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drying Shrinkage and Plastic Shrinkage in
sridgeiDecks are the biggest sources of cracks

e

Autogenous, chemical, and thermal effects are relatively a minor
contributor
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/Age Deck Cracking
Fact Sheet ...

5 About half of those were flagged for treatment
in the first biennial inspection (~2 years old)



3¥INg " Deck Cracks
SERCOSTlY solution

s a better solution



Teye ting Deck Cracks

ures can result in reduced
ing

ying the Concrete can result in reducing
astic and Drying Shrinkage cracking



oprmula for the CRACK-Less
sridge Deck

cing Admixture*

Vater Reducing Admixture*
ibers*

*add to concrete mix



ABC’s
OTTERACK-Less Bridge Decks

ing of _ Shrinkage Reducing Admixtures,
nbined with Water Reducing Admixtures and Poly
rs, CalTrans has been successful in producing

CK-Less Bridge Decks experimentally across the
since 2002.

5 Aggregates were from many different local sources

O ®

‘= Successful in a wide range of mixes using 0%-25%
Flyash; air entrainment; accelerating admixtures, rich
and lean mixes, w/c ratios from 0.36 to over 0.50



Aggregate in Drying
Shrinkage

irectly influence drying shrinkage by
age of the paste.

of the aggregate’s stiffness
given aggregate size, concrete shrinkage will
ase with increasing aggregate modulus of

ity).

size, shape, and gradation of the aggregates in
a mixture also indirectly influence shrinkage by
atfecting water content and volume of paste in the
concrete.



ver, it would be difficult to achieve a 28-
nrinkage value below 0.030% without

- transporting specific aggregates to areas where
they are not readily available.



Shrinkage for Various SRAs
Caltrans Research Data Conducted at San Jose State

0.000
=¢=—No0 SRA (5 samples)
-0.005 - =—0-—=0.5% SRA (5 samples) |
1-1.5 % SRA (6 samples)
-0.010 - ——2-2.5% SRA (6 samples) |

Shrinkage (%)
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0

22 concrete batches. Concrete had w/c ratioof 0.33, 631 1b/cy cementitious

with fly ash at 20%), 25% or 30%, and 5% either Silica Fume or Metakaolin.



PASTE SHRINKAGE COMPARISON
Caltrans Research Data Conducted at San Jose State
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Of course it is the paste being controlled. Shown for comparisonis a typical

deckmix using low shrinkage aggregate (no SRA).



SRL Achieve Target'!

illary tension in the paste pore
asing shrinkage strains as

! sly, controlling drying shrinkage to
ow levels required use of low-slump
es and large, dense aggregates.

- Itis now possible to do so using SRAs, water
reducers, and fibers.



Workmanship Practices for
2lastic Shrinkage Control
[t1s

iswelllestablished that
eliminatingevaporation of water

‘om the plastic concrete as it sets T Eare -
1 'up will control and prevent plastic AN
shrinkage. Any neglect though
will sabotage any effort to control
carly age shrinkage cracks.




oration Rate Nomograph
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k=0 Wind speed is taken

20” above surface.

Air Temp and
4oﬂ?a m:::murrg dee;o’__ 90 mu .. I Humldlty are
measured upwind
4-6" above surface,
shaded from sun.

between 0.1 . 0.2 To use this chort:

|. Enter with air temp-
Ib/sq ft/hr; Over peie
2 Move right to concrete . Y.

0.2 plastic cracking pergir

3 Move down fo wind

is expected. oty

4 Move left; read approx.
rate of evaporation
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ercial instruments are available
(<$300 on Amazon)

300 Construction Weather Tracker

Shrinkage Cracks are a costly problem for
rofessionals- they occur when the

the concrete dries quickly and shrinks '+|" 1N
strong enough to resist cracking.

ing relative humidity, ambient

ure and wind velocity at the pour site
oncrete is placed can help prevent this
frustrating and expensive problem. Bluetooth®
data transfer capabilities send minute by minute
conditions during any pour straight to a laptop
for easy jobsite documentation that conditions
were within industry acceptable standards. The
Kestrel 4300 Construction Pocket Weather Tracker
is the perfect solution-accurate, quick response
readings give concrete professionals the
information they need to place concrete that won't
crack.”

*Kesrrel
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Practice to reduce Plastic

racking in Decks
RES MODIFY CONCRETE

m Cool Concrete : T<80°F at
placement: Ice, Nitrogen;
wet down stockpiles days
before need

ure cure is appliec
vet curing blankets

ooing system
g185Y m Use Shrinkage Reducing

ndbreaks .
at night if required Admlxture. mostly for

raporation reducers Drying Shrmkage,
1% .1 however it may aid in
- I unti cement hydration)
environmental conditions are

favorable = Use Water Reducing

Cure water T should be close A(;lmixture and Fibers:
to deck surface T to avoid AT micro and macro both
stress help



CalTrans’ Successes

B0Ca Bric ges" - 2002 SRA

= ¥

Deck soffit -

- Deck Concrete with SRA
vithout SRA built 2001 used after first stage 2002,
~ Note Efflorescence ~ this is also how it looks

today!




vitid Creek 2004 - Accelerated
vipaand day que, No SRA

s

T OK, this wasn't a s e
| but a data point on the
learmng curve e
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Crag View Drive UC Today
yeeMix (but w/ SRA) and Contractor as




ack - Crag View

lacement over existing ASR deck



It River Brigj- ver Lake Shasta 2007
NOEDy-Side comparison opportunity




countering Cracks from
Drying Shrinkage



PIT River Mix Design

Aug. §. 2010 T:18AM  Shasta Redi-Mix No.2729 F. 3

Shasta Redi-Mix

A DIVISION OF J.F. SHEA CO., INC.
17400 Chear Creek Road * PO Dox 484518 v Redsing, Calitornla $3%.0-4515
Telephons (316) 260.2000  FAX (915) 246-085¢

f 10023007

DATE e ————

DE
316N OF CONCRETE MIX ) A NO.02-3C1414

Goiden State Bridge

MiX DESIGH

CEMENT FACTOR, KQ/GUBIC METER 350 (Cement + 10% Flyash) WATER CEMENT RATIO
250 wm Penstration S0

win 28 DAY STRENGTH . 250
| apMixuREDarex II, Ecipse Pius,& WFDA 64,

gwTmamen win rEguingo; 8 +or- 1 1/2%

CONRECTION.
NECEEBA YWY
FOF. FREL
WHOHSTURI Ol
| AGUREGATES.

This mbx % Wil roduce concrety meeting the design - RESPECTRULLY SUBWITTED
=i sn produced, sampled and tested in . EHAST)

Taesrdunce with ASTH C-84. A REB

Coepies of test resulls shall be provided to Shasta

Redi-Mix in accordance with ASTM C-04.4.8.
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eSSTUl'CRACK-Less Decks

2005 Castle Crag UC Deck-on Deck
SRA, 5% air, accelerating Type C admixture

2007 Pit River Bridge over Lake Shasta Deck-on-Deck
771 Ib cementitous (10% flyash) Macro-Fibers, SRA, 6% air, w/c=0.51

2011 Craig Creek Bridge CIP deck on PC Box beams
705 Ib cement {no flyash) Macro-Fibers, SRA, 6% air, w/c=0.39, 3 day water cure

2002 "Boca" bridges CIP decks on Spliced PC bulb T girders
752 Ib cementitious (25% flyash) SRA, 6% air w/c=0.36

2007 MacArthur Maze -Oakland Tanker Fire reconstruction
800 Ib cementitious, Type C admixture, SRA 5 day water cure

2011 Doyle Drive roof/deck/tunnel invert
563 |b cementitious, Macro-Fibers, SRA

2008 Angeles Crest 208' 55 Spliced PC bulb T girders
767 |b cementitious, SRA, 6% air

= *7 Indicates coverage of climate and
L . . .

diversity of local concrete mixes.

R :




RACK-LESS Decks

ATISTICS FROM 2012
442,969,970

50,000 CY deck concrete

educing Admixture @
j Yagal/C
51b bag (56/1b)

- 3lbs/CY x 50,000CY = $900,000

L000CY = $937,500

re crack control added to 130 bridges, with tax, say $2,000,000
st for CRACK-Less bridge decks last year would have been:

$2,000,000/ $442,969,970 = 0.45%

$2,000,000/ 2,256,721 SF = $0.89/SF



lihe Current Cost Of Doing
BSLSTNESS Vi CRACK-Less Deck

$50 MILLION TO SEAL $2 MILLION FOR
CRACKS - CRACK-Less DECKS






Applications in Accelerated
3ridge Construction

nance Cure produces high quality
_IP deck in 3 days using
XACK-Le formula with P-A-M
mbrane forming compound and water

WO d 3
hird day, curing blankets are removed,

er cure is ceased, and additional curing
ound is applied at 100 SF/ gal

@ Cure time is reduced by 57%, saving time,
~ money and cure water; allows traffic to use the
bridge sooner




Creek ABC 2011
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araig Creek Mix Design

A&A Concrete Supply, Inc.

8272 Berry Avenue
Sacramento, CA 95828 Phone (916) 383-3756 Fax (916) 383-8427 www.AAReadyMix.com

CONTRACTOR:  Blaisdell Construction MIX DESIGN #: z1755020
ATE: Qctober 18, 2011
MAX SIZE AGG: 10
PROJECT: Craigs Creek Bridge DESIGN STRENGTH' 5000 Psi @ 28-Days
PROJECT STRENGTH* 3500 Psi @ 2-Days™
WICH+PY: 0.39
SLUMP: 35" 8" Max.
MIX USE: 3500 PSI @ 2-Days 3-5" Slump’ MATERIAL SOURCES:
CEMENT: ASTM C-150 Type IIl-V
FLY ASH: ASTM C-818 ~ Class "F"
PLACEMENT METHOD: Check with your pumping COARSE AGG: Knife River - Orland
Contractor FINE AGGREGATE:  Knife River - Orland
ADMIXTURES: Master Builders - BASF Admixtures
BATCH PLANT: Chico #33

CONCRETE MIX DESIGN FOR 1.0 CUBIC YARD (SSD)

AGGREGATE GRADATION *

(%Passing U.S. Standard Sieve) SP.GR. ABS.VOL. BATCHWT.
SIZE: No.2 No.3 Nod4 WCS COMB. CUFT. LBS.JCY

Agg% 0% 60% 0% 40% 100%

5 Sks.(C+F) 315 359 705
20" 100 100 100 3 % Rep. 230 0.00 [
15" 100 100 100 & % Agg 285 0.00 []
1.0" 100 100 100 K % Agg 265 1107 1830
304" 86 100 E % Agg 265 0.00 []
38" 48 100 1 : % Agg 265 753 1246
#a 16 100 E Gal. 1.00 441 275
#8 1 89 Total Air % 041 -
#16 63 Totals:  27.00 4056
#30 40
#50 18 ADMIXTURE:
#100 5 Pollyheed 1025 i . 494
#200 12
FM. 786 723 685 285

PERTINENT PROPERTIES: Cementitious Factor: g W/C+P): 0.39
Unit Weight, pef: (ASTM C-138) (Sacks f Cubic Yard) By Wt.
150.2

goregale gradations provided by aggregate producer
** The compresive strength will meet or exceed the strength listed above if tested in accordance
jith current ASTM Standards and or water cement ratio is not exceeded.
3-5" max slump to meet the 3500 PSI @ 2-Days.
Eclipse 4500 at 0.75 gallons per cubic yard and Strux Fiber 90/40 at 3 Ibs per cubic yard to be requested
by the Contractor when placing the ordel
PREPARED BY:

Pete Conlin
Technical Service Manager




soncrete Fibers and Shrinkage Reducing
Y Admixtures
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5.-' ay Cure



“Hiagh Performance Cure”
aay Cure : Water + Curing Compound



Iremper & Spellman
feported curing more than
3 z.Lr 1ad no additional
1efit to reducing drying
i inkage and even after 2
the benefit was slight.

1 1963)







~cond ;—\pp”!:i.lmu' Curing
s0mpound on - @ Day

——



Open For Traffic 3 Day




Diamond Drum Grinding

No Cracks!






29 days- ’r.idge removed and New bridge
Juilt;no cracks using SRA, Fibers, and
High Performance Cure




Graid Creek Schedule

Craig Creek Accelerated Bridge Construction As-Built Schedule

MAJOR ACTIVITIES TO MAINLINE
24 HOUR FLAGGER CONTROLLED DETOUR

Task Startdate Enddate  Duration (days)
Drive CI55 piles & paved over 10/11/2010 10/15/2010 5 (previous season)
Temporary Mabey Bridge Launched 8/25/2011 9/26/2011 2
‘TRAFFIC DETOURED OFF BRIDGE ALIGNMENT 9/26/2011 10/24/2011 29
Bridge Demolition 8/26/2011 9/28/2011

Abutment Excavation 8/29/2011 10/3/2011

Set Abutments 10/4/2011  10/5/2011
CI55/Abutment Closure concrete 10/5/2011  10/5/2011

Abutment Closure pour & cure 10/4f2011  10/7/2011

Set PC Girders 10/8/2011  10/9/2011

Abutment Backfill 10/10/2011 10/18/2011

Deck Rebar 10/14/2011 10/17/2011

20% Transverse Stressing 10/14/2011 10/14/2011

Grout Keyways 10/15/2011 10/15/2011

Complete Transverse Stressing (80%) 10/17/2011 10/17/2011
Edge of Deck Forms 10/18/2011 10/13/2011

Bidwell setup 10/19/2011 10/13/2011

Deck Pour HPC 10/20/2011 10/20,/2011

Grout Transverse tendons 10/21/2011 10/21/2011

Water Cure HPC deck / HMA paving 10/21/2011 10/23/2011

Add'l spray curing compound & k-rail 10/24/2011 10/24/2011

‘TRAFFIC RETURNED TO MAIMLINE ALIGNMENT 10/24/2011 10/24/2011
Temporary Mabey Bridge shipped back 10/27/2011 10/27/2011

* Barrier rail installed behind tempaorary k-rail, one-way flagging used during daytime construction activities

"CRACK-LESS DECK CONCRETE™" specified by CalTrans:
Deck High Performance Concrete 7.5 sks with:
polyheed 1025 @ Toz/owt
Eclipse 4500 @ 0.75 oz/CY
Strux 90/40 Fiber @ 3 Ibs/CY
Concrete Strengths:
2 day: 3150 psi
4 day: 4010 psi
7 day : 4540 psi
28 day: 5900 psi
High Performance Cure:
Shrinkage Reducing Admixture, Macro Fibers added to concrete.




LGRACK-"ess DECK CONCRETE™"
specified for Craig Creek:

ance Concrete 7.5 sks with:

7./ cwit Water reducer
Shrinkage reducer
Macro Polyolefin Fibers

| ibe
rete Strengths:
3150 psi

1010 psi

540 psi

: 5900 psi

H erformance Cure:

Shrit e Reducing Admixture, Macro Fibers added to concrete.

Curing compound and Water Cure 3 days followed by heavy
application of curing compound after water cure prior to traffic




later,

K 2 years
0 cracks
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 of CRACK-Less Bridge Decks

nternal Cure
ing Concrete

Evaporation Control
o?

itional information, see our article in ACI’s publication
[nternational, July 2013, pp. 36-41 “Controlling Shrinkage
. Available technologies can provide nearly crack-free
concrete bridge decks” by Ric Maggenti, Craig Knapp, and Sonny

Fereira

An ounce of Preventionis worth a pound of Cure! - BF
Build it SAFE, RIGHT, and FAST; and in that order - SF
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