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INTRODUCTION

The concrete construction industry
depends on environmentally demanding
processes, such as mass consumption of
energy, raw materials, and transit, and
contributes significantly to global carbon
dioxide [CO,) emissions. Globally, port-
land cement production emitted 932 mil-
lionmetrictons of CO, (MtCO,)in 2002, ap-
proximately 7% of all stationary CO,
sources . Typical emission rates between
1995 and 2005 varied from 0.6 to 1.0 kg of
CO, per kg of portland cement. While al-
ternatives to portland cement exist, such
as blended cements or low CO,-emitting
cements, demand for portland cement
continues to increase. In the process of
producing 1000kg of Portland cement,
125L of fossil fueland 118kW.h of electric-
ityare consumed.

Transport of ready-mix concrete is a
secondary, yet significant, source of CO,
emissions as illustrated in a survey of 99
ready-mix companies located throughout
the US in 2006. The survey, comprising
17,080 concrete trucksthattraveledanan-
nual average of 28,760 km per truck
(>491 million km total), determined the
average fuel economy was 1.52 km/L.
Therefore; approximately 324 million li-
ters of diesel were consumed. According
to, combustion of diesel fuel emits ap-
proximately 2.66 kg CO,/L diesel, result-
ing in 0.86 MtCO, emissions due to con-
cretetransportfromthe 99 companiesin-
volved. Clearly worldwide annual emis-
sions from concrete transport are signifi-
cant.

While the CO, emission rates associ-
ated with concrete production are far be-
low other common building materials
le.g., steel], significant reductions in the
carbon footprint of the industry are possi-
ble through the efficient and thoughtful
use of portland cement. One such devel-
opment, the PrimeComposite concrete
slab system, seeks to reduce required

concrete slab thickness (and corre-
sponding CO, emissions), while improv-
ing performance and durability compared
to traditional slab systems. Thickness re-
ductions are provided using a two-
pronged approach: 1) Replacement of all
steel reinforcing bars with steel fibers for
required tensile and flexural load capaci-
ties, and 2) Control of concrete shrinkage
with proprietary admixtures.
Performance and durability improve-
ments are provided by eliminating the
need for saw-cut joints and reducing the
number of construction (day) joints. There
are significant performance improve-
ments and CO, emission reductions pro-
vided by Prime Composite slab systems
compared totraditional concrete slabsys-
tems (welded wire mesh reinforced with
saw-cut joints and SFRC without saw-cut
joints).

Development Of The Prime Composite
Concrete SlabSystem

Concrete floor slabs (slabs-on-grade
and slabs-on-piles) are an essential, yet
often overlooked, component in the func-
tion and operations of nearly all buildings.
Concrete for large industrial, warehouse,
retail, etc. spaces face a multitude of po-
tential problems including cracking, curl-
ing, extensive opening of construction
(day) joints, damage at saw-cut joints,
among others. Shrinkage is however the
central mechanism behind nearly all
other issues. Shrinkage induces crack-
ing, necessitating the inclusion of joints in
an attempt to localize and control crack-
ing, and causes slab length reductions
that lead to potentially significant open-
ings of construction (day) joints. Figure
1(a) illustrates a typical construction (day)
joint opening in a SFRC slab-on-grade
without saw-cut joints. Saw-cut joints,
which offer only a limited level of cracking
control, may reach kilometers in length
for a single building, as joint spacing of 3
metersis common.

Figure.1 (a)

Figure.1 (b)

Problems are further compounded,
as the optimal window of time-of-saw-
cutting is finite and a function of mixture
proportioning and ambient conditions.
Saw-cuttingtoo early resultsin raveling of
the concrete surface, while cutting too
late may result in uncontrolled cracking.
Finally, saw-cut joints allow curling to
take place and introduce a point of weak-
ness where damage localizes and re-
quires repair, as shown in Figure 1(b).
Saw-cut joint damages commonly occur
due to uneven levels of neighboring slabs
leadingto forkliftwheelimpactand/orup-
lift of the concrete away from the soil sup-
portsystem belowtheslab.

Prime Compositeimproves upon ordi-
nary concrete by enhancing the tensile
and flexural behavior and by controlling
hygral (autogenous and drying) shrink-
age, allowing for jointless slabs with
thickness reductions up to and exceeding
one halfthe thicknesses of otherslab sys-
tems. Mechanical property improve-
mentsare realized through the controlled
addition of steel fibers, while shrinkage
control is accomplished by both careful
mixture design and the addition of propri-
etary concrete additives, PrimeDC and
PrimeFlow. Steel fibers, PrimeDC, and
PrimeFlow are added to a simple con-



crete, provided by a ready-mix producer,
using specialized equipment on the
jobsite.

Steel Fiber Reinforced Concrete

Steel fiber reinforced concrete
(SFRC] has been used for over 30 years to
reinforce concrete slabs on grade and to
limit the required number of shrinkage
jointsin concrete floors. Based on experi-
ence using SFRC, typically a continuous
field size of up to 1500 m? are obtainable
with construction (day) joints at a maxi-
mum spacing of 40 meters. Concrete for
this application typically consists of a
C30/37 (30 MPa cylinder strength)
strength class with water-to-cement ra-
tio (w/c) below 0.50, and a maximized ag-
gregate content to limit drying shrinkage.
Reinforcement is provided by a moderate
dosage rate, typically >30kg/m?, of type|
(cold-drawn) steel fibers. Higher dosage
rates are also used depending on fiber
shape and dimension, service loading,
and subgrade bearing capacity.

Asdiscussed in greater detail later on
in this article, full-scale tests simulating
SFRC ground-supported slabs exhibit a
ductile flexural response with rotations
concentrated along yield lines. Additional
full-scale experiments presented in liter-
ature indicate yield line theory (i.e., flex-
ure) controls design of both pile-
supported andelevated slabs. Testing of a
20cmthick elevated slabwith 6 metercol-
umn spacing and 100-kg/m? dosage rate
of hooked-end steel fibers indicate be-
tween 5and 7times the first crack loading
is required to cause failure. Under typical
loading conditions, punching failure
around column or pile heads does not oc-
cur due to limited flexural capacity of
SFRC.

Typically SFRC is cast over two layers
of plastic sheet to minimize frictional re-
straint between the subgrade and the
shrinking concrete. Steel fibers are highly
effective at controlling cracks; therefore
these slabs typically exhibit minimal
cracking. Further, steel fibers offera reli-
able control of curling at construction
joints and edges are kept at an affordable
leveland do notaffect significantly the ser-
viceability and the durability of the slab.
However as shown in Fig 1(a), joint open-
ings in excess of 1 cm are common.
Therefore, as discussed in the following
section, Prime Composite includes pro-
prietary additives to control shrinkage
and further improve concrete perfor-

mance.
Controlof Shrinkage

As discussed above, concrete shrink-
age critically affects the performance of
all slabs. Restrained shrinkage results in
random cracking of the slab, while unre-
strained shrinkage causes substantial
joint openings. Differential shrinkage
caused approximately 8 mm of curling at
jointsand edges after only 50 days with ‘op-
timal’ concrete for slab-on-grade appli-
cations. In the authors’ experience, up to
15 mm of curling has been observed with
additionaltime.

The addition of PrimeDC, a
cementitious additive, and PrimeFlow, a
liquid admixture, to SFRC controls a life-
time of concrete shrinkage, as shown in
Fig 2.The figure 2, using ASTMC878 test
method, however shows an early expan-
sion generated by PrimeDC reaction. This
expansion hastobe consistentintimeand
from site to site, independent of the ambi-
ent temperature, so that other admix-
tures and proprietary site techniques are
usedtoregulateitinsettingtime, harden-
ing and also to obtain the desired
workability of thefinalconcrete.

Figure 2 shows also that at infinite
time, the concrete sample remains in
compressionalthoughthisisa5facesdry-
ing prismatic specimen in a 50% relative
humidity atmosphere, thus much more
demanding than a one face drying slab on
ground. The shrinkage of the slabis elimi-
nated, thus a zero shrinkage concrete,
since construction joints at 60m distance
apart remain closed after one year and
longer.

The main advantage of the zero-
shrinkage concept is to protect the slab
from random cracking since it cancels
the adverse effect of the drying shrinkage:
crack free slabs become feasible and
thanks to the steel fiber reinforcing, the
tensile strength of the slab concrete be-
comes aviable property that the designer
canrelyon.

Also the cancellation of the curling
along the edges makesthe slabin fulland
permanent contact to the grade so that
negative moment cracking along the
jointsandedgesisnolongeracritical load-
ing case to consideranymore.

Construction joints that are needed to
separate two consecutive pours remain
closedinusualtemperature conditionsin-
side a building, so that the load transfer
fromoneslabtothenextistotal.

As the drying shrinkage is cancelled,
it is possible to tie the construction joints
without any adverse effect like wild ran-
dom cracking.

The user sees that type of floor as be-
inglikeinfinite so that the forklifttrucksen-
joy a completely smooth ride without
bumpsateachjoint.
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Case Studies

Since the year 2007, approximately
1.1 million m? of SFRC zero-shrinkage
slabs have been successfully completed
to the full satisfaction of the customerand
theend-user.

With a normal shrinkage concrete
slab as described in the introduction, a
minimum thickness of 150 mm should
have beenneeded.

When using a zero-shrinkage slab, as
full continuity is obtained across the con-
struction joints, the only loading case to
verify is that of the centre point loading.
The edge and corner cases of point load-
ing do not existanymore. Against the per-
imeter wall, there is indeed no traffic and
the shelves are only loaded on one side
thusatthe half of the fullintensity.

Between two adjacent buildings, the
very edge of each slab is subjected to the
full traffic intensity: a local thickening of
the slab at 30-degree angle and without
stepping, isacommon solution.

REDUCTIONSIN CO2 EMISSIONS

Table 1providesstatisticson the aver-
age thicknesses (weighted by area of indi-
vidual slabs] and total areas of Prime
Composite and other concrete slab on
grade systems cast between January and
August 2012 by SIA Primekss. Other slab
on grade systems included simple
welded-wire mesh reinforced slabs with
saw-cutjointandtraditional steelfiberre-
inforced jointless floors. Prime
Composite slabs had an average thick-
ness of 11.8 cm, including 10,800 m2



Prime Composite slab with 18 cm thick-
ness designed for point loads of 200 kN.
Alternative slab systems were approxi-
mately 46% thicker with a weighted aver-
age thickness of 17.2 cm. Nearly twice the
area of Prime Composite slabs were cast
compared to other slab solutions with
only approximately 31% additional con-
crete volume. If Prime Composite slabs
were replaced with other systems i.e., us-
ingthe averagethickness of otherslab so-
lutions) an additional 20,600 m? of con-
cretewould be needed or43,170m® of con-
crete in total. CO,-emissions related to
the production of portland cement occur
at rates between 0.6 and 1.0 tons CO,/ton
cement, with the weighted average in
2005 being 0.83 tons CO,/ton cement. In
the following calculations, CO,-
emissions relatedto PrimeDC production
areassumedtobeidenticaltoportland ce-
ment, which is likely a conservative as-
sumption as production of PrimeDC re-
quires a lower kiln temperature and less
calcium carbonatethan portland cement.
On average, the total cementitious

content of Prime Composite i.e., portland
cement and PrimeDCJ is nearly identical
tootherslab systems. Current production
totals presented in Table 1 result in ce-
ment-related CO2-emission rates of 28.9
kg CO,/m?for PrimeComposite slabs and
42.1 kg C02/m2 for saw-cut and tradi-
tional jointless floors. This accounts for
more than 31% reduction in CO, per area
of slabplaced.

Typicalreference projects:

15,900 tons of portland cement and re-
duced Primekss' carbon footprint of ap-
proximately 12,585tons of Co,.

Comparisons presented to this point
are focused on the quantities of cement
used. However, secondary sources of
CO,-emission reduction are likely con-
siderable, for example reduced transpor-
tationand steeldemand.

From January to August 2012,
PrimeComposite slabs resulted in a
20,600 m® reduction in required concrete
volume. Delivery of this volume of con-
crete would involve between 2060 to 3430
truckloads, depending on drum volume.
As discussed in the introduction section,
average fuel economy for concrete trucks
was 1.52 km/L in 2006, and diesel fuel
combustion emits 2.66 kg CO,/L diesel.
Assuming a one-way delivery distance of
10 km, approximately 166-277 additional
tons of Co, would have been emitted dur-
ing an 8-month period. Additionally, up to
15,450 m® of aggregate and CO, emis-
sions related to production and transpor-
tation were saved as typically 75% of the
volume of concrete consists of aggregate.

Afurtherreduction of the carbon foot-
print of Prime Composite slabs is pro-
vided by the minimization of reinforcing
steel. Traditional jointless slabs require a
minimum reinforcement ratio of 0.5% in
both directions. Assuming the average
thickness of these slabs in Table 1, a total
of 13.4 kg of reinforcing steel is required
per square meter of slab (As =0.5% x 172
mm x 1000 mm x 2 = 1720 mm?/m, 1720

Norwegian Post Office
warehouse 42000 m2
John Deere, Marsta 15000 m2
(Sweden)
MAP high storage
(Sweden) A iz
Unil Logistic Center
(Norway), 15 690 m2

110 mm 2"7lga'$‘ng°im
100 mm 2 x 50 kN
150 mm 2x 112 kN
120 mm 2 % 75 kN point
loading

According to internal documentation
a total of approximately 1,100,000 m? of
PrimeComposite slabs on grade have
been placed to date. Based on the thick-
nesses shown in Table 1,
PrimeComposite (compared to other slab
systems) has saved of approximately

mm?2/m x 7800 kg/m?® = 13.4 kg/m? slab).
The steel fiber dosage from the full-scale
resultsinsection3,35kg/m?andtheaver-
age thickness of PrimeComposite slabs,
11.8cmyields a steel consumption of only
4.1 kg steel per square meter of slab. As
steel production typically emits in excess

of 1 kg CO, per kg steel, a further reduc-
tionof nolessthan 9.3kg CO,/m2ofslabis
realized.

Thesavingsin CO,arerespectively for
the cement of (42.10kg/m?-28.9kg/m? =
13.2kg/m?), for the steel reinforcing of
(13.40 kg/m?- 4.10kg/m? = 9.3kg/m?) so
that the total saving is of 13.2kg/m? +
9.3kg/m?=22.50kg/m?.

Considering the reduced volumetric
demand for cement and steel of Prime
Composite slabs, CO, emissions are re-
duced by 22.5kg CO, or 40.5% per square
meterofslab.

Table 1 Statistics on Prime
Composite and other slab on grade sys-
tems according to internal documenta-
tion.

Avg. A t Concrete
Slab type thickness reacas volume
cm m’ m3
Prlme‘ 11.8 250,984 29,616
Composite
Other 17.2 131,220 22,570
Table.1

CONCLUSIONS

Results presented in this article con-
clude the following:

- Using the proprietary additives
PrimeDC and PrimeFlow control
shrinkage of concrete, allowing for
jointless slabs sections with areas
up to 6500 mZ Shrinkage cracking,
curling, and joint opening are signif-
icantly reduced or eliminated

Full-scale testing of
PrimeComposite slabs indicated a
100 mm thick slab, with sufficient
quality sub-grade, supports point
loadsupto 115 kN.

CO, emissions are reduced by no
less than 40.5% by replacing tradi-
tional concrete slab systems with
Prime Composite.*
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