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NEES-Anchor Tests
• Phase I: Unreinforced single anchors subjected to 

cyclic loading (UWM, Spring 2010) 
• Phase II: Reinforced single anchors subjected to 

shear (UWM, Fall 2010) 
• Phase III: Reinforced single anchors subjected to 

tension (UWM, Summer 2011)
• Phase IV: Anchor groups in plastic hinge zones of 

a concrete wall (NEES-UIUC, May 2012)
• Phase V: Reinforced single anchors in plastic 

hinge zones of columns (UWM, Spring 2012)
• Other Tests: Shear tests of anchor rods with 

exposed lengths (UWM, Summer 2011)
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Problems in the field-2
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Previous Tests 
• Cannon (1982): 3 beams 15 expansion 

anchors
• Oehlers and Park (1992):studs in cracked 

slabs with longitudinal cracks
• Yong et al. (2001): cast-in anchors with 

preformed cracks
• Jang and Suh (2005): cast-in anchors with 

preformed cracks
• Hoehler and Eligehausen (2008): cyclic tension 

in cracked concrete and moving crack tests



Phase V: Cast-in anchors in plastic 
hinge zone of RC columns

• Evaluate the feasibility of installing headed 
anchors in plastic hinge zones
• Currently in ACI 318-11
• Not allowed if concrete failure modes likely control
• Anchor reinforcement should be provided

• Design and detailing of anchor reinforcement
• Phase II for anchors shear reinforcement
• Phase III for anchors tension reinforcement



Plastic hinge zones
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Phase V Test

• 3 specimens 
w/ single 
anchor in 
tension
• 3 specimens 

w/ two 
anchors in 
shear



Phase V Test 
(Specimen)



Phase V Test (setup and 
instrumentations)



Summary of Phase V Tension Test 
Results
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Summary of Phase V Tension Test Results (T2)
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Summary of Phase V Tension Test Results (T3)
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Headed studs to 
transfer shear between 
infill wall and steel 
beam, column

Test terminated 
because the No. 2 
headed bars placed 
outside confined 
regions lost capacities 
prematurely.

The observation reminds me ……



These remind us Phase III Tests …
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The impact of local confinement



The impact of local confinement
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The impact of local confinement

Powdered 
concrete at 
friction surface

c)



Phase V Test (setup & instrumentation)



Phase V shear Test Results

S1 (monotonic shear, at 
zero position)

S2 (cyclic shear along 
with cyclic column 
deformation)

S3 (TBD)



Confining reinforcement
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Summary of Phase V Shear Test Results (S1)
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Summary of Phase V Shear Test Results (S2)



These remind us Phase II Tests ……



Observations from Phase V tests
•Well-confined core concrete can support 

anchors in plastic hinge zones
• Cover spalling leads to exposed anchor shaft 
• Shear capacity at cover spalling
• Ultimate capacity
• Estimation of exposed lengths

• The observations hold for through bolts in shear, 
which are widely used for retrofitting



Proposal for ACI 381 Adoption



Proposal for ACI 381 Adoption



Final Thoughts
• What to expect with anchor reinforcement?
• How to define supplementary reinforcement?
• New construction vs. existing construction?
• Cast-in anchors vs. post-installed anchors?
• Retrofitting anchors?
• External reinforcement for anchors in shear?



Final test at NEES@Illinois
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Final test at NEES@Illinois

-80.0

-60.0

-40.0

-20.0

0.0

20.0

40.0

60.0

80.0

0 50 100 150 200 250 300

Fo
rc

e 
(k

ip
s)

Steps

Actuator Load vs. Steps
Left Actuator

Right Actuator

LBCB



Final test at NEES@Illinois
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Final test at NEES@Illinois
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