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What is Concrete?

- Concrete is economical with a long life & low maintenance
- Concrete does not rot, corrode, or decay.

- Concrete can be molded or cast into almost any desired shape.
- Concrete is fire-safe & able withstand high temperatures.
- Concrete is resistant to wind, water, rodents, and insects.

- 12 BILLION cu meters per year globally
-~1 cu yd / person / year in USA

->70 Billion cu meters placed in USA since 1930
with ~10 Billion cu meters > 20 years old
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 The cost to owners for concrete repair, protection, and

strengthening in US is $18 to $21B /yr (2004)

htty://www.concrete.org/members/CRB04_Emmons-Sordyl.pdf

e The cost of corrosion of concrete reinforcement is > S125B / yr

http://www.corrosioncost.com/infrastructure/highway/index.htm

e A7 yearinfrastructure investment of Seded to return to

quality of 1988 infrastructure C>D+

http://www.infrastructurereportcard.org/




Why does concrete fail?

Concrete requires repair and strengthening due to
the 3 D’s

Design and Construction Errors

Deterioration




Why does concrete fail?

* Concrete has (compared to other building materials)

. -low tensile strength (~10% of compressive strength),
. -low ductility (it’s brittle),

. -low strength-to-weight ratio (it’s heavy),

. -responds to environment (it changes with time)

. -has permeability(ingress of deleterious materials)

. -is susceptible to chemical attack(acids, AAR, etc.)

. -and it cracks.

e Steel corrodes
Chloride, carbonation, and polarization interaction
Rust expands, causing cracking, spalling, and eventual failure

ALL of these properties change as the concrete ages.
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How concrete fail?

concrete not air
entrained i

Carhb Overhead electrical wire ®
- diox T
s
T Rectifier
Rail [ay

\ Current leakage
Current entry corrosion




What to Do?

New Construction
e Usually you inherit the p

* Design!!!

Place reinforcement with p
Use low W/CM

Use appropriate admixture
Proper consistency and we
Properly cure the concrete
i.e., good trade practice

—Details, Details, o NI S DIKOLOI 1S W i) ¢

IT TAKES & LT LEES TimE

ArD Most PEorie Wor'T Monce THE DIFFERENCE
Reamie 1175 Too LATE.




Tuutti Diagram

Maximum Permissible Corrosion

- cOsTs

—

Do Unto Your
Future Before It
Does Unto YOU!

Corrosion Initiation
Phase
(i.e., ingress of
chloride, carbonation, etc.)

Corrosion Propagation
Phase
(i.e., progressive corrosion
& degradation of Reinforcement)

—

Service Life
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What is the biggest ROI for concrete repair?

De Sitter’s Law of Fives

$1 spent on Monitoring =

spent on Preventative Maintenance Before Corrosion Initiation =

spent on Repair and Maintenance after Corrosion Initiation =
$125 spent on Repair & Replacement after Generalized Corrosion

Propagation

Pay Me NOW

De Sitters Law of Fives

Major Repairs Generalized Corrosion H

Pay Me LATER

Repair of Localized Corrosion |

Preventatvie Maintenance :|

Delay of Repair

Monitoring ]

$0 $20 $40 $60 $80 $100 $120 $140
Cost ($)

BRE Client report number Oct. 02 Draft © Building Research Establishment Ltd 2003

Commercial in confidence

http://irc.nrc-cnrc.gc.ca/pubs/fulltext/nrcc44300.pdf



Concrete Repair Process

Evaluation, Analysis, & Strategy

Condition |  [ECTET, Repair
Survey Analysis Strategy

-
-
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Concrete Repair Process

Cause & YES Condition Repair

Repair
Strategy

Preparation

Effect Survey Analysis

Materials

Methods




Condition Repair Repair
Survey Analysis Strategy

Repair materials Placement techniques

Surface Repair Stabilization Protection Waterproofing Strengthening

e Overlay e Slab jacking e Sealers e Grouting e Enlargement

e Trowel-applied e PT repair e Coatings e Waterstop e Post-tensioning
e Shotcrete e Connections e Membranes e Crack treatment [f® Carbon fiber

e Full member e Crack injection e Galvanic Prot. e Exp. joints e Span shortening
e Form & pump e Soil stabilization e Jacketing e Sealants e Shear transfer




Repair Materials

Ordinary Concrete

Preplaced Aggregate Concrete
Fiber Reinforced Concrete
Ferrocement

Low Slump Dense Concrete

Dry Pack

Conventional Concrete & Mortar
Shotcrete

* Wet Process
— High Pressure
— Low Pressure

* Dry Process
Silica Fume Concrete
Sulfur Concrete

— Cement-Based Grout

— Proprietary Repair Mortars
— Rapid Setting Cementitious
— Magnesium Phosphate

— Polymer Based

Epoxies-mortars, adhesives,
coatings

Polyurethanes-sealants, coatings
Polyureas-sealants, coatings

Methacrylates-mortars, injection,
coatings

Polyesters-mortars, coatings
Silicones-sealants

 FRP Strengthening



Repair Application Guide (developmental ICRI 320.1 M&M)

\}\ INTERNATIONAL

i CONCRETE REPAIR
INSTITUTE

Concrete Repair
Applicator Perspective

LessM‘fiI;;n Unit Single Unit . .
g Mixing Multiple Unit Bulk Mixing
| Mixing
| | '1 |
Trowel & Pail Drilll & Pail Drilll & Pall l
Grout Plant Mortar Mixer Mobil Mixer Ready Mix

Shotcrete

I
| |

Dry Process Wet Process

High Pressure High Pressure
Form & Pour & Low Pressure

Batch Size

Mixer Type

Form & Pour &
Castin Place Form & Pump




What is “unusual”

What problem did we

?
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Compromises

Cracking Resistance Durability Economics
=Creep =Cracking Resistance =Repair or Replace?
¥

. R rial Cost
My brain huris!
Design and

lled.Cos
Maintain Concrete

=Tensile Strength
*Modulus

="Bond Strength
=Length Change

*Thermal Expansi

=Flexural Strength - to Prevent
Application Constrai Repairing
="Environmental Con | It!

=Utilities o, 2 Intrusion

on Resistance
bility

=Surface Preparatiol
=Access

=mReturn to Service T
=Orientation of App
»\Volume of Materia

Etc.

CODES
and

SPECIFI(




Early-Age Repair Material Properties

Repairs Performed at Early Ages Early Age Material Properties



What to Do?

Existing construction

BLAME

THE SECRET TO SUCCESS 15 KNOWING WHO 1O BLAME FOR YouR FAILURES.




o] I 1 L] Li
L Immediate
€ curing
E
52 7
-
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- <3
&
o .
al Curing delayed -
24 hours
5 1 1 1 1
o 1 2 3 4 5

Number of test cycles

Fig. I.13—Sawver (19357} demonstrated the effects of delay-
ing curing on abrasion resistance (I mm = 0.04 in).

F'unahﬂim Resistance

Fig J.ﬂb.l—mudm ﬁ”’w@ and surface drying

. commences at some bafore nning finishing. Initial

wmmmmmmmmdh
Typical Conditions

ACI 308



EEMERE &MRICL BRIAMIPLGRYY Lipater =
Fhaid @S MRS Yees stability

Occurs within the concrete Settlement Shrinkage
paste as air voids collapse and
aggregates wet out

Cracks may form over areas of
restraint (i.e., rebar)
Settlement may also create
pockets under rebar and
aggregates.

Bleeding is also settlement




Early Cracking

] ] Dampen Base if No Vapor Retarder
e Plastic Shrin kage Avoid Use of Under Slab Vapor Retarder
Use Moisture Retaining Coverings/Evaporation Retarders/Fibers

Wind, Sun, Temperature, RH, Mix Design

-ty
~




Heuhabioliynnatiasues
Hydsateptiogintwattaylbglrate rims
form.

Setting begins

Finidasggiooascosity.
Shearing thiditwealkiencamnizeatepdéted by
pettigydration.
At Early Ages
Creep is high

Shrinkage is high
Porosity is high
Strength is low
Cement exotherms = Thermal stress



Drying of Concrete- One Side

Drying Rate —

Time—

...'-i' "{K jf-ﬂ. J
ot . S

“‘:"’f‘ ;'U’ 1:; p; &

1‘*’;:-‘5- "' 4#

Stage 1 Bleed water on surface evaporates

Stage 2 Water evaporates from pores refilled from within
concrete = settlement & plastic cracking

Stage 3 Water evaporates from within as vapor
drying shrinkage

Kanare, H. Concrete Floors & Moisture,
Eng. Bulletin #119 PCA/NRMCA, 2005



Hydration continues

- Porosity decreases

Pore water may be consumed or evapor:
Curing Required

Drying shrinkage begins

Freezing will destroy concrete.

15 '.-I‘. f . . .

10 / u Penetration resistance vs. time
5
0

{ V. with different W/C

Porosity decrease vs. time with
different W/C




Ratgphdagng i Raveiopmppéve dBelr Paotserdd CailogA ges

Curing Induced Strength Variations

Impact of Curing on Compressive
Strength

Compressive
Strength, percent
of 28-day
moist-cured

concrete | hi ACI 308R




Water Permeability vs Curing for Different W/C

Leakage, |b.par sq.f1. par br.
Averoge for 48 hr.
2.5

With Water Permeability Comes:

Mon-air -entrainad concrete

Specimens: 1"x 6" mortar discs

ressure: 20 psi *Chloride Ingress (Steel Corrosion)
*F/T Deterioration
1.5} *AAR
o
o, *Sulfate Attack
Q ‘ETC
D / \ Permeability Rate is HIGH at Early
Ages
I 3 T 4 28

Period of moist curing, doys

Fig 1. 3—Influence of curing on the water Ferme:zbﬂfz}' af
Q551

mortar specimens (Kosmatka and Panarese

ACI 308



Drying Shrinkage:
Shrinkage is FASTER at Early Ages
Thinner sections dry (and shrink) faster

%
2
3
E
g
st
=
o
¥
:
b
=¥

15

Age in Months

rying it L abor atory Adr from PCA Developn ent D epartment

% of Ultimate Shrinkage

13 21 24

Bulletin 103

24 Months)

2” Thick
Slab

8" Thick
Slab

12” Thick
Slab



s, Concrete becomes a

Sponge

Degree of Hydration vs.
Internal RH

Volume change vs. wet +
dry cycles




Repair Materials

— Ordinary Concrete

— Preplaced Aggregate Concrete

— Fiber Reinforced Concrete

— Ferrocement

— Low Slump Dense Concrete

— Dry Pack

— Conventional Concrete & Mortar

— Shotcrete

e Wet Process
— High Pressure
— Low Pressure

* Dry Process

— Silica Fume Concrete
— Sulfur Concrete

Cement-Based Grout

Proprietary Repair Mortars
Rapid Setting Cementitious
Magnesi
olymer Based

hate

Epoxies-mortars, adhesives,
coatings

Polyurethanes-sealants, coatings
Polyureas-sealants, coatings

Methacrylates-mortars, injection,
coatings

Polyesters-mortars, coatings
Silicones-sealants

FRP Strengthening




Polymer Binder Curing Example (epoxy)

0.855 — 10
|

Eﬂ 0.8
= 0.835 8 g
3 2
5 T 0.6 =
§ 0.815 gelation region QO
o IS
= - 04 o
® o}
& 0.795 1@
| ro2®

0.775 T | | 0.0

0 50 100 150 200 250 300 350 400

Time (min) 0o Specific Volume

Epoxy degree of reaction vs. volume change em Degree of Conversion
Investigation of cure induced shrinkage in unreinforced epoxy resin
Zarrelli, Skordos, Partridge

——Exotherm temperature
= = Post cure




I:I - BASF

e Chemical Company

BASF Construction Chemicals

Fred Goodwin, Fellow Scientist



