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Glenn Schaefer

)
= Joined STRUCTURAL TECHNOLOGI years ago
= Director of Concrete Durability & Con\, e SME

= W.R. Grace (Admixtures) — GCP Applied Technologies
= R&D / Technology
= Technical Service
= Product Manage
= Consulting Enginé‘mg Firm - Concrete Durability and
Materials / As: ments

= CEMEX (u%\

O
= Prior Experience (25+ yearﬁﬁt & concrete)

\Y

. s

struc’tural
group

struc’tural PULLMAN

= Repair, strengthening &
protection of civil / structural
infrastructure
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Engineering Products /33

Invesigation &

Making Structures Stronger and Last Longer
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= Concrete is complex OO

= Materials that go into concrete inf@e performance
= Concepts related to materials {&ction and concrete design

= Cement vs. Pozzolans —{V:%/ use SCM?

= Admixtures — What @y do?

= Cracking Poten@eduction — How to influence?
&
)
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Concrete
o)

= Relatively economic building material (‘9\
= Raw materials are available locally \/O
= Cast into any shape; texture; coIo@
= Strong enough (at the right ti
= Durable enough (for serviceg&posure)
Y%

Challenge: To make Lg‘ﬁ)rm, high quality, high performing
concrete O
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A “Typical” Cubic Yard of Concrete
Volume C;@fight
Air: 6% D~ ..
Cement: 10% 500 Ibs
Water: 18% 300 Ibs
Sand: 25% 1200 Ibs
&,
&\5
Coarse Aure@d% 1800 Ibs
&
27 cubic feet | =4000 Ibs
structural
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Supplementary igﬁgéntitious Materials (SCM)
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Cement = Lime (60%) + Silica (20%) + Alumina
(10%) + Iron (10%) melted ina kiln ¢,

structural
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Cement Hydration

= Chemical Reaction

Ettringite (Needle Shaped)|

C-H (Calcium Hydroxide)

C-S-H Gel
(Fibrous)
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Cement Hydration

= Chemical Reaction
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Cement

Cement

6 —h— Typel
20 —— Typell
—=— Type il
—y— Type V
5 10 1‘5 20 2‘5
Time, days
P
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Portland Cement Summary

= Understood but Generic — “Tried

and True” C

= Hydration leaves inherent \z\é
porosity O

= Under certain conditions/{ass
concrete) temperatureglse can
be an issue

= ASR & Sulfate k issue

= Some envir ntal “baggage”

%
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Pozzolans (aka Supplemental Cementitious Material)

Possess little or no cementitious valu@ght which will,
in finely divided form, react chemi with calcium
hydroxide in the presence of wg@v

Hydration of Portland cement: O\z\
Calcium Silicate Qénl:l‘un Hydroxide
+

Cement + water — + other phases

Pozzolanic reactiol &0

Calcium Silicate

+ other phases

. s
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Common Pozzolans

Fly Ash &
= Waste Product of Coal Fired Power P
= Spherical Particles / Same size ran@}ﬁs cement
= 15-30% cement replacement \bé

structural
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Common Pozzolans

GGBFS / Ground Granulated Blast-Furnace Sla@ement” = Slag
= By-Products of Iron Blast Furnace CQ\
= Angular Particles / similar particle si nge as cement
= 35% cement replacement up to n special applications
= Some cementitious proportieso

structural
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Fly Ash & Slag

Plastic Properties:
= Water Demand Reduction
= Ball-bearing effect w/Fly Ash

10% fly ash - 3% water reduction typical

]

400 pey TOTAL BINDE!
500 pey TOTAL BINDE!
~=800 pey TOTAL BINDE!

H

G,

it Water (Ib/yd*)
g ¥E
0)

ke

o 20 40 80
M RedUCtiOn in b|eeding &Q/ Fly Ash % Total Binder
= More pronounced with sh

&S

O
* Retarding Eﬁe@) Set Time

=

Inital Set bes

3 E3 o

. sy

20




STRUCTURAL

Fly Ash & Slag N

Mostecured concretes of ecusl WICM

Hardened Properties:
= Later Age Strength Enhancement

= Heat of Hydration Reduction \z\é
= Peak temperatures reduced@o Age —-

cong%m strongth —
Py

= Improves Permeability — Q¥rability
= Pozzolanic Reactioa\‘)

= Can help contr/%&R and Sulfate Resistance
= “Prove” effcgl eness of mitigation via testing

structural
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Common Pozzolans

Microsilica = Silica Fume \"O
= Byproduct of production of silicon met; Electric arc
furnaces N

= 100x smaller than cement and r@ﬁparticles
= 5%-10% cement replacemen&g
'1\ a

- st
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Silica Fume
= Abrasion Resistance \(5/%
= Chemical Attack Resistance OO
O\/
= Water demand - significantly hig@— Must have HRWR

= “Sticky” finishing O
= Significant reduction in bleefii s}

A%
= Dramatically decrea;eégermeability / Densifier
@)

= Darkens Color,ét}?oncrete

<
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Silica Fume

)
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Silica Fume — Low Permeability

@wicm 0.45, 0% SF
mwicm 0.40, 0% sred -
mwicm 0.35, 0%

0.45, 0%

]
3

Bwi/cm 0.4 F
mwicm W 7% SF
[ ] .35, 7% SF
m 0.35, 12% SF

Percent of wicm

structural
Silica Fume — Compressive Strength
] 10 (\,% 15%
= o 10%
% s ’ v 5%
c
: 8
» - ) 0%
e ° &
2 ]
0 Control mixture
g 4 on cement: 658 Ib/yd?®
£ A wic: 0.41
] O }
o 2 \) air: 5%
&
. =
03 7 28 60
Age, days
- s
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Cement vs Pozzolan Summary

= SCMs are used in at least the majority of C@%’ete today
= Pozzolans enhance hardened concrete ormance
= Some accompany changes to Plastic %ferties
= Enhanced strengths (particularly Ia@%@es)
= Reductions in Permeability Q/O
= Corrosion resistance improvement

= Enhanced Durability \Y
= Sulfate & Chemical At] esistance

= Control of ASR ¢

Higher Pe%gance Concretes used regularly (non-
sidewalks/driveways) impossible without Pozzolans

structural
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Concrete,éé) mixtures
N
\BQY
A
\)Q
Q-.
S
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Admixture Definition

o)
= A material other than water, aggregates, cer@%tious materials,
and fiber reinforcement, used as an ingreo@lt of a cementitious
mixture to modify its freshly mixed, sett{Y or hardened properties
and that is added to the batch befor\?\ during its mixing.
@)

= Chemicals react with cementitiéfﬁ’materials or paste during
hydration N

= Highly Technical Pro \2
= = $18 Billion Mar] lobally)

= Dominated by@ace (GCP), Sika, BASF (MasterBuilders)
= RPM International (Euclid), Fosroc, Mapei, Chryso, and others

. s
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Why Use Admixtures 5

= Enhance plastic and hardened concre@yroperties
= Increase Strength \/O
= Improve Mix Workability eo
= Improve Early Strengths O\?‘
= Control Set Time
= Reduce Permeability N
= Control Efflorescenc
= Improve Color Vi cy
= Meet Durabilit quirements
= Control Sh%&age
= Improve rfgx economics

structural
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Admixture Types by ASTM Specifig_’ation
&

= ASTM C260 - Air Entraining Admixturesoo

= ASTM C494 - Chemical Admixtur
= Type A: Water Reducing Admixti
Type B: Retarding Admixture;%
Type C: Accelerating Admixturés
Type D: Water Reducin, tarding Admixtures
Type E: Water Redugiy* Accelerating Admixtures
Type F: High Ran@ ater Reducing Admixtures, Normal Set
Type G: High e Water Reducing Admixtures, Retarded Set
Type S: Spe&k erformance

. Corrosi&gnhibitors, Shrinkage reducers, Alkali-silica reactivity
inhibitors, color, AWA, etc.

. sy
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ASTM C494 Admixtures 5
O\Q’
= Type A: Water Reducing Admixtures @)
= Type B: Retarding Admixtures v
= Type C: Accelerating Admixtures é
* Type D: Water Reducing, Retargfjy Admixtures
= Type E: Water Reducing, Ac: ating Admixtures
= Type F: High Range Wat: ducing Admixtures, Normal Set
= Type G: High Range Reducing Admixtures, Retarded Set
= Type S: Specific PesQhance

N
&
é

. sy
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Groups

= Retard/Slow Down in hot weather
= Accelerate/Speed Up in cold weatheSv

%
= Water Reducing = Slump En@%\ng
N

= Normal =5%
= High RangelSuperpIag?!r: 12% - 25%
~N
= “Other” category \)Q

Q-.
S

= Set Time Modification C;{{,%
O

structural
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Set Time Modifiers %
= Cement Hydration is a chemical reactior(e\a%/

= Speeds up with heat / slows down ian)@)

RULE OF THUMB: Each 20°F | n concrete

temperature will reduc% €*by half.

g7 @X’

:. N

e,

&

E ﬁ

” 2

%0 80 70 80
Concrete Temperature, F°
e,

TeennoL081e3
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Set Time Modifiers

o)
= Correct for temperature difference C,;g/
= Accelerators used in cold weather to %{Q neutral” set
= Retarders used in hot weather to g eutral” set

= Fine Tune Set Time Q/O
= Accelerators to speed up e’t\imes (and strength gain)
= Application of loads (a@iﬁ{g removal)
= Form work strippir}@

O .
= Retarders for il%)p retention
= Difficult p%e ent conditions
I

= Cold Joint*Elimination

. s

38

Cautions -s /
i
Retardation is not linear 2 : —
= Overdose o " 2 ], ax

= Longer set times provide more opp’cgﬁa; for moisture loss in the
plastic state - higher potential for c shrinkage cracking.
= Increased need for protecgi&;ﬁainst moisture loss.
= fog misting
= evaporation retarder%eyy
= plastic sheeting
= shades and wir@veaks

Accelerators ’\Qh

= Early age streng% gain can impact later age strengths
= With Acceleration comes slump loss/workability issues
= Not an “anti-freeze”

structural
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Water Reducers

Q?
= Two “classes”/types 0\
= Standard — 5% - 10% water reduction Q
= High-Range (Superplasticizer) — 1 @\15%
= Both have neutral set and retard{)®} variation

= Allow for “reduction” in watgﬁlower w/c ratio) while
maintaining workability.
= w/c ratio specificati
= Compressive str h

= Allow for incré’ée in workability at a given water (w/c ratio)
content
= Placeability

. sy
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Cement =5001bs.  Water i/%lbs. Slump=5in.
Water ‘;/,\0 3001bs. —
o— = 0.60
emenf 500 Ibs.
S
Strength = 3500 psi
structural
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Cement = 500 |bs. Water =280 Iﬁg Agg.

Qy}/ to yield

Water ‘c’,\\) 280 Ibs,
<5 = 0.56
Cemer%KQ~ 500 Ibs.

Slump =5in. again

Strength = 4000+ psi

struc'tural
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Cement = 500 Ibs. Wate;yi/éo(gl bs.

Cementd® 500 Ibs. '
)

Slump=7in.

Strength = 3500 psi +

striic’tural
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Components of Water Reducers 5
&
= Dispersants for water reduction/workability QO
= Accelerators to keep setting time within lig(@y
= some don't accelerate, but reduce retar
Retarders for slump loss control O
Strength enhancers for early stre|
Viscosity Modifier for stability .\,
Air Management Package
Other Chemical for specjﬂ\b)ttributes

Many components ha;@nultiple effects

All may act differe s cement, temperatures vary

<

. s
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How do water reducers work

&

= Dispersants — break up particles agglomerate: 0

O\/

structural
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Water Reducer Addition Rates ,&
0\‘0
] O
% Water reduction O\/
S

15 N

O
10 SYAQ// -
Ll

Std igh Double
Dosage

L. sy
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Other “admixture” products

&
= Corrosion Inhibition AN
= |nhibits the corrosive action of chl r&s on reinforcing
steel (passive film) - increases@corrosion threshold.

SRR oS
= Viscosity Modification &
= Thicken concrete past@ixotropy) for SCC or
Underwater concrey

A
= Shrinkage Redegmg
= Change SKQace tension of water as concrete dries

structural
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Other “admixture” products

= Shrinkage Compensating ({?
= Expansion to offset shrinkage (net .

. o
= ASR Mitigating

= When pozzolans aren't av iﬁﬁ;, Lithium Nitrate
minimizes the expansiorq¥6ociated with ASR reaction

\%
= Permeability Redu%'ggy
= Clogs inherent, g9 sity of paste — chemical compounds or
crystallize
&

= Fibers — Low dosage of synthetic fiber to minimize early
age shrinkage cracking by providing tensile strength

. s
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Admixture Summary

= Many Chemistries all generally trying to plish
dispersion or hydration rate modificatiorgy

v
Product Selection and Dosage R%g depend on many
factors 0‘2‘
= Near impossible to “guess” aqé@aropriate product/dosage for a
given concrete v

“Side effects” to the j ;-;ded purpose must be considered
= Water Reductiogﬁjually has a retarding effect

= Acceleration lump and strength impacts

Nearly all higher performance concretes can't be
produced without admixtures (usually in combination)

. s
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Cracking

)
= Concrete is simply synthetic sedimentaryN®ck. Just as rocks
crack in nature, concrete (synthetic rg/@ will crack as well.”

Bryant Mather O
&

= “What [concrete]....is free of'@éks or micro-cracks? | have
not seen any in 65 years t{/c ncrete work in all kinds of
structures. Cracking sqg}'rs to be a universal characteristic
of concrete.” ,\0
-Nur

Ed Abggu
&
= ACI 224R-01%otes in its opening section “Cracking due to

drying shrinkage can never be eliminated in most
structures.”

. sy
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Fundamental Challenge 5

= Concrete is very strong in compressiono\
= 28-day compressive strength can ra@from about 3000 psi
to over 10,000 psi eO
oS

= Weak in tension ,%Q,
= Tensile capacity is about@b of its compressive strength

= When Tensile Stressae;exceed Tensile Strength
= Cracks N)

Q.
&

. sy
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Sources of Tension in Concrete
Q,%

. « " N
External or “Structural” Sources ©)

= Gravity loads: dead and live loads

= Lateral loads: wind and seismic O

= Loads from subgrade settleme] swelling

. &
= “Internal” Mechanisms
= Volume change restrg@&due to temperature changes or
moisture related SK age
= Expansion due ¢ rrosion of reinforcing steel or deleterious
chemical rea s

<

Curing
Q/@
= Wet Curing (adds water to systemgy
= Ponding \/O
= Fogging Misting eo
= Wet Coverings 0‘?‘
= Burlap '\Q’

\Y
= Impermeable Mem§§e Curing (prevents water
from leaving s m)
= Plastic K
= Formwork
= “Curing Compound”

structural
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Control of Moisture Loss

= Concrete and air temperature =, .
= Relative humidity
= Wind velocity

. s
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Control of Shrinkage

S
= Material selection and Mix design pIaya@%le
O\/

\be Weight

Volume

Air: 6% -
500 lbs

Cement: 10%
Water: 18%
aer 300 Ibs
Sand: 2&3\ 1200 Ibs
[e] CunrseAzéitn:dO% 1800 Ibs
27 cubic feet = 4000 Ibs
"
TECHNOLOGIES:
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= Rocks volumg?rically stable (do not shrink) |
= Paste (water + cementitious) does shrink

. sy
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Paste Optimization

= Inevitably involves trade-offs {{/6
= Minimize Paste (Glue = Cement + V\@Cg
= Maximize aggregate content (sal d stone)

= Optimize Aggregate "packin s O -

structural
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Paste Optimization

. . o)
= Inevitably involves trade-offs <</
= Minimize Paste (Glue = Cement + W\, r

= >28% paste is more prone to cracl

= Low water content (=decrease ratio)

= Use of Pozzolans -
&

= Maximize aggregate con (sand and stone)
= Workability/placeabili exture, roundness)
= Aggregate size lipitsYform spacing, rebar)
= Aggregate avaé'li@ ty

= Optimize Ag ate "packing”

= Minimizing the void space that must be filled ! [

. s
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Minimizing Paste

0
210 200 375 460
Water, Iblyd®

After PCA (2002)

structural
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Aggregate Addition

Drying Shrinkage, %
S

structural
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Aggregates

o

|
Water & O\/
Aggregate :' N
oo 4@'4:'.
Not Graded <»él@'iferaded Well-Graded
N with large
AN aggregate
\J
Water with
Aggregate

structural
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Aggregate Tools

structural
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Cracking Potential Reduction Sumgnary

AN
Many factors beyond direct control (i.@nidity)
v
Minimize Paste / Maximize Aggr@gﬁ es but need to balance
against
= Workability/placeability (te>nt§€e roundness)

= Aggregate size limits (fi pacing, rebar) and availability
= Gradation is key to migiizing void space that must be filled
with paste R

Shrinkage is rg@?reported in a mix design supporting data

Admixture options and fibers

Glenn Schaefer & Frank Dressman

Director of Durabily/ Concrete Materials Subject 0 " Expert (SMIE) Manager of Corrosion Solutions
10150 Old ColumbiaRoad & 2001 Blount Rl

Columbia, MD 20146 % Pompano Beach, FL 33069
Mobile: 240-786-2345 Mobile: 619-064-1006

Direct: 410-859-6479 firessman@structuraitec.com
gschaefer@structuraltec.com www.structuraltechnologies.com

www structuraltechnologies.com
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