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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.

Note: While the audio quality may not be optimal during portions of this
Web Session, the content was included due to its relevance.
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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 and 31). 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 2 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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Martin Kurth is a research assistant at the
Institute of Structural Concrete of RWTH
Aachen University, Germany since 2007. He
obtained his Diploma Degree in the field of
structural engineering at RWTH Aachen
University in 2007.
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SHEAR CAPACITY OF CONCRETE BEAMS WITH
FRP REINFORCEMENT

Martin Kurth
Josef Hegger

Institute of Structural Concrete
RWTH Aachen University
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Motivation

Often observed shear failure modes of FRP-RC members

Diagonal tension failure

s et
— Shear compression failure
* ASAER
Aims of the research project (AiF)
- Truss angle

- Strength reduction factor for concrete cracked in shear
- Maximum strain allowed in the shear reinforcement
- New / modified design appraoch

IRWTHAACHEN
IMB Institute of Structural Concrete UNIVERSITY
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Experimental program
Geometry of tested beams and mechanical properties
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Test setup
4-point-bending

3-point-bending
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Test results

Failure of test specimens

py=1.3% Crushing of the

(C30/37) concrete struts
Rupture of the

= 0, .

'(DCWZGO%?%)/O GFRP stirrups

p,=2.3% Crushing of the
concrete struts
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Used GFRP shear reinforcement
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Schock stirrups

FiReP stirrups
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Schéck headed bars

GFRP 4 olémm

GFRP 01 2mm

GFRPol2mm
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Beam cross-sections
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Test results

Failure of test specimens
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Diagonal tension
failure

Rupture of the
GFRP stirrups
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UNIVERSITY

Test results

Maximum imposed
shear force

at failure
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Average stirrup strains

!
ekzl

T
Location of
strain gauges
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Test results

Inclination angles of shear cracks
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Test results

Maximum shear force (according to Eurocode 2)

Design equation: Equation for verifying calculations:

:bW-Z-U1~f0d =bw~z~u1-fmcyl
RImCT 6ot @ + tan @ R cotd +tan @
z
0= p,
Ay b,,

v;: Strength reduction factor for concrete cracked in shear
0.75 [<C50/60]
0.75-(1.1- f,/500) [>C55/67]

IMB Institute of Structural Concrete

NA (Germany): v, =
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Shear tests without transverse reinforcement
Comparison of predicted and experimental results
Design equations:
Modified EC2 (Sheffield) A
s Py =—<0.02
0.18 E, b,d
Vegar =| ——K+|100- py-—-4- Ty | +ki-0p, |-, -d
! e E, Erget
¢ —_—
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ACI 440.1R06
V, =§\/Tc'»bw -C
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130 : ‘
V,=——— . J-¢ [ b, -d>008-1-4 - -b,-d
- =1000sg AV g1,
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Test results

Maximum shear force (Crushing of the compression struts)

Crack angle: g, = 36°
FRP stirrups
Crushing of the compression struts

. IRWTHAAC!
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Test results

Maximum shear force; Verifying calculations

2
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Shear tests without transverse reinforcement ,
Comparison of predicted and experimental shear resistance
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Shear tests with transverse reinforcement

Design equations:

Design value:
For comparison:

Modified EC2 (Sheffield)

_ Rd,sf —
Vgt =Vrast TVraor

VRd,max =ag,b,2v, Ty 12

ACI 440.1R-06
V=V, +V,

CSA-S806-02
Vr = Vc + VsF
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Shear tests with transverse reinforcement
ACI 440.1R-06
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Z 00 H Oy
» » *
g Z @
© *
S 400 '
-]
[
ks
5 200 £ 4
2
a
0
0 200 400 600 800

Experimental values [kN]

IMB Institute of Structural Concrete

WEB SESSIONS

Summary and conclusions

- 20 shear tests on concrete I-beams reinforced with FRP
- p,=0:diagonal tension failure

- p,=0.75% and 1.26% (C60/75): rupture of the GFRP stirrups
- p,=1.26%(C30/37) and 2.26%: crushing of the web

- Shear crack angle depends on the resultant of the related
axial stiffnesses

- Maximum shear capacity of FRP-reinforced beams is lower
compared to steel RCS

- Predicted shear resistance according to ACI 440.1R-06 with
low scatter in results

- Incorrect failure mode classification

IMB Institute of Structural Concrete
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Shear tests with transverse reinforcement
Modified EC2 (Sheffield)
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Shear tests with transverse reinforcement
CSA-S806-02
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Future work

- Design equations

- Shear resistance for beams without transverse
reinforcement => empirical approach

- Shear resistance for beams with transverse
reinforcement => additive approach

- Limitation of the stress level in the FRP shear
reinforcement

IMB Institute of Structural Concrete
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Slamah Krem is a PhD candidate at the
University of Waterloo, Canada. He is a
former lecturer at Alfateh University. His main
fields of interest are experimental and
analytical investigation of reinforced concrete
structure, high performance concrete, and

part of his ongoing

1

concrete durability. This paper 1 &
comprehensive research program on bond and flexural
behvaiour of SCC beams reinforced or prestressed with CFRP
bars.
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Development Length of CFRP Bars Embedded
in Concrete

S. Krem, PhD Candidate
K. Soudki, Professor
University of Waterloo, Ontario
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OUTLINES

1. Introduction

2. Research Needs

3. Experimental Program
4. Results

5. Conclusions
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1. Introduction
Fiber Reinforced Polymers (FRP)

FRP bars are composite materials consisting of

reinforcing fibres embedded in a polymer resin matrix.

CFRP
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1. Introduction
Corrosion of steel reinforcement in reinforced concrete
is the main deterioration process that affects structure
service life and structure safety.

= Cost in USA is about $8.3 billion annually
= In Canada to repair all deficient bridge $10 billion

AcCl
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1. Introduction
Fiber Reinforced Polymers (FRP)

v"High longitudinal @ v"Corrosion resistant § v Light
tensile strength — will not corrode weight
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2. Research Needs

1. ACI 440.1R-06 Eqn. (11-6), the development length
Eqn. for the FRP bars, is mainly based on GFRP bars
and it may be not valid for CFRP bars.

+

2. The development length of the CFRP bars is, typically,
above than 100d,, which is beyond the database range

used to formulate this equation.
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3. Experimental Program

Typical beam configuration

Longitudinal
Section

Cross Section
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4. Results

Pullout mode [
of failure
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3. Experimental Program

Test Matrix
Dimension Reinforcement

Group | CrOss | oo Diameter, | Actual | Balanced

(bsfﬁ;'?r?m (I) mm Type mm ratio ratio

5/25/2011

| 150x150 | 1700 6.3 0.0016 | 0.0052

1 150%x200 | 2200 o5 0.0028 | 0.0045

1l 150x300 | 3000 12.7 0.0033 | 0.0036

v 150%x200 | 2200 2.7 0.0054 | 0.0074
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3. Experimental Program

Instrumentation and test setup

LVDT #2

LVDT #3
LVDT #1
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4. Results

Bar rupture
mode of failurej
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4. Results

Flexure test results of beams Group Il (12.7 CFRP bars)
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30 30
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0 10 20 30 40 50 60 o > p

Midspan deflection, mm End slip, mm
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4. Results

Bond Stress Profile
Bond stress distribution along the embedded length at different

loading levels, specimen B3 — GlII (bar rupture mode)

At 50.6 kN.m
At 40kN.m
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4. Results
Achievable bar stress at given embedment length

2000

Acdl
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4. Results

Strain reading along the embedment length, Group Ill

Concrete
CFRP AL200 At550 At 850At 1250 At 1400

At 200 AUSS0 o oco

Failure Mom

-2500 2500 7500 12500 17500

Strain, s x 10 Strain, ps x 10°
’ 06
o

2500 7500 12500

Pull out failure mode (B1) Bar rupture failure mode (B3)
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4. Results

Average bond stress of CFRP bars

+ CFRP bars - this study
4 GFERP bars - this study
— -ACI440.1R-06 Eqn (11-2)

Lembed

dy
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4. Results

Based on results, a proposed Egn. is formulated as below:

db f fro

L
anf,

dev - pullout

Where: a is equal to 2.16 MPa®5, (26.0 psi®®) for
CFRP bars, and 1.90 MPa®5, (22.6 psi®®) for
GFRP bars.
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4, Results

Development length based on CAN/CSA, ACI440.1 and
experimental results

Guaranteed Development length, mm, based on
Bar diameter tensile CAN/CSA- | ACI 440.1R P d
strength, ° e EIODOSE

Mpa S6-06 06 Eqn.
6.3 CFRP 13555 261 658 502
9.5 CFRP 1431.0 411 1058 800
12.7 CFRP 1765.0 674 1806
12.7 GFRP 708.0 270 569 601

Kk, (r,..,
-

ACI 440.1R-06 W= %% 7 g\ )Am CSA-S6-06

Adl
WEB SESSIONS

5. Conclusions

3. ACI 440.1R-06 Eqn. (11.6) overestimate the development
length of the CFRP by about 30%, while CAN/CSA-S6-06
is unconservative by about 50%.

4. More research is needed to include the effect of cover

thickness and concrete compressive strength.
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5. Conclusions

1. The average bond stress of FRP bars in the cracked

region of a beam was only about 50% of the average

bond stress over the entire embedment length.

2. The bond strength of the CFRP bars is better than those
of GFRP bars by about 15% at the tested ratio of lds/db.
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Thank You

Questions?
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