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Basic Mechanics -

Load
« The compression from the baseplate
M suppresses the formation of concrete
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‘ cone which leads to an increased

capacity of the tension anchors
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Upcoming ACI 318-25
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Fig. R17.6.2.7.1 — Example of anchor group subjected to an overturning moment.
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17.6.2.7 Breakout compression field factor, e N 1

17.6.2.7.1 Modification factor for breakout compression 1
field effect, N to be applied to all tension-loaded 2
anchors as part of a tension-compression couple where the 3
tension-loaded anchors are located 1.5 /i _; or farther from :my';
free concrete edge and where the ratio of the resultant 6
compression to tension forces is greater than 0.5 shall be 7
calculated by: 1
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R17.6.2.7 Breakout compression field factor, w e N

R17.6.2.7.1 For grouted baseplates or baseplates in direct
contact with the concrete, where the internal lever arm, z, of
the tension-compression couple resulting from a moment on
an anchor plate is sufficiently small relative to the anchor
embedment depth, the compression field developed in the
concrete inhibits formation of the tension breakout cone
associated with the tension-loaded anchor(s) as shown in Fig.
R17.6.2.7.1. This effect is accounted for with e, -

(Eligehausen et al. 2006b) The effect of the compression field
on the breakout strength of the tension-loaded anchors is
neglected in cases where a) the tension and compression
resultants are separated by more than 1.5 1 of? b) the ratio

between the resultant compression and tension forces acting

~on the eroup isreduced, e.2.. by uplift on the connectign, or c)

the breakout strength is influenced by concrete edges.
etermination ol the compression resultant location and the
value of z for a given combination of applied moments and
axial force should correspond to a reasonable engineering

model.
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Open Questions

1. Is Yy valid for combined pullout & concrete cone (CC+PO) failure?

2. Isym n valid for anchor group located close to an edge?

ny

A. In case of CC+PO failure mode

B. In case of CC failure mode
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Objectives and Experimental Program

2X2 Group of Bonded Anchors
d=1in., h,,=10in., s =8 in.

Targeted Failure Mode

No Edge Influence Edge Influence
o o —_—
ry i Ml
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Loading Away Loading

CC+PO
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Experimental Setup
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Experimental Setup

Edge influence - Edge influence — o
Loading away from edge Loading towards edge
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Results: No Edge Influence -

Base Moment vs Drift
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Results: No Edge Influence -

Variation in Anchor Loads Plate Displacement Profile
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Results: No Edge Influence

Axial Load vs Displacement

120

100 -

00]
o
1

(o))
o
1

Load [Kips]

40

20

]

T

0 0.02 0.04 0.06
Displacement [in]

0.08

0.1

0.12

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Py
PxH=T=xz
H
P = 23 kips
H = 67in

z=09%desr=9in
23x67 =T *9
T =171 kips

T C

Tension force in the anchors influenced by compression

Yemn Tension force in the anchors under pure tension

=
RETE E
CONVENTION

171
l/Jcm,N — m = 1.7

(@ci* cone



Crack Pattern

AR ¢ EEERE

Breakout body

Shallow depth
of concrete
breakout

Moment Loading Ten5|on Loadlng
T =
Pullout and Concrete Positive influence of baseplate
- Conefailure - compression applicable in CC+PO

(@Ci® cONCRETE

THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVENTION




Results: Edge Influence, Loading Towards Edge

Normalized Base Moment vs Drift
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Results: Edge Influence, Loading Away From Edge

Normalized Base Moment vs Drift
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Crack Pattern .

Breakout body

Tension Loading
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Comparison of Experimental Results

Normalized Base Moment vs Drift
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Finite Element Studies

~y

Post-tensioning
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3D Nonlinear FE Analysis using MASA
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Validation of Finite Element Model
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Compressive Stresses

v Y
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/

Compression
Field

Compression stresses go from the compression point
to the end of anchorage (i.e. the end of tie)
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Validation of Compressive Stresses
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Conclusions

» Positive influence of baseplate compression is valid for monotonically loaded
anchor groups failing in combined pullout and concrete cone (CC+PO) failure

mode

 Positive influence of baseplate compression is valid when the anchor group is
located near the edge and loaded monotonically in either direction (towards

the edge or away from the edge)
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Thank You!

Questions/Suggestions?

”
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