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EXECUTIVE SUMMARY

This certified test report, evaluates the performance of a unique anchor solution for externally
bonded fiber reinforced polymer (FRP) systems on concrete substrate.

The anchor solution is a development composed of two components: i) a flat staple’ composed
of a pre-cured carbon FRP piece and; i) a saturated fiber sheet piece that wraps around the flat
staple anchor and is placed onto the extemnally bonded FRP sheet or laminate, here in refemred
1o as anchor Type Z'.

Based on double shear load tests of FRP laminates bonded to concrete per the results reported
here, the following can be concluded:

= When comparing type Z anchor system to an un-anchored FRP laminate bonded to
concrete, under the same conditions it improves the load carrying capacity of the FRP
laminate by 156%.

* When comparing type Z anchor system to an FRP laminate bonded to concrete
anchored only with the flat staple’ only component, under the same conditions it
improves the load carrying capacity of the FRP laminate by over 115%.

The anchor type Z translates the failure to the concrete substrate, fully engaging the FRP
laminate system bonded to the conerete. Meither laceration nor debonding of the FRP laminate
occurs with anchor type Z, which are unwanted failure modes since they do not fully engage the
FRP laminate.

In summary the anchor behaves as a single element (coupling both the staple and wrapped
piece), and results in an effective anchoring solution as presented herein.
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Direction of tensile load
FRP Laminate
De-bonded concrete area

Anchor wrapped piece
Staple anchor
Concrete block test side

ing Convention | March 15-17 | Montreal,

End of anchor wrapped piece

5. TEST INFORMATION

Specimen geomety:

Teest Locatior:
Tiest sertup:
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6. TESTRESULTS

Table 1- Test Results for FRP Staple Anchor Solution

GEORGIA BRIDGE CASE STUDY

Date: July 24, 2016

Location: Columbus Georgia
Contractor: Engineered Solutions

Project Scope: Concrete Bridge to be reinforced for traffic. Small concrete beams were under designed.

Total load
W
(Preaxi2)
Ibf kips Ibf kips %
B 01 13041 13.04 6521 6.52 -19.7 FRP de-bonding
B 02 17034 17.03 8517 8.52 4.9 FRP de-bonding
B 03 18635 18.63 9317 9.32 148 FRP de-bonding
Average 16237 1624 8118 8.12
Stand. Dev. 2352 235 178 1.18 0.0
Coef. of Var. (%) 145 145 145 145
s0 24628 24.63 12314 12.31 517 FRP de-bonding and slippage beneath the anchor
502 30118 3012 15058 1506 6855 FRP de-bonding and slippage beneath the anchorFRP rupture
s 03 29170 2947 14585 1458 797 FRP de-bonding and slippage beneath the anchorFRP rupture
Average 27972 2797 13966 1399
Stand. Dev. 2398 240 1198 120 723
Coef. of Var. (%) 8.6 885 8.6 86
| 34480 48 17240 17.24 124 Failure in concrete substrate
z o2 43131 4313 21566 2157 1656  Anchor failure and FRP de-bonding
z0 45027 4593 22064 2296 182.9 Failure in concrete substrate
Z04 41412 4141 20706 2071 155.1 Failure in concrete substrate
Z05 42833 4283 21417 2142 Anchor failure and FRP de-bonding
Average 41556 4156 20778 2078
Stand. Dev. 3829 3.83 1915 1.91 155.9
Coef. of Var. (%) 82 22 82 92
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GEORGIA BRIDGE CASE STUDY

Conclusion: Testing of Anchors prove to dramatically increase long term creep of the surface mounted carbon
fiber under the flexural load. Project was completed in 2 days.
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