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Concrete Breakout Failure Cone

Is breakout failure relevant for Iargb
scale connections involving groups
of anchors or reinforcing bars?
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Premature Breakout Failure Examples
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Premature Breakout Failure Examples

A Taiwan National University of
Science and Technology
A Breakout before nominal bar yield
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Observations from Physical Tests

1. Breakout failure can govern fqr 2. Breakout equations in
large-scale connections even when Chapter 17 are conservative.
development length is provided.

A Example breakout strength
specimen MO1.:

17.1.6 Reinforcement used as part of an embedment
shall have development length established in accordance ¢ FoXer
with other parts of this Code.|If reinforcement is used as U U Q Qn

anchorage, concrete breakout failure shall be considered.

Alternatively, anchor reinforcement in accordance with B 0 X X?'Q 'gﬁ\ O A @ E A A

17.5.2.1 shall be provided.
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Sources of Breakout Conservatism

5% Fractile Strength

4

/

Reinforcement not includec

In breakout strength

5% fractile Mean
strength Strength




ACI 318 Anchor Reinforcement

Breakout failure is
precluded
(assumption)
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Fig. R17.5.2.1a—Anchor reinforcement for tension.




ShearReinforced Breakout (SRB)
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Fig. R17.5.2.1a—Anchor reinforcement for tension.

Question:
A Detailing requirements?
A Size of reinforced region?
A Upper limits to steel strength?



ShearReinforced Breakout Tests

A UC Berkeley
A Four monotonic axial loading tests
A Breakout failures for all specimens

Specimen Shear Reinforcing
Reinforcement NJ U A (20}
A0l N/A 0
A02 #4@7.5in. 0.36%
A03 #5@7.5in. 0.55%
A04 #4@6iInN. 0.56%
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Anchor Group Force Normalized (kips)

300

250

200

150

100

4]
o

ShearReinforced Breakout Tests
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ShearReinforced Breakout Tests
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ShearReinforced Breakout Tests
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Shear Bar Strains
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Reinforced Concrete Modeling
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ShearReinforced Breakout (SRB) Design Equation

0 f O U
Nominal anchor Mean concrete Mean reinforcement
strength for shear breakout strength strength

reinforced breakout



ShearReinforced Breakout (SRB) Design Equation
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ShearReinforced Breakout (SRB) Design Equation

Assumed stress

distribution T~
] \ \ Expected stress

~— distribution
fyt
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ShearReinforced Breakout Design Equation

Nominal yield

stress
Mean relnforcement

strength
Shear

Effective Area reinforcing ratio



ShearReinforced Breakout Design Equation

Worsfold et al.
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» i
\ / )(\
150 v N A04
2 AD2 N /
= /
= L N
n-. / A03 | [
% 100 ) -
N /
Q. Bujnak et al. / \ Pryor et al.
‘ (2018) (n=5) - (2016) (n=1)
=
Y V4
2 h / i
50 % v
/ x\ Sharma et al.
/ (2017) (n=2)
0 ¢ i
0 50 100 150 200

Ns = Aeff ptrfyt (k|p)



Strength Ratio (3 50

2.0 1 1 I

s - Before 3.3
1.5 3%

"
; %
N
% AO2
=10 ){ x/ aal
i A03
Q.g ﬁ\ A0l x x x/

0.5 ¢ Worsfold et al. (2002) (n=4)

3¢ Sharma et al. (2017) (n=3)
Pryor et al. (2016) (n=8)
Bujnak et al. (2018) (n=9)

p=1.13; 0=0.27
OIO

0 1. 2 3

Reinforcement within A (in?) b



gm Concrete
NN “ <0 Research
‘acl” CONCRETE g & Counci

CONVENTION

S h ea-r Re I nfO rCe [ aciFoundation
Concrete Breakout Failure

Ben Worsfold, Assistant Prof. U Minnesota
Jack Moehle, Prof. UC Berkeley
John F. Silva, SE Hilti

10/31/23 s

MAGNUSSON
KLEMENCIC

ASSOCIATES

THE WORLD'’S GATHERING PLACE FOR ADVANCING CONCRETE



25

FE Crack Pattern

Ve %"“ v
Wy

RO X2
\ )

2
o2
XXX )

5N

ing

ATENA

Reinforced Concrete Model

Numerical modeling

&



Finite Element Studies: sheaginforced region
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Upper Limit: Steep Cone Strengtl .,
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Upper Limit: Steep Cone Strength
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Grade 60 NO.4@4 mn."\,

Premature Breakout Failure Examples
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Premature Breakout Failure Examples

A Taiwan National University of
Science and Technology
< A Breakout before nominal bar yield
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Code Implementation: Detailing Requirements

1. Bars terminate in hooks
or heads

2. Shear reinforced region

extend at least

throughout cone region

3. Maximum bar spacing
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Example: Boundary element to thin foundation

SR17(14) Design

Potential exists for concrete breakout M
failure even if the bars are placed Special Stuctural el
1.25], into the foundation 0 gm0l 0

Nominal yield strength:
Y T x0Qni

Mean breakout strength:
0 cyYnQni

Difference;
Y U P WRQN i



