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Research motivation

Traditional FRP-confinement: wrapping around free-standing columns

Conventional confinement using FRP jacketing for free-standing columns:

√ Experimenmtal study;

√ Stress-strain modeling;

√ Design codes (Chapter 12 of ACI 440.2R);

√ Practice.

Credit: Fiona Zhang
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Research motivation

Difficulty in practical construction: blocked structures hampering the wrapping

FRP confinement for obstructed structures:

× Research;

× Design code.
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Research motivation

Solutions: integrating FRP laminate and spike anchors

FRP anchor

FRP laminate



Research motivation

Solutions: integrating FRP laminate and spike anchors

Confinement type A

for one-side-blocked column

FRP U-shape laminate

and

FRP spike anchors
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Research motivation

Solutions: integrating FRP laminate and spike anchors
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Research motivation

Published study: testing on concrete prisms confined by FRP laminate and spike anchors

Key finding: the confined concrete exhibited an improved strength capacity by 1/3 and strain capacity by 4 times, 

when the anchor spacing was 90 mm. 



Previous test data

Testing program: 75 prisms subjected to monotonic axial compression testing

Prism dimensions(mm):

•L=150, b=150, H=360

•L=200, b=150, H=360

Test variables:

⚫Anchor spacing (Sd): 

90 mm, 120 mm and 180 mm;

⚫Anchor cross-sectional area (Ad): 

14 mm2, 28 mm2 and 56 mm2;

⚫Cross-sectional aspect ratio (l/b): 

1 and 1.33.

Type A confinement Type B confinement



Previous test data

Failure modes:

Rupture at insertion

Fiber rupture:

Mcl>0.31 for type A

Mcl>0.25 for type B

Debonding prevention:

Nfr<Nsd

Concrete-controlled failure:

Mcl<0.31 for type A

Mcl<0.25 for type B

Tensile capacity of FRP fan insertion:

Bond capacity of anchor fan:

Concrete -control potential parameter:
Type A confinement Type B confinement



Research motivation

Research gap: guidelines currently unavailable in design codes or standards

Stage 1: testing on prism

Stage 2: stress-strain model

Stage 3: Implementation into ACI code
Current work



Determination of the undecided parameters

Math connection: relations between the properties of the confined and unconfined concrete
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The mathematical forms follow the following publications:
1. Samaan M, Mirmiran A, Shahawy M. Model of concrete confined by fiber composites. Journal of structural engineering. 

1998;124:1025-31.
2. Lam L, Teng J. Design-oriented stress-strain model for FRP-confined concrete in rectangular columns. Journal of reinforced plastics 

and composites. 2003;22:1149-86.



Shape factor κa and κb: calculated by introducing effectively/ineffectively confined sections
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Comparison between tested and analytical results
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Design example 1: enhancing column strength capacity (Section 16.8 of ACI PRC 440.2-17)

Design examples
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Example: a 610 mm square 

column requiring an additional 

20% of axial load

Solution (confinement 

configurations): 

•6 plies FRP laminate 

•Anchors spacing =120 mm

•Anchor cross-sectional area 

=254.5 mm2 (diameter= 18 mm)



Design example 2: improving wall drift capacity

Design examples

Example: A wall with axial failure of the 

boundary elements.

Solution (confinement configurations): 

•b=200 mm and l=250 mm

•Anchors spacing =60 mm

•Anchor cross-sectional area =14 mm2

0150.00158.0 =ccu



The current work included:

1. Bi-parabola stress-strain model was developed based on 75

prism tests;

3. Design examples were given to assist the engineers to

understand and use the model in practical design;

Conclusions

Future work will include:

1. Developing a calculation program/software utilizing the

proposed model for industry (almost accomplished);

2. Implementation of the model into the ACI 440 code (?)
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