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51 Workers were killed when a cooling tower collapsed. It was
shown that the primary cause was “green” concrete. In-place
strength was lower than test cylinder strength, leading to
interest in better in-place strength determinations.






“It has been a week since the chimney collapse at
the Bharat Aluminium Company: Limited (Balco)
thermal power plant in Korba killed 41 workers.
Officials believe the use of faulty construction
materials caused the collapse. —CNN-IBN

Balcb C-'himn'e&/ Collé:psé,. Sept. 2009




Brief Hig

ICSHENERT|Y Use, off maturity-strength predictor using
SIMPIE, tine-and-temperature calculation; (NUrserand

ol
>l

o977 EGUIVAIERE AGE CORCEPL propesed by DUtch
fEsearchers Freisielden) IHansen and PEtersen

o 1987: ASIIVIadoptsirst Mautrity StandardinrUs:
ASIIMICT 074 StaridarayaeneeN o ESuiiig NG
Concrete Strengli by, e aulliaMeHion,

o Yes, the maturity method hasWeenrarouRaEor a
LONG TIME!




Maturity Cc

ICC5AEIGIUSe of the Con-Cure System om a high-rise
IEJECHIN Chicago with) great SUCEESS.

IOOBIA Con-Cure Corporation was fiounded to conduct
IISRESTIING) Ol CONtractors as al Senvice.

o 00NV erstarted selling systems; and developed a
GEetalleditainnalcoursertnat we still use; today: to
Ensiire properimplementation: 6N any: Preject:

o [nfact, I'am here N Inciasght new BecalSe atlande
and PROGRESSIVE contractor pukchased a
sophisticated! system, andSTavercomeiere terconduct

training for them.

o 2001-Present: ThHousands of meaiaierers sold.
woriawide.




Maturity Testnes A MNews Feredidr.

dday: [|] > But New Techniques Exist:

- - Using an established
iIndustry relies on
field-cured cube ASTM Standard,

testing to determine In-place strength can

strength of curing be detTrflmneg
concrete. accurately an

instantly.

The construction I




What is Cc

SRlNISIEPMEans) off estimatingl In-place concrete
SUENJLh) Using| the recorded temperature
[SLORYAO the strticiure and comparing that
HIStERAL6) a stiength-time calibration clkve
createdNnTtheNaberatony UsInGfCUIES.

o Maturity is MIX=SPECIEIE ‘and s alsoe
dependent: on ConsIStent conerete batching and
guality.

o [t is completely non-destrictivesimple to do,
and provides valuable curingNister
information about the STRUCIWRE




Principle

IENEmperature at WhiIch

CONCHELe s clrea determines
therstrengtiar o the Concrete at
aly diven: poIREInstImE:




Principle

IENElationship between the
ieipErature Ristery o a

CONCHELe and Its strengtn can: be
empircally determined, anais
called Its matURtyAnEex:




Concrete Temperature

Concrete of a given mix at
the same maturity has the
same strength, regardless

of the temperature and
time history that made up
that maturity.

\Y

Maturity
(EAor TTF)



4 Step

| Qfa yco 6-sack Compressive Ts=25C ESt a bl |Sh M atu I‘Ity
RN (e for mix

EmIDEG SERSOrS) &
IaURCHFMBtHFILY,
MELErS

Strength (PSD
= L b £ X 3 X

REzcNMELErS

i g W 12 14 1B 18 W N M X X
Time (Darys)

Interprewdata
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Clayco 6-sack Compressive Ts

- (5d) yibuans



EEStablishFMaturity:
CURVEHOR miX

Embedl SENSors &
IaURCHFMBtHFILY,
MELErS

Read mMELers

Interpret data







EEstablishrIMaturity:
CURVE oK mi

Fmbed sensors &
[dURECHNEtERTY
MELErS

Read meters

The sensors are placed in the structure by
drilling a small hole in the formwork and

threading the sensor plug through the hole. The
meter is attached below.







e \/iew showing sensor
2 and meter together,
with wire running
through formwork.

Rebar
Sensor Tip
Wire

ZoneCure Meter

There is no limit to the
number of meters that
can be deployed for a
given pour.




Maturity Meter at
precast concrete plant

Sensor is merely
placed inside the beam

Concrete strength data
IS sent wirelessly back
to the QC lab and
monitored

As soon as the beam
reaches the target
strength, it is
deshuttered—often
much sooner than test
samples reach the
same strength, saving
this customer many
hours of curing time
per day




02/04/2011




We also use the
maturity system to
monitor and estimate
the strength of the
SAMPLES, allowing us to
validate the maturity
calibration effortlessly.

This is also important
because changes to the
quality of the concrete are
spotted within hours, not
days or weeks. So
simple, and so important
for quality.



4 Step

COM-CURE CHMT [Concrete Matunty Testing] Program

5 ﬂEﬂlp

o2 [EBE i <[ |m=RE

19:04

A0 3:01:45 AM

o0: 40

0E16  11:50 1726
Time

Temp: 80.3 °F ElapsedTime: 2.89 Days

SIS E3

Total Time:
2.9 Days
Max Temp:

98.6 °F
Min Temp:
GG “F

EEstablishr Maturity:
CURVE TR miX

EmDECISENSOLS &
|2URCHFMBtUILY,
MELErS

REZCNMELESS

Interprélrdata




@ CON-CURE CMT [Concrete Maturity Testing) Program

File Edit Chartz Help

i Mo |2 |HEBIE T < » o |[§ S
Active Data Files

Temp Hiztomy File: |E:"»F'r|:|gram Files\CMT 2.1.1 D ata\CMT Data'\McCarthy StLukeshStLukes 3 [285-1ab].tat

Lab Drata File: |I::HP'r|:|gram Files\CMT 2.1.17%Data\CMT Data'\McCarthy StLukes\StLukesbk-14d.dat

StLukes 3 (285-1ab)

|

Temperature (Degrees F)
20
(]

G5 Total Time:

G0 2.9 Days

e Max Temp:
a8.6 “F

Min Temp:

42 60.6 °F

40
0901 1331 19:04 Qo400 0616 11:50 1726 2302 0O04:3538 1014 1547 M:23 0259

Time

] wa

12427401 3:01:45 Ak Temp: 80.3 *F ElapsedTime: 2.89 Days 1242401 B:29:50 Ak




4 Step

" COM-CURE CMT [Concrete Maturity Testing) Program [_ ] =]

PR ] - [ ~ I | e EsStablish Maturity,

Actroe Dats Fies

Temp Histoy File: [T \Program FlsssMT 2.1.17'Data'CHT Data\McCarhy Slukes\Pos Shoilukes 3 (2851 abl bt | Cu rve fo r m iX

StL ukes 3 {2&5— Tabj

o EMDEd SENSOKS &
|aURCHFMBtUILY,
MELErS

Temparshure (Degrees F)

o REZENMELErS

0501 133 1910 0048 0622 1202 1738 2314 0453 1029 1608 2144 0323

T == 5] shlRtErPrENdata

S TSR L) OY A M S e [FALN Y EIA A Ies Bl UV S 2/ D B0 A




StLukes 3 (283-1ab) / St. Lukes Sk/6% Micro @21C

A

Strength (P31

..................

o 1 2 3 4 S5 & T 8 9 1 11 12 13 14
Equivalent Age in Days @ 21 °C (@ = 4700) per ASTM C-1074




Why dc

SRBCEIINIA-place strength off COncrete at SPecific
EEalioONS! N al structlure witheut relying) en clbes
GIPEaNly-ade strengtins

shmpreVverSaiety: by NeVER deshutiering or
StressINgrPoSst=tEnsIoNING) tENCHENSI OISO

o Improve scheduling emRrany.jepsite by heing
able te predict strenguhrtarget times

o Optimize concrete mix designsiareundin-place
strength rather than on cubepsthengti




Sorme N
Concrs

sikIeld Cured Cubes (ASTM C31 & C 39)

REPELUNG Hammer: (ASTM C805)
o PEreliration Resistance (ASTM C 803)
o PUlleut Strengtir: (ASTIVI G 900)
o Maturity Testing™ (ASTMIC 1074)

* require correlation




Flald-c

M@lEd same as structure”

s\ aliable temperatire differences
o Consernvativerstiengtnrestimate

o Commonly used - Ssimpleréreconemical

Typically, Underestimate In=place
Strength




Cornparisc

Struc = arger mass

—Walmer tEmps &
petterhydration

= SialleFmass
= COOIEFLEMPS

>
\
A\

“The Bathtub Test”




Proper qLiz

=Rt | est samples dor ot reflect
tHENNTIUENCE; Of temperatire
EXUHEIMES, Weather conditions;
chitical CUNG CONAILIGNS) CONCELe
ChICKRESSs andrany: NUMBER Gl GLHESR
dctual job site cConaitiens:

e See Photo, next slide:




Concrete W ] ;;."‘.- —F——
Cylinders at . ..,‘.‘_‘, ... <,

T B ==
Date: March 17 « 2w -. = .lll ]

2001, 7:30 a.m. nf \'\ - "‘--i

-Ambient ) -jThe' deck is hot

Temperature at
the time the

photo was
taken: 38° F

Curing

conditions of
deck: Heated &
Covered, with
full jacketing.



Estirnatis
Davele

sENEEGNR=place stiengtaifor...
—PEe=shttterng

— Application ol Post-tensioning | —
— Shore and reshoereremoyal
— Rapid Scheduling and“Saiety,

ESPECIALLY IN COLD AND RAINYVAWEATHER




Early ¢

SESPEEMS Up construction
SPREGUIES |Ess form)/Sherng INVERLORY,
o Allowsrothierttrades early aceess

o Sooner completionfaate

o Increases profits




Contrs

sSimple

conomical

s Reliable




The Benefit

pEEshiutter (andl stress) PT)
SEPNER=PIO]ECL ACCEIeration.:

Walting times: arerustally cut
driamatically, esp: IRrthe
winter. Cubesttypicallyiadiiar
behind the structure:

Extend the constructieprseason.




The Benefit

SeVENnoney. by assessing cold
WEather Protection torensune
SUificIent tempEratlures or
cURRG WithoUwWasted Heating.

Can alseralieyWiearVAEHIINaHoN
O external heatingrerthermal
protection.




Thne Benefits

SEVENIMONey. By reducing or
AMinating reliance on field-cured
(5L samples.

e Highr Cost o Walting:

Wihat does| It costtoNIEVEraNCRe WA aIbIngG
on the job for the feld=clredisamples to
achieve the required sthenpegtiafwiien the
slab is already there?




The Benefit

IfProVe; site safety by never
dE=ShUttering o) stressing

CaDIES 100 SR




The Benefit

IRIBIGVE concrete guality: by learning the
ieperature history and strength gain rate
Piptine IN-place; concrete.

liRErentire Project team—RIMEs;
(COnRLractors, OWRErS and ENGINEErs—
peceme focused on QUALIN rather than
|oWest pessIbIEIcost:

Impreved consistency and quality oirthe
delivered concrete directiy leaas torgreater
safety, faster project'completionyiower
overall project costs, anaNessHitigation.




The Benefit

SpEulce Costsiandiimprove
PEIGINANEE Off CONCHELE DY,

PPLIMIZING MIX AESIGRAS

o [LOWEr CEMENLIACLONS, ControlIEaNIEat OF
hydration) atIeWer Cost




The Benefit

BVONItor chticallareas offa
Stibictlre,

—\Non-destrucuyve;, INEXPERSIVE
andl cost-effiective:




Wiz Sriould You De
Mziturity Testirig:

Trie Agolicz



Applications

4

*Ealkingl Galrcees

*Bliages

P OSI=uESIONed  structures, Fhidissicencies

otfilelipiefs

olcl & rloge W eeiinee dopleretiale

o V2SS CONCHELE PIOJEELS

o Precast and prestresseaiceierete




EXpressed anoether way:
E=Sensiiiverplacermentwhere

KIWIIGNHENREpIaCersirenguiwerid
oe ggrlgiicizll fof oLzt Srlc)ifie i)
0)f SCOLIOfIIC [FZISOL)S




Case rli

Post-ts

SNPZlIgdiig galrddes

o BHCEES

o High-rise concrete Bulldings




Parking Garage:
Children’s Hospital, St. Louis 200001




Parking Garz

Chilclrs
Louls 2o

SEpNEElre conducted maturity: testing fior 35
9elIs att a post-tensioned parking strtcture
ISEREeLIS during INovEmMBEr:, [DECEMIET,
JantarR R EEDRtaRy, IMarchrandrApril.

o Ve Metrer Conecrete 6000 psiNmnawilti
Microsilica and’ EiDerVieshs

e Required strengthi to DEgIRFstEssInG
operations: 3450psiI.




& CO

At

M-CURE CHMT [Concrete Matunty Testing] Program
File Edit Chartz Help

ekl M |2 ||HE T |y | wle (g S

ve Data Files

Temp Hiztomy File: |E:"»F'rn:ugram Files\CMT -AData"CMT Data\McCarthy BJCAWZ2Es20 bk

Temperature (Degrees F)

Lab Data File: |C:vProgram FilesSCMT D ataSCMT D atabtMcCarthy BJChmetrobkd. dat

22682x

=
o
o

a0
G0
0
G0
a0
40
30

20
133818 17553018 230218 04:14:15 092644 14:55:44 19:50:44

Time
<

FA7A07 1:33:13 P4 Temp: 51.1 *F ElapsedTime: 1.71 Days

005944 0E:11:44

/307 B:41:44 AM




& CON-CURE CMT [Concrete Maturity Testing) Program
File  Edit Chartz Help

LI i IR

Active D ata Files

Temp History File: |[::HF'ngram FileshCMT AData\CMT Data'\McCarthy BJC\2262 bt

Lab Drata File: |C:MProgram FileshCMT D atabCMT D atabtcCarthy BJChmetroBkd. dat

22652x f Metro Concrete 6000 with Microsilica

Fy

& 000
7 500
7,000
& 500
6,000
5 500

& 5,000

= 4 500

% 4,000

k]

£ 3,500 |
5,000
2 500 i
2 000 !
1 500
1,000

00

-.-.-.-.--.-.-.-.--.1

5377 PSI
3.4 days EA

10 12 14 24 26

Time (Davys)

16 18 20 22

+ Labh Data
+ Eq Age

a Strength:

5,377 PSI

E quiv Age:
3.4 Days




Parking Ga
Childls
Louis

AVEEWEN-place age toireacn) 34505 27. 1 /iours,:  Range:
IGFABIoUS: Ambient temp: playsi a role I this range:
AlSEREELUNt 6l NEatingl ias tremMeNEoeUS IMPact

RESUI:

— Fasierrconstiticlion BECAlSE In-place strengtarighner
thanifiela=clred cylInaers:

— Better structiure duerteresstheat DeEIngrused;

Saved at least one day for egepour; PIUSItEMERNEOUS
amounts of propane and laborteswitchreultanixks and for
fire watch. Saved more than $5000NReREMEEKEN alone.




IS

St. Lou

/

Creve Coeur Lake Bridge

Bridges




Craye Coe

REEES of individual pest-tensioned
SEIMENtS Using arnign=eariy: mix.

J

|
J_
—
>

Exeeptional guality, contrel and testing
MEaslkes) are Being Used.

o Needed 5500psi torhedin stiessing P
— No problemrachieving this i iiZ=1shNRrsumimer
— Had trouble achievingrthisinr2Z4=S6h INWIRLET.

e Concerned about cold Weather




Tf"‘m'?('nj Joinl — ! ?- Bulkhead Joint

Dead End of

Concrete Temperature
“Thermistor”) Probe

ations (Mini




Craye Coe

SNVGID@IPEPproved use off maturity: testing to
iderdN-place temps and strengti gain; te
dEERMINE:

=Stressing off P

= SUrppIing ol travellersi({orms)

—Vovingr el travellens

— |.0ading off structure

— (Cessations of externaltheatingrfepErations




Craye Coe

USiENnELlrity testing allowed the; contractor to
sORLINE placing concrete evenlinivenry: coldiweather

Preventedraicomplete shtdown off the project ever
ChEMWIRtEFMGRLRS, Savingl the Contracter more than
52000, 000/ costs andiliguidatedraamages

State gained valuable experence and datarto
support the use off maturity testingren amwide
variety of projects




High-rise concrete buildings:
Plaza Residential 30-story tower,
Clayton, MO 2001 _

o e

BImER INN I ENE AR




Flign-rise congfgieiagtiifelisic)s:
Plaizz Pesiderntial 30-story towear,

Almost 400 CY of concrete,



Comparison of Strength Gain for First 3 days

On day 3, the cylinder with the Con-Cure meter
attached was broken (4310psi) and the meter was
read (4300psi)

6000
5000
o 4000 EEE e e o e e |
o
-
+, 3000
c
p = = =Sensor 1
o 2000 = SENSOT 2
— = 5eNsor 3
1000 = = 5ensor 4
Field-Cured Cylinder
e | AD-Cured Cylinder

0 1 2 3

Curing time, days



Precast: Bridge Segments

T T VI i

—




Precast: Bridge Segments



Precast: Bridge Segments




Maurnee

(T oledc

S€, off well-controlled curing conditions and
(i ng, precast eperations lend themselves well
to maturlty testing.

o FaieWERCYlInderstneeal ter e taken, saving tine;
MOREY, Space andao):

o Allowed eliminationfeiFreliancer on CYlINGErs or
determining stripping tmes; saviig an avVerage ofi 4
AoUrs per segment.

o Heat Sink effect seen in earlystestingied to
Improved process and results




WirelessdMziel ity Systarr
Apolications:

Precastieoncrete Plant

Waeo, X

ey M

Bulletin from
CORPORATION




Pracast Coplerara Mlzj)e

SR EIRBNIIDIementing| the ZoneCure System::

MiX designs were created to drive strenatl
the small 4x8 test cylinders, rather than being
optimized to the item being cast.

Mix designs were chosen based on the speed
at which the casting bed would be required
again.

ed per day.




Pracast Coglerara Plzjp)e

SREHEIReNInPIEMeENnting the, ZoneCure System:

700, 800, 900 and even 1000 pounds of pure
portland cement was used, with accelerators
and retarders to suit requirements.

When cylinders fail to reach strength, items
are discarded, at very high cost.

Very labor intensive operation simply to
collect test samples from the sprawling plant

any hour of




Offices and Lab

Approx. 1000’
Diameter area

The plant is appro
1.5mi sq.




ereless maturity meter with
h | maturity sensor embedded in
| atest cylinder. This is how e

| maturity curves are created. ‘%i:‘
"" Note that the probe is in a TSe—

* plastic sleeve, allowing for
the probe to be reused.




Wireless Maturity Meter deployed in
a beam. Meter is approximately 380
feet from the base node. The
laborers shown simply inserted the

I maturity sensor into the concrete

| after placement. The sensor

‘ immediately begins sending

Lq. temperature data to the base node,
which in turn sends it more than
2000’ to the computer located in the
laboratory. The sensor is fully
reusable, and the retrieval sleeve is

& shown in the picture below. The

.~ meters do not need to be “launched”
-~ or “downloaded.” All operations are
W fully automatic, with zero interaction
on the part of the user.




section of the plant gets early shade,
both ambient and concrete
temperatures are being recorded.

’ i
- i |r

! = il o

- s TS -_“.- _':- .;i."?; A




Unit ready to be used on a large pour. The unit is oriented to point towards
the base unit for maximum range. This unit was at least 300 feet from the
base station, with other meters located in the pathway to form the mesh.




Two units deployed at the
end of a long bed. A total
of three units are
monitoring this piece.

Continuous information is
sent to the lab (in the far

= background beyond the

building in the photo) and
is evaluated by lab

. personnel on a routine
.~ basis.

The moment the target
strength in this piece has

% been attained, tendons
i+ are cut and the piece can

-4 be moved and the bed
4 readied for the next pour.

| ! With the maturity system,

strength and temperature

3 information is always

avallable instantly.

These units are roughly
1800’ from the lab.




After Irne felrl IrIJ elrl |J!E|J! Folrl -] :

Real-time test data is transmitted to the lab for
instant@nalysis.

Predictive tools allow for precise planning of
stripping operations, saving labor and time.

Shorter stripping and tensioning times due to
higher strengths in-place. Often up to 40%
reduction in curing time.

Great reduction in wasted technician time collecting
field samples.

New information about excessive cement content,




CASE

BRSO, thisiwas such arsmall project 11 ao
HELNIBVE any PHoLeSs;

o Sl thisis asicompelling arreason toruse
MatuKty testing as any: o5 the Others
Shown here, despite thieiact that it Was
such a smalll project!




Maturit

ARSEunning Real-\WorldrExample
and Lessons Learned




Briclge &

sRocrete placedl February: 2004, ambient:
WEmip range: S5k e SOF.

shlireeNmatlrity, meters per placement:

o Ve DOIF cylInNders taken and moenitered
USIRG MatURtyAmEeLers;

o Comparison between CyliRdeRanEin-
place strengths/temperatuiesis’startling:




2.0 Days

[ Max Temp:
Min Temp:

{1 Total Time:
100.0 °F
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1 80.1°F
Min Temp:

1 Total Time:
2.0 Days

| Max Temp:
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1 Total Time:
[ Max Temp:
| 100.0 °F
Min Temp:
63.8 °F

1 2.0 Days
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* | ab Data
& Er Age
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4700) per A5TM C-1074
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Lessong

SRSIIPETION Mass oif IN-place concrete created
NEaNlY Ideal Clringl cConaitions, evemn witiout
appIVing external heat (propane). DEck Was
covereawithnnsulatinglanket only: Resuit:
(Contractor saved more thanr$50000n
propane (2 pours):

o Monitoring| test cylinders allowWed contiactor
to “ignore” low breaks;\speeading
construction (early form remoyal):




Lessong

sNeEntractor iully: deployed maturity, testing
enralliprejects due to extrenme; Valle on
CRISHeP alenE:

o Better quality controlfeitest CylInders:
Contractor learned irsthancjust e ial
from reality some test cylindersican be.
Contractor now ensuresicylindersiare
cured properly.




Lessong

SRBELLEr CURING ofF cylinders leal tor nigher
dEdEE Of cConfidence N Maturity,

eadIngs;
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Tnerma

rmonitce

CaSENIECALISE Of HISK Of
SEVere dalade duelto
Excessive heat buildup

s Properly designed
concrete mixes can
perform well, but need
for monitoring is acute

sVgSSiGoNCrete Is special

. -..._‘ H-o--.‘.




IlEdnEdifferentials must be
rronitgrad closaly.

) Prol)e» are placed:in
er =i f Mass andl at

| Temperatures

PVER LIMmE:

s allows
earliest’ cessation o e
external heating ops

o Maturity can be used to
determine safie
formwork stripping| time



1« Desicrr Outlrrlizzitior

[HIRSOME reuting
LESHINGE),, MiX designs can
pErevalliated and
PpLinNZEENer the
desired chialiaCieristics
and reduced cost

o [his contractor saved
more than $500,000: by
optimizing the mix

design.



Maturity

shliNEE" US, certain codes (ACTH 306 and
OSIHA) new. require the use off maturity
esuE, for Many. pProjects: OSHATRGW.
edUIrEsHE 1o alllCOnCrete  projects Where
SOMEBNE] Canl BE IRjured by arfalltre:

o ACI has drafted NEW PERGHNENCE-WEEEM
criterial for many: coldiWeatierplacements.
Contractors now: heed e NmenItio,
CONCRETE temperature andimaturity.




Maturity

SOOI Ctors Whoe Implement: maturity
WEshing new wWillshaveran edge When the
HEWISRECICAtioNS are Enactied.

o ENGIREErSAWND iamiliarze thiemselVes With
the usesrandilimitations el matliby testing
wWill"be N geod sHaperterielprcontiaciors
WhHen this test Is required:

o Specify In-place testingempLeyed
understanding of forces créating strength




When | saw this, | immediately saw the parallels in Maturity Monitoring. The
“Early Adopters” have benefitted the most, and have moved ahead of their peers in
knowledge and scope of understanding of the maturity method. They typically brought
Engineers along, kicking and screaming sometimes, but the engineering community is
now fully in favor of the use of maturity monitoring. DOTs have jumped at the opportunity

to open pavements sooner and with lower costs, but it took them longer to adopt it than
contractors. And bringing up the rear is the Precast industry. Ironically, the Precast
industry stands to benefit the most from implementing maturity in their plants, from
lowering materials costs to streamlining QC procedures. Incremental improvements in
Precast lead to very great cost reductions over time.

W

/

<>
2.5% m
 conicio g

Innovators

Adopters Early Majority Late Majority Laggards
13.5% 34% 34% 16%

Figure 2. Concrete industry sub-groups and what stage of acceptance of maturity based
on the adopter category
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