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SELF-CONSOLIDATING CONCRETE
FOR RAPID SLAB REPLACEMENTS
A refined self-consolidating concrete (SCC) 
mix was developed to achieve the high work-
ability needed for faster concrete discharge 
and finish, and attain the Florida Department 
of Transportation six-hour strength require-
ment of 2,200 psi (15 MPa) for concrete slab 
replacements, report Jamshid Armaghani, 
Ph.D., P.E., Global Sustainable Solutions, 
Gainesville, Fla.; Kamal Tawfiq, Ph.D., P.E., 
and Steven Squillacote, FAMU-FSU College 
of Engineering, Tallahassee; and, Michael 
Bergin, P.E., State Materials Office, Florida 
DOT-Gainesville, in their 2015 TRB paper, 
Accelerating Slab Replacement Using Self-Con-
solidating Concrete.

SCC mixes exhibit very high workability 
and flow rate, the authors say, and are used 
primarily in cast-in-place or precast structur-
al members with highly congested reinforce-
ment. “Conventional SCC mixes are usually 
designed using small size aggregates (grade 89 
or smaller), and incorporate high range water 
reducers, set retarders and workability retain-
ers to achieve a very high workability for an 
extended period of time,” they write. “This 
will facilitate concrete flow through narrow 
spaces in the dense reinforcing bars to com-
pletely fill the formwork without compaction 
and segregation. The SCC mixes have a normal 
setting time and develop strength gradually.”

However, there have been no applications 
of SCC in highway pavements, observe Arma-
ghani, Tawfiq, Squillacote and Bergin. Yet 
research has been conducted at Iowa State Uni-
versity’s National Concrete Pavement Technol-
ogy Center to study the feasibility and applica-
tion of SCC for slipform paving. In the feasibili-
ty phase, the researchers developed an SCC mix 
that would be adapted to slip-form paving; it 
possessed higher workability while maintain-
ing good shape stability of the extruded con-
crete. In the application phase of a bike path 
and pavement, the study demonstrated the 
importance of using a well-proportioned SCC 
mix, and more attention to construction prac-
tices, to ensure durable pavements and fewer 
tendencies for shrinkage cracks.

Slab replacements in PCC pavements gen-
erally are done under traffic and within tough 
time constraints. “Precast concrete pavements 
(PCP) have been used in rehabilitation projects 
as permanent replacements or overlays for long 
continuous sections of concrete pavements, 
or in isolated individual or group slabs,” 
Armaghani, Tawfiq, Squillacote and Bergin 
write. “The PCP technology includes precast 
post-tensioned slabs for continuous sections, 

or precast reinforced panels for applications in 
isolated individual or consecutive slabs.”

Florida DOT-sponsored research has been 
under way to develop an innovative process 
involving the use of temporary and reusable 
precast slabs and SCC mix, they add. The 
research goal is to speed up construction of 
replacement slabs, increase contractor pro-
ductivity during lane closure periods, and 
shorten the time for maintenance of traffic 
and overall construction. Other potential 
benefits from the research include mitigation 
of premature cracking, and cost savings to 
the agency and contractor.

It’s anticipated that the technology will 
incorporate the advantages of reusable pre-
cast panels with cast-in-place SCC mixes in 
replacement slab conditions. The technology 
would be readily available for adoption by the 
state highway agencies and the construction 
industry with minimum training.

Thus, an innovative SCC mix was devel-
oped for slab replacements in concrete pave-
ments. The authors conclude:
• The ability of the SCC mix for rapid dis-

charge and finish without segregation 
should increase productivity of contractors 
during lane-closure time and may reduce 
maintenance of traffic time.

• The SCC mix included grade 57 aggregate, 
low w/c and four admixtures including 
a high range water reducer, workability 
retainer, water reducer and set retarder, 
as well as an accelerator, to provide high 
mix workability that is sustained during 

the discharge and finish of slab, and ear-
ly strength gain to meet the Florida DOT 
lane-opening requirement.

• The SCC mix possessed a high and sus-
tained workability without segregation, 
as well as high early strength. This may be 
considered a departure from properties of 
conventional SCC mixes used in structural 
applications.

• The concrete workability was retained for 
at least 60 minutes after adding and mix-
ing the accelerator. The workability reten-
tion will allow the truck mixers to main-
tain a high discharge rate during long idle 
times between isolated slab replacement 
pours.

• Vibrated and nonvibrated samples cast 
from the same SCC mix showed very small 
differences in compressive strength and 
weight.

• There was no aggregate segregation in 
any of the multiple mixes despite high 
workability and the use of grade 57 coarse 
aggregate in the mix.

• Adjustments to the admixture dosage 
rates may be necessary when the SCC mix 
is specified for longer concrete transporta-
tion periods, or when the admixture source 
changes.

• At low temperature paving, adjustments 
in the cement content and accelerator 
dosage rate may be necessary to achieve 
the agency-required strength for lane 
opening.

At FAMU-FSU Civil Engineering Concrete Lab, slump flow test is used to evaluate the consis-
tency and workability of SCC mixes; inverted slump cone is filled with the mix, the cone is 
then lifted allowing the mix to flow rapidly outward.
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FLY ASH, LIMESTONE/CEMENT BLENDS 
BOOST COMPRESSIVE STRENGTHS
Research in Mississippi shows that portland 
cement/limestone blends (PLC) result in 
notable compressive strength improvements 
in mixtures with high Class C fly ash replace-
ment versus conventional Type I portland 
cement, say Jay Shannon and Dr. Isaac L. 
Howard, P.E., Mississippi State University, 
and V. Tim Cost, P.E., F.ACI, and Wayne M. 
Wilson, P.E., Holcim (US) Inc., in their 2015 
TRB paper, Benefits of Portland-Limestone 
Cement for Concrete with Rounded Gravel 
Aggregates and Higher Fly Ash Replacement 
Rates.

PLC interest has increased in recent years, 
especially with new specifications, which 
should further facilitate marketplace use 
and acceptance. “Various studies have been 
conducted to clarify PLC’s perceived benefits 
and to optimize properties and use protocols 
for performance,” the authors report. “Lab-
oratory-based research studies [indicate] 
promising PLC behavior, and there has also 
been successful use of PLC with 50 percent 
SCM [supplementary cementitious materi-
al] replacement in structural concrete for a 
southeastern U.S. college football stadium 
expansion and renovation.”

Concrete mixes made with rounded grav-
el aggregates and a single SCM (generally fly 
ash) are the most common case in Mississip-
pi, they add. “While rounded gravel aggre-
gates are not common to all markets, they 
are heavily used for concrete in Mississippi as 
well as numerous other regions of the U.S.”

Rounded gravel aggregates sometimes pose 
certain concrete quality challenges that may 
tend to detract from strength, observe Shan-
non, Howard, Cost and Wilson. “Potential issues 
include entrained air void clustering and inher-
ent difficulties with paste-aggregate bond,” 
they write. “Some studies have documented 
more extreme strength loss when fly ash was 
used in concrete mixes with rounded gravel 
aggregates.”

Yet data produced in previous studies by 
the authors have suggested that PLC may 
help to relieve or even reverse such strength 
loss trends, making a more complete study 
of performance associated with this set 
of materials of even greater interest. The 
authors conclude that PLC can be used to 
enhance the performance (e.g. strength per-
formance) of concrete containing rounded 
gravel aggregates and increased Class C fly 
ash replacement of portland cement. “Imple-
mentation benefits would appear to be many, 
including increased sustainability by way of 
an economically competitive and well per-
forming concrete mixture,” they write.

PLC produced higher strengths than 
Type I cement, dubbed “ordinary portland 
cement” or OPC, in essentially all mixtures 

with fly ash replacement, and concrete at 
the 40 percent replacement level notably 
excelled, Shannon, Howard, Cost and Wilson 
find. “Strengths of concrete mixtures with 
slag cement were higher than those with fly 
ash overall, though OPC vs. PLC distinctions 
were less apparent,” they add. 

Fresh concrete properties of slump and 
air content were not statistically different 
between PLC and OPC mixtures. Time of set-
ting was found to be lower in PLC mixtures 
by approximately 0.7 hour in concrete and 
setting indication lower by about 2.7 hours 
in concrete paste. Petrography revealed 
lighter, less uniform paste portions in OPC 

compared to PLC, possibly indicative of more 
complete cementitious hydration with PLC. 
The addition of fly ash appeared to lessen 
the differences between OPC and PLC paste 
appearance. OPC mixtures also appeared to 
have higher w/cm at the paste-aggregate 
interfacial transition zone.

The differences in performance trends 
of concrete and CP may suggest that the 
paste-aggregate bond is a component of 
some strength differences seen in mixtures 
with SCMs, which could be associated with 
particle size distribution effects influenced 
by significant fineness differences of the 
SCMs, as well as cement types (OPC vs. PLC).

Concrete petrography was performed on four specimens (No SCM OPC [ordinary portland 
cement], No SCM PLC, 40 percent fly ash OPC, and 40 percent fly ash PLC), in the interest of 
exploring observed strength trends thought to be possibly related to paste-aggregate bond. In 
the fly ash mixtures, general paste texture appeared finer with a slight chalky like appear-
ance relative to the SCM-free mixtures. The OPC with fly ash appeared slightly coarser overall 
relative to the PLC fly ash mixture. PHOTOMICROGRAPHS: Shannon, Howard, Cost, Wilson

IMAGE: Shannon, Howard,  
Cost and Wilson

Control specimen                           No SCM OPC 20X                             No SCM PLC 20X

40% ash OPC 20X                           40% ash PLC 20X                            40% ash OPC 200X

40% ash PLC 200X                         No SCM OPC 50X                              No SCM PLC 50X
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INTERGROUND LIMESTONE/CEMENT  
BLENDS WILL WORK IN LOUISIANA
Interground limestone/cement blends are appropriate for all uses in 
the Pelican State, say Tyson D. Rupnow, Ph.D, P.E., and Patrick J. Iceno-
gle, P.E., Louisiana Transportation Research Center, Baton Rouge, in the 
paper, Louisiana’s Laboratory Experience with Type IL Portland Cement.

Portland cement concrete (PCC) is the world’s most versatile and 
most used construction material, note Rupnow and Icenogle, but it 
occupies a substantial carbon emissions “footprint.” A new method 
of reducing the carbon footprint and increasing the sustainability of 
PCC, however, has emerged that incorporates a much larger portion 
of interground limestone (Type IL cement) into the finished cement.

ASTM and AASHTO have now changed specification language of 
C595 and M240, respectively, to allow up to 10 percent use of inter-
ground limestone, the authors report. The incorporation of the 
increased limestone content significantly reduces the carbon dioxide 
(CO

2
) footprint of the resultant PCC while extending the life of cement 

quarries. The blend also permits cement companies to make powder 
“go farther,” producing more cementitious material without having 
to expand production facilities—thus sidestepping associated capital 
expenditures and environmental permitting.

“The use of these cements is widespread in Europe and much of 
the research work can be found in state-of-the-art reports,” observe 
Rupnow and Icenogle, adding other research finds portland/lime-
stone cement and ordinary portland cement has similar mechanical 
performance, with restrained ring shrinkage behavior of the blend 
being similar as well.

Several states have conducted field trials or currently allow the 
use of PLC, including Utah, Oklahoma and Iowa. “Work is also ongo-

ing at the University of Toronto and University of New Brunswick, 
looking at low temperature sulfate attack, potential interaction with 
deicers, and early age shrinkage cracking potential,” Rupnow and 
Icenogle report. “Work by Holcim has also shown the potential for 
further synergistic action of ternary cementitious systems that con-
tain Type IL cement.”

Recently the Louisiana Department of Transportation and Devel-
opment has implemented the use of ternary mixtures for both struc-
tural and paving concrete applications at the rate of 70 and 50 per-
cent replacement of cement, respectively, they write, but a concern 
arose with the introduction of Type IL cement as to whether the new 
specifications would need revision. 

Evaluation saw the researchers characterize the fresh and hard-
ened concrete properties of binary and ternary combinations incor-
porating Type IL cement. Three binary and three ternary mixtures 
were prepared and tested for both fresh and hardened characteristics. 
Concrete samples were produced in laboratory conditions with a w/
cm ratio of 0.45. Fresh concrete properties measured included: slump, 
unit weight, air content, and set time. Hardened concrete properties 
measured included: compressive strength, flexural strength, surface 
resistivity, freeze-thaw durability, and shrinkage.

“The results of this study showed that the use of Type IL portland 
cement in Louisiana should be allowed for all applications, including 
ternary mixtures up to 70 percent replacement,” Rupnow and Iceno-
gle affirm. “Compressive and flexural strength results were compara-
ble. Type IL mixtures exhibited less shrinkage when compared to the 
control mixtures with Type I cement. Surface resistivity results were 
comparable and indicated that the surface resistivity meter use will 
be applicable for mixtures containing Type IL cement.”
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SUBSTITUTE NEARLY HALF RCA
FOR STONE IN PCC PAVEMENTS
Replacement of recycled concrete aggregate 
(RCA) for natural coarse aggregate by up to 45 
percent by volume had no significant effects 
on any of the concrete properties studied, 
indicating high-quality RCA can be used as a 
replacement for a portion of the coarse natu-
ral aggregates in new portland cement concrete 
pavements. That’s what Haifang Wen, Ph.D., 
P.E., Washington State University; David I. 
McLean, Ph.D., P.E., Colorado State University; 
and, Kim Willoughby, Washington State DOT, 
report in their 2015 TRB paper, Evaluation of 
Recycled Concrete as Aggregates in New Concrete 
Pavements.

“Recycled concrete aggregate produced 
from demolished pavements in three geo-
graphically-dispersed locations in Washington 
State was used to perform tests on aggregate, 
characteristics, fresh concrete properties, and 
hardened concrete properties,” Wen, McLean 
and Willoughby report. Variables included 
the source of the RCA, percent replacement 
of coarse natural aggregate with RCA (0 to 45 
percent), and percent replacement of portland 
cement with Class F fly ash (0 or 20 percent). 
RCA from all three sources met the Washington 
State DOT requirements for aggregates, and all 
fresh and hardened concrete properties met WS 
DOT requirements as well.

“The effects of RCA on fresh concrete prop-
erties were evaluated by measuring slump, 
air content, and density,” the authors write. 
“Slump and air content were controlled param-
eters in the batching process, with targets 
specified by WS DOT of 1 to 3 in. for slump and 3 
to 7 percent for air content.”

Slump was controlled by withholding mix 
water or by adding water-reducing admixture 
(WRA), they note, and air content was con-
trolled by the amount of air entraining admix-
ture used in the batch. Slump and air content 
for all batches were within these target ranges. 
RCA was found to decrease the slump and densi-
ty of fresh concrete, but did not have a signifi-
cant effect on air content.

The effects of RCA on hardened concrete 
properties were evaluated by measuring com-
pressive strength, modulus of rupture, coef-
ficient of thermal expansion, drying shrink-
age and freeze-thaw durability. “Test results 
showed that up to a 45 percent replacement of 
coarse natural aggregate with RCA had no sig-
nificant effect on any of the hardened concrete 
properties tested,” Wen, McLean and Willough-
by conclude. “In addition, all samples tested 
met WS DOT minimum strength requirements 
for use in concrete pavements.” The authors 
emphasize that these results were obtained 
using RCA obtained from demolished pave-

ments incorporating high-quality original 
materials.

Properties of the RCA can be character-
ized using standards tests, including resis-
tance to abrasion and the amount of adhered 
mortar. While no maximum effective RCA 
substitution rate was established in this 
study, the results show that a 45 percent 
substitution of coarse natural aggregate 
with high-quality RCA meets all WS DOT 

requirements for use in new PCC pavements.
RCA should be washed and sieved to 

remove fine particles prior to being used as 
a replacement for natural aggregates in new 
concrete, Wen, McLean and Willoughby rec-
ommend. In order to address performance 
concerns related to alkali-silica reactivity, 
they add, each RCA source should be tested 
for reactivity potential following the crush-
ing process and mitigated as necessary.
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