seconds (see Figure 4-10).  The average diameter at 92 minutes after batching and re-

dosing, was 23 inches and had a T50 reading of 2.2 seconds.  The 30, 60, 88, 120, and 150 

minute slump flows after batching never reached the 50 cm diameter ring.  A traditional 

slump flow was taken at 60, 88, 120, and 150 minutes after batching (see Table 4-6).  

 

 

 



 40

 

Table 4-6: Standard Slump Flow for HG-H 

Time (minutes) Average Diameter 
cm (in) 

Standard Slump Test 
(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 

4.5.2 VSI Results 

 All VSI ratings 3 to 0 were observed in the mixes.  For the mixes with a VSI 

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

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

4.5.2.1 Mix HG-A  

 The VSI for mix HG-A remained at 3.0 for the entire 90 minutes of mixing (see 

Figure 4-11).  The mix is considered unstable.  Readings taken at 15 minutes, 30 minutes, 

60 minutes, and 90 minutes after batching each had a large mortar halo greater than 0.5 

inches and a pile of aggregate at the center of the slump 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 minutes after batching 

4.5.2.2 Mix HG-B  

 The VSI for mix HG-B ranged from 3.0 at 15 minutes after batching to 0 at 120 

minutes after batching (see Figure 4-13).  The mix is considered unstable until 

approximately 80 minutes after batching.  The mix remained in a stable state for the 

remaining 40 minutes.  The mix reached a VSI of 0 at 120 minutes after batching.   
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HG-B: VSI vs Time

0.0

1.0

2.0

3.0

0 15 30 45 60 75 90 105 120 135

Time (minutes)

V
S

I

VSI

 
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 minutes after batching to 0 at 90 

minutes after batching (see Figure 4-14).  The mix is considered unstable until 

approximately 35 minutes after batching.  The mix remained in a stable state for the 

remaining 55 minutes.  The mix reached a VSI of 0 at 60 minutes 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 minutes after batching to 0 at 120 

minutes after batching (see Figure 4-15).  The mix is considered unstable until 

approximately 77 minutes after batching.  The mix remained in a stable state for the 

remaining 43 minutes.  The mix reached a VSI of 0 at 120 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 minutes after batching to 0 at 150 

minutes after batching (see Figure 4-16).  The mix is considered unstable until 

approximately 90 minutes after batching.  The mix remained in a stable state for the 

remaining 60 minutes.  The mix reached a VSI of 0 at 150 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 minutes after batching to 1.0 at 120 

minutes after batching (see Figure 4-17).  The mix is considered unstable until 

approximately 75 minutes after batching.  The mix remained 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 minutes after batching to 0 at 90 

minutes after batching (see Figure 4-18).  The mix is considered unstable until 

approximately 38 minutes after batching.  The mix remained in a stable state for the 

remaining 52 minutes.  The mix reached a VSI of 0 at 60 minutes after batching.   
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HG-G: VSI vs Time

0.0

1.0

2.0

3.0

0 15 30 45 60 75 90 105

Time (minutes)

V
S

I

VSI

 
Figure 4-18: VSI vs Time for HG-G 

4.5.2.8 Mix HG-H  

 The VSI for mix HG-H remained at 0 for the entire 150 minutes of mixing (see 

Figure 4-19).  The mix is considered stable, but all slump flows, with exception to the 15 

and 92 minute slump flows after batching, failed to meet the required diameters for a 

SCC slump flow.  The mix was re-dosed with a HRWRA at 88 minutes after batching, 

mixed, and then another slump flow was taken at 92 minutes after batching (see Figure 4-

20).  All results from the slump flows, before and after re-dosing, showed no visible signs 

of segregation or bleeding. 
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HG-H: VSI vs Time
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Figure 4-19: VSI vs Time for HG-H 

      
Figure 4-20: VSI Slump Flow at 88 minutes after batching (left) and 92 minutes after batching 

(right) for HG-H  
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5 Discussion and Analysis 

 Most of the mixes yielded stable slump flows after 90 minutes from when the 

water was initially added to the mix.  It is important when examining these mixes to 

incorporate the time to transport a concrete mix from the batch plant to the job site, which 

would typically take between 90 to 120 minutes for this project.  Therefore, a mix that 

could stabilizes after 90 minutes would be considered a viable mix.  The VSI would be 

used to define the stability of the mix. 

 Understanding how gradation affects these issues with SCC requires us to 

consider the gradation variability.  It is also important to consider the fresh mix properties 

such as slump flow versus time, T50 versus time, VSI versus time.  The slump flow, 

which exists at the time when an unstable mix becomes stable, can help in the process of 

selecting a viable mix.  An analysis of how pre-calculated coarseness and workability 

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

5.1 Sieve Analyses -Gradation Variability 

 Understanding the variability of the aggregates from batch to batch is important 

when determining how the gradation is affecting the mix.  It can also help to understand 

how changes in the aggregate source will affect future applications of SCC.    

 To analyze the variability of each of the aggregates, the average and standard 

deviation for each sieve size were determined.  The results are shown in Figure 5-1 and 

5-2.  These results were based on all of the sieve analysis results conducted at the 

University of Hawai'i.  Figure 5-1 is a representation of the percent passing a particular 

sieve size.  Figure 5-2 represents the percent of aggregate retained on a particular sieve 

size.   
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 In both figures, the NLS and BCS have similar gradation graphs.  Mixes HG-E, 

HG-F, and HG-G contained no NLS and have yielded good results.  All three mixes 

reached the 90 minutes mark with good slump flows, T50’s, and stable VSI values.  If the 

mixes were rated from good to great on their performance, it would be HG-G, HG-F, and 

then HG-E.  HG-E maintained its workability for 150 minutes. 
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Figure 5-1: Compiled Average and Standard Deviation for Percent Passing 
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Figure 5-2: Compiled Average and Standard Deviation for Percent Retained 

5.2 Slump Flow vs Time 

 Figure 5-3 shows the variation of slump flow with time 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 slump flow 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 there are two bars for the mix.  HG-H 

has a large loss rate, but had loss its workability approximately 36 minutes into the 

mixing process.  After it was re-dosed, HG-H quickly lost its workability within 24 

minutes.  This explains why HG-H has such a high loss rate.  HG-A had the worst results 

of all the mixes, which is consistent with the values for the mix’s VSI results, which were 

all 3’s.  The figure also shows HG-G as having a large loss rate, but according to the 

slump flow charts, it was lost within the first 45 minutes of the mix.  In addition, HG-G 

remained workable until it reached 90 minutes. 

5.3 T50  vs Time 

 As mentioned before in section 2.7, a T50 reading is typically between 10 to 2 

seconds.  Most of the mixes adhered to this range and no mix had a T50 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 ring on the base plate, T50 readings were 

taken until the mix stopped spreading.  The spike in HG-H at 88 minutes represents the 

T50 before the mix was re-dosed.  HG-A was the only mix that did not dip below the 2 

second during its T50 readings.  It can be concluded that the mixes at 90 minutes either 

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

5.4 VSI vs Time 

 When considering the VSI, a mix with a value less than 1.5 will have little to no 

segregation and will be a more viable mix for a pour (see 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 from 35 to 90 minutes.  HG-A, which has 

a VSI rating of only 3’s, was comprised of 65% coarse aggregate.  The other seven mixes 

did not have coarse aggregate greater than 50% of the mix.  HG-H, which has a VSI 

rating of only 0’s, was comprised of 75% fine aggregates and no coarse aggregate sizes 

greater than 3/8 inches.  Although HG-H had no visible segregation, it had a very high 

viscosity, which leads to poor slump flow and T50 results.   
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5.5 Slump Flow at VSI = 1.5 

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

 With exception to HG-A and HG-H, all mixes appear to have relatively close 

diameters when their VSI is 1.5.  The mixes slump flow diameters seem to range between 

26 and 28 inches.  Therefore, if a mix has a range of VSI values and good workability, 

the mix diameter at VSI 1.5 can be said to be roughly 27 inches for a graded mix.    
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5.6 Mix 41, 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 

Mix 41, HG-C, & HG-D
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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 same mix design.  Mix 41 had 

no special attention paid to gradation and was subjected to the variability indicated by the 

standard deviation for the gradations.  Mixes HG-C and HG-D were graded per sieve size 

and by aggregate.  Therefore, HG-C and HG-D were not subjected to the variability 

indicated by the standard deviation for the gradations.  There are similarities in the 

curvature of the three graphs (see Figures 5-8 to 5-10).  When comparing Mix 41 and 

HG-D, HG-D has a slightly better workability and a little more segregation before the 90 

minute slump flow.  Of all three mixes, HG-C had the most variability in its results.  

Because the mixes were from the same mix design and there were only slight difference 

in the results for Mix 41 and HG-D, it can be concluded that rigorously sieving and 

grading the aggregate for each batch did not make a significant difference in the fresh 

properties of the mix as indicated by the variability in the results. 
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5.7 Coarseness and Workability Factors 

 The coarseness and workability factors, otherwise known as CF and WF, were 

calculated with the percent retained results obtained from the sieve analyses.  Each mix 

had a different percentage by weight for a particular aggregate and this value was then 

multiplied by the percent retained (see Equation 5-1).  All similar sieve size quantities 

were then added together to create a percent of combined aggregate weight by sieve size 

per mix.  With the values for the percent of combined aggregate, the CF can be calculated 

with Equation 5-2 and the WF can be calculated with Equation 5-3.  Note that all mixes 

used 799 lbs/cuyd of cement.  Refer to Tables 5-1 through 5-3 for values used in 

calculations.  CF and WF values are displayed in Table 5-4.  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. __ for Mix HG-# = 100 * [ (% 

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

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

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

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

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

Equation 5-2: Coarseness Factor 

100*
8.______%___
4.______%___

NosizesievewithAggregatesCombinedofallofSum
NosizesievewithAggregatesCombinedofallofSum

CF
³
>

=
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Equation 5-3: Workability Factor 

WF = 100 * (Sum of all % of Combined Aggregates with sieve sizes �  No. 16 to 

Pan) + 100 * (1– Sum of all % of Combined Aggregates until Pan) + [ ( ( 

(lbs/cuyd of cement used in mix) – 564) / 94) * 2.5] 

Table 5-1: Percent Retained on Each Sieve 

Aggregate  3/4" 1/2" 3/8"  No. 4 No. 8 
No. 
16 

No. 
30 

No. 
50 

No. 
100 

No. 
200 

Halawa 
3F (%) 0.23 33.75 32.45 26.95 3.23 0.03 0.03 0.03 0.03 1.39 

Halawa 
Chips (%) 

0.00 0.00 0.38 79.53 16.36 1.21 0.33 0.22 0.17 0.00 

Halawa 
No. 4 (%) 

0.00 0.00 0.00 3.22 29.94 25.24 14.88 8.85 4.90 2.42 

NLS (%) 0.00 0.00 0.00 0.03 4.83 28.28 24.45 20.41 14.84 4.10 

BCS (%) 0.00 0.00 0.00 0.47 12.40 17.66 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 0.05 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 
(%) 3/4" 1/2" 3/8"  No. 4 No. 8 

No. 
16 

No. 
30 

No. 
50 

No. 
100 

No. 
200 

HG-A 0.15 21.93 21.10 17.93 7.82 7.49 7.25 7.55 4.02 2.03 
HG-B 0.13 18.56 17.85 15.35 9.17 9.44 9.32 9.88 5.18 2.20 
HG-C 0.08 11.88 11.48 21.93 12.41 10.68 10.15 10.60 5.50 2.05 
HG-D 0.08 11.88 11.48 21.93 12.41 10.68 10.15 10.60 5.50 2.05 
HG-E 0.12 16.87 16.23 14.40 12.20 10.74 9.39 9.26 4.70 2.15 
HG-F 0.10 15.19 14.60 13.14 13.10 11.81 10.33 10.18 5.17 2.22 
HG-G 0.09 13.50 12.98 11.89 13.99 12.88 11.26 11.11 5.64 2.30 
HG-H 0.00 0.00 0.10 21.13 18.39 17.79 14.62 13.25 7.45 2.31 
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Table 5-4: Coarseness and Workability Factors 

Mix CF  WF 
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 

Corner 
Location CF WF 

Upper 
Right 

45 44 

Lower 
Right 

45 33 

Lower 
Left 

75 28 

Upper 
Left 

75 39 

 

 The coarseness and workability factors for the aggregates are plotted in Figure 5-

11.  According to the graph, HG-A is the only mix that is well graded.  The other mixes 

fell into the “1/2 inch and finer” or “sticky” range.  The farther the point is to the upper 

left corner, the higher the probability of getting a “1/2 inch and finer” mix.  This can be 

further proven by considering the T50 results of mix HG-H.  The viscosity of the mix was 

so high that the mix reached its max slump flow within 30 minutes.  Most of the other 

mixes reached their max slump flow between 90 minutes and 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 visual stability index of 3.0 

throughout the 90 minutes of testing.  There was too much coarse aggregate in the mix, 

which caused problems when the mix was flowing out of the slump cone.  Each of the 

slump tests showed a mound of course aggregate in the center and a ring of segregated 

mix at the edges.  Out of all the mixes, HG-B had a consistent T50 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 Chart 

 Based on the results one can conclude that a well graded mix has a higher chance 

for segregation and a more “1/2 inch and finer” mix will yield a quicker T50 max slump 

flow.  The chart also suggests that a good region is right above the graded box near mixes 

HG-B, HG-E, and HG-F (See Figure 5-12).  These three mixes provided a good slump 

flow, T50, and VSI and lasted at least 120 minutes into the 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 determine whether graded aggregates affect 

the workability of a SCC mix.  Rigorously sieving and grading the aggregate for each 

batch of SCC did not make a significant difference in the fresh properties of that mix as 

indicated by mixes HG-C, HG-D and Mix 41.  The Coarseness Factor (CF) and 

Workability Factor (WF) chart can be a good indication of consistency when creating a 

successful mix.  Many factors contributed to this conclusion, which has greatly narrowed 

the gradation ranges to a particular area of the coarseness factor chart.  With more 

research, a better mix can be created to have an extended time for workability and little to 

no segregation.  Another factor that creates limitations to the workability of the mix is 

heat and whether re-dosing of a HRWRA at the job site is necessary.  All tests at the 

University of Hawai'i are based on controlled lab testing conditions.   

 

Some further research with SCC include: 

·  Create a concentrated region on the coarseness factor chart for mixes using 

Hawai'i aggregate 

·  Fiber-reinforced SCC mixes 

·  Effects of segregation and voids in SCC mixes that use Hawai'i aggregates 

·  Studying how formwork can be adjusted to accommodate the excessive pore 

pressure that results from the SCC being in a fluid-like form  

·  The top-bar effect, which is caused by the formation of air pockets near the top 

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

 Individual standard deviation values and graphs for percent passing for each 

aggregate. 
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A - Table 7-1: Individual Average and Standard Deviation Values for Percent Passing 
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Halawa 3F: Std. Deviation
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A - Figure 1: Halawa 3F Standard Deviation Graph for Percent Passing 

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

Nanakuli Limestone Sand: Std. Deviation

0%

20%

40%

60%

80%

100%

0.010.101.0010.00

Particle Size (mm)

P
er

ce
nt

 F
in

er

Avg
Neg Sigma
Pos Sigma

 
A - Figure 4: Nanakuli Limestone Sand Standard Deviation Graph for Percent Passing 
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British Colombia Sand: Std. Deviation
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A - Figure 5: British Columbia Sand Standard Deviation 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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B - Table 8-1: HG-A Mix Design 
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B - Table 8-2: HG-B Mix Design 
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 B - Table 8-3: HG-C & HG-D Mix Design 
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B - Table 8-4: HG-E Mix Design 
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B - Table 8-5: HG-F Mix Design 
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B - Table 8-6: HG-G Mix Design 
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B - Table 8-7: HG-H Mix Design  
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9 Appendix C: Slump Flow Summary 

 The recorded values for the slump flow diameters, T50, and VSI as they were 

taken in the lab.  BB represents the butter batch used to coat the inside of the mixer.  

Although these values were recorded, they were not incorporated in the analysis. 
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C - Table 9-1: Recorded Values for Slump Flow Diameters, T50, and VSI 

Mix No. 
 Time 

(minutes) 

Slump Flow T50 VSI 

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 23.5 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 28.5 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 24.5 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 31.5 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 Diameters, T50, and VSI 
(cont’d) 

  Time  Slump Flow T50 VSI 

Mix No. (minutes) 1 2 
Avg. 
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 5.41 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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