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Concrete maturity:
Harnessing the “rate

of strength change”
of your concrete.
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How to take
full advantage

of “Time and

Temperature”

using ASTM-
1074!
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Today’'s Agenda: Why Maturity?

* Review of maturity in concrete (ASTM-1074)

e Calibration and validation

— Early and accurate strength data,
— significant time savings,
— carbon counting options,

— cylinder reductions.

» Elimination of low strength risks?

* Review and questions

@ Engius

WISCONSIN
CONCRETE
\ PAVEMENT

ASSOCIATION

Page 3



2010 WCPA Concrete Pavement Workshop

intelliRock

rrnfrefes fanks « saperinr rerolty

urn’
INTERNATIONAL
Standards Worldwide

Concrete — A Century of Innovation

@ Engius

Maturity Is A Recognized Standard

Maturity Is Found In the Following Industry Standards:

ASTM C 1074 — Standard Practice for Estimating
Concrete Strength by the Maturity Method

ASTM C 918 — Measuring Early Age Compressive
Strength & Projecting Later Age Strength

ACI Committee 318, Par 6.2 — Building Code
Requirements for Structural Concrete

ACI Committee 228, Par 2.7 — Nondestructive
Committee

ACI Committee 306, Par 6.4 — Cold Weather
Committee

OSHA Section 1926.752 & 1926.703
FHWA SA-97-105
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intelliRock Implementing Maturity

rennrete farts » saperinr rerulty

intelliRock System
The “New Age” Temperature and Maturity System

Logger -“Intelligent Sensor’:
Microprocessor
Memory

Temp. Sensor
Battery

Reader:
Communicates
with loggers

Wireless Monitoring
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intelliRock  \Why Does Maturity Work?

rrnfrefes fanks « saperinr rerolty

» Concrete is a chemical reaction - EXOTHERMIC
e Chemistry 101
— Principle ingredients of Portland cement are Silica and Calcium
— Curing (drying) is called “HYDRATION”
— What is happening during hydration?
— Caplus H-O-H (water) - Ca OH plus H+ (released energy)
* The energy released generates HEAT

 Heat = Energy - More particles plus moving faster - More Likely
to Collide (React) - Hydration Accelerates!!

« Thanks to:
— Svante Auqust Arrhenius 1884 (Nobel Prize Winner)

@ Engius
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intelliRock What is Maturity?

rrnfrefes fanks « saperinr rerolty

« Maturity describes a relationship between time and
temperature

« Measured in “celcius-degrees-hours” (C°H)

 Represents a “rate of change”

e “Simple” to calculate — area under the time &
temperature curve (calculus)

» “Discovered” (described) by Nurse and Saul in 1950’s

@ Engius
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)

intelliRock What is Maturity?

 What did Nurse & Saul “Discover” ?

» “Concrete of the same mix at the same maturity
(reckoned in temperature-time) has approximately the
same strength whatever combination of temperature
and time go to make up that maturity” (Saul 1951)

@ Engius
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inteliRock  What does Maturity Look Like?
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Maturity is Measured in Degrees Celsius*Hours

Temperature (degrees C)

M0_3 - 3,106 °C-H
Mo, = 4,029 °C-H

Time (days)

@ Engius
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intelliRock  Computing Maturity
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Nurse-Saul — Linear Relationship

Simple, Easy to Use, Most Conservative, Safest and Most Widely Used

¥
TTF =>(T, -T,)- &

0

T1F = Temperature-Time Factar, “C-hrs or °F-hrs

At =timeinterval, hrs

T = average concrete ternperature during &, °C ar °F
T = datum temperature, typicdly -10°C or 14°F

@ Engius
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Strength vs. Time

Strength, PSI
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inteliRock  What does Maturity Look Like?

rrnfrefes fanks « saperinr rerolty

Strength vs. Maturity
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@ Engius
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intelliRock
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Z Calibration — Fingerprint of your mix design
using 17 Cylinders

2 for maturity
15 (5 sets of 3) for testing sSensors

<2 Engius
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intelliRock  Generating a calibration curve
rrnfrefes fanks « saperinr rerolty
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Calibration — Fingerprint of your mix design

ASTM-1074-A
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npErinr resuliy

Calibration — Fingerprint of your mix design

D7 | =]

e T E [ o [ € T[T F T & T H ] [0 T v T T T
| 2 | |Concrete Producer: Acrme Ready Mix | Units & Settings . "
| 3 | |Contractor oncrete Cuntracmrcump<l Temperature Units: T ““L'”'Rﬂﬁ!s‘
[ 4 | [MixDesign Code P27 Strength Test Method. Compressive
| § | |Batch Date: 9/8/2004 | Strength Units psi Normal Graph
| B | |Batch Time | UnitWeight: Ihiyd3
| 7 | [ambient Temperature (°C) |Graph Type Normal L ithmic Graph
| 8 | [Cancrete Temperature ("C) Maturity Method: Nurse-Saul
| 9 | |Concrete Slump {mm; Datum Temperature 0°C Clear All Data |
[ 10| |Concrete Unit weight (bid3) =
| 11| |Concrete Air Content (%) | Print |
[ 12 | |Testing Performed B
[ 13 | |Characteristic Strength (psi)

[ 14 | |Testing Machine Info

[ 15| [Handheld Reader Serial Mo

|18 |
Mat Specimen Awerage Maturity én‘:tusrgyd Specimen | 4 Average Average pe P
fees‘w Specimen # Strength Strength Logger Serial TIEHE Maturity Em?fé)a ure Maturity Temperature VE{;:\?S)QE

17 (psi) (psi) MNumber (hhirmmy ([0]°C-Hrs) ([0]°C-Hrs) °C)

18] 1 1149.0 14,383 24:00 1277 73

19 1 10186.0 14,418 2400 1,201 23
| 20] 1 980.0 1048.3 1,212 23 100
|21 1

22 1
| 23] Z 3246.0 14,383 72:00 7835 71

24 2 2253.0 14,418 72.00 2,881 23
[25 | z 2117.0 22053 2,908 24 300
| 26 | 2
127 | 2

28 3 2882.0 14,383 120000 4,051 23
|29 3 3742.0 14,418 12000 3,871 31
[ 30| 3 2958.0 2861.0 4,011 24 5.00
| 31 3
|22 3

33 4 3288.0 14,383 16200 6,075 24
| 34| 4 3553.0 14,418 T6EE.00 5,359 27
[ 35 | 4 3470.0 34373 6,017 24 7.00
| 36| 4
127 | 4

38 5 4338.0 14,383 336:00 12570 24
E 5 43550 14,418 336.00 17,354 73
| 40| 5 4170.0 42547 12,462 24 14.00
| 41 5

42 5
\1 [4]»]w "\RREDDrt Page /£ Intro  Calil Batch Data { Strength Calculator Strength-Maturity Relationship 14l
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intelliRock Quality Control Using Maturity
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ASTM 1074-B
e Validation — To verify that your mix design has not changed

e Cast 4 verification cylinders

e Embed intelliRock sensor in one; test remaining three
compressively

e Verify that the concrete is within 10% of the calibration curve

@ Engius
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5,000

3,500

2,000

1,500

Compressive Strength (psi)

1,000

rrnfrefes fanks « saperinr rerolty

intelliRock QA/QC Example

ASTM 1074-B
e Validation — Does the batch fit the curve?

4,500 -

4,000 -

3,000 -

2,500 -

Deviation of 10%0 or
— Investigate cause!

greater

500 +

@ Engius
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intelliRock
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/] *Application — Step 2: Start the Logger

1. Project

2. Location

3. Datum

GOI!l

uuuuuuuuuu

wwintelliRock com

|

z Application — Step 3: Read Sensors

e After some curing time use intelliRock to read maturity

@ Engius
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intelliRock
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ZApplication — Step 3: Convert Maturity to Strength
(apply the calibration curve)

5,000

4,500 - —

Design Strength
4,000 ™= = = — = ‘;;:::;;:;a—'=r: ————————————————————
3,500

75% Design Strength

3000 e e e K gy

Compressive Strenath (psi)

2,500 -
2,000 -
1,500 -
1000 Targeting 75% Design Strength, based ]
’ on in-place strength measurements,
500 accelerates work flow significantly!
0 : : ‘ o
=
0 5,000 10,000 15,000 20,000 5
2600 CH Maturity (°C-Hours)
@ Engius
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intelliRock
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M] Application #4: Read Loggers!

*L=Hrs

prirtierld
TR

<2 Engius
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intelliRock Optimize Construction Schedules
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Concrete Curing Cycle

Curing
Generates
Heat

S

Heat
Cures
Concrete

@ Engius

Mass
Traps
Heat

4

Cylinder VS Placement

Cylinders or beams
eLess Heat Retention
sLower Curing Temperature
sLower Early Strength

Placement

*Higher Mass

*More Heat Retention
*Higher Curing Temperature
*Higher Early Strength
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intelliRock Optimize Construction Schedules
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OU Health Sciences Center, Temperature Data
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"""" Placement Core Temperature
, e P
160 | .
) Placément Surface Temperature
140 =

Cylinder Temperature —‘—\__\_\_\_\_\_=_=_
60 - v _ v >
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40
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Temperature, F
(@)
o

0 T T T T T T T T T T T T
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@ Engius
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OU Health Sciences Center - Strength Data

8000
7000 -
Placement Strength
6000 - N
Cylinder Strength /
7 5000 -
o Required Strength 45 Hours
%,4000___-74—_——1Hf‘| — - -
2 //ir ‘,,/”””' |
D |
“ 3000 / : / |
| |
| |
|
2000 / / i
| |
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1000 i |
/ : l
|
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o ul
Time, Hours
@ Engius
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intelliRock Accuracy and Variability ??
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How Does Maturity Compare to:

— Compression Cylinders
— Flexural Beams

— Penetration Resistance
— Rebound Hammer

— Pullout

— Ultrasonic Pulse Velocity
— Drilled Cores

@ Engius
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intelliRock Accuracy and Variability ??
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The Center For Transportation Research
University of Texas, Austin
CTR-1198-1F (1991)

“Of all the test methods studied, the maturity
method exhibited the lowest variability and
most consistent agreement with the generally
accepted standards for concrete testing,

including compression cylinder and flexural
beams”

@ Engius
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Case Study: 1-40 Bridge - Gilbert Central

e Project scope: 6-month reconstruction projected
when barge collision collapsed multiple spans.
$10.9 million project.

e Project issues: $475,000/day user costs to
reroute 22,000 vehicles. Rapid reconstruction
was paramount.

e intelliRock results: intelliRock strength estimates
allowed stripping of forms in record time. Bridge
was reopened in just 47 days.

« intelliRock benefit: Contractor received $1.5
million early completion bonus.

<2 Engius
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Case Study: Street Patching-Utility Improvements

e Project scope:16 in-traffic patches

e Project issues: Cold spring weather

e Intellirock results: Opened all patches in 8 hour
using I-M4 mix without significant user delay.

e Public Delay was minimized

e intelliRock benefit: Contractor saved

e Signs and traffic control
 Testing and cylinders

e Much less winter protection

<2 Engius
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Case Study: 45™ Street Fargo, North Dakota

Project scope: $64.1 m, completed in 2005

including underground improvements.

NORTHERN *IMPROV EMENT C0.

intelliRock results: Project was completed

ahead of schedule and providing business
access without interruption through out the
project.

intelliRock benefit: 7 day maturity strength
assurance. Open for construction traffic in 18

hours.

<2 Engius
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intelliRock LIVE - Login

Internet Access to intelliRock Logagers 24-7-365!
T ik v v e

File Edit View History Bookmarks Iools Help
@ - /Y | hitp://www.engius.comirlive/

@ intelliRock LIVE

LogIn
s ® N O mio@engiuscom |
intelliRock’ | - S
M Remember me nes

MEASURE COMMUNICATE ALERT (Coming Soon!)

nitor readings from anywhere in

1 Receive automatic
the world, in real time upda

® Email Alerts!
® Accurate!

® Rugged!

d wide via the
® Proven! internet!
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intelliRoglLME - QuickVipaa:

Temp
LastUpload Temp =
BRIDGE PILE®:-6FT CENTER2 12/17/2000 7-11:00
PM 11C / 52F

3 Day(s) ago

File Edit View History Bookmaks Tools Help

http://www.engius.com/irlive/Live/QuickView.aspx

‘our Time Zone: Centgfl Standard Time
Your Time: 12/21/249 11:34:08 AM
E UTC Time: 1272142009 5:34-08 PM

Start Date

1/29/2004 8:30:00
DemoJob:Pier3Outer AM
2153 Day(s) ago 3 Day(s) ago

mfox@engius com 4002697

1/29/2004 9:20:00 12/17/2009 7:11:00
CNSICCLOT 143 AM PM 8C/46F 25C/TTF 11C/52F
2153 Day(s) ago 3 Day(s) ago

mfox@engius.com 4880

2/5/2004 9:29-00 12/17/2009 7:11:00

104F

mfox@engius com CNSICCLOT 148 AM PM JC/45F 24C/75F B8C/46F % 2237
2146 Day(s) ago 3 Day(s) ago
©/24/2003 6:11:00 12/17/2009 7:11:00 47C
5 mfox@engius.com BRIDGE PILE9:-6FT CENTER2 PM ™M 18C/64F o 35C/93F 0
7 3 17F
2279 Day(s) ago 3 Day(s) ago d
9/24/2003 6:14:00 12/17/2009 7-11:00 30C
More 338 mfox@engius.com 4000527  BRIDGE PILE9:-6FT OUTER1 PM PM 18C / 64F i 32C / 90F o
102F
2279 Day(s) ago 3 Day(s) ago
9/24/2003 6:00:00 12/17/2009 7:11:00 19C 350
More | 339 mfox@engius.com BRIDGE PILE9:-16FT CENTER1 PM ™M 17C / 63F ot 0
- N 120F 100F
2279 Day(s) ago 3 Day(s) ago d
©/24/2003 6:04:00 12/17/2009 7:11:00 100/
More 340 mfox@engius.com 400152¢ BRIDGE PILE9:-16FT OUTER2 PM PM 19C / 66F . 34C / 93F o

2279 Day(s) ago 3 Day(s) ago

Engius Proprietary

@ Engius
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Live Links — “One Click” on Phones

\#) Untitled Page - Mozill:

File Edit View History Bookmarks Tools Help
File Edit View History Bookmarks Tools Help 5 : .
— @ b c Q @ http://www.engius.com/irlive/quick/HistoryF.aspx?SN=4002697 &KEY=123XYZ T "' Google P
1 <% .| |- G
@ - C By (@ het iy s MICYe < Untitled Page + =
<% CNSICC - LOT 106 + -

Logger Temperatures - F

80
75 ‘
70 L jan
65 L
60 \
55
50
45

o
% I'?
s 1
6 o
b

4
40

Temperature, F

1/30/2004 12:00AM  2/1/2004 12:00 AM  2/3/2004 12.00 AM  2/5/2004 12:00 AM  2/7/2004 12:.00 AM  2/9/2004 12:00 AM  2/11/2004 12:00 AM

Date, Time

Done
History
Job: CNSICC
SN - 4002697
Elapsed Time : 14 Days 0 Hours 18 Minutes
Last Uploaded : 3 Day(s) ago
Done =
Foapund Tome 54 Daye 0 Ko 38 Mmmtes
Lass Uploaded : 3 Duya’ age

Engius Proprietary

Engius
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IntelliRock Advantages

e Rugged, simple solution for measuring real-time, in-situ:
— Concrete strength
— Temperature

e Benefits:
— Provides in-situ record keeping-(Unalterable and Uninterruptible) .
— Compliments traditional testing. :
— Accelerates work flow/minimizes traffic delays
— Enhances QC and QA with validation. _
— Minimizes mix drift and admix overdosing. R |
— Lessens the dependence on “ only” cylinder/beam tésf.
— Allows for accurate and early pavement openings.

— Provides LEED opportunities.
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Thanks for your mature attention!

Rock and Roll with Intellirock!

Jim Mikulanec,

Vice President of Sales and Market Development
Senior Intellirock Field Specialist

Western Regional Manager

Engius LLC

o 515-321-9665

e 405-533-3770

jmikulanec@engius.com

@ Engius
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