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Analysis of High Replacement Fly Ash in Masonry Grout
Second Test Program

In June of 2009, CMACN initiated a second
test program to determine a possible maximum
amount of Fly Ash that could be incorporated
into a masonry grout mix proportioned by
weight; rather than proportioned by volume (as
outlined in Table 1 of ASTM C 476) in our initial
test program. The ynal test results of the yrst
test program are shown in Graph A0 (see page
2). The base-line grout mix design for our new
program was proportioned by weight to meet the
requirements of the 2007 California Building
Code (CBC) 2103A.12.2. The base-line mix
design used 564 pounds of cement per cubic
yard of grout.

Twining Laboratories was again selected to
prepare the samples and perform all of the tests
required by the test program. Twining was
selected due to their experience with our initial
test program and a similar program initiated by
the California Department of Transportation
(Caltrans) to test high volumes of Supplemental
Cementitious Materials (SCM) in their Portland
Cement Concrete paving materials.

A cubic foot of Fly Ash weights approximately
twenty pounds less than the equivalent volume
of Portland cement. When batching by weight
that is not much of a problem. The designer of
the mix removes a certain weight of Portland
cement and replaces it with an equivalent weight
of Fly Ash. The volume of the mix is balanced by
reducing the amount of yne or course aggregate.
It took some time, but Twining was able to create
consistent grout mix batches based on weight as
outlined in CBC 2103A.12.2.

The test program required fabrication of 144 test
specimens. Creating that amount of specimens
with the traditional pinwheel method would
have been very cumbersome, requiring a large
number of CMUs and a signiycant amount of

lab poor space. To simulate the absorption of
water from the grout mix, and curing of grout in
concrete masonry units, the specimens were cast
in the cells of 80X80X160 concrete masonry units.
Each specimen was saw cut out of the concrete
masonry units with a wet diamond saw a couple
of days before testing.

All samples were cured in a moist room
complying with ASTM C 511. Each mix design
sample included six sets of three specimens that
were tested at 7, 14, 28, 42, 56, and 180 days.

Results to date are interesting and can be found in
Graph fiB0 (see page 2). Each mix design has now
been tested at 28 days. Results show that the base-
line grout mix batched by weight and meeting the
requirements of CBC 2103A.12.2 exceeds by
two times the minimum grout strength required
by the building code. Even the mix with 50%
replacement exceeds 2,500 psi at 28 days. It is
also interesting to note again the signiycant drop
off in strength with the grout mix that replaced
60 percent of the Portland cement with Fly Ash.
The Caltrans test program only replaced up to 50
percent of the Portland cement with SCMds so
they have been very interested in this apparent
reduction in strength.

CMACN will continue to keep you updated with
the results of the second test program. 180 day
tests will be completed in mid June 2010. The
initial test program has been compiled into our
latest fiMasonry Chronicles,0 which has been
mailed to all architects and engineers in California
and Nevada and can be found on the CMACN
website.

Continued on Page 2



TEST PROGRAM

Analysis of High Replacement Fly Ash in Masonry Grout
Second Test Program, Continued

Graph A

Grout Strength - Fly Ash Replacement
Batched by Volume, Table 1 - ASTM C476
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Graph B
Grout Strenqgth - Fly Ash Replacement
Batched by Weight
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