
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

PERFORMANCE OF ANCHORAGES UNDER 

PREDOMINANT MOMENT LOADING: 

AN EXPERIMENTAL INVESTIGATION

Authors: Gaurav Chobe1, Akanshu Sharma2

1Ph.D. Candidate, 2Jack and Kay Hockema Associate Professor

Lyles School of Civil and Construction Engineering, Purdue University, West Lafayette, Indiana, USA

Date: 5 November 2024

1



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Basic Mechanics

• The compression from the baseplate 

suppresses the formation of concrete 

cone which leads to an increased 

capacity of the tension anchors

• Currently, the factor 𝜓𝑀,𝑁 is only valid for 

pure concrete cone failure
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Upcoming ACI 318-25

𝒛
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Open Questions 4

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

2. Is 𝜓𝑐𝑚,𝑁 valid for anchor group located close to an edge?

A. In case of CC+PO failure mode

B. In case of CC failure mode
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Objectives and Experimental Program 5

2X2 Group of Bonded Anchors 
(𝑑 = 1 in., ℎ𝑒𝑓 = 10 in., 𝑠 = 8 in.)

No Edge Influence

(𝑐𝑎,𝑚𝑖𝑛 > 1.5ℎ𝑒𝑓)

Edge Influence 

(𝑐𝑎,𝑚𝑖𝑛 = 0.5ℎ𝑒𝑓)

Loading Away 

From Edge

Loading  

Towards Edge

CC+PO

Targeted Failure Mode
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Experimental Setup
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Experimental Setup

No edge influence
Edge influence –

Loading away from edge
Edge influence –

Loading towards edge
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Results: No Edge Influence

𝑁𝑐𝑏𝑔 =
𝐴𝑁𝑐

𝐴𝑁𝑐0
𝜓𝑒𝑐,𝑁𝜓𝑒𝑑,𝑁𝜓𝑐,𝑁𝜓𝑐𝑝,𝑁𝑁𝑏  𝜓𝑐𝑚,𝑁

𝑁𝑏 = 1.33𝑘𝑐𝜆𝑎 𝑓𝑐
′ℎ𝑒𝑓

1.5 = 55 𝑘𝑖𝑝𝑠

𝑁𝑐𝑏𝑔 = 135 𝑘𝑖𝑝𝑠
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𝑀𝐴𝐶𝐼 = 𝑁𝑎𝑔𝑧 = 86 𝑘𝑖𝑝 − 𝑓𝑡

2 −
𝑧

1.5ℎ𝑒𝑓
= 1.4

Pullout & 

Concrete Cone

𝑁𝑎𝑔 =
𝐴𝑁𝑎

𝐴𝑁𝑎0
𝜓𝑒𝑑,𝑁𝑎𝜓𝑐𝑝,𝑁𝑎𝜓𝑒𝑐,𝑁𝑎𝑁𝑏𝑎

𝑁𝑏𝑎 = 0.75𝜋𝑑ℎ𝑒𝑓𝜏𝑏 = 94 𝑘𝑖𝑝𝑠

𝑁𝑎𝑔 = 114 𝑘𝑖𝑝𝑠

𝑁𝑠𝑎 = 𝑛𝐴𝑠𝑒,𝑁𝑓𝑢𝑡𝑎 = 236 𝑘𝑖𝑝𝑠
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Results: No Edge Influence 9
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Results: No Edge Influence

𝑃 ∗ 𝐻 = 𝑇 ∗ 𝑧

𝑃 = 23 𝑘𝑖𝑝𝑠

𝐻 = 67 𝑖𝑛

𝑧 = 0.9 ∗ 𝑑𝑒𝑓𝑓 = 9 𝑖𝑛

23 ∗ 67 = 𝑇 ∗ 9

𝑇 = 171 𝑘𝑖𝑝𝑠 

𝜓𝑐𝑚,𝑁 =
171

101
= 1.7

𝜓𝑐𝑚,𝑁 =
Tension force in the anchors influenced by compression

Tension force in the anchors under pure tension
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Crack Pattern

Moment Loading Tension Loading

Pullout and Concrete 

Cone failure

Positive influence of baseplate 

compression applicable in CC+PO

Breakout body

Load

Shallow depth 

of concrete 

breakout
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Results: Edge Influence, Loading Towards Edge 12
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𝑁𝑠𝑎 = 𝑛𝐴𝑠𝑒,𝑁𝑓𝑢𝑡𝑎 = 236 𝑘𝑖𝑝𝑠

𝑁𝑐𝑏𝑔 =
𝐴𝑁𝑐

𝐴𝑁𝑐0
𝜓𝑒𝑐,𝑁𝜓𝑒𝑑,𝑁𝜓𝑐,𝑁𝜓𝑐𝑝,𝑁𝑁𝑏  𝜓𝑐𝑚,𝑁

𝑁𝑐𝑏𝑔 = 74 𝑘𝑖𝑝𝑠

𝑁𝑎𝑔 =
𝐴𝑁𝑎

𝐴𝑁𝑎0
𝜓𝑒𝑑,𝑁𝑎𝜓𝑐𝑝,𝑁𝑎𝜓𝑒𝑐,𝑁𝑎𝑁𝑏𝑎

𝑁𝑎𝑔 = 94 𝑘𝑖𝑝𝑠

𝑀𝐴𝐶𝐼 = 𝑁𝑎𝑔𝑧 = 56 𝑘𝑖𝑝 − 𝑓𝑡

38%
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Results: Edge Influence, Loading Away From Edge 13
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𝑁𝑠𝑎 = 𝑛𝐴𝑠𝑒,𝑁𝑓𝑢𝑡𝑎 = 236 𝑘𝑖𝑝𝑠

𝑁𝑐𝑏𝑔 =
𝐴𝑁𝑐

𝐴𝑁𝑐0
𝜓𝑒𝑐,𝑁𝜓𝑒𝑑,𝑁𝜓𝑐,𝑁𝜓𝑐𝑝,𝑁𝑁𝑏  𝜓𝑐𝑚,𝑁

𝑁𝑐𝑏𝑔 = 44 𝑘𝑖𝑝𝑠

𝑁𝑎𝑔 =
𝐴𝑁𝑎

𝐴𝑁𝑎0
𝜓𝑒𝑑,𝑁𝑎𝜓𝑐𝑝,𝑁𝑎𝜓𝑒𝑐,𝑁𝑎𝑁𝑏𝑎

𝑁𝑎𝑔 = 61 𝑘𝑖𝑝𝑠

𝑀𝐴𝐶𝐼 = 𝑁𝑐𝑏𝑔𝑧 = 33 𝑘𝑖𝑝 − 𝑓𝑡

45%

𝜓𝑐𝑚,𝑁 = 1.83
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Crack Pattern

Moment Loading

Tension Loading

Concrete Cone failure
Positive influence of baseplate 

compression applicable for 𝒄𝒂,𝒎𝒊𝒏 < 𝟏. 𝟓𝒉𝒆𝒇
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Comparison of Experimental Results 15

0

20

40

60

80

100

120

0 1 2 3 4 5 6

B
a
s
e
 M

o
m

e
n
t 

[k
ip

-f
t]

Drift [%]

Normalized Base Moment vs Drift

No Edge Influence

Loading Away From Edge

Loading Towards Edge

Loading away from the edge:

Loading towards the edge:

Concrete available for breakout 

Positive influence of compression

Concrete available for breakout 

Positive influence of compression



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Finite Element Studies 16

=

3D Nonlinear FE Analysis using MASA

Post-tensioning

Ground

Ozbolt, J., Li, Y., and Kozar, I. (2001). Microplane model for concrete with relaxed kinematic constraint. International Journal of Solids and Structures
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Validation of Finite Element Model 17

Peak Load = 88 kips Peak Load = 92 kips 

Peak load = 10.9 kips Peak Load = 11.5 kips 

Moment Loading Tension Loading

CC+PO 

cracks
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Compressive Stresses 18

Compression stresses go from the compression point 

to the end of anchorage (i.e. the end of tie) 

Compression 

Field

M
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Validation of Compressive Stresses 19

Pressure ≈ 43 ksiPressure ≈ 45 ksi

No Pressure

No Pressure
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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!
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Questions/Suggestions?
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