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ACI Web Sessions

ACI is bringing you this Web Session in keeping with its
motto of “Advancing Concrete Knowledge.” The ideas
expressed, however, are those of the speakers and do not
necessarily reflect the views of ACI or its committees.

Please adjust your audio to an appropriate level at this time.
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ACI Online CEU Program

ACI offers an easy-to-use Online CEU Program for anyone
who needs to earn Continuing Education credits.

Once registered, you can download and study
reference material. After passing a
10-question exam on the material, you

will receive a certificate of completion

that you can present to local licensing
agencies.

Visit www.concrete.org/education/edu_online_CEU.htm
for more information.
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ACI Web Sessions

The audio for this web session will begin momentarily and
will play in its entirety along with the slides.

However, if you wish to skip to the next speaker, use the scroll
bar at left to locate the speaker’s first slide (indicated by the
icon in the bottom right corner of slides 9, 42, and 77). Click
on the thumbnail for the slide to begin the audio for that
portion of the presentation.

Note: If the slides begin to lag behind the audio, back up one
slide to re-sync.
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ACI Web Sessions

ACI Web Sessions are recorded at ACI conventions and other
concrete industry events. At regular intervals, a new set of
presentations can be viewed on ACI’s website free of charge.

After one week, the presentations will be temporarily
archived on the ACI website or made part of ACI’s Online
CEU Program, depending on their content.
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ACI Conventions

ACI conventions provide a forum for networking, learning the
latest in concrete technology and practices, renewing old
friendships, and making new ones. At each of ACI’s two
annual conventions, technical and educational committees
meet to develop the standards, reports, and other documents
necessary to keep abreast of the ever-changing world of
concrete technology.

With over 1,300 delegates attending each convention, there is
ample opportunity to meet and talk individually with some of
the most prominent persons in the field of concrete
technology. For more information about ACI conventions,
visit www.aciconvention.org.
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ACI Web Sessions

This ACI Web Session includes 3 speakers presenting at the
ACI spring convention held in Tampa, FL April 3 -7, 2011.

Additional presentations will be made available in future ACI
Web Sessions.

Please enjoy the presentations.
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1 Dr. F. Michael Bartlett, FACI, is a Professor of
Civil and Environmental Engineering, University of
Western Ontario, London, Canada. He is a member
. of ACI Committees 214 and 562, and a lead author
of ACI 214.4R-10, “Guide for Obtaining Cores and
Interpreting Compressive Strength Results.”
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Second it
Edition of
ACl 214.4 is
now
available!

Rported by ACI Commitso 214

e
@D\ American Concrete Institute®
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Applying ACI 214.4R to the
Evaluation of Existing Structures

F. Michael Bartlett, P.Eng.
University of Western Ontario
London, Canada
f.m.bartlett@uwo.ca
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Roadmap

Checking strength compliance
versus evaluating existing structure

Basis of Chapter 9 provisions

John Hanson’s 2000 Survey of
Practice

Conclusions

Adl
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Strength compliance involves™

two parties

True State Good Not good
N
Test Result @ Not good |
N ) ——

Decision process must balance
risks of both producer and
consumer

Ad
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Basis of Chapter 9 provisions

1. Core strength to in-place strength
2. Uncertainty of in-place strength

3. Equivalent f, value

Acdl
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Strength compliance involves ™=

two parties

True State Good ( Not good)

Test Result Not good |
YO YOO

Consumer’s Risk:
Poor material accepted

Adl
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Existing

producer

* Process must
minimize
consumer’s risk
Do not use Chapter
9 of ACI 214.4 to
check strength
compliance

AcCl
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Equivalent in-place strength

in-place strength core strength

fc - Féld Fd chFd f

ia core
Strength correction factors for
* length/diameter ratio

» diameter

* moisture condition

ACl « drilling damage
WEB SESSIONS
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ASTM C42 factors for I/d ratio — ACIl 214.4 1/d factors similar

0.98

o o
© ©
&~ o

Correction Factor
Correction Factor

o
@
®

1 p 15 . 1 . 1.5
Adl ACl

WEB SESSIONS Length/diameter ratio WEB SESSIONS Length/diameter ratio

Core diameter Moisture conditioning

« |ittle difference between 6” and 4”

(150 mm and 100 mm) core strengths * soaking causes lower strengths

« 2” (50 mm) cores on average weaker
than 4” (100 mm) cores Condition Factor

—Yip & Tam (1988): correction factor soaked
ranged from 0.63 to 1.53

Standard
— develop appropriate correction
factor from test data (if practical?)

AcCl AcCl
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air dried

prebs

Damage due to drilling u Uncertainty of in-place strength

» Cross section core strengths differ
damaged at le si f I
perimeter sample size often sma

. Correction factor in-place strengths differ

taken as 1.06 empirical correction factors also

uncertain

Acdl Adl
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Standard deviation of in-place™

strength
standard deviation
i of strengths

S, =+/S, +S5,

standard
deviation due to uncertainty of
empirical correction factors:

ry 2 2 2 2
Sa = fc \/Vf/d +Vdia +Vmc +Vd
Acl
WEB SESSIONS

Tolerance factor approach
Estimate the 10% fractile by:

a) neglecting uncertainty in strength
correction factors:

1:0.10 - 1?c - Ksc

b) or (better) including it:

for0 = fc _\/( Ks, )2 +(Zs, )2

WEB SESSIONS

Z depends on Confidence
Level

Confidence
Level

Acdl
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Equivalent f, value
« want the 10% fractile of the in-place strengths
Area
= P(fip< fc)
=0.10
-/
fo in-place strength

» consistent with customary resistance factors

Adl
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K depends on Confidence Level,
number of specimens

AcCl

WEB SESSIONS Number of specimens

Alternative Approach

mean
in-place strength

in-place strength

(alternative

approach)
ACl
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Lower bound of mean
in-place strength

* T from Student’s t-distribution

» Z as given previously

Adl
WEB SESSIONS

Within-structure variation

fc',eq = C( f_c )CL

One Many
Member Members

One batch C=091 0.89
VETYAEES
Cast-in-place C=0.85 0.83
Precast 0.88 0.87
Ad

WEB SESSIONS

27 responses — 25 from
licensed engineers

Source: Hanson, J.M. (2007):

Journal of Performance of
Constructed Facilities. 21(1):
22-25.

I SN EENNE =B, 2 W
3000 3500 4000 4500 S(0[00]

ACl Estimated in-place strength (psi)
WEB SESSIONS:
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T also depends on Confidence

Level, number of specimens
3

95%

75%

10 15 20
ACI Number of specimens
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John Hanson’s 2000 Survey u

Core data (psi):
4370, 4290,
4120, 38410,
2530,)4600,
3960, 3740,
3860, 4050

2530 psi is 2.44 std. dev.
below mean (outlier?)

* Leave in:
Mean = 3920 psi
V =14.5%

» Take out:

Mean = 4070 psi
Acl V=7.6%
WEB SESSIONS

Strengths using Tolerance =
Factor Approach

2530 psi value
Confidence in out Range
Level (psi)  (psi)  (psi)
75% 3200 3780 580
90% 2970 3620 650
95% 2790 3510 720

Adl
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Strengths using
Alternate Approach
2530 psi value
Confidence in out Range
Level (psi) (psi)  (psi)
75% 3390
90% 3260
95% .3180

Higher strengths for high CoV,
lower strengths for lower CoV

Acl Much less sensitivity to possible outlier
WEB SESSIONS:

Conclusions

4. Procedures yield equivalent-to-
specified strength, consistent with
customary resistance factors as the
10% fractile of the in-place strength.

Alternate approach is less sensitive
than tolerance factor approach if
possible outliers present.

AcCl
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Questions

« Now
e Later: f.m.bartlett@uwo.ca

Acdl
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Conclusions

1. ACI 214.4R-03 Chapter 9 gives
criteria for evaluating strength of
existing structure using core data.

DO NOT USE for checking strength
compliance.

Criteria account for the uncertainty
of both the in-place strengths and
the empirical strength correction

factors.
ACl
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Casimir J. Bognacki, PE, FACI, is the Chief of
Materials Engineering at The Port Authority of New York and
New Jersey. He has over 30 years of experience in
construction materials and is currently responsible for
managing the inspection and testing services for these
materials, and investigating and incorporating the latest in
materials technology into construction and maintenance work
at Port Authority facilities.

Mr. Bognacki received his BS and MS in Civil Engineering from the Polytechnic
University in New York. He is a Fellow of the American Concrete Institute (FACI)
and previously served as Chairman of ACl Committee 214, “Evaluation of Tests
Results Used to Determine the Strength of Concrete”. Mr. Bognacki is also a
voting member of ACI Committees: 121, “Quality Assurance Systems for
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hapter-ACI and the Concrete Industry Board of NYC.
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2011 - ACI SPRING CONVENTION
PRESENTATION TO ACI COMMITTEE 214.4R
APRIL 3, 2011

THE PORT AUTHORITY OF NY & NJ'S
EXPERIENCE WITH CORE RESULTS FROM
HIGH-STRENGTH CONCRETE

“1S THE .85 f'c FACTOR JUSTIFIED FOR AL CONCRETE
APPLICATIO

BY: CASIMIR J. BOGNACKI, PE, FACI
CHIEF OF MATERIALS ENGINEERING

ACl e
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THE PORT AUTHORITY OF NY & NJ WILL PRESENT
CONCRETE CORE DATA FOR CONCRETE WITH f’c = 14,000

CORES WERE TAKEN FROM CONCRETE PLACED IN THE
FIELD AND LABORATORY

ALL COMPRESSIVE STRENGTH DATA IS FROM FOUR-INCH
DIAMETER CYLINDERS AND CORES

ACl e
WEB SESSIONS THE PORTAUTHORITY OF 1Y & U
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THE PORT AUTHORITY OF NY & NJ'S
CONCLUSION ON HIGH-STRENGTH
CONCRETE CORE RESULTS

STRENGTH OBTAINED FROM CORES IS THE

STRENGTH IN-PLACE

ACl Z
WEB SESSIONS THE PORT AUTHORITY OF 1Y & NJ

IT IS SUGGESTED BY ACI TO ACCEPT CONCRETE WITH IN-PLACE CORE

STRENGTH RESULTS LESS THAN f'c FOR THE FOLLOWING:

* ACTUAL MATURITY OF IN-SITU CONCRETE MAY BE LESS THAN THE

MATURITY OF CYLINDERS CURED IN THE LABORATORY. THIS CAN BE TRUE

FOR CONCRETE IN THE WINTER.

+ SIZE OF CORES — THE SMALLER THE CORES, THE GREATER THE
POTENTIAL FOR VARIABILITY AND LOWER STRENGTH. FOUR INCH

DIAMETER CORES, OR LARGER, SHOULD BE USED WHENEVER POSSIBLE.

+ DAMAGE TO CORES DURING DRILLING — PORT AUTHORITY TEST SHOWS
THIS IS NOT AN ISSUE IF CORING EQUIPMENT IS IN GOOD CONDITION AND

PROPER PROCEDURES ARE FOLLOWED.

Adl
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MOCK-UP — MIX DESIGNS
| s | #2 | #3 |
Cementitious Factor (Ibs.) 941 820

Cement Factor (Ibs.) 682 300
Slag (Ibs.) 367

Fly Ash, Class C (Ibs.) 129
Silica Fume (Ibs.) 24
Sand (lbs.)

Stone- 57/67 (Ibs.)

Stone — 8 (Ibs.)

wiC

Air Content (%)

Slump / Flow (in.)

Unit Weight C-39 (pcf)

Ad
WEB SESSIONS
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ACI-318

* SECTION 5.6.5 STATES THAT CONCRETE MAY BE
ACCEPTED BASED ON STRENGTH DETERMINED FROM
DRILLED CORES.

THE CORES SHOULD BE DRILLED AND TESTED IN
ACCORDANCE WITH ASTM C-42.

IT IS SUGGESTED THAT THE CONCRETE SHALL BE
ACCEPTED PROVIDING THE CORE STRENGTH
AVERAGES NO LESS THAN .85 f'c AND NO CORE IS
LESS THAN .75 f'c.

ACl
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THE POSSIBLE CAUSES FOR THE LOWER IN-SITU

STRENGTH

CURING — TEMPERATURE AND MOISTURE

CONSOLIDATION

DAMAGE DUE TO CORING

MATURITY

AcCl
WEB SESSIONS

MOCK-UP PHOTOS

AcCl
WEB SESSIONS
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14,000 PSI MOCK-UPS - CORE TEMPERATURE

T 182° F
[/ 167 P
[ T
I \\\‘

— Block#1

— Block#3

MOCK-UP BLOCK # 3
TOTAL CEMENTITIOUS =820 LBS.

| [ Vertcal ||  Horizontal |
P | |

mum Curing Temperature -
Percent Reduction in Compressive Strength -

Adl

WTC — TCA 1001.04
TOWER ONE, FC’ = 14,000 PSI

CEMENT (LBS.)

FLY ASH (C) (LBS.)

SLAG (LBS.)

SILICA FUME (LBS.)

SAND (LBS.))

STONE (#67 & #8) (LBS.)
WATER (LBS.)

WATER REDUCER (0Z.)
HIGH RANGE WATER REDUCER (0Z.)
HYDRATION RETARDER (0Z)
w/C

AIR %

ACl
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MOCK-UP CORE LOCATIONS
P

j
|
)

r

-y

§ 4" D cong

WEB SESSIONS " e pomrAuTHORITY OF 12 1

MOCK-UP BLOCK # 1
TOTAL CEMENTITIOUS = 1,029 LBS.

|| \Vertical |
e TN
| .

Number of Cores

1
Awg. Compressive
Strength (psi) 12,320 | 12,880

Coefficient of
.70

AcCl
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WTC - TOWER ONE RESULTS

COMPRESSIVE STRENGTH - 56 DAYS 16,160 PSI

STANDARD DEVIATION 1,010 PSI
COEFFICIENT OF VARIATION 6.25%
MODULUS OF ELASTICITY 90 DAYS 7.5% X 108 psi
AIR CONTENT 1.7%

W/C RATIO (MICROWAVE) 29

UNIT WEIGHT 153.9 PCF

SPREAD 25 IN.

7/13/2011
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Gl
Core Comparison
CONCRETE POUR 12/18/2007
[ | a
I 111

CORES CYLINDERS & = -
10,670 Avg. Str. 10,930 14,500 PS1I4 - | I .FW:“;
10,527 Avg 570 Gt cae:
p Std Dev: I Fieks Core 3

No. Tests:

Tested. Tested: 2/12/08 @Fiekd Core 4
Age: 83days | Age REERVS ariscaes

ccman

Avg Core Strength: 10,610 psi
f;‘;e g‘ﬂ"“?;; Sa— fq-fg%v:;l Reduction in Core Strength: 26% .
Cylinder Std Dev.: 573 psi 850f 14,000 = 11,900 psi /\ .-. o.-" eng A:A.-. PO "'
.75 of 14,000 = 10,500 psi A de eng 6,6 % Reductio
ACl der Std De 879 p

WEB SESSIONS

7~

THE PORT AUTHORITY OF MY & NJ

TCA 1001.04 - 14000psi 02/09/10 (Eastern)
SW.#1width=56"  S.W.#2 width = 16"

*AVERAGE CORE STRENGTH AT 70 DAYS = 13,830 PSI
*AVERAGE 56-DAY CYLINDER COMPRESSIVE STRENGTH = 14,210 PSI

Adl c ACl <
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Standard Cylinders

Cylinders Cast In-Slab

Cores

PSI

Avg
PSI

Within
test
Std.
Dev.

\Withinf
-test
CV %

PSI

Avg.
PSI

Within-
ltest Std.|
Dev.

\Within-|
test CV|
%

ithin|
AVQ | -test
PS| | Std.

Dev.

15011
13645

14450 5

14685

see note|

3.75

13755
13645

12365

13260

6.80

16020

16202
15398
15033

15540

3.75

11617

14753
13790

13390

6.80

14600

15780

3.75

14722
14458
14650

14610

6.80

15810

15740

3.09

13806
15451

14640

6.80

14980

15790
15380

629

13970

754

4.09%)

5.40%)

15350

673

4.39%)|

ACl ** CYLINDER RESULTS ARE MISLEADING

***AVERAGE DOES NOT INCLUDE THE 14,450 PS| /
WEB SESSIONS

THE PORT AUTHORITY OF NY & NJ

ACl
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BASED ON OUR FIELD AND LABORATORY TESTING, THE
POORER IN-SITU COMPRESSIVE STRENGTH COMPARED
TO CYLINDERS CURED IN THE LABORATORY ARE:

*« DUETO LACK OF MOISTURE FOR HYDRATION AND
POOR CONSOLIDATION.

NOT DUE TO CORIING.

HIGH IN-SITU TEMPERATURES WITHIN THE FIRST 24
HOURS CAN ALSO REDUCE IN-SITU STRENGTH.

Adl c
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Bryan R. Castles is a Principal and Senior

Materials Engineer for Western Technologies, Inc.,

Phoenix, AZ. He has extensive experience with

construction quality control methods and procedures

and has provided quality-control management and

administrative services for numerous DOT, Corps of
Engineers, and FAA projects. He is an active member of ACI and
Past President of the ACI Arizona Chapter. He is a member of ACI
Committees 211, Proportioning Concrete Mixtures; 214, Evaluation
of Results of Tests Used to Determine the Strength of Concrete; 221,
Aggregates; and E702, Designing Concrete Structures. In 1983, he
received his BS in civil engineering at the University of lllinois,
Urbana-Champaign. He is a licensed professional engineer in
Arizona, Colorado, and Nevada.)
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THANK YOu!!!
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ACl 214 4R

Planning a Statistic-Based Coring Program
for Existing Structures

Case study: The Hotel Monroe

Adl ACI Spring Corvention 2011 Tampa

WEB SESSIONS Florida
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The Hotel Monroe Goal: f';, for fire resistance of slabs

UDowntown Phoenix + Data to be submitted to Fire Protection
QBuilt in 1931 i Engineer

13 stories, reinforced concrete
QSlated for rehabilitation (2008)

UFloors: slabs & joists |28 » Sampling plan: ASTM E122 for number of
' cores per floor

» Also needed: thickness and unit weight

Adl ACI Spring Corivention 2011 Tampa - ACl ACI Spring Convention 2011 Tampa ‘
WEB SESSIONS it WEB SESSIONS e

Sampling plan: ASTM E122 Coring: preliminary analysis

* Number of cores to obtain: Total obtained: 51

2 2
n:(ﬂJ :(2%) m—> 4 cores rejected: too short
®
12 with wire reinforcement

* n: recommended sample size .
E: maximum error T-test shows “reinforced” cores stronger
than plain cores ===) removed

V: estimated coefficient of variation . . _
o, : estimated standard variation Visual observation: good quality concrete

2 = 1.96, 95% confidence level

Adl ACI Spring Convention 2011 Tampa ‘ &4 ACI Spring Corvention 2011 Tampa
WEB SESSIONS filos WEB SESSIONS' Florida

k.
All Data ooy D

Ave 8000
b c Floorl
5363 6417 5874
7048 6542 6778 6000
5491 5738 6046
4779 7086 5207

3747 4496 4978 4000
7251 6141 8334 I I
3000
6316 6744 5745
5685 6515 6378 2000
4428 6617 6052
1000
5090 4711 4753
3 4 5

7000

5000

© ® N O oA wN

=

6459 5300 6467 o
5799 4940 5320

Adl ACI Spring Corvention 2011 Tampa ‘ ACI ACI Spring Corvention 2011 Tampa
WEB SESSIONS Florida WEB SESSIONS Lty
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Core test results summary ACIl 214 4R: Correction factors

Diameter: 2 % inches

Length: 2 % to 6 % inches

Average UW: 143 pcf

Average strength, no correction: 5658 psi

Correction factors for:

» L/D < 2 (compensation for end effect)
» Diameter # 4 inches

Standard Deviation s = 1058 - Moisture condition # from ASTM C42
» Damage due to coring stresses

Ad ACI Spring Convention 2011 Tampa Adl ACI Spring Convention 2011 Tampa
Florida WEB SESSIONS' Florida

WEB SESSIONS

L/D < 2 correction factor

Factor Mean value

Y
Standard ( \ ZIn
1-{0.130-af,.} 2~ (

treatment: ' Yeore | / (50 mm)
Soaked / \2 4in.
Fyq: Ud ratio' 48 hours | 1-{0.117 - af, .} 2-=} TR (100 mm)
in water: g -

6in.

1-{0.144 — afore}| 2 ;: (150 mm)

Dried”:

"Constant a equals 3(107%) Upsi for foae in psi. or 4.3(10~) 1/MPa for foup in MPa
'Standard treatment specified in ASTM C42/C42M

Adl ACI Spring Corvention 2011 Tampa ACI ACI Spring Convention 2011 Tampa

WEB SESSIONS filos WEB SESSIONS' Florida

Moisture condition factor Drilling damage factor

Standard
treatment”: Fg: damage due to drilling
Soaked

moisture 48 hours
conten - ‘
content in water:

Dried®:

F . core

Adl ACI Spring Corvention 2011 Tampa ‘ ACI ACI Spring Corvention 2011 Tampa ‘
Florida WEB SESSIONS Florida

WEB SESSIONS
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Corrected results

1:c = I:I/d I:diach Fd f

core

Average f, = 5791 psi

ACI ACI Spring Corlventioh 2011 Tampa
ida

WEB SESSIONS

AcCl
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Variability due to correction facto

Coefficient of
Factor | | variation V. %
[Standard
Jreatment

48 hours
Jin water:

IDried"

(50 memy

4in
(100 mm)

Gin
(150 mm)
[Standard
Jreatment’
[Soaked
148 hours.
Jin water:

[Dried

Adl ACI Spring Corvention 2011 Tampa

WEB SESSIONS Florida
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(Average of Core Strengt)

ACI ACI Spring Corlvention 2011 Tampa

WEB SESSIONS Florida

Uncertainty of estimated =2

in-place strength

Standard deviations:

5, = ,x N" vf."J-"' Vu'm- +V, .-\'- + !d-

m

In-place strength variability

Overall Standard deviation:

ACI ACI Spring Convention 2011 Tampa

WEB SESSIONS Florida

@i

i Corcr

Estimating 10% fractile: f', ,

Three possible for the
calculation of the equivalent specified
strength: f'; o,

* 75% for “ordinary structures”,

* 90% for “very important buildings”,

* 95% for “crucial components in nuclear
power plants”.

ACI ACI Spring Corvention 2011 Tampa

WEB SESSIONS Florida
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Estimating f'.: two methods

» Tolerance factor approach (Hindo &
Bergstrom, 1988, see ACI 228.1R)

« Alternate approach (Bartlett & McGregor,
1995)

Adl
WEB SESSIONS

ACI Spring Convention 2011 Tampa
ida

|

Alternate approach

T: Student T-factor, Table 9.4
C: from Table 9.5 ==)

Structure composed of: One member | Many members
One batch of concrete 091 0.89
Many batches of | Cast-in-place 085 083
concrete | precast 0,38 0.87

Ad ACI Spring Corvention 2011 Tampa

WEB SESSIONS Florida

Questions

Adl ACI Spring Corvention 2011 Tampa

WEB SESSIONS Florida

|
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Tolerance factor approach

= f- J(Ks)  +(Zs,)

K: statistical factor from Table 9.2

Z: statistical factor from Table 9.3

ACI ACI Spring Corlvention 2011 Tampa

WEB SESSIONS Florida

|

Application to project data

Confidence level
Method
- 75% 90% 95%
equivalent

. Tolerance factor
(psi)

4160 3996 3882
approach

Alternate Approach 4397 4024 3803

Table submitted to Fire Protection Engineer for use per his
judgment

ACl ACI Spring Convention 2011 Tampa

WEB SESSIONS Florida
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