
CONCRETE  CRACKS:
THEY  AREN’T  ALL  THE  SAME-----------------------------------------------

• How to Identify Them
• What Caused Them
• How to Prevent Them
• How to Repair Them
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♦  Civil Engineering Degree from RPI
♦  Over 45 years experience with concrete
♦  Years as a Field Engineer
♦  Years with contractors
♦  Years with the Corps of Engineers doing research
♦  Published dozens of articles
♦  Specialized in cement and concrete
♦  Patent for micro fibers in zero-shrinkage concrete
♦  Earned CDT and CCPR from CSI



CRACKS
 

LET’S  TALK  ABOUT  23  KINDS  



Live Content Slide
When playing as a slideshow, this slide will display live content

Poll: What causes the majority of the repairs you 
need to do? 





Crazing, map, or
alligator cracks





Plastic cracks
& wind direction





WHEN  WATER  EVAPORATES  OFF  THE 
SURFACE  TOO  RAPIDLY,  CRACKING 

USUALLY  OCCURS 

THERE  ARE  FOUR  FACTORS  THAT 
CONTRIBUTE  TO  THIS:

HIGH  AMBIENT  TEMPERATURES

HIGH  CONCRETE  TEMPERATURES 

LOW  HUMIDITY

HIGH  WINDS



ACI  Recommends

• Wind Screens
• Sun Screens
• Fogging

• Micro Fibers
• Evaporation Retarder
 

        



Control Micro Fibers



Evaporation Retarder
Spray-On Monomolecular Film

Or Simply Have Ready Mix Add an Admixture
to Reduce Excessive Bleeding

And both are Finishing Aids 



ASR cracks



Y-shaped cracking typical of ASR expansion 
with no preferred restraint direction



White Expansive Gel



Three Necessities for Alkali Silica Reaction
Reactive Silica 
from aggregate

Sufficient Alkali 
from cement

Sufficient 
Moisture

\

Lithium Nitrate based ASR Inhibiting Admixture 
combines with/neutralizes the alkalis

\

Use SCMs



D Cracking



D  Cracking: Cracks radiating outwards from joints in concrete



CAUSE:
Coarse aggregate that is susceptible to 
absorption and cracking  from freeze/thaw

PREVENTION:
• Quality aggregates 
• Seal the joints and slab



Positive moment
crack



Negative moment 
cracks 



Shear cracks





These three are all structural 
and could have been caused by:

• Incorrect reinforcement placement
• Under design
• Change of use
• Excessive loading
• Poor compaction
• Earthquake
• Etc



Settlement of 
building exterior



Poor compaction



Primary cause 
of settlement 
cracking is poor 
compaction



Sawcuts too far apart



Usually Mid-Panel



Sawcut T





Re-entrant corner
crack





Long narrow panel





A few simple rules for Joint Layout from ACI 318:
 
1. Maximum joint spacing 24 to 36 times thickness  
      For instance: 5” thick x 24 = 120” which is 10’
       5” thick x 36 = 180” which is 15’
            (stated differently: 2 to 3 times the thickness in feet)
  Good rule of thumb is the middle: 2.5 times thickness
2. Maximum length to width ratio 1.5 to 1 
     (1:1 Square is even better)
3. Joints at every re-entrant corner
4. No T’s Note that 1, 2, and 3 can vary 

if shrinkage compensating 
cement is used.



Sawcut too late



Sawcut Depth 
needs to be t/4





This one looks similar, but the cause is different

It was tooled, but not deep enough



Drying Shrinkage
The biggest culprit 



The Good News:
There are lots of ways to 

Reduce or Eliminate 
Drying Shrinkage



CURING



ACI 302.1R
Purpose of Curing:

“After concrete placement and finishing of 
suitable concrete, curing is the single most 
important factor in achieving a high-quality slab. 

The primary purpose of curing is to slow the loss 
of moisture from the slab. A longer period of 
moisture retention permits more complete 
hydration of the cement, resulting in greater 
strengths.”



SPEC NEEDS TO SAY:  
“Backroll with short nap roller.”

This will make the coverage uniform.



WATERWATER



Effect of High 
Range Water 

Reducer

Easier to place &
higher strength

Water is a precious natural resource. 
Superplasticizers lower the water 
useage by up to 40%.



COARSE  AGGREGATES



MORE AND LARGER COARSE AGGREGATE 

    
 MEANS     LESS  SURFACE  AREA  
   AND  LESS SPACE TO FILL
WHICH MEANS  LESS PASTE
WHICH MEANS    LESS CEMENT
WHICH MEANS    LESS WATER
WHICH MEANS    LESS EXCESS WATER
WHICH MEANS    LESS SHRINKAGE
WHICH MEANS    LESS CRACKING & CURLING

MORE  AND  LARGER  COARSE  AGGREGATE 
   
 MEANS     LESS  SURFACE  AREA  
   AND  LESS  SPACE  TO  FILL
WHICH MEANS LESS  PASTE
WHICH MEANS    LESS  CEMENT
WHICH MEANS    LESS  WATER
WHICH MEANS    LESS  EXCESS  WATER
WHICH MEANS    LESS  SHRINKAGE
WHICH MEANS    LESS  CRACKING & CURLING



And the reason that all this 
is so important is…





SHRINKAGE  REDUCING  
ADMIXTURE





 
 

 

nce SRA 1 SRA 2

Cement 517 lb/yd3

Water 255 lb/yd3

Fine aggregate 1450 lb/yd3

Coarse aggregate 1700 lb/yd3

WR 3 oz/cwt
AEA 1.65 oz/cwt
SRA 2% by 

cementitious

Example

Shrinkage 
Reducing 

Admixture


Chart4
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Reference

SRA 1

SRA 2

Time (days)

Length change (%)

-0.013

-0.008

-0.008

-0.019

-0.01

-0.01

-0.024

-0.013

-0.013

-0.031

-0.014

-0.013



Euclid USA

		





Michigan Foundation

		





Required designs

		Michigan Foundation required mix designs																										Michigan Foundation required mix designs

		SSD Concrete mixes made on August 2004																										SSD Concrete mixes proposed on March 2005

								Mix 1		Mix 2		Mix 3		Mix 4		Mix 5		Mix 6		Mix 7														Mix 1		Mix 2		Mix 3		Mix 4										Mix 5

		Cementitious material:						564		658		423		682		658		634		564														R50T42M		R55T42M		R60T42M		R57T42M										R52S40W

		60%		Cement		lb/yd3		338		395		254		409		395		380		338								Cementitious material:						470		517		565		540				Cementitious material:						494

		40%		Slag		lb/yd3		226		263		169		273		263		254		226								40%		Cement		lb/yd3		188		207		226		216				60%		Cement		lb/yd3		296

		Water				lb/yd3		270		275		250		256		256		256		250								20%		Fly ash		lb/yd3		94		103		113		108				40%		Slag		lb/yd3		198

		Coarse aggregate				lb/yd3		1700		1700		1730		1700		1700		1700		1700								40%		Slag		lb/yd3		188		207		226		216				Water				lb/yd3		242

		Sand				lb/yd3		1493		1385		1453		1243		1264		1285		1361								Water				lb/yd3		253		253		253		253				Coarse aggregate				lb/yd3		1730

		Air				%		non		non		6		6		6		6		6								Coarse aggregate				lb/yd3		1730		1730		1730		1730				Fine aggregate				lb/yd3		1433

																												Fine aggregate				lb/yd3		1606		1564		1520		1543				Air				%		6

		w/c						0.48		0.42		0.59		0.38		0.39		0.40		0.44								Air				%		1.5		1.5		1.5		1.5				Tufstrand SF				lb/yd3		4

		Slump				inches		4 ± 1		4 ± 1		8 ± 1		4 ± 1		4 ± 1		4 ± 1		4 ± 1

																												MRWR: Eucon A+				oz/cwt		6		6		6		6				WR: Eucon WR-91				oz/cwt		3

		Specified strength				psi						3000				4500				4000																								Eucon AEA-92S				oz/cwt		to be determined

																												w/c						0.54		0.49		0.45		0.47				w/c						0.49

																												Slump				in		6 ± 1		6 ± 1		6 ± 1		6 ± 1				Slump				in		4 ± 1

																												Specified strength				psi												Specified strength				psi

																												Materials information

																																		SSD S.G.										Each mix will be run at 3 conditions:

																												Cement		Lafarge type I				3.15

																												Fly ash		Class C				2.57										a.		Control

																												Slag		Grade 120				2.92										b.		Using Eucon SRA+ at 2 oz/cwt

																												Fine aggregate						2.66										c.		Using Eucon SRA+ at 1.6 oz/cwt

																												Coarse aggregate						2.67





Mortars

		SRA MORTARS

		SRA Plus:		45G+51GT+4W		(dosage: % with respect to cement weight)

				Original name						Nomenclature

				Dipropylene Glycol						G

				Dipropylene Glycol Tert-Butyl Ether						GT

				Water						W

		AEA:		Air Mix		(3 oz/ 100 kg cement = 195.4 mL / 100 kg cement)

						specific gravity =		1.01

		Theoretical air content:								d = M / V

						Mass (g)		Specific gravity		V (mL)

				Cement		500		3.15		158.73

				Sand		1250		2.65		471.70

				Water		240		1		240.00

				d =		2.286		(g/mL)		Mortar density

																																																		0%SRA / Airmix		2%SRA / Airmix		0%SRA / AEA92		2%SRA / AEA92

		Room Temperature =				21.7 C		w/c =		0.48																																																								Mortars made with Giant cement, AEA92 and 2% of the combination indicated.

		Water Temperature =				18 C																																												Lafarge cement								Giant cement

																		17-Nov		17-Nov		17-Nov		17-Nov		18-Nov		19-Nov		19-Nov		19-Nov		19-Nov		18-Nov		23-Nov		23-Nov		23-Nov		23-Nov		23-Nov		23-Nov		30-Nov		30-Nov		30-Nov		30-Nov				23-Nov		9-Dec		30-Nov		30-Nov		9-Dec		9-Dec		9-Dec		9-Dec		9-Dec		9-Dec		9-Dec		9-Dec

						Mortar 1		Mortar 2		Mortar 3		Mortar 4		Mortar 5		Mortar 6		Mortar 7		Mortar 8		Mortar 9		Mortar 10		Mortar 11		Mortar 13		Mortar 14		Mortar 15		Mortar 16		Mortar 17		Mortar 18		Mortar 19		Mortar 20		Mortar 21		Mortar 22		Mortar 23		Mortar 24		Mortar 25		Mortar 26		Mortar 27		Mortar 28		Mortar 29		Mortar 30		Mortar 31		Mortar 32		Mortar 33		Mortar 34		Mortar 35		Mortar 36		Mortar 37		Mortar 38		Mortar 39		Mortar 40

						Reference		0% SRA Plus		2% SRA Plus		1% SRA Plus		0.5% SRA Plus		0.25% SRA Plus		2% Eclipse Plus		1% Eclipse Plus		1% (SRA+.05% def 21)		0.5% (SRA+.05% def 21)		2% (G)		2% (80G+20GT)		2% (60G+40GT)		2% (40G+60GT)		2% (20G+80GT)		2% (GT)		2% (96SRA Plus+4AEA92)		2% SRA		2% (50SRA+50GT)		2% (90SRA+10GT)		2% (50SRA+50G)		2% (90SRA+10G)		0%SRA / Lafarge / Airmix		2%SRA / Lafarge / Airmix		0%SRA / Lafarge / AEA92		2%SRA / Lafarge / AEA92		0%SRA / Giant / Airmix		2%SRA / Giant / Airmix		0%SRA / Giant / AEA92		2%SRA / Giant / AEA92		2%SRA / Giant / AEA92		0%SRA / Giant / AEA92		100 GT		100 G		80 SRA + 20 GT		95 SRA + 5 GT		99.5 SRA + 0.5 GT		80 SRA + 20 G		40 SRA + 60 G

		Cement (Giant)		g		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500		500

		Sand		g		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250		1250

		Water		g		240		240		230		235		237.5		238.75		230		235		235		237.5		230		230		230		230		230		230		230		230		230		230		230		230		240		230		240		230		240		230		240		230		230		240		230		230		230		230		230		230		230

		AEA (Airmix)		g		0		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987		0.987

		SRA		g		0		0		10		5		2.5		1.25		10		5		5		2.5		10		10		10		10		10		10		10		10		10		10		10		10		0		10		0		10		0		10		0		10		10		0		10		10		10		10		10		10		10

		Results

		Temperature		C		21.8		22.4		22.2		22.4		22.1		22.3		22.9		22.7		22.4		22.3		23.4		23.4		23.4		22.7		23.2		23.2		22.6		22.5		22.2		21.9		22.3		21.9		21.1		21.3		20.6		20.9		22.4		22.5		21.9		22.1		22.1		21.9		21.4		21.4		21.2		21.4		21.3		21.6

		Flow*		%		118		132		132		134		138		140		138		138		134		134		138		135		128		137		130		129		133		123		126		121		126		124		144		140		144		137		132		123		130		130		130		130		119		134		127		124		125		130

		Weight		g/400 mL		861.8		710.1		792.2		793		780.4		768.7		695.2		689.5		796.6		774.1		748.8		797.2		807.8		797.9		802.6		817.1		808.2		822.9		822.1		830.3		806.4		816.8		737.3		819.1		677.3		782.5		710.1		822.9		712.1		764.1		764.1		712.1		844.8		720.1		824		811.1		784.9		771.3		700

		Specific Gravity				2.1545		1.77525		1.9805		1.9825		1.951		1.92175		1.738		1.72375		1.9915		1.93525		1.872		1.993		2.0195		1.99475		2.0065		2.04275		2.0205		2.05725		2.05525		2.07575		2.016		2.042		1.84325		2.04775		1.69325		1.95625		1.77525		2.05725		1.78025		1.91025		1.91025		1.78025		2.112		1.80025		2.06		2.02775		1.96225		1.92825		1.75

		Air		%		5.8		22.4		13.4		13.3		14.7		15.9		24.0		24.6		12.9		15.4		18.1		12.8		11.7		12.7		12.2		10.6		11.6		10.0		10.1		9.2		11.8		10.7		19.4		10.4		25.9		14.4		22.4		10.0		22.1		16.4		16.4		22.1		7.6		21.3		9.9		11.3		14.2		15.7		23.5

		* For 21 drops of the table instead of 25 specified. Reason: Mortars were very fluid.





Mortars

		



Air

Air content (%)



Concretes

		



Flow*

Flow (%)



Mixes

		



Air

Air content (%)



		



Flow*

Flow (%)



		



Lafarge cement

Giant cement

Air content (%)

MORTARS 11/30/04
Cement and AEA analysis



		



Air

Air content (%)

MORTARS 11/08/04 using 
3 oz/100# cement of AirMix



		



Air content (%)
MORTARS made with Giant cement, AEA 92, and
2% of the combination indicated as a SRA



		

		Encountered substances in the Eclipse Plus admixture:

				Original name				Nomenclature		Notes

				Dipropylene Glycol				G		Seems to have a defoamer action

				Dipropylene Glycol Tert-Butyl Ether				GT																																																																																																																																																																																						MF mix designs using Lafarge slag																				MF mix designs using St. Mary slag

				Dipropylene Glycol Di-Tert-Butyl Ether				GDT		Seems to be included in the GT chemical																																																																																																																																																																																				Admixtures:		AEA 92S																		Admixtures:		AEA 92S

				Water				W		Distillated																																																																																																																																																																						MF mix design: R52S40W																WR 91																				WR 91

																																																																		Reference had to be																																																Combination selected for the Michigan																																																														Admixtures:		AEA 92S														Eucon A+																				Eucon A+

		Nomenclature for a different formulation of the Eucon SRA:																																																																repeated to entraine																																																Foundation proyect																																																																WR 91														Eucon SRA																				Eucon SRA

																																																																		more air (around 6%)																																																																																																														Slag:		Lafarge														PD 0205																				PD 0205

				Original name				Nomenclature																																																																																																SRA/GT good combination (starting point)																																																																								Cement:		St. Mary												Slag:		Lafarge																		Slag:		St. Mary

				Eucon SRA				E																																																				Option																														SRA/GT good combination		SRA/GT good combination																MF materials		MF materials		MF materials		MF materials		MF materials																																																												Aggregate:		M.F.												Cement:		St. Mary																		Cement:		St. Mary

				Defoamer 21				D																																						Opcion																We just added 3 oz/ 100# cement				Shrinkage and f'c		Shrinkage and f'c		Shrinkage and f'c																																														Trying the product offer by Lyondell		MF mix design: R52S40W								Clean mixer				Clean mixer								MF mix design: R52S40W																Looking for repetability and						MF mix design: R52S40W																														Aggregate:		M.F.																		Aggregate:		M.F.

																																																														to mix 27. Just to have an idea.				samples		samples		samples																						Looking for repetability of mix 42		Michigan Foundation materials		MF materials		MF materials		MF materials		MF materials		MF materials		MF materials		Mix was too dry, we decided		Taken as a reference		Good SRA+GT combination		Mix 54 = Mix 53		Air content was not satisfactory		Admixtures:		AEA 92S																		Admixtures:		AEA 92S														Transport simulation						Admixtures:		AEA 92S																				Substitution of the GT by

																																																																																														Low air due to excess of stone				Taken as a reference				Mixer clean		Mixer clean				to add more water				Next step: look for repetability on results		Results are very similar		More tests were performed to evaluate if				WR 91		We added the SRA combination after getting the results				We added the Eclipse+ after getting the results				We added Arcosolv DPNB after getting the results										WR 91																						WR 91																Looking for repetability				the Arcosolv DPNB				Looking for repetability

		Concrete mixes																																																																																																																		this product reduce shrinkage						of the reference as R52S40W				of the reference as R52S40W				of the reference as R52S40W								Clean mixer				Clean mixer				Clean mixer				Clean mixer				Clean mixer						Clean mixer						Mixer from last batch (mix 1)						Mixer from last batch (mix 2)		Clean mixer		Clean mixer		Mixer from last batch				Clean mixer		Clean mixer		Mixer from last batch				Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch		Clean mixer		Mixer from last batch

																																								30-Nov		30-Nov		30-Nov		30-Nov		1-Dec		1-Dec		1-Dec		1-Dec		1-Dec		1-Dec		1-Dec		1-Dec		16-Dec		16-Dec		16-Dec		16-Dec		16-Dec		16-Dec		21-Dec		21-Dec		21-Dec		21-Dec		21-Dec		21-Dec		26-Jan		26-Jan		26-Jan		26-Jan		27-Jan		27-Jan		27-Jan		27-Jan		28-Jan		29-Jan		25-Mar		25-Mar		25-Mar		25-Mar		25-Mar		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		6-Apr		7-Apr				7-Apr				7-Apr				7-Apr				7-Apr						12-Apr						12-Apr						12-Apr		12-Apr		14-Apr		14-Apr				14-Apr		15-Apr		15-Apr				20-Apr		20-Apr		20-Apr		20-Apr		20-Apr		20-Apr		21-Apr		21-Apr		21-Apr		21-Apr		28-Apr		28-Apr		28-Apr		28-Apr		28-Apr		28-Apr

						Reference		Mix 1		Mix2		Mix 3		Mix 4		Mix 5		Mix 6		Mix 7		Mix 8		Mix 9		Mix 10		Mix 11		Mix 12		Mix 13		Mix 14		Mix 15		Mix 16		Mix 17		Mix 18		Mix 19		Mix 20		Mix 21		Mix 22		Mix 23		Mix 24		Mix 25		Mix 26		Mix 27		Mix 28		Mix 29		Mix 30		Mix 31		Mix 32		Mix 33		Mix 34		Mix 35		Mix 36		Mix 37		Mix 38		Mix 39		Mix 40		Mix 41		Mix 42		Mix 43		Mix 44		Mix 45		Mix 46		Mix 47		Mix 48		Mix 49		Mix 50		Mix 51		Mix 52		Mix 53		Mix 54		Mix 55		Mix 1		Mix 2		Mix 3				Mix 4				Mix 5						Mix 6		Mix 1				Mix 2				Mix 3				Mix 4				Mix 5						Mix 1						Mix 2						Mix 3		Mix 4		Mix 1		Mix 2				Mix 3		Mix 4		Mix 5				Set 1				Set 2				Set 3				Set 4				Set 5				Set 1				Set 3				Set 5

		SRA formula				Reference		99.5E+0.5D		99.5E+0.5D		99.75E+0.25D		99.95E+.05D		99.95E+.05D		99.95E+.05D		45G+51GT+4W		45G+51GT+4W		45G+51GT+4W		Eclipse Plus		45G+51GT+4W		45G+51GT+4W		9G+83GT+8W		92GT+8W		45G+51GT+4W		45G+55GT		Ref: 3 AirMix		SRA		50SRA+50G		10SRA+90G		3 AEA 92		3 AEA 92 / Eucon SRA		3 AEA 92 / Eucon SRA		3 AEA 92 / 50SRA+50G		1.5 AEA 92		1 AEA 92		1 AEA 92 / 50SRA+50G		1 AEA 92 / 50SRA+50G / 3 WR 91		0.8 AEA 92		1 AEA 92		1 AEA 92 / 100G		1 AEA 92 / 40SRA+60G		1 AEA 92 / 99.5SRA+0.5GT		1 AEA 92 / 95SRA+5GT		0.5 AEA 92 / 3 WR 91		0.7 AEA 92 / 3 WR 91		1 AEA 92 / 3 WR 91		1 AEA 92 / 3 WR 91 / 90SRA+10GT		1 AEA 92 / 3 WR 91 / 100G		1 AEA 92 / 3 WR 91 / 92.5SRA+7.5GT		2.2 AEA 92S / 3 WR 91		2.2 AEA 92S / 3 WR 91 / 95SRA+5GT		2.2 AEA 92S / 3 WR 91 / 95SRA+5GT		2.2 AEA 92S / 3 WR 91		2.2 AEA 92S / 3 WR 91		1.8 AEA 92S / 3 WR 91		1.8 AEA 92S / 3 WR 91 / 95SRA+5GT		1.8 AEA 92S / 3 WR 91 / 95SRA+5GT		1.8 AEA 92S / 3 WR 91 / 80SRA+20GT		1.8 AEA 92S / 3 WR 91 / 85SRA+15GT		1.65 AEA 92S / 3 WR 91		Reference		80SRA+20GT		1.65 AEA 92S / 3 WR 91 / 80SRA+20GT		Arcosolv DPNB		Reference (added water)		80SRA+20GT @ 2oz/cwt		Reference (as R52S40W)		80SRA+20GT @ 2oz/cwt		Reference (as R52S40W)		Eclipse+ @ 2 oz/cwt		Reference (as R52S40W)		Arcosolv DPNB @ 2 oz/cwt		Arcosolv DPNB @ 2% cementitious weight		80SRA+20GT @ 16oz/cwt		Reference (as R52S40W)		80SRA+20GT @ 2% cementitious		Reference (as R52S40W)		80SRA+20GT @ 1% cementitious		Reference (as R52S40W)		80SRA+20GT @ 1% cementitious		Reference (as R52S40W)		70SRA+30GT @ 1% cementitious		70SRA+30GT @ 1% cementitious						70SRA+30GT @ 1% cementitious						70SRA+30GT @ 1% cementitious						70SRA+30GT @ 1% cementitious		70SRA+30GT @ 2oz/cwt		Eclipse+ @ 1%		Eclipse+ @ 1%				70 SRA + 30 Arcosolv DPNB		Arcosolv DPNB @ 1%		Arcosolv DPNB @ 1%				Mix 1 reference		Mix 1 with Eucon SRA		Mix 2 reference		Mix 2 with Eucon SRA		Mix 3 reference		Mix 3 with Eucon SRA		Mix 4 reference		Mix 4 with Eucon SRA		Mix 5 reference		Mix 5 with PD0205		Mix 1 reference		Mix 1 with Eucon SRA		Mix 3 reference		Mix 3 with Eucon SRA		Mix 5 reference		Mix 5 with PD0205

		Cement		pounds/yd3		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		517		311		311		311		517		517		517		517		517		296		296		296		296		296		296		296		296		296		296		296		296		296		296		296		296		296		296		296						296						296						296		296		296		296				296		296		296				188		188		207		207		216		216		226		226		296		296		188		188		216		216		296		296

		Fly ash		pounds/yd2																																																																																																																																																																																										94		94		103		103		108		108		113		113		0		0		94		94		108		108		0		0

		Slag		pounds/yd3																																																																																												0		0		0		206		206		206		0		0		0		0		0		198		198		198		198		198		198		198		198		198		198		198		198		198		198		198		198		198		198		198						198						198						198		198		198		198				198		198		198				188		188		207		207		216		216		226		226		198		198		188		188		216		216		198		198

		Stone		pounds/yd3		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		1700		1700		1700		1700		1700		1700		1700		1700		1700		1700		1700		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730						1730						1730						1730		1730		1730		1730				1730		1730		1730				1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730		1730

		Sand		pounds/yd3		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1201		1185		1185		1185		1237		1464		1491		1491		1491		1491		1491		1489		1450		1450		1450		1450		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433		1433						1433						1433						1433		1433		1433		1433				1433		1433		1433				1606		1606		1564		1564		1543		1543		1520		1520		1433		1433		1606		1606		1543		1543		1433		1433

		Water		pounds/yd3		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		250		240		240		240		240		240		240		255		255		255		255		247		247		242		242		242		242		242		242		242		242		242		242		242		242		242		242		242		242		242						242						242						242		242		247		247				247		247		247				248		248		248		248		248		248		248		248		232		232		248		248		248		248		242		242

		AEA		oz/100 pounds cement		1.3 of Airmix		1.3 of Airmix		1.8 of Airmix		1.8 of Airmix		1.3 of Airmix		2 of Airmix		2 of Airmix		1.5 of Airmix		2 of Airmix		3 of Airmix		3 of Airmix		3.5 of Airmix		4 of Airmix		3 of Airmix		3 of Airmix		3 of AEA-92		3 of Airmix		3 of Airmix		3 of Airmix		3 of Airmix		3 of Airmix		3		3		3		3		1.5		1		1		1		0.8		1		1		1		1		1		0.5		0.7		1		1		1		1		2.2		2.2		2.2		2.2		2.2		1.8		1.8		1.8		1.8		1.8		1.65		1.65		1.65		1.65		1.65		1.6		1.8		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1		1		1		1		1						1						1						1		0.3		1		1				1		1.6		1.6				0		0		0		0		0		0		0		0		1.6		1.6		0		0		0		0		1.6		1.6

		SRA		% by weight of cement		0		2		2		2		2		2		1		2		2		2		2		2		2		2		2		2		2		0		2		2		2		0		2		2		2		0		0		2		2		0		0		2		2		2		2		0		0		0		2		2		2		0		2		2		0		0		0		2		2		2		2		0		0		2		2		2		0		2 oz/cwt		0		2 oz/cwt		0		2 oz/cwt		0		2 oz/cwt		16 oz/cwt		16 oz/cwt		0		2% cementitious		0		1% by cementitious		0		1% by cementitious		0		1% by cementitious		1% by cementitious						1% by cementitious						1% by cementitious						1% by cementitious		2 oz/cwt		1%		1%				1%		1%		1%				0		16 oz/cwt Eucon SRA		0		16 oz/cwt Eucon SRA		0		16 oz/cwt Eucon SRA		0		16 oz/cwt Eucon SRA		0		16 oz/cwt PD 0205		0		16 oz/cwt Eucon SRA		0		16 oz/cwt Eucon SRA		0		16 oz/cwt PD 0205

		WR 91		oz/100 pounds cement		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		3		0		0		0		0		0		0		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3		3						3						3						3		3		3		3				3		3		3				6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		3 oz/cwt WR 91		3 oz/cwt WR 91		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		6 oz/cwt Eucon A+		3 oz/cwt WR 91		3 oz/cwt WR 91

		Tufstrand SF		pounds/yd3																																																																																																																		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4		4						4						4						4		4		4		4				4		4		4				0		0		0		0		0		0		0		0		4		0		0		0		0		0		4		0

		w/cm				0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.48		0.46		0.46		0.46		0.46		0.46		0.46		0.49		0.49		0.49		0.49		0.50		0.50		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49		0.49						0.49						0.49						0.49		0.49		0.50		0.50				0.50		0.50		0.50				0.53		0.53		0.48		0.48		0.46		0.46		0.44		0.44		0.47		0.47		0.53		0.53		0.46		0.46		0.49		0.49

		Results

																																																																																																																																																										initial		at 30 min		at 45 min		initial		at 30 min		at 45 min		initial		at 30 min		at 45 min		initial		initial				initial		at 45 min						initial		at 45 min

		Slump		in		4.75		4.25		5		4.25		2.5		3.25		4		3.75		2.5		6.25		6.75		5.25		5.5		6.75		4.5		3.5		5.5		3.25		3		4		4.75		3.5		6.5		7		5		3.75		3.25		5.25		8		3		4		3		3.75		5.75		4.75		2.5		3		3.5		3.5		3.5		3.75		4		4		5		4.5		6		5		7		7.5		5		7		2.5		3.5		3.5		3.25		2.5		3.5		5.75		----		----		----		----		----		----		----		----		----		----		----		----		----		----		----		----		2.5		----		----		3		----		2.5		5		----		3		4.5		0		2.25		5		3.25		5		3.25		4.5		----		7		8		7		8		7		7.75		7		8		5		7		7		8		7		8		4		6.25

		Air		%		6.6		2.3		2.1		2		2.1		2.5		3		2.8		2.5		4		7.2		4.1		4.4		4.3		3		2.3		3.7		8.4		2.6		3.3		5		12		17.5		18		13		8		7		8.5		14.5		3.9		5.5		5.5		6.6		10.5		8.2		3.7		4.4		5.5		4.7		4.8		5		5.9		5.7		6.4		2.5		8		7		11.5		9.1		5.4		8.5		5		6		4.8		4.3		1.9		5.2		15		7.8		14		5		10		4.8		13		1.8		10		7		5.7		7.1		10		5		8.4		4.6		6.9		5.6		5.3		5.7		5		5.8		5.5		7.2		8.5		7.1		7.3		2.3		4.5		6.1		5.5		9.9		5.9		3.9		4.9		1.2		3.9		1.2		3.5		1.3		3.6		1.3		3.4		7		5.7		1.1		1.9		1		1.7		5.3		5.7

		Compressive strength average (psi)

		3 days																																																																																																																																																																																												2229		2021		2372		2271		2381		2383		2632		2659		1541		1796		1802		1706		2052		2108		1776		1778

		7 days																																																																4278		3312		3534																		4206		4129								4119						3199						4540				4267		4935																																																																				4016						3435		3230		3872		3759		3583		3610		4410		4263		2490		2795		2069		2247		2975		3082		2939		2824

		28 days																																																																5491		4530		4453																		5417		5592								5414						5598						5620				5871		6538																																																																				5384

		56 days																																																																																																5646						6376

		CRD readings																																																										Comments:

		1 day																																																																0.0229		-0.0624		-0.0008																												-0.0203						-0.0091						-0.0162				-0.0056		-0.0021																																																																				-0.0406

		7 days																																																										Mixes 22 and 23 (3 AEA 92 / Eucon SRA) were equal and				INITIAL READING		0.0242		-0.0618		0.0004																Initial reading		-0.0008		-0.0106						Initial reading		-0.0202				Initial reading		-0.0085				initial reading		-0.0156		initial reading		-0.0053		-0.0017																																																																		initial reading		-0.0407				initial reading		-0.0448		-0.0256		-0.0331		-0.0227		-0.033		-0.0163		-0.0244		-0.0242		-0.0332		-0.0387		0.0093		-0.0122		-0.0347		-0.0219		-0.0089		-0.0293

		14 days																																																										showed consistance in the results. Thus, the AEA 92 and						0.0223		-0.0631		-0.0008																		-0.0024		-0.0115								-0.0208						-0.0089						-0.0169				-0.0061		-0.0025																																																																				-0.0413						-0.0458		-0.0259		-0.034		-0.0234		-0.034		-0.0169		-0.0251		-0.0243		-0.0338		-0.0389		0.0083		-0.0129		-0.0357		-0.0227		-0.0095		-0.0294

		21 days																																																										the Eucon SRA admixtures are compatible.						0.0219		-0.0632		-0.0008																		-0.0029		-0.0116								-0.0218						-0.0094						-0.0175				-0.0063		-0.0027																																																																				-0.0414						-0.0463		-0.0264		-0.0343		-0.0235		-0.0344		-0.017		-0.0256		-0.0248		-0.0344		-0.0393

		28 days																																																																0.0211		-0.0637		-0.0014																		-0.0038		-0.0122								-0.0229						-0.0101						-0.0180				-0.0066		-0.0030

		56 days																																																										In order to have the 6% air (required by the Michigan						0.0205		-0.0642		-0.0016																		-0.0040		-0.0122								-0.0230						-0.0101						-0.0187				-0.0067		-0.0030

		84 days																																																																																																-0.0242						-0.0109

		Length change (% of 10 in)																																																										Foundation), the dosage of AEA 92 must be decreased to

		14																																																										less than 1 (maybe 0.8 oz / 100 # cement).						-0.019		-0.013		-0.012																		-0.016		-0.009								-0.006						-0.004						-0.013				-0.008		-0.008																																																																				-0.006						-0.010		-0.003		-0.009		-0.007		-0.010		-0.006		-0.007		-0.001		-0.006		-0.002		-0.010		-0.007		-0.010		-0.008		-0.006		-0.001

		21																																																																-0.023		-0.014		-0.012																		-0.021		-0.01								-0.016						-0.009						-0.019				-0.010		-0.010																																																																				-0.007						-0.015		-0.008		-0.012		-0.008		-0.014		-0.007		-0.012		-0.006		-0.012		-0.006

		28																																																										The presence of dipropylene glycol (G) in the SRA formulation						-0.031		-0.019		-0.018																		-0.03		-0.016								-0.027						-0.016						-0.024				-0.013		-0.013

		56																																																										helped in the control of the air entrained when compared to the						-0.037		-0.024		-0.020																		-0.032		-0.016								-0.028						-0.016						-0.031				-0.014		-0.013

		84																																																																																																-0.040						-0.024

		Length change (% of 250 mm)																																																										use of the Eucon SRA itself in presence of AEA 92 (mixes 21

		14 days																																																										23 and 24).						-0.00076		-0.00052		-0.00048																		-0.00064		-0.00036								-0.00024						-0.00016						-0.00052				-0.00032		-0.00032																																																																				-0.00024						-0.0004		-0.00012		-0.00036		-0.00028		-0.0004		-0.00024		-0.00028		-0.00004		-0.00024		-0.00008		-0.0004		-0.00028		-0.0004		-0.00032		-0.00024		-0.00004

		21 days																																																																-0.00092		-0.00056		-0.00048																		-0.00084		-0.0004								-0.00064						-0.00036						-0.00076				-0.00040		-0.0004																																																																				-0.00028						-0.0006		-0.00032		-0.00048		-0.00032		-0.00056		-0.00028		-0.00048		-0.00024		-0.00048		-0.00024

		28 days																																																										The use of a lignosulfonate (WR 91) produce an increase of						-0.00124		-0.00076		-0.00072																		-0.0012		-0.00064								-0.00108						-0.00064						-0.00096				-0.00052		-0.00052

		56 days																																																										the air entrainment.And of coarse, a slump increment is also						-0.00148		-0.00096		-0.0008																		-0.00128		-0.00064								-0.00112						-0.00064

		84 days																																																										verified with mix 28.																																						-0.00160						-0.00096
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Slump (in)

AEA 92 Analysis - 12/01/04
SRA dosage = 2%



		



Air content (%)

AEA 92 Analysis - 12/01/04
SRA dosage = 2%



		



16-Dec
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Slump 
Concretes December 16



		



16-Dec
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Air content 
Concretes December 16



		



1.8 AEA 92S / 3 WR 91 / 80SRA+20GT

1.8 AEA 92S / 3 WR 91

Time (days)

Length change (%)

Michigan Foundation materials



		



2.2 AEA 92S / 3 WR 91

2.2 AEA 92S / 3 WR 91 / 95SRA+5GT

Time (days)

Length change (%)

Euclid materials



		



1 AEA 92

1 AEA 92 / 100G

1 AEA 92 / 40SRA+60G

Time (days)

Length change (%)

Dipropylene glycol (G) effect 
on shrinkage reduction
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1.65 AEA 92S / 3 WR 91 / 80SRA+20GT

Arcosolv DPNB

Time (days)

Length change (%)

Michigan Foundation materials
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Air content (%)



		



1 AEA 92

1 AEA 92 / 100G

1 AEA 92 / 40SRA+60G

Time (days)

Length change (%)

Dipropylene glycol (G) effect 
on shrinkage reduction



		



Reference

1.65 AEA 92S / 3 WR 91 / 80SRA+20GT

Arcosolv DPNB

Time (days)

Length change (%)

Michigan Foundation materials



		BATCH 1												EUCON SRA

		Admixture dosage								w/c =		0.48

		AEA 92S		0		oz/100 lb of cement

		Eucon WR-91		3		oz/100 lb of cement

		Eucon SRA		1		% by cementitious weigth

		Aggregates		Abs (%)		Moisture (%)		M-Abs (%)

		Stone				SSD		----

		Sand		1.011		4.83		3.82

						Mix requirements		per yd3		per ft3		per ft3 (corrected by moisture)		per yd3 (corrected by moisture)

		Cement		pounds		338		338		12.52		12.52		338

		Slag		pounds		226		226		8.37		8.37		226

		Stone		pounds		1700		1700		62.96		62.96		1700

		Sand		pounds		1493		1493		55.30		57.41		1550.02

		Water		pounds		270		264.36		9.79		7.68		207.34

		AEA 92S		oz				0		0.00		0.00		0

		Eucon WR-91		oz				16.92		0.63		0.63		16.92

		Eucon SRA		pounds				5.64		0.21		0.21		5.64

		Unit weight		pounds		4027		4027						4027







SHRINKAGE  COMPENSATION



TYPICAL 5” SLABS         200’ by 250’           50,000 ft2

Shrinkage-Compensating
                      1,550 lf of joints

Portland Concrete             
7,550 lf of joints                  

Joints 12.5’ x 12.5’ Joints 50’ x 50’

WELL OVER

A MILE

SAVED  6,000 LF OF JOINTS 



Bollards or
utility risers



10,400 square feet
Joint Spacing 130’ by 80’
No Cracks

1 day:   Ff = 99.2

1 year:   Ff = 97.8

Allen Face told me slabs 
typically lose about 40% of 
their flatness in the first 
year.

This slab lost less than 2%
Shrinkage-Compensated 
Concrete stays Flat

And NO Cracks 
after 1 year

- Extended joint spacing
- Few if any cracks
- Flat slabs
- That stay flat 

- High bay racking 
- Etc
Shrinkage-Compensated 
Concrete is the perfect 

choice.



Corrosion cracks
- often with 
rust stains



Rebar + Water 
=

Corrosion, Expansion, Breaking

Copper
Mine

Highway
Barrier



We should 
have listened 

to Dave !!!

We should have 
used corrosion 

inhibiting 
admixture
















Corrosion Inhibiting Admixture:

• Calcium Nitrite 
• Reacts to creates a passivity layer

• Delays the onset of corrosion
• Decreases the rate of corrosion
• Increases the service life of the structure



Anodic ring



The repair material 
contained a 
Corrosion Inhibitor. 

So there is 
accelerated corrosion 
around the repair.



Galvanic Anode



STRUCTURAL  SYNTHETIC 
MACRO  FIBERS



We should   
have listened 

to Dave

We should   
have used
Structural
Synthetic

Macro Fibers
 



Welded Wire 
Fabric

Finished 
Surface



Restraint - like 
rebars through 

joints or turndowns



If the rebars run through the sawcut joints,
the joints can’t open as much

and mid-panel cracks are likely to occur.



Settlement cracks
over dowels

or rebars





PREVENTION:

– Address those Causes
– Use Macro Fibers not Rebars

CAUSES:

– Bigger Bars
– Less Cover
– Insufficient Vibration
– Leaking or Highly Flexible Forms



4 corner cracking





Prevention includes specifying 
concrete with reduced shrinkage, 

cracking, and curling.

Better curing.



Metal expansion



Repair the 
concrete leaving 
space for the steel 
tube to expand.



Crack over keyway



Broken Key Joint



Not for exposed wheel traffic



HOW  TO  REPAIR  CRACKS



Determine if the crack is moving.

If it is, can you stop it 
from moving?

Determine if the crack is moving.

If it is, can you stop it 
from moving?



Flexible sealants 
are used to seal 
against intrusion  
of foreign 
materials and 
liquids.



Blow out crack with   

oil-free 
compressed air.



Temporary Sealant

GRAVITY FEED METHOD



STRUCTURAL



Epoxy 
Crack 
Injection



HEALER  SEALER



Remove excess epoxy and 
immediately apply fine sand 

into the wet epoxy

When cured, remove excess
sand and open to traffic

Flood surface with 
properly mixed epoxy

Pre-treat larger 
cracks if necessary

Use rollers or 
squeegees to distribute

The Grand Ronde 
River Bridge, Oregon

HEALER Increases:
   - Abrasion Resistance

SEALER Decreases:
   - Penetration of Liquids
  -  Carbonation



Aesthetic 
crack, 

gouge and 
small spall 

repairs 



CRACKS  WITH  
FLOWING  WATER









Two More 
Crack Repair 

Techniques



Crazing

Plastic

ASR

Between
bollards

Long 
narrow 
panelJoints too 

far apart

Tee joint

Positive 
moment

Corrosion

Drying
shrinkage

Sawcut 
too lateSettlement

over bars

Over
keyway

Anodic 
ring

Re-entrant
corner

Corrosion

Corrosion

Footing 
settlement

Negative 
moment

Curl

Shear

Poor 
compaction

Settlement

Rebar
through 
joints

Metal 
expansion

D Cracks

But it isn’t 
always as easy 

as it looks



Warehouses with many overhead doors

CMU wall

Foam 
expansion 
joint

Primary Problem
• Slab placed directly on rough 

stemwall and there was too 
much restraint

Solution – reduce restraint
• Finish the top of the stemwall 

at the doorways smooth
• Place double strip of poly on 

top of stemwall at doorways

X





CONCRETE  CRACKS:
THEY  AREN’T  ALL  THE  SAME-----------------------------------------------

• How to Identify Them
• What Caused Them
• How to Prevent Them
• How to Repair Them

Dave Flax 
The Euclid Chemical Company 

Business Development Group
dflax@euclidchemical.com

858-405-0356

ICRI Committee 320
Today at 10
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