Win an iPod! Eat steak! Amaze your friends!

Jared McCarthy

Summertime—Time for another dip in the pool and another
grand and glorious giveaway! Hidden somewhere in this photo is
a picture of the Canadian and American flags as seen on page 8.
Find the flags and give us their coordinates (Like B-17 or J-4). Put
your answer on the reply card inside and send it in for your chance
to win. Random drawing of correct answers to be held on Sep 30,
2006. (If you don’t win the iPod, you might be one of two lucky
Omaha Steaks winners!)
Of course, there are the usual disclaimers like employees of
L&M Construction Chemicals can’t enter and that prizes may be
substituted and that winners won’t go on to the final round of
American Idol—but who reads that stuff anyway. ‘Nuff said. Go
find the flags!
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Congratulations to the previous winners! iPod winner: Brent Streibig, Streibig & Haarmeyer, Inc., Cincinnati, OH
Omaha Steaks Winners: Robert Wallace, RM Wallace Associates, Henderson, NV • Muhammed Dikko, Sizemore Group, Atlanta, GA
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The President’s
Corner
—Greg Schwietz, President,
L&M Construction Chemicals

As I ponder my rare opportunities to muse and speak to you
about our industry in general, and concrete specifically, I realize
how important our Concrete News Magazine has become to that
end. To many of you L&M Concrete News has become an
important vehicle for you to learn more about concrete and to meet
some of the most knowledgeable people in our industry, people
who can improve your experience with concrete.
In this issue we are grateful to have two new guest writers, but
ones that are already known to many of you. Quite a few months
ago I had the opportunity to hear Dr. Kim Basham give one of the
most comprehensive presentations about concrete cracking that I
had ever heard. He provides a very informative summary of that
talk inside this issue.
In addition, I asked the ever present and informative Bruce
Suprenant to speak to us regarding the growing availability of ACI
Certified Concrete Finishers. Concrete has the unique property of
being one of the few “job fabricated” materials left. So, what you
get on your project today has a lot to do with the concrete mix
design, the weather, and most importantly, the installing contractor.
ACI has done a huge favor to the construction industry by
providing a training and certification program for concrete
finishers. If you believe, like I do, that a trained employee is a
better employee, there is strong reason to require ACI certified
finishers on your projects.
Phil Smith is at it again….Debunking more myths and
misconceptions regarding the fabulous claims and disclaimers of
chemical densifiers, hardeners and sealers. His informative article
serves to blow away some of the smoke and correct some
misleading conclusions that may be drawn from some common
misconceptions surrounding these important products.
This issue marks L&M's 45th year in the business. Started in
1961 by my father, Larry Schwietz, with Debond Form Coating, we
continue to strive to be your preferred source for concrete
information and products that will assist you in your next concrete
project.
Sincerely,

Greg
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JimVlcek, Editor

Continuing Education
The American Institute of Architects (AIA) has recognized
L&M Construction Chemicals as a registered Passport Provider.
Under the provisions of the AIA Continuing Education System
(CES), the L&M programs listed below are accredited based on
contact hours. Many holders of professional engineering and
architectural licenses have found these programs helpful in
meeting the professional development hour requirements for
license renewal. These programs will be conducted at your
company’s office to eliminate travel time. L&M currently offers
AIA/CES registered programs on the following subjects:
Concrete Basics is a one-hour program addressing the
interaction of materials used in concrete.
Concrete Concepts is L&M's most in-depth program. It
covers both the course material of Concrete Fundamentals in
greater detail and an additional section on superflat floors.
This is a four-hour program.
Structural Grout addresses the specification, placement and
application of non-shrink cementitious and epoxy grouts.
This one-hour program discusses the latest specifications
from ASTM and state-of-the-art placement technology from
ACI.
Concrete Problems and Solutions is a popular one-hour
program that discusses the causes and solutions for the most
common problems that occur in concrete. Among the topics
covered are cracking, dusting, delamination and bug holes.
Flat Floors is a one-hour program covering the construction of
flat and super-flat floors, the F-numbers system, and the rules
for obtaining flat floor measurements. The finishing
techniques that are required to produce a superflat floor are
also covered here.
Myths and Misconceptions is a quick-moving program that
addresses the characteristics and chemical makeup of
chemical hardeners. This one-hour program also covers the
“near surface wear zone,” the causes and cures of micropitting, installation methods and the optimum time of
application. Other topics in this program include the use of
chemical hardeners with shake-on floor hardeners, and
placement techniques found to ensure maximum protection.
Bare Concrete Floors presents the many possibilities of
concrete as a natural, durable and aesthetical wear surface.
This one-hour program briefly addresses the how-to's of
chemical hardeners and the exciting possibilities of concrete
staining and polishing. Also, included is a thorough discussion
of the maintenance savings of concrete floors over vinyl
composition tile and thin film coatings.
Each of these classroom programs is designed to benefit both the
novice and experienced user/specifier about concrete and its
properties. Thanks to the effective use of PowerPoint® and a
comprehensive workbook, each program is fact-filled and fast-paced.
L&M welcomes your inquiries about its AIA (CES) Passport Provider
programs. These classes are also available for regional or local chapter
meetings.
For more information contact Phil Smith at the L&M corporate
offices in Omaha, Nebraska at (800) 362-3331,
or e-mail Philsmith@lmcc.com.

Block USA staff in Theodore Alabama Top Row Left to Right: Mike Robbins and Kevin Vogler, General Manager Gulf Coast Division. Bottom Row, Left to Right: David
Holcomb, Dan Pruett, Bob Mestre, Scott Beech, Yvette Dykes, Michael Milling, Montez Tolbert, Joanne McMillan, Vicki Robinson, James Camp, Steven Tomaszewski, Theo Harris

Block USA: L&M Partners growing rapidly in the Southeast
“We looked a long time for a concrete
chemicals supplier for all of our company
locations. We needed to find someone
who would consistently deliver
competitive pricing, quality of product
and reliable delivery; someone who would
take care of our customers needs and
basically do what they say they'll do. We
found one in L&M,” commented Bill
Holden, president, Block USA. “The
people at L&M are good folks and we
have enjoyed a good relationship with
them over the years. I am especially
impressed by how L&M invests its time
and energies with us in its educational
seminars. L&M has really helped our
staff gain a valuable knowledge base and
competitive edge when dealing with our
customers. Their technical service folks
are always available to answer our
questions relating to product and
application…Our customers appreciate
that!”
Vicki Robinson, Construction
Products manager for Block USA, Gulf
Coast Division, commented, “I have
worked with L&M for over 20 years,
previously with long-time Mobile
(Alabama) area construction products
supply companies, including Underwood
Builders Supply and Bayou Block &
Specialty, which was later sold to Block
USA.

www.lmcc.com

Vicki continued, “L&M really helps us
help our customers. I remember a couple
of years ago I had a contractor in trouble
on a large parking deck. Due to some
uncontrollable weather (wind and
temperature) circumstances, the deck
joints had moved away from each other,
causing the floor drains to shift. I worked
with my customer and L&M to plan a
project saving repair. We selected
DURACRETE, L&M's popular, polymer
modified repair product, to salvage and
repair the job. Once the product was
selected, L&M quickly came to the rescue
for the contractor, with the jobsite
delivery of a large quantity of product.
The contractor successfully repaired the
“...We needed to find someone who would
consistently deliver competitive pricing, quality
of product and reliable delivery; someone who
would take care of our customers needs and
basically do what they say they'll do.
We found one in L&M.”
—Bill Holden, President, Block USA

problem with DURACRETE and saved
the job! Based on that experience we now
recommend DURACRETE as our
standard concrete repair product for all
types of distressed or deteriorated
concrete surface repairs. Some of our
customers won't use anything else. They
love it.”

“All of us here at Block USA enjoy
working with the people at L&M—it's a
great relationship!” concluded Vicki.
Over 2,500 employees make up the
USA Group, which consists of Block
USA, and Ready Mix USA. Its current
locations are found throughout six states
in the southeastern USA: Arkansas,
Tennessee, Mississippi, Alabama, Florida
and Georgia. In addition to L&M
products, Block USA features a full line of
concrete construction products, masonry
products, concrete pavers and segmented
retaining wall blocks. The USA Group
also includes seven aggregate plants and a
precast concrete plant.
L&M products are currently stocked at the
following locations:
Mobile, Birmingham, Dothan, Phenix City,
Alabama, (Columbus, GA); Metropolitan
Atlanta, Georgia (5 locations);
Jackson,
Mississippi, and Panama City, DeFuniak
Springs and Pensacola, Florida.
To contact Block USA and Vickie Robinson, call
Vicki direct in Mobile at 251-443-2049.
You can also visit their website at
www.specblockusa.com.
L&M's regional sales representatives
supporting Block USA are
Lowndes Whatley (GA) • 770-777-9879
Derek Simon • 601-668-4074
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Guest Writer

KimBasham PhD, PE

It happens. Here’s how to fix it.
Photo 1.
Technician is injecting
epoxy through ports into
cracks. Entry port
spacing depends on
crack width, type of
epoxy, and thickness of
concrete member. The
surface seal (epoxy
paste) contains the
liquid epoxy during
injection and curing.

Photo 2.
Grinders with special
blades V or square
shaped called “crack
chasers” routes out
sealant reservoir. Small
diameter blades can cut
smaller radii so they can
chase the crack better
than larger diameter
blades.

Photo 3.
Before repair - random
dry shrinkage crack in
polished, integral
colored floor.

Photo 4.
After repair: crack
sealed using a two-part
polyurea, colored sand
and powered coloring to
match integral colored
concrete. To minimize
crack width repair, so
sealant reservoir was
used. Reservoir not
required for dormant
cracks.
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Concrete cracks and that's a fact!
Because of this reality, sometimes we
need to repair cracks. But with so
many options, how do we choose the
best repair procedure? It's not as
hard as you may think.
After
investigating the cracks and
establishing the repair objectives,
selecting the best repair method can
be easy.
This summary of crack repair options
includes
• epoxy injection,
• routing and sealing,
• stitching and doweling,
• gravity filling,
• polyurethane injection,
• dry packing,
• overlays and surface treatments,
• autogenous healing and
• “no repair.”

Investigating Cracks
Investigators typically collect and
evaluate lots of crack information.
Commonly, they evaluate the number and
location of cracks, crack patterns
(horizontal, vertical, diagonal, eggshell,
etc.), crack lengths, widths and depths, age
or time of occurrence, and reinforcement
details including the size and number of
bars passing through cracks plus the
concrete cover. All this information is
important when considering repair options,
but one of the keys to selecting the best
repair procedure is determining whether the
cracks are active or dormant.
Active cracks are moving and growing.
Examples include cracks resulting from
continuing foundation settlement, or cracks

acting as contraction and expansion joints.
Dormant cracks are stable and future
movements are not anticipated. Typically,
cracking caused by drying shrinkage will be
active cracks at the beginning but eventually
stabilize and become dormant. Also, if
there is enough reinforcing crossing
through the crack, future movements are
controlled and the crack can be considered
dormant.
Once a crack is determined to be either
active or dormant, these basic repair
procedures are indicated:
• For dormant cracks, use either rigid
or flexible repair materials.
• Active cracks require flexible repair
materials and special design
considerations to allow for future
movements. Using a rigid repair
material for active cracks typically
results in cracking of the repair
material and/or the adjacent concrete.

“ Before selecting a repair option,
identify the cause and consider
the significance of the cracking.”
Of course, it is important to establish
the cause of cracking and to determine if
the cracking is structurally significant or
not. Cracks that indicate there may be
design or construction errors and raise
concerns regarding the load-carrying
capacity and safety are structurally
significant. Cracks can be the first signs of
serious trouble or they may be the total
extent of the damage and insignificant with
regards to the load-carrying capacity of the
member. Cracking can be load-induced or
related to intrinsic volume changes such as
drying shrinkage, thermal expansion and
contraction and may or may not be

significant. Before selecting a repair option,
identify the cause and consider the
significance of the cracking.
Repairing cracks caused by design and
construction errors is beyond the scope of
this article. Such a situation typically
requires a comprehensive structural analysis
and special strengthening techniques.

3) Is the repair a cosmetic repair?
Once these questions are answered, it is
easy to select one of the following repair
options.

Photo 5.
Polyurethane injection is
primarily used to stop
water leaks. Here the
technician is pumping
resin through ports to
seal water leaks around
steel pipe.

Crack Repair Options

The L&M Certified Applicator/Installer Program:
Epoxy Injection
Epoxy injection bonds or welds cracks
as narrow as 0.002 inches together and
restores concrete soundness and integrity.
Photo 6.
This method consists of installing injection
Dry packing a low-water
ports into drilled holes at close intervals
cement
mortar into a
Schwietz,
President,
Construction
Chemicals.
along horizontal,
vertical L&M
or overhead
widened crack is an
economical repair
cracks and pressure-injecting epoxy. Cracks
option for wide, dormant
injected with epoxy need to be dormant and
cracks.
not actively leaking. While moist cracks can
be injected, water or other contaminates will
reduce the effectiveness of the epoxy repair.
(PHOTO 1)

The Benefits and Requirements

Repair Objectives

Repair objectives for cracks commonly
include
A candid interview with Greg
• Restoring the structural soundness or
integrity of a concrete member,
• Stopping water leaks or sealing out
water and other harmful elements such
as deicing chemicals, and
• Improving the appearance of the
crack are common repair objectives.
Considering these objectives, repairs
can be loosely divided into three categories:
1) Integrity repairs (restores the
member to the original strength),
2) Crack sealing, and
3) Cosmetic repairs.
With the popularity of architectural
concrete in recent years, the demand for
cosmetic crack repairs is growing.
Sometimes integrity repairs and crack
sealing are required to be cosmetic repairs
too. Before selecting the repair technique,
be sure to clearly establish the objectives of
the crack repair.

In summary, there are three
key questions that must be
answered before the best repair
option can be selected:
1) Are the cracks active or dormant?
2) Is the repair an integrity repair or
crack sealing?

“ Before selecting a repair
technique, be sure to clearly
establish the objectives of the
crack repair. ”
Tensile strengths for epoxies exceed
5,000 psi. For this reason, epoxy injection is
considered an integrity repair. Epoxy
injection will not restore design strengths
nor strengthen cracked members damaged
because of design or construction errors.
Seldom will injecting cracks with epoxy
resolve issues associated with load-carrying
capacity and structural safety concerns.
Epoxy injection is a rigid, full-depth
repair where the injected crack will be
stronger than the adjacent concrete. If
active cracks or cracks acting as contraction
or expansion joints are injected, expect
other cracks to form next to or far away
continued

www.lmcc.com

Photo 7.
Thin polymer-modified
cement overlay can be
used to seal multiply
surface cracks in slabs
and pavements. Special
design consideration
must be given to active
cracks and joints to
avoid reflective cracking
through the overlay.

about the author:
Kim D. Basham, PhD, PE
Senior Structural Engineer
Registered Professional
Engineer: WY, CO, AZ
Contact Information
Concrete Engineering
Specialists, LLC
1716 Capitol Avenue
Cheyenne, WY 82001
307/635-7240
Email: kbasham@ConcreteES.com
www.ConcreteES.com
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Crack Repair
Figure 1:

Sealant Reservoir
Shape Factors
Increasing the width versus depth will
increase the sealants ability to tolerate future
crack moments. Use 1:1 to 1:2 shape factors

Summary
Summary of
of Crack
Crack Repair
Repair Options
Options
Repair
Repair Method
Method

Active
Active Cracks
Cracks Dormant
Dormant Cracks
Cracks Integrity
Integrity Repair
Repair

Crack
Crack Sealing
Sealing

Epoxy
Epoxy
Injection
Injection

Stitching and Doweling
Stitching involves drilling holes on both
sides of the crack and anchoring U-shaped
metal staples with short legs across the crack
as shown in Figure 3. Doweling consists of
drilling holes and anchoring straight steel
dowels at a 45 degree angle through the crack.
Stitching can be used for slabs with any
thickness but doweling only works for 6-inch
or thicker slabs. Because stitching and
doweling restores the tensile strength across
the crack, they are integrity repairs. Either
rigid or flexible materials can be used to seal
the cracks and staples.
Both repair
techniques will stabilize an active crack and
may cause the concrete to crack elsewhere,
especially if the repaired crack was acting as a
contraction or expansion joint.

Routing
Routing &
&
Sealing
Sealing
Stitching
Stitching &
&
Doweling
Doweling

Concrete
Sealant

1:2 (½)

Table
Table 1:
1:

Gravity
Gravity
Filling
Filling
Max Strain = 32%

Polyurethane
Polyurethane
Injection
Injection
Dry
Dry
Packing
Packing

1:1 (1)

Max Strain = 62%

Overlay
Overlay &
&
Surface
Surface Treatments
Treatments
Autogenous
Autogenous
Healing
Healing

2:1 (2)

300:1 (½)

Max Strain = 94%

Max Strain
> Strain Capacity

(6” slab with full-depth 0.020 crack)

Figure 3:

Stitching & Doweling

Stitching
Stitching
Dowels

• Place staples in random fashion.
• Holes drilled in epoxy or grout to anchor
staples into concrete.

Stitching
Stitching
Dowels

• Place dowels at 45O angle in random fashion
• Holes drilled at 45O angle through crack. Use
epoxy or grout to anchor dowels into concrete.
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from the repaired crack. Only inject dormant
cracks or cracks that have sufficient amounts
of reinforcing crossing the crack so future
movements are restrained.
Table 1
summarizes the important selection features
of this and the other repair options.
Routing and Sealing
This is the simplest and most economical
means to repair isolated, fine and large cracks.
It is a nonstructural repair that consists of
enlarging the crack and filling it with a suitable
joint sealant. Depending on the size and
shape of the sealant reservoir and the type
sealer used, routing and sealing can seal both
active and dormant cracks. This method is
ideal for horizontal surfaces but can also be
used for vertical, overheads and curved
surfaces.
Appropriate sealants include epoxies,
urethanes, silicones, polyureas, asphaltic
materials and polymer mortars. For floors,
designers must choose a sealant with suitable
flexibility and hardness or stiffness properties
to accommodate both the anticipated floor
traffic and future crack movements. As the
flexibility of the sealant increases, tolerance
to crack growth and movement increases but
the load carry-capacity of the sealant and
crack edge support decreases. As the
hardness increases, load carry-capacity and
crack edge support increases but the crack
movement tolerance decreases. For dormant
cracks, harder sealants are preferred because
of the better edge support. For active cracks,
flexible sealers are preferred but the loadcarrying capacity of the sealant and crack
edge support should not be sacrificed.
Some designers prefer to err on the side
of specifying a sealant that is too hard so that
any crack repair failures, if they occur, are

As discussed, the larger reservoir will tolerate
more crack growth. Figure 2 shows several
sealant reservoir configurations. (PHOTO 2
& 3)

limited to sealant cracking or tearing.
Resealing a sealed crack is easier than
repairing crack edge spalling.
For active cracks, the size and shape factor
of the sealant reservoir is just as important as
selecting a suitable sealant that can
accommodate the anticipate crack
movements. The shape factor is the depth to
width ratio of the sealant reservoir. In
general, recommended shape factors are 1:2
(½) and 1:1 ( See Figure 1). Reducing the shape
factor (by increasing the width relative to the
depth) will decrease the maximum sealant
strain caused by crack growth. As the
maximum strain is reduced, the amount of
crack growth the sealant can tolerate
increases.

“ For active cracks, flexible
sealers are preferred, but the
load-carrying capacity of the
sealant and crack edge support
should not be sacrificed. ”
As shown in Figure 1, the maximum
strain in the sealant increases as the shape
factor increases. For a 6-inch thick slab with a
full-depth 0.020 inch crack, the shape factor
without a sealant reser voir is 300
(6.0”/0.020” = 300). This explains why
active cracks sealed with a flexible sealant
without a reservoir commonly fail. Without
the reservoir, the maximum strain quickly
exceeds the tensile capacity of the sealant if
any crack growth occurs. A sealant reservoir
should always be used for active cracks.
ACI recommends a reservoir depth
(groove depth) from ¼ inch to 1 inch and a
shape factor from 1:1 to 1:2. Therefore,
reservoir sizes should fall between ¼ inch x ¼
inch and 1 inch (depth) x 2 inch (width).

Gravity Filling
Low viscosity urethanes, high-molecularweight methacrylates (HMWA) and some
epoxies can gravity fill cracks with widths
from 0.001 to 0.080 inches. Lower viscosity
materials are used to fill narrow cracks. This
method is ideal for areas with multiple surface
cracks that are dormant such as plastic
shrinkage cracks. The area and cracks are
cleaned with air or water blasting (and
allowed to dry) before flooding the area with
the monomer or resin. If cracks are full of
dirt, moisture or other contaminants,
penetration of the repair material into cracks
is poor. The material is worked into the
cracks with brooms, rollers or squeegees then
the excessive material is removed to avoid
shiny, slick areas. Broadcasting sand over the
surface before the repair material cures can

“ Not all cracks require repair
and monitoring the crack may
be the best choice. ”
help provide a slip-resistant surface.
Polyurethane Injection
Polyurethane resins can be used to seal
wet and leaking cracks as narrow as 0.002
inches. This repair option is primarily used to
stop water leaks and consists of injecting a
reactive resin into cracks that combines with
water to form an expanding gel that chokes
off the leak and seals the crack. Hydrophilic
resins will chase the water and penetrate into
tight micro-cracks and pores of the concrete
creating a firm bond to the wet concrete.
Also, cured polyurethanes are flexible and
will tolerate future crack movements. This
repair option is a permanent repair and works
with either active or dormant cracks.
www.lmcc.com

(Photo 4)
Dry Packing
Using a saw and chipping hammer, the
crack is first opened to a minimum depth and
width of about 1 inch. After scrubbing a
cement bond coat or a commercial bonding
agent into the concrete, a low-water content
cement mortar is placed and compacted
using a blunt hardwood stick and hammer.
After tamping the final lift, the repair is
smoothed with a float. Tamping a low-water
content mortar into place forces the mortar
into the pores of the concrete creating a tight,
durability repair with little shrinkage. Dry
packing is an economical repair for wide,
dormant cracks. (Photo 5)
Overlays and Surface Treatments
Fine surface cracks in slabs and
pavements can be repaired using bonded
overlays or surface treatments if the cracks
are dormant and not full-depth. Thin
overlays consist of polymer-modified
cement, silica fume mortars and surface
treatments consisting of low solids and low
viscosity resin-based systems. To avoid
reflective cracking at active cracks and
working joints, special design considerations
are required at these locations. (Photo 6)
Autogenous Healing
It is a natural process of crack repair that
occurs in the presence of moisture for cracks
with maximum widths between 0.004 and
0.008 inches. The healing process is due to
the hydration of unhydrated cement particles
that are exposed to moisture as the crack
opens. Also, the healing process is helped by
the formation of insoluble calcium carbonate
from the calcium hydroxide in the cement
paste and carbon dioxide in the surrounding
air. A 0.004 inch-wide crack can heal after
several days and a 0.008 inch crack can heal in
several weeks. Healing will not occur if
cracks are subjected to fast flowing water and
movements.
No repair
Finally, sometimes “no repair” is the best
repair option. Not all cracks require repair
and monitoring the crack may be the best
choice. If needed, the crack can be repaired
later.

Figure 2:

Sealant Reservoir
Configurations
V-Groove
Sealant
Crack

Min 1/4” Width & Depth

Square Groove with Bond Breaker
Sealant

Bond Breaker
Crack
(Polyethylene
stripe in tape)
Bond Breaker allows sealants to
freely assume parabolic shape.
Square Groove with Sand Support
Sand
limits
sealant
depth

Sealant

Sand supports
sealant and
prevents loss
into crack

Crack

Square Groove with Backer Bar
Sealant

Backer Rod
Crack

For extra copies of this or any
Concrete News article, contact
L&M Construction Chemicals
14851 Calhoun Rd
Omaha, NE 68152
Worldwide: 1-402-453-6600
USA: 800-362-3331
email: info@lmcc.com
web: www.lmcc.com

References:
ACI 224.1R-93 Causes, Evaluation and Repair of Cracks
in Concrete Structures (Reapproved 1998), American
Concrete Institute, Farmington Hills, MI.
ACI 504R-90 Guide to Sealing Joints in Concrete
Structures (Reapproved 1997), American Concrete
Institute, Farmington Hills, MI.
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By

JimVlcek, Editor

ProjectProfile

Cardel Recreation Center
Calgary, Alberta,
Canada

1

2

Project
statistics
Project:
Cardel Recreation Center
Nature of business:
Recreational Sports and
Work-Out Facility
Floor responsibility:
Dennis O'Byrne,
Operations Manager
Location:
Calgary, Alberta, Canada
Approx. sq. ft.:
40,000 out of 190,000 total bldg.
FGS Installer:
ABS Concrete Systems, Ltd.
Airdrie, Alberta, Canada
Installer Contact:
Michael and Luke McLeod
403-297-9898

3
®

photos:

The Cardel Recreational Center is a large multi-function family
activity center featuring just about every wet or dry sport one could
possibly fit under one roof. It is also the first City of Calgary LEED
Gold Accredited building. Dennis O'Byrne, Operations Manager for
the Center, said, “My new FGS®/PermaShine® floor has lived up to all
our expectations. I'm also happy with the integral terra cotta stain in
certain areas. It really adds to the overall beauty and functionality of
the facility!”

FGS®/PermaShine® was installed in all hallways, pedestrian ramps and
commons gathering areas in the Center. To keep this new FGS floor looking
good every day, O'Byrne uses a medium-sized, walk-behind wet floor
scrubber using a mild solution of FGS Conditioner. He continued, “I
believe the FGS process is a good system. It has performed very well for us
over the past 18 months. Even when the floor becomes wet from some of
the activities, it retains its non-slip qualities.”

2. pedestrian ramp
3. commons area

L&M ConcreteNews

L&M's FGS/PermaShine system is a licensed,
patented, dry concrete floor polishing and
rejuvenation system. It is available exclusively
through L&M Construction Chemicals, Inc.
and its selected network of applicators.
For more information on the FGS/PermaShine
concrete floor rejuvenation system, contact
L&M Construction Chemicals at 800-362-3331
or visit their website at www.lmcc.com
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The new face of polished concrete
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It's Chemistry, not Magic
Debunking more

Myths & Misconceptions
about chemical hardeners

“

In addition to over 20
years of successful
installations and satisfied
customers, SEAL HARD
has been independently
tested at Construction
Technology Laboratories
(CTL).

CTL, known worldwide for
its impeccable reputation
for accuracy in the
performance testing of
concrete and the reporting
of its findings, collected
data which proves that
SEAL HARD, a popular
formula which contains a
blend proprietary
ingredients, easily doubles
the long term durability
and abrasion resistance of
treated concrete over that
of untreated, well-cured
concrete. Comparative
testing also proves that not
all silicate solution
products are created
equal.
SEAL HARD outperformed
it closest rivals by a
significant and dramatic
margin.

”

Call 800-362-3331 for
a copy of the CTL report
comparing Seal Hard to
leading competitors.
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A lot of misinformation is being
circulated about the use and effectiveness of
chemical hardeners and densifiers. Some of
t h e i n f o r m a t i o n — o r m a y I s a y,
misinformation—is unfortunately little more
than a pseudo-science mixture comprised of
half truths, things that they want to believe,
magic, and some good old fashioned sales
puffery. A lot of smoke, not much light.
The products that we are talking about are
liquid chemical treatments that are applied to the
surface of cured, hard troweled or diamond
polished concrete in order to harden and densify it.
These treatments are commonly used on “bare
concrete” floors that may be found in a wide range
of exposures from industrial, warehousing, retail,
educational and other commercial establishments.
L&M manufactures two such products: Seal Hard
and FGS Hardener Plus.

Cement chemistry revisited
To better understand these products we must
gain an understanding of some of the basic
principles of portland cement chemistry. There are
many chemical compounds in dry portland cement,
but two of the most significant ones are tricalcium
silicate (C 3 S) and dicalcium silicate (C 2 S).
The first compound, C3S, reacts as soon as water
comes into contact with cement, and continues
reacting (hydrating) for the first 3 days or so. About
7 days after the concrete has been placed, the C2S
starts to react and continues for many months
thereafter. When the concrete is 28 days old, about
95% of the hydration has taken place. (See Linda
Hill's excellent article on cement hydration in Concrete News,
Summer 2005). The hydration of these two
compounds produces the same primary reaction
product—namely, calcium silicate hydrate (C-S-H).
It is C-S-H that bonds with the small and large
aggregates to form concrete.
How does C-S-H form? When water comes
into contact with cement the C3S compound releases
large amounts of calcium ions and hydroxide ions.
Also released are large amounts of silica, specifically

SiO2. With the release of hydroxide ions the pH of
the concrete rapidly increases from basically neutral
to very alkaline pH of 12 to 13 (on a scale of 1 to 14).
In this very alkaline environment calcium ions react
with hydroxide ions to form calcium hydroxide.
Calcium hydroxide then reacts with the SiO2 to form
the main cementing material, C-S-H.
We know this about calcium hydroxide: it has a
very high pH; it is soluble in water; and it has very
little ability to bond aggregates together. After
curing for 28 days, 15% to 20% of the hydrated
portland cement paste is calcium hydroxide.
Therefore, there is large amount of calcium
hydroxide normally available that can be converted
to C-S-H. All that is needed to make this happen is a
source of silica.
Understanding this property of cement,
consider that it is a now common practice to add fly
ash (a byproduct of burning coal that is rich in silica)
to concrete mixes for this purpose. The silica in fly
ash reacts with the calcium hydroxide in the cement
paste and produces C-S-H, thereby increasing the
strength of the concrete. For more information on
Fly Ash and its effect with C-S-H see 5 Minute
Classroom in this issue).

How do chemical hardeners and
densifiers work?
This same principle has been used for many
years to improve the surface properties of concrete;
namely, liquid chemical hardeners provide a source
of soluble silica, SiO2 . Two things occur when a
liquid silicate solution is applied to a hardened
concrete surface: First, the liquid silicate solution
reacts with available calcium hydroxide and forms
C-S-H. Secondly, by converting some of the
calcium hydroxide into C-S-H, the pH is decreased.
Now that we have completed our cement
chemistry lesson, we can use this information to
debunk some of the misinformation that is out
there.
For more about Myths & Misconceptions, refer
to L&M Concrete News, Fall 2001, or visit:
www.lmcc.com/news/fall2001/fall2001-7.asp

How does one know if the use of a
chemical hardener and densifier
beneficial to the concrete? And,
are they all equal?
Some naysayers say that chemical hardeners
just don't work; that these products are no more
than band-aid treatments for distressed, low
performance concrete. Experience proves
otherwise.
There are a number of systems, silicate and
non-silicate, that can be used to harden and densify
the surface of concrete. Construction Technology
Laboratories (CTL), known worldwide for its
impeccable reputation for accuracy in the
performance testing of concrete and the reporting
of its findings, collected data which proves that
SEAL HARD, a popular formula which contains a
blend of proprietary ingredients, increases the long
term durability and abrasion resistance of treated
concrete over that of untreated, well-cured concrete
nearly 2-1/2 times.
Comparative testing by CTL also proves that
not all silicate solution products are created equal.
SEAL HARD outperformed it closest rivals by a
significant and dramatic margin.

How about floor safety of treated
concrete surfaces?
The next challenge comes from those who say
that when a chemical hardener is applied to a
concrete surface the coefficient of friction is
reduced and the floor becomes slippery. Testing
proves otherwise. The National Floor Safety
Institute (NFSI) has tested L&M treated floors
before and after the application of our products,
showing the coefficient of friction did not change.
In fact, the static coefficient of friction on both wet
and dry treated concrete consistently remains above
ADA requirements and earns our chemically
densified floors an NFSI rating of “high traction.”
Again, data is on file with L&M.

Can the use of a chemical
hardener raise the pH of concrete
and have a detrimental effect?
Another recent point of attack is that chemical
hardeners raise the pH of concrete, thereby making
concrete more vulnerable to Alkali Silica Reaction
(ASR) attack. Some aggregates become soft in an
alkaline environment and can absorb water and
expand, causing surface pop-outs. As stated earlier,
the pH of relatively new concrete is generally 12 to
13. When a chemical hardener is applied to the
surface of concrete a substantial amount of the
calcium hydroxide is converted to C-S-H, thereby
lowering the pH of the concrete, but only at the
surface. It should be pointed out that once a silicate
compound comes into contact with portland
cement paste, it no longer exists in its original state
as a silicate, but now becomes a part of the cement
paste in the form of C-S-H.

“

Beware the half-truths
coming from the
pseudo-scientists.

”

How do these products work with
polished concrete?
Diamond polished concrete is one of the
newest innovations in the concrete industry.
Diamond polishing concrete is a process in which
existing, worn concrete surfaces can be brought
back to a serviceable condition and to an attractive
appearance. Some companies misrepresent the
mechanical grinding and polishing process as one
that mechanically “closes up” the concrete.
Actually, the opposite is true. A concrete slab that
has been polished has a surface that is porous and
comparatively soft.
Most concrete when originally placed was
hard-troweled to produce a very hard and physically
dense wearing surface. An existing concrete floor
that is a candidate for diamond polishing will more
than likely have had a measurable amount of its
dense, hard troweled surface worn away over the
years. Furthermore, the grinding and polishing of
the process will remove still more of it, exposing a
softer, more porous concrete underneath.

— Philip Smith,
P.E., FACI, ASTM;
L&M Vice President,
Technical Director,
Resident Engineer
Phone: 800-362-3331
e-mail: philsmith@lmcc.com.

continued
www.lmcc.com
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Chemistry, not magic

BruceSuprenant, PhD, PE, FACI, President, Concrete Engineering Specialists

Specify Certified ACI Flatwork
Finishers & Everyone Benefits

Silver Bullets vs. Hard Science.

Early strength formation of C3S reaction with calcium hydroxide, calcium silicate hydrate, and
longer needles of ettringite form at (left) 1,000x and (right) 5,000x magnification.
—Photos, courtesy Linda Hills, CTL

Our FGS Hardener Plus has been designed to address the depth
of penetration issues in the more porous surfaces produced by
diamond polishing, whereas our SEAL HARD has been formulated
for newer concrete surfaces that have been hard troweled and remain
in good condition. FGS Hardener Plus hardens and densifies the
surface of diamond polished concrete. It does this better than any
other L&M product, and better than any competitive product.
Without the hardening effects of FGS Hardener Plus, the surface of a
diamond polished concrete floor will soon lose its shine and become
dull.

Wet versus dry polishing—pluses and
minuses.
There are two methods by which concrete can be diamond
polished: the wet, slurry-producing method and the dry, dust-free
method. The wet slurry method is older, and was developed by
terrazzo contractors long before heat resistant diamond pads and
highly efficient vacuum systems were available. The wet process
requires water to be placed on the surface of the concrete during the
grinding and polishing process. During the process, a wet slurry of
grinding debris is produced and deposited on the surface of the
concrete. This must be safely and completely removed. Depending
upon how well that is done, the presence of the slurry potentially
leaves the small capillary pores of the concrete filled with water and
slurry debris, thus interfering with the chemical treatments.
The steps of the wet process necessitate the application of the
chemical hardener over already-wet surfaces. This condition
interferes with its penetration and reaction, during the intermediate
grinding steps. It is like adding more water to an already wet sponge
(albeit a concrete sponge). Subsequent grinding and polishing steps
will remove part of the treated surface as the wet process steps
continue. In addition, the chemical treatments on this process must
compete with the water and slurry for space in the pores of the
concrete. It is fair to ask, “With the wet process, how much actual
long term benefit am I getting from the chemical treatment?”
In contrast, the FGS PermaShine system employs a patented dry
process which uses a vacuum system that leaves the air virtually dust
free, the surface of the concrete dry, and the capillary pores ready to
absorb the proprietary chemical hardener, FGS Hardener Plus. This
assures maximum densification into what is known as the “near
surface wear zone,” the top 1/16 to 1/8 inch of the concrete surface.
In the FGS process, two applications are installed to provide
maximum benefit to the owner.

Silver bullet products: A new generation of
confusion.
Some of the wilder claims about silicate solutions are made on
behalf of the new “silver bullet product”, lithium silicate. One wild
claim that is made is that when other forms of silicate solutions are
placed on a concrete surface they form or leave an expansive gel that
will harm the concrete and results in floor surface distress, map
cracking and aggregate popouts. However, absolutely no scientific
evidence of these claims has been published by any reliable source or
proven by any scientific, independent testing.
Proponents of these products go on to say that lithium ions are
smaller than either sodium or potassium ions, therefore the lithium
silicate solution penetrates into the concrete surface better and deeper
than sodium or potassium silicate based solutions. While it is true that
lithium ions are smaller than sodium or potassium ions, this is only
true when the products are in the dry state. Once in a water solution, as
they all are, the lithium’s radius of hydration is much larger than either
sodium or potassium, making it more difficult for the lithium silicate
solution to penetrate into the concrete surface than either the sodium
or potassium silicate solutions.
Once the real science is removed from the equation, all they
are left with is the “depth of penetration” argument.
Independent, scientific testing proves that the importance of
penetration is only important to a limited extent, the extent of the near
surface wear zone (the top 1/16 to 1/8 inch of the top surface). This
critical surface area of the concrete floor is subjected to the most
abuse. That is why independent testing proves—and it’s why we say,
“L&M Treatments Provide Protection Where it Counts.”

Not miracles. Just good, solid chemistry.
One thing that should be remembered when it comes to
chemically treating concrete surfaces: there are definite benefits to
using the right product under the right conditions. While not miracle
products, with proper installation and the right product, chemical
hardeners and densifiers do significantly improve the durability and
life expectancy of concrete floor surfaces well beyond the initial cost
of installation.
Beware the half-truths coming from the pseudo-scientists.
As much as they may want to, no one can rewrite chemistry. And
real science is not a hat trick or a shell game.

For more about Myths & Misconceptions, refer to
L&M Concrete News, Fall 2001, or visit:
www.lmcc.com/news/fall2001/fall2001-7.asp
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The American Concrete Institute
(ACI) began the Concrete Flatwork
Finisher/Technician certification
program in 1987. The program was
designed to provide a basis for
certifying concrete finishers and to
improve the quality of concrete
construction. The program has grown
to include more than 10 years of
training class and exams at the World
of Concrete. Today, ACI lists more than
2,300 certified Concrete Flatwork
Finisher/Technicians on their website.
But the need for more is growing!

Certified finishers required
NOW!
More and more major retailers specify
that contractors have ACI-certified flatwork
finishers onsite performing the work. ACI
Committee 301 (Specifications for Concrete)
took a major step toward formally
recognizing the value of using ACI-certified
finishers and technicians when, in 2002, they
passed language that states in part, “...Unless
otherwise permitted, a minimum of one
finisher or finishing supervisor shall be a
certified ACI Flatwork Finisher/Technician
or a certified Flatwork Technician defined in
ACI CP-10 or equivalent.” This was the first
time ACI Committee 301 had prepared and
forwarded a revision to ACI 3013 with
language requiring the use of qualified
flatwork finishers for concrete placement.
ARCOM, a partner of the American
Institute of Architects, also includes optional
languag e in their MASTERSPEC ®
Specification System, requiring that cast-inplace concrete installers be ACI-Certified
Flatwork Finishers and Technicians, and that
installer supervisors be ACI Certified
Flatwork Technicians.
To meet these specifications, contractors
will need to hire certified finishers or hire and
train finishers and get them certified.

How to be a Certified ACI
Flatwork Finisher
ACI grants a Concrete Flatwork
Finisher/Technician certification to an
examinee that meets the following
requirements:
• One year (1,500 hours) of work
experience in finishing concrete
flatwork and the successful
www.lmcc.com

completion of a performance
evaluation or three years (4500
hours) of work experience in
finishing concrete flatwork and
the successful completion of an
alternative performance
evaluation based on signed
affidavits verifying abilities; and
• A passing grade of 70% on the
written examination.
Individuals without the necessary
work experience may still become
certified as an ACI Concrete Flatwork
Technician by passing the written exam
alone.
The written and perfor mance
examinations are derived from ACI
publication CCS-1, Slabs on Grade.2 The
exams require knowledge of:
• Basic concrete technology,
• Concrete materials and mixture
proportioning,
• Concrete quality control tests,
• Proper use of placing and
finishing tools,
• Placing, finishing, and jointing,
and
• Curing and protection.
Recertification is required every five
years, and requires successful completion of
a written examination.

Finding Training Classes and
Examinations
Classes and examinations are available
through ACI's network of Local Sponsoring
Groups (www.acicertification.org). A
preparatory class and examination is also
available annually at World of Concrete. The
study guide, ACI publication CP-10(05)1 is
available directly from the local sponsoring
group, the ACI online bookstore at
www.concrete.org, or by calling ACI
Member Services at (248) 848-3800.
The American Society of Concrete
Contractors (ASCC) offers flatwork
finisher/technician training and exam at
various locations throughout the United
States based on contractor needs.
Contact ASCC at www.ascconline.org or
Julie Holtgrave at jholtgrave@ascconline.org or
call (866) 788-2722.

Other ACI certification
programs
Other certification programs of
interest to finishers that are being
developed include: specialty
commercial/industrial concrete
flatwork finisher/technician, decorative
flatwork finisher, and pervious concrete
craftsman.
In addition ACI offers these other
certification programs:
• Concrete Field Testing
Technician Grade I
• Concrete Strength Testing
Technician
• Concrete Laboratory Testing
Technician Grade I and Grade
II
• Field Aggregate Testing
Technician
• Laboratory Aggregate Testing
Technician
• Concrete Transportation
Construction Inspector
• Concrete Construction Special
Inspector
• Tile-up Supervisor and
Technician
• Shotcrete Nozzleman Dry and
Wet Process
To lear n more about ACI
certification programs contact John
Nehasil, Managing Director, ACI
Certification at john.nehasil@concrete.org
or call (248) 848-3790.

about the author:
Bruce A Suprenant, PhD, PE,
FACI
Senior Construction Engineer
Contact Information
Concrete Engineering
Specialists, LLC
7720 Ferris Way.
Boulder, CO 80303
303/499-0264
Email: kbasham@ConcreteES.com
www.ConcreteES.com
fax 307/635-7250
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5Minute
Classroom

Fly ash is one of our oldest
building materials. The Romans
first used it as a cement to build
the Coliseum. They found that
mixing volcanic ash with lime
would produce crude but
durable mortars and concretes.
The ash that they used came
from a volcano in the town of
Pozzuoli. The term pozzolan is
derived from the word
“Pozzuoli,” and is now used to
classify this group of admixtures
for concrete.

Fly ash can be safely used to
economically replace as much
as 25% to 30% of the portland
cement in concrete.
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Fly ash: A nuisance dust worth
its weight in cement
Today's fly ash does not come from a
volcano but from a power plant. In present
day coal fired power plants, coal is first ground
into a fine powder and then injected into a
furnace, where it burns at a very high
temperature. The burning process forms a
glass-like, silica-rich residue known as fly ash.
Once collected the fly ash is tested in
accordance with ASTM C 618 and identified
as either a class F fly ash, which is produced by
burning anthracite or bituminous coal, or class
C fly ash, which is produced by burning subbituminous coal.
Fly ash contains a high percentage of silica
in the form of silicon dioxide, which appears
as hollow glass spheres when viewed under a
microscope. It is the silica in fly ash that reacts
with calcium hydroxide found in the cement
paste of hardened concrete.
Calcium
hydroxide, a by-product of the portland
cement hydration process, is a very weak
material that adds no structural strength to
concrete. When the silica in fly ash reacts with
calcium hydroxide, however, good things
happen. Beneficial calcium silica hydrate (CS-H) is formed. It is C-S-H that cements sand
and large aggregates into a solid mass known
to us as concrete. It has been found that fly ash
can be safely used to economically replace as
much as 25% to 30% of the portland cement
in concrete.
The reaction between the fly ash and the
calcium hydroxide takes slightly longer to
produce calcium silicate hydrate than does the
hydration process of portland cement.
Therefore, concrete mixes that have part
of the portland cement replaced with fly ash
require a longer time to gain design strength.
A pure cement concrete mix will require
approximately 28 days to reach 95 percent of
its ultimate design strength, whereas a fly ash
and portland cement concrete may require
nearly twice as long. In cool weather a
chemical accelerator admixture is commonly
used to reduce the set time, in order to allow
timely finishing for the concrete.
In addition to its strength building and
cost saving properties, there are many reasons
to consider using fly ash regularly in concrete
mix designs.
The first use of fly ash concrete in the U.S.
was at the Hoover Dam project in 1929. Due
to the massive volume necessary for its

construction, the exothermic heat generated by
hydrating portland cement was anticipated to be
a problem on this project. Too much internal
heat in concrete was predicted to have a
detrimental effect on concrete strengths. It was
found that by reducing the amount of portland
cement in a concrete mix and replacing it with
fly ash, the same strength could be achieved
while the internal temperature of the concrete
could be greatly reduced. If this material, along
with other techniques, had not been employed it
is estimated that it would have taken
approximately 150 years for the Hoover Dam
face to cool to ambient temperature.
Fly ash has also been found to effectively
and economically reduce the risk of ASR
(Alkali-Silica Reaction). Under certain
conditions, this problem can result in
accelerated concrete deterioration.
The
inclusion of fly ash in suspect concrete mix
designs containing unclean and deleterious
aggregates has been found effective in
mitigating the effects of ASR and is historically
the most common method employed. For
more information regarding ASR and the
beneficial effects of fly ash in concrete mix
designs, refer to the informative article
appearing on these pages by Rachel Detwiller
(Concrete News, Spring 2004).
Another benefit of fly ash is the finishing
effect of the glass sphere shape of the fly ash. It
acts as a finishing lubricant in the concrete mix.
Easier placement can reduce the mixing water
by 3 to 5 percent, while maintaining the same
placement consistency (slump).
Finally, with the environment being the issue
that it is today and recycling becoming a way of
life, fly ash has been identified for its beneficial
GREEN properties. Fly ash containing
concrete mixes can receive LEED credit under
the guidelines established by US Green Building
Council. The LEED credit system has
prompted more and more project managers to
require fly ash to be used in their concrete.
In conclusion, the benefits of using fly ash
in concrete mix designs are numerous. Its
frequent use will help designers obtain better,
strong er, and more cost effective
concrete—something from which we can all
benefit.

Anchor bolts.
Question:
What is your experience with
anchor bolts and anchor bolt
installation?

Nut/Washer
Steel Plate

Answer:
Anchor bolts hold or “anchor” equipment,
machines and structures to foundations.
Anchor bolts require a template or a “plan” to enable them
to fit the equipment sole plates or the holes of the column base
plate. Promote the use of the template mentioned or some
precise layout of the anchor bolt positions. Consult the plans
and they will provide information concerning position and
diameter of the anchor bolts. Double check your installation
details because, in this case, we are “casting in concrete.”
When design precedes construction, the larger diameter
bolts are usually cast into the fresh concrete. Expect to work
with ironworkers, millwrights, and machinery manufactures in
such cases. Again, promote the use of a template to hold the
bolts in place during the placement of concrete.
Many times, you can expect to place anchor bolts after the
concrete is cast. It is a situation that is more common than one
would expect. In this case, drilling of the concrete is required to
create a void for the anchor bolt. Hole depth and diameter need
to be specified to the installation crew. Typical hole diameter is
twice the diameter of the bolt.
Post placed anchor bolts are inserted in the drilled hole and
grouted tightly into place. A template is a good idea for both
positioning the drill holes, and to align the bolts hanging in
those same holes.
Another option is to “sleeve” the intended location of the
anchor bolt and avoid the need to drill the hole into the
hardened concrete. The concrete can harden and the anchor
bolt placement and grouting can take place later in the
schedule.
There are differing schools of thought concerning
grouting the anchor bolts. One school of thought requires the
bolts be hung in the holes, with the template chaired up and
fixed tightly into place. Once this work is accomplished, the
grout is mixed and placed in and around the pre-placed bolts.
The other school of thought is to have the bolts and
template at the ready. Pre-grout the holes first, filling the clean
and prepared hole to full or near full with the fresh grout. The
bolts are then forcefully driven into place and aligned by fitting
them to the template before the grout hardens. Once the bolts
are driven home and aligned in the template, they are protected
and allowed to sit undisturbed until the grout sets hard.
www.lmcc.com

Grout

Grout

Anchor Bolt

Anchor Bolt

Concrete
Shown here is only one of many anchor bolts designs.
While the methods of anchoring structures to concrete vary by application and installer, the basics
remain the same. Strength, design and structural integrity must not be compromised.

The easiest and most performance-oriented product to grout in anchor bolts
is L&M Crystex Grout. Crystex is cementitious, non-shrinking and very fluid.
Normally, fluidity is an indicator of lower strength. Not so with Crystex. Fluidity
is formulated into the grout mixture and with only the addition of a minimum
amount of water, Crystex becomes fluid and easy to place or pour. Crystex grout
will provide the installer with a professional and profitable installation.
Thanks for asking,

Byron
Byron D. Hanson ASTM, CDT,
Lead Technical Back-up,
Professional Field Representative
Civil Engineering Technician
L&M Construction Chemicals, Inc.

Have a question?
You can reach Byron by calling L&M at
800-362-3331 or e-mail info@lmcc.com
You’ll find more pearls of Byron’s wisdom on our website.
Just click Questions & Answers at www.lmcc.com
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