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High-Volume SCM Grouts for Masonry

By Jamie Farny

/\/\ asonry has a long performance his-
tory as a durable, economical, and
attractive building system. It has been used
successfully in all climates and can serve as
both the structural system and architectural
finish. Construction today requires materi-
als that are easy to use and have dependable
performance, so manufactured masonry
units that have uniform size and properties
are much more common than natural (stone)
units. Similarly, portland cement-based
mortars and grouts are preferred for their
consistent setting and strength characteristics.
Portland cement is found in mortar, in grout
(when used), and may be an ingredient in units.
With the push toward sustainability, materials
such as fly ash are increasingly finding their way
into masonry materials, especially by reformu-
lating grout mixtures to include both portland
cement and fly ash. Targeted research was under-
taken to learn whether mixtures confaining high
volumes of supplementaryeementitious mate-
rials (SCMs) could still {produce the required
strength for grout. This articlessummarizes the
results of many years of research on this topic.

SCMs for Masonry Grout

Grout is a fluid mixture of cementitious mate-
rials and aggregate for use in fully or partially
grouted masonry construction. The cementi-
tious materials typically include portland or
blended cement, fly ash, and slag cement.
Conventional grout is made fluid by the addi-
tion of water, whereas self-consolidating grout
(SCQG) relies on chemical admixtures (and
sometimes high powder contents) to achieve a
highly flowing state. Grout fluidity is impor-
tant to ensure uniform filling of block cells,
which often contain reinforcing bars that may
impede the flow of material. There is little
distinction between conventional grout and
SCG in the hardened state. The standard that
guides the production of both conventional
grout and SCG is ASTM C476, Standard
Specification for Grout for Masonry.

TMS 402/602, Building Code Requirements
and Specification for Masonry Structures,
requires that grout compressive strength (at
28 days) be a minimum of 2000 psi or equal
the compressive strength of masonry, which-
ever is greater (TMS 402/602 2016).

This article focuses on conventional grouts
formulated with portland cement plus high

volumes of fly ash and slag cement, both of
which are considered SCMs. Replacing a
portion of cement with SCMs helps reduce
the environmental impact of the grout. For
concrete masonry systems, grout mixtures are
the best opportunity to introduce SCMs; the
most common SCMs for this purpose are fly
ash and slag cement. Prescriptive requirements
of ASTM C476 allow for fly ash to be used
up to the limit specified for an ASTM C595
portland-pozzolan cement (Type IP), which
is 40% by mass of cement. For ASTM C595
portland blast-furnace slag cement (Iype1S),
the limit for slag is70% by mass of cement.
Researchers bélieved theycould exceed those
limits (which C476 allows by, the specified
compressive strength method)‘and still pro-
ducetan appropriate grout strength.

[mpacts on Fresh and

Hardened Properties

Fly ash and slag-éement typically impact both
fresh apd-hatrdened properties of concrete and
grott. The effects of SCMs on hardened prop-
erties depend on several factors, including the
composition and amount of SCM, the chem-
istry of the cement, the mixture proportions,
and temperature during construction and
curing. Each of these considerations should
be well understood so that specifiers make
informed decisions about SCM usage.

There are two classes of fly ash; Class C has
both pozzolanic and cementitious properties,
and Class F has only pozzolanic properties.
The research described in the studies noted
here all used Class F fly ash. Because Class F
and C fly ashes behave differently in certain
aspects, it is important to know whether you
are using Class F or Class C when formulating
grout mixtures.

All fly ashes and slag cements improve the
workability of grout. Class F typically delays
setting time and results in slower strength gain
at early ages. Class C may increase or decrease
setting time but does not have much impact
on early-age strength gain. Both Class F and
C contribute to better long-term strength.
Slag cement also increases setting time. In
concrete, Class F is often dosed at 15% to
25% and Class C is used at dosages of 15%
to 40% by mass of cementitious material.

The pozzolanic and cementitious properties
of SCMs influence the temperature during
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Fly ash is a by-product of the combustion
of pulverized coal in electric power
generating plants. Fly ash for use in
grout must meet requirements of ASTM
C618, Standard Specification for Coal
Fly Ash and Raw or Calcined Natural
Pozzolan for Use in Concrefe. Slag
cement, previously known as ground,
granulated blastfurnace slag (GGBFS),
is the glassy material formed from molten
slag produced in blast furnaces as a
byproduct of the production of iron used
in steelmaking. Slag cement must meet
ts of ASTM C989/CO89M,
ification for Slag Cement
ncrefe and Moriars.

congtrugtion and curing. Class F fly ashes are
likelypto be more affected by cold tempera-
tures, furcher slowing strength development.
Class C fly ashes and slag cement are less
affected by cold temperatures. It is impera-
tive to understand the effects of the fly ash
on the curing of the grouted masonry wall, as
the potentially slower strength gain needs to
be factored into the construction sequencing.
It is also possible that cold weather protec-
tion may need to be extended, although
there is no code requirement mandating this.

Performance of Grouts
with SCMs

For grouted masonry, researchers wondered if it
would be possible to add much higher dosages of
SCMs to grout (known as “high-volume” substi-
tutions of fly ash or slag cement) to reduce the
environmental footprint of the wall while main-
taining its performance. Researchers looked at
varying dosages of SCMs (including by weight
and by volume percentages), different combina-
tions of fly ash and slag cement, the influence
of dry and wet curing, and age at testing to
determine limits at which effective performance
could still be maintained. Fonseca and Siggard
(2012) found that grouts with up to 40% Class
F fly ash, and 80% Class F fly ash plus slag
cement, perform as well as conventionally pro-
portioned masonry grouts. The same study also
found that 60% fly ash and 85% fly ash-slag
mixtures can achieve the minimum required
compressive strength of the grout mixture at
56 days, which can be an option for structures
that will not be loaded until later ages.

Fonseca and Siggard described five phases of
research into SCM replacement grout:

* Phases I and I1: 0% — 60% fly ash

(Figure 1)
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Figure 1. Phase I and 11 grouts that contained up to 60% replacement of portland
cement with Type F fly ash. All mixtures that contained up to 50% replacement with
Type F fly ash developed a compressive strength of at least 2000 psi at 28 days.

* Phase III: 50% — 80% fly ash plus slag
cement (Figure 2)

* Phase IV: 45% — 65% fly ash (Figure 3)

* Phase V: 65% — 85% fly ash plus slag
cement (Figure 4)

As part of their research, grout was cured under.
both wet and dry conditions for the Phase I
mixes (CMACN 2009). With little-observed
difference between wet- andidry-cured strengths,
grout mixtures for Phase II and subsequent
Phases were only wet curedwihe results show
that grout with replacement of 50% (by volume)
of the portland cement withyasType F fly ash
meets the minimum requirements of the build-
ing code at 28 days (2,000 psi). At between 42
and 56 days, all mixture proportions with up
to 50% replacement equaled or exceeded the
strength of the baseline mixture that contained
100% portland cement. It is interesting to note
the significant drop-off in the strength of the

Compressive strength - Phase IV grouts

fly ash mixture thagreplaced 60% of the port-
land cementCwhich indicates the importance
of knowing local materials and\doing testing
so that grout properties are well understood.

Phage I1Iigrouts were also wet cured (Figure
2). Here, fly-ash was dosed at 25% replacemeént
of cement by\weight, with fly ash-plus slag at
50%, 60%, 70%, and 80%-portland-cement
replacement. All of thes& mixtdres were able to
achieve the minimum-2000 psi grout compres-
sive strength.at28 days.

Summary

Masonry construction offers numerous ben-
efits. Properties include long life, durability,
and strength. Resilience has been growing
in importance as people recognize that the
current focus of building codes is life safety
and that it is possible to strengthen codes so

it o £l .
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Figure 2. Phase I1I grouts achieved whe required minimum compressive
strength of 2000 psi by 28 days. Note: \FA = fly ash; GGBFS = ground
granulated blast furnaceSlag.

that\wéjalso protect property in the face of
manytypes of disasters.

High-volume SCM grouts, described in the
research discussed here, achieved the required
compressive strength within typical construc-
tion ages. The key benefit of this approach is to
enhance masonry’s environmental footprint by
replacing a portion of the portland cement in
the grout with SCMs. No matter how masonry
is built, it is a cost-effective, safe, and attractive
system for a wide range of applications.=

The online version of this article
contains detailed references. Please visit

www.STRUCTUREmag.org.

Jamie Farny is the Director of Building Marketing
with the Portland Cement Association.

He can be reached at jfarny@cement.org.
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Figure 3. Phase IV. High-volume fly ash grouts for masonry, containing up to 65%
replacement of portland cement with Type F fly ash, can achieve appropriate grout
strength of 2000 psi, but that this may not occur before the age of 28 days.
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Figure 4. Phase V. High-volume fly ash plus slag cement grouts for masonry,
containing up to 85% replacement of portland cement with Type F fly ash and
slag cement, can achieve appropriate grout strength of 2000 psi, but that this
may not occur before the age of 28 days.
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