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5.5 Corrosion of Rebars, Tendons,
and Inserts

Description:

Corrosion of embedded metal is one of the main causes of failure of concrete structures (ACI 201.2R, ACI 222R). The critical elements needed for corrosion to
occur are water, oxygen, and chloride ions, which in turn makes permeability the main concrete property that influences corrosion resistance. Without chloride
ions, the high alkalinity of the concrete protects the thin iron-oxide film on the surface of the steel, thus making the steel passive to corrosion. The alkalinity can
be reduced below the threshold of 11.5 by carbonation or exposure to acidic solutions, allowing corrosion even without chloride ions. In the presence of
chloride ions, the threshold for corrosion initiation is considerably higher than 11.5.
The initial stage of corrosion often produces cracking, spalling, and staining in the surrounding concrete. These can be detected by visual observations.
This document will attempt to identify basic properties of the concrete, type of exposure, and service conditions that affect its corrosion resistance.

Data to be collected and Analyzed:

1. Permeability of the concrete.
2. Design parameters that affect corrosion resistance.
3. Availability of chloride ions
4. Petrographic analysis for extent of carbonation
5. Visual observations of the tendons, rebars and sleeves over the life of the structure.

Verified Refuting Evidence: Verified Supporting

a) The concrete meets industry recommendations for low permeability required for durability (FM 5.5 Exhibit 1 - correlation Evidence:
between W/C and permeability; FM 5.5 Exhibit 2 - mix design; FM 5.5 Exhibit 3 - representative Petrographic reports; FM 5.5 None
Exhibit 4 - graph of water/cement ratio from pour cards).
b) Providing adequate cover of low-permeability concrete was part of the original design. Original plans called for concrete
cover of 2 1/4" over the reinforcing bars (FM 5.5 Exhibit 5 is a copy of a representative plan with enlarged details).
c) Measurements taken during the demolition in 2009 show cover size in line with the plan requirements (FM 5.5 Exhibit 6
includes three representative photos taken in 2009 at the containment wall).
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5.5 Corrosion of Rebars, Tendons,
and Inserts, cont.

Verified Refuting Evidence (cont.):

d) The containment structure does not have direct exposure to chloride ions from natural sources (such as sea water) or artificial sources (such as deicing
salts).
e) Petrographic analysis revealed a dense, low-permeability concrete with low depth of carbonation after over 30 years in service (FM 5.5 Exhibit 3b and 3c -
reported measured carbonation depth of 0.2" to 0.5"). This level of carbonation is an indication that the concrete in the structure is not losing its ability to protect
the metal inserts from corrosion.
f) Visual inspections over the life of the structure as well as visual observations by PII in 2009 did not detect the typical signs of corrosion - such as staining,
spalling and cracking.

Discussion:

a) Industry standards use water to cement (W/C) ratio as an indication of concrete's permeability. It has been established that concrete with W/C of 0.4 or
lower has voids system that is mostly made of disconnected discreet small voids - making it practically impermeable (FM 5.5 Exhibit 1). FM 5.5 Exhibit 4 is a
graph based on data from all pour cards of concrete used in panel RB-15 of the containment structure. It shows that all the concrete was placed with W/C ratio
of less than 0.41, with an average of 0.40. FM 5.5 Exhibit 2 is a summary of mix designs used in the construction. These designs were prepared with W/C of
either 0.41 or 0.38. FM 5.5 Exhibit 3a, 3b and 3c include pages from representative Petrographic reports that made an attempt at estimating the W/C ratio.
Estimating W/C is notoriously inaccurate, as demonstrated by the estimates that range from 0.4 to 0.6 and as explained in the body of the CTL report (FM 5.5
Exhibit 3c).

Based on the above it is concluded that the concrete has very low permeability.

Conclusion:

The concrete in the containment structure did not experience corrosion of the embedded metals. Therefore corrosion was not a contributor to the delamination.
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