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* Big thanks to Claude Bergeron, Holcim, for providing
much of the information in these slides

e Basics of Troubleshooting
How | typically approach it
Usually a combination of factors
» Design, mix, construction/finishing, maintenance
e Typical concrete troubleshooting issues

Popouts, Blisters, Delamination, Dusting,
Cracking, Crazing, Jointing, Scaling
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Troubleshooting Basics

= Investigating Procedures
- Sketch out observations
= Take measurements
= Ask for data regarding pour (date, mix, etc.)
= Take photographs to help tell your story
= Perform basic testing
= Drawing conclusions

= Concrete in Practice (CIP), NRMCA
- Rely on industry associations (MCA, ACI, PCA)
for your conclusions

= Write letter / report




Popouts

= Conical voids observed in the surface of concrete wherein a
portion of the aggregate remains intact

= Popouts typically result from soft or deleterious aggregates near
the surface of the concrete

Blisters

= Blisters are hollow, low profile, bumps on the concrete surface,
typically ranging from the size of a dime up to several inches in
diameter

Blisters
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Popouts

= Although economics prohibit the complete removal of all
deleterious aggregates from concrete
= A limited amount are allowed
= American Society for Testing and Materials (ASTM C 33)
= Michigan Department of Transportation (MDOT)

[e¢]

Blisters

Likely to form if:

= The subgrade is cool and the concrete in the bottom portion of
the slab sets slower (vapor retarder)

= Air entrainment (AE) is used at a higher than normal dosages*
= Dry shake used over AE concrete

= Mixisrichin fines

= Mix is lean in cementitious content

= The slab is exceptionally thick

= Excessive use of a vibrating screed,
which will result with excess cream

Blisters

Blisters have an ugly cousin:
= Delamination

= Delamination is when the top portion of the cream is densified
and separates from the base slab by a thin layer of air or water

= Can range from several square inches to several square feet

B2
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Delamination Blisters & Delamination
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Blisters & Delamination
Tips: = Formation of powder or chalk resulting from disintegration of the

hardened concrete surface
= Powders under foot traffic
= Can be easily scratched with a key, etc.

= Do not use AE unless it will be subject to deicing salts*
= Especially if the interior floor is to be steel troweled
= Avoid dry shakes on AE concrete

= Avoid placing concrete on subgrade < 40°F

= Protect surface from premature drying

-

Some causes: Some causes:
= Finishing in the presence of bleed water = Inadequate ventilation of heaters
= Increases w/cm at the top ¥ in producing a surface with low durability . Carbonbdioxide from open salam?]nderﬁ, gas engines or gelnerato':s,
. i : power buggies, etc., may cause the exhaust gasses to settle on the
Poor finishing practices §iriace of the fresh concrete

- Blessing the surface

- Floating/troweling condensation of moisture from warm humid air on cool
concrete

= Insufficient curing
= In adequate protection after the slab is finished

= Allowing the surface to freeze, get rained on, drying winds will even
promote dusting

The carbon dioxide can cause a chemical reaction known as carbonation

Carbonation greatly reduces the strength and hardness at the surface of
the concrete

= Inadequate ventilation of heaters

= (Carbon dioxide settling on the surface of fresh concrete will
produce a reaction termed carbonation)

N J N
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Tips:

-

Use 5-in slump concrete

Do not start finishing operations while concrete is bleeding
Do not bless the surface prior to finishing

Ensure adequate ventilation of gas fired heaters

Cure the concrete and protect it from freezing and extreme
ambient conditions
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Commonly Observed Cracks

Why do cracks occur?

-

Concrete, like other construction materials contracts, expands
and deflects under load

Cracks will result when this movement is not accounted for
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Plastic Shrinkage Cracks

-

Appear soon after the concrete was placed, finished and still plastic
Appear mostly on horizontal surfaces
Parallel to each other (1 — 3 feet apart)

Relatively shallow and typically do not penetrate the depth of the
slab, or intersect to the perimeter of the slab
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Tips (continued) if it is dusted:

= Commercially available chemical floor hardeners
= sodium silicates, metallic zinc, or magnesium fluosilicate

= Apply per manufacturers directions

= Grind surface to substrate or topping

-
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Commonly Observed Cracks

Why do cracks occur?

= Freshly placed concrete is at its largest volume right after its first

placed, as it hardens and dries it will continue to shrink in volume

= Variations in temperature will also cause concrete to expand and
shrink

= When all of these volume changes are restrained, the concrete will crack

-
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Plastic Shrinkage Cracks

Why do they occur?

= Rapid loss of water from the concrete’s surface before it has set

= Critical condition is when the rate of evaporation exceeds the rate
at which rising bleed water can replace it

= |f the surface dries quickly, the concrete may still be plastic and
weak, and the cracks will form as the concrete slowly stiffens

-
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Plastic Shrinkage Cracks

Conditions which cause:
= High evaporation rates, which increase opportunity for plastic
shrinkage cracking are:
= Wind in excess of 5 mph
= Low relative humidity
= High ambient and/or concrete temperatures

Plastic Shrinkage Cracks
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Plastic Shrinkage Cracks

Factors that reduce rate or quantity of bleed in the mix:
= High cementitious content

= High fines content

= Reduced water content

= Entrained air

= High concrete temperature

-

Tips:
= Dampen the subgrade and forms when conditions for evaporation
exist
= Prevent moisture evaporation with fog sprays and wind breaks
= Cover concrete with:
= Wet burlap

= Polyethylene sheets between
finishing operations*

= Use cooler concrete in
hot weather

= Cure as soon as finishing

is completed
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Crazing

(Shallow Map or Pattern Cracking)

= Fine network of random cracks on the surface of concrete

= Approximately 1/8-inch depth

= Most noticeable on steel/over troweled surfaces

= Cause: Shrinkage of the surface layer
= Most noticeable on wet surfaces

-

Crazing

(Shallow Map or Pattern Cracking)
= Rarely affect the
= Structural integrity
= Durability
= Wear resistance of the concrete
= However, unsightly
= Especially when wet, or when the
concrete contains calcium chloride
(for accelerating purposes)

-
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Crazing

Tips:
= Hard troweled surface often craze due to shrinkage of the

concentrated dense paste layer at the surface of the slab
= Use moderate slump
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Cracks Due to Improper Jointing

Concrete expands and shrinks with changes in moisture and
temperature
= The overall tendency is to shrink
= Joints are predetermined, aesthetically pleasing cracks, placed
into the concrete to accommodate shrinkage and other movement
= Placed by:
= Forming TOOLED CONTRACTIONMJOINT
= Tooling
= Sawing
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Cracks Due to Improper Jointing

Depth of Contraction (or Control) Joints:
= The grove should be a minimum 1/4 the thickness of the slab

= But not less than 1-inch
1
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Tips:
= Often proper finishing practices were not observed pertaining to:
= Timing
= Excessive manipulation, which may depress coarse aggregate and increase
paste at the surface
Too wet of a mix
Finishing in the presence of bleed water, blessing the concrete
Cure as soon as finishing is completed
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Cracks Due to Improper Jointing

Contraction (or Control) Joints:

= Create a weakened plane in the concrete and regulate where the
cracks, from dimensional changes, will occur

Saweat

"Fuomn f

Induced wack
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Cracks Due to Improper Jointing
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Cracks Due to Improper Jointing Cracks Due to Improper Jointing

Contraction (or Control) joints pattern:

= Maximum joint spacing should be 24 — 36 times the thickness of
the slab (4-in slab should be jointed into 8 — 12 foot panels)

= All panels should be as square as possible (avoid sharp corners)

= Length should not be > 1.5 times the width

Cracks Due to Improper Jointing

Cracks Due to Improper Jointing

Isolation Joints:

Joints which separate slabs from other parts of a:
= Structure

= Wall

= Footing
= Column
= Other existing slabs
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The Big Ones: Scaling
e Scaling
and
e Mortar Flaking
41 42



= |s the loss of the concrete’s surface mortar surrounding the
aggregate particles

= The aggregate is exposed and hardened mortar peels away from
the surface of the concrete

= ltis primarily a physical action caused by hydraulic pressures
from water cyclically freezing and thawing within the concrete

= When the pressures exceed the internal tensile strength of the
concrete, scaling will result

o

= The extremely strong and expansive forces caused by the
formation of ice within the concrete are often exacerbated by
deicing salts and chemicals, which increase both the saturation of
the concrete and the number of freeze thaw cycles the concrete
endures
= Especially problematic with
concrete with inadequate:
= Strength
= Air entrainment
= Curing

American Concrete Institute (ACI) 332, Code Requirements for
Residential Concrete, Chapter 5: Concrete Requirements for

= ‘Very Severe’ environment (RF3 Exposure Category)

= Specified compressive strength of the concrete (f'c) shall be a
minimum 4500 psi

)
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Scaling

Air-entrained (AE) concrete
= Adequate air entrainment is
required to protect against
freeze/thaw damage

Eventuolly
Freezes
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= The extremely strong and expansive forces caused by the
formation of ice within the concrete are often exacerbated by
deicing salts and chemicals, which increase both the saturation of
the concrete and the number of freeze thaw cycles the concrete
endures
= Especially problematic with
concrete with inadequate:
= Strength
= Air entrainment
= Curing

o
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American Concrete Institute (ACI) 332, Code Requirements for
Residential Concrete, Chapter 5: Concrete Requirements for

= w/cm less than 0.45. Achieving a w/cm less than 0.45 reduces
the concrete’s permeability to water and deleterious chemicals,
while enhancing durability

= Also in accordance with the Code,
the maximum slump shall be 4 inches*
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= The use of supplementary cementitious materials (SCM) such
as fly ash or Ground Granulated Blast Furnace Slag (GGBFS),
or slag cement, also reduces the permeability of concrete while
improving its durability

= The maximum percent of the total cementitious material by
weight shall not exceed the values

listed in ACI 332 Table 5.4.2

Requirements for Concrete

Subject to Exposure Class RF3

-

an AC1 Stancerd

Code Require™
esider\ua\ COS

F:AC\ 332-20)and
Commentary

Tips:
= ‘Very Severe’ environment (RF3 Exposure Category), ACI
= 4500 psi = ACI, 332 Residential Code
= 4000 psi = PCA, Prevention of Concrete Scaling & NRMCA, CIP No. 2
= 564 Ibs minimum of cementitious
= Total air content when utilizing a nominal maximum sized aggregate
between % — 1 inchis 6 £ 1.5%
= Slump: 3-5inches
Consider a WRDA (5 — 10% reduction in water)

= Understand water may be brought into the mix, or taken away from the mix, via
aggregates understand

Saturated,  Damp
= Oven Dry State Ovendry Ardy  surtace dry or wet
+ ArDry Py
- Saturated Surface Dry (SSD) O O Q
+ DampWet \
—~
Total None  Lessthan  Equalto Greater
moisture: potential potential than

absorption  absorption ~ absorption

Tips:
= PROPERLY CURE THE CONCRETE
= Maintaining a satisfactory temperature is an important factor when curing
because temperature affects the hydration process
= The temperature of freshly placed concrete should be maintained above
50° F for 3 — 7 days.
= Maintaining a satisfactory moisture content may often be accomplished by
applying liquid membrane-forming curing compounds
= Waxor resin bj
the curing peri

vaporation of moisture during
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= According to the Portland Cement Association (PCA), the mix
should contain a minimum cementitious factor of at least
564 pounds per cubic yard (Ibs/yd®)
= A cementitious factor of at least 564 Ibs/yd® improves the mixes
ability to provide other desirable characteristics of quality
concrete such as:

= Lower permeability
Greater durability

Increased resistance to weathering
= Improved wear resistance

o
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Tips:
= Proper finishing techniques
= Do not finish in the presence of bleed water
= Do not bless the surface
= Do not use steel trowels on exterior flatwork

o
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Tips:

= PROPERLY CURE THE CONCRETE

= 21 day air cure or drying period is required to develop the
strength and durability characteristics of the concrete

= Exposure to freezing and thawing cycles and deicing salts within this time
period is not recommended

= A sealer should be applied to all new concrete in a ‘Very Severe’

environment

= A sealer helps protect concrete from absorbing moisture and being damaged
from cyclic freezing and thawing
+ For example, a penetrating silane solution that penetrates deeply and chemically reacts with the
cementitious surface has been shown to offer adequate protection from moisture penetration

o J
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Tips:
= The ambient temperature at the time of placement during the first
72 hours after placement are critical to the concrete’s strength

and durability

= ltis also important that the concrete be protected from freeze
thaw cycles during its air dry period which includes the concrete’s
first 30 days

= Ina ‘Very Severe’ environment planning and protection must be
considered for concrete placed after September 15, knowing that
the first several weeks of October can often contain temperatures
below freezing at night

10/23/2023

-

-

Tips (Homeowner / Building Owner):

= Care for flatwork in a ‘Very Severe’ environment often consists of
broadcasting deicing salts and chemicals to remove ice

= Although it would be best to avoid deicers all together, the need
to reduce slip and fall hazards is paramount

Tips (Homeowner / Building Owner):

= Sodium chloride (NaCl), commonly termed rock salt, when used as directed, has
proven to be the safest deicer for melting ice and not adversely affecting the
durability of the concrete

= Once the NaCl has turned the ice to slush, it is recommended that it be
shoveled up and disposed

= All forms of de-icing salts and chemicals should be avoided during the
flatworks first year of service, and other means of snow and ice removal
should be considered
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Scaling’s Ugly Cousin

= Other deicers such as magnesium chloride
acetate, calcium chloride or products which
combine these chemicals have been found to
be detrimental to the surface durability

of concrete

-
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= Loss of mortar directly over the coarse aggregate particle

= Caused via hydraulic pressures directly over the coarse
aggregate

Mortar Flaking
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Mortar Flaking

= |s the peeling away of the concrete’s mortar directly over the flat
surface of a coarse aggregate found very close to the surface of
the slab

= Mortar flaking resembles a scaled surface or a surface with
aggregate popouts, however, it does not result with fractured
aggregate particles embedded in the concrete and there are
fewer, if any, conical voids as is the case with popouts
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= Bleed-water (free water in the mix that is pushed upward to the
surface due to the settiement of heavier solid particles such as
cement and aggregates), can become blocked just below the
coarse aggregate particle

60
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Mortar Flaking

The Concrete Industry

= As bleed-water beneath the aggregate cannot readily migrate to

the slab’s surface to replenish evaporated water; this combination Qua“ty 1S neyer al'.] aCCIdel"\t but the result
of: of good intentions & sincere efforts

= Bleed-water blockage

= Lack of moisture necessary for cement hydration just above the coarse
aggregate particle

= Results in a thin, dry, mortar layer of poor durability, high shrinkage, and poor
bond with the underlying aggregate causing the mortar directly over the
coarse aggregate particle to become compromised

The Concrete Industry The Concrete Industry

Quality is never an accident but the result

of good intentions & sincere efforts T hank YOU

Steve Waalkes
(616) 633-9629
swaalkes@miconcrete.net

Claude Bergeron
(734) 231-3040

K claude.bergeron@lafargeholcim.com /
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