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compares the performance of the two.  The procedure for corroding the specimens is 

based on ASTM International standards.  After the specimens are corroded, their 

mechanical performance is evaluated by tension testing.  Additionally, the solutions used 

to corrode the specimens are analyzed as another means of comparing corrosion 
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When stress is applied to an austenitic specimen, there is a critical value at which 

the material begins to transform from austenite directly to detwinned martensite.  As the 

transformation continues, the stress remains practically constant until the transformation 

is complete.  Further straining leads to the elastic loading of detwinned martensite.  If the 

load continues to increase, permanent deformation occurs as the martensitic variants 

begin to slip.  If the specimen is unloaded before slip, a reverse transformation takes 

place.  This reverse transformation from martensite back to austenite occurs at a lower 

stress level than during loading, thereby creating a hysteretic effect.  Since the 

temperature is already above Af
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Figure 2.7 William J. Buehler demonstrating nitinol wire in 1968.  As electricity was 

passed through a straight piece of wire, the wire would change into the word 
“innovations” (Kauffman et al. 1997). 

 

Since the mid-nineties, the demand for nitinol has grown tremendously.  Precise 

composition control in the production process has greatly limited the variation of 

properties between different batches of nitinol (Du
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the amount of energy dissipated decreased a slight amount during the first few cycles, but 
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Figure 2.10 Stress-strain curves of a nitinol bar during tension-compression cyclic 
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nitinol can easily be applied to these seismic resisting members with practical dimensions 
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(a) 
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Figure 2.14 Schematic of device design (Aizawa et a
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2.4 Corrosion 

Corrosion can be defined as the “harmful reaction of the structure of a material 

with its environment” (Flinn et al. 1981).  The effects of corrosion are widespread, and 
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slower than aluminum, but will continue to react be
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Immersion Corrosion Testing of Metals,” which acts as a guideline for creating a unique 

corrosion experiment, instead of imposing a rigid standard for a particular metal (ASTM 
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similar to typical structural environments ensured that the results would be applicable to 

structural engineering. 

 3.3.2 Test Size 

 Another important consideration in an immersion corrosion experiment is the size 

of the specimen in relation to the volume of the solution.  ASTM G 31 – 72 suggests that 
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specimens, which would lose a much higher percentage of their mass in a five day 

corrosion test.  Also, a mass loss measurement woul
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After calculating the appropriate range of test spe
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These distinctions serve to clarify the type of data or test piece being discussed.  Figure 
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Figure 4.2 Experimental setup 
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4.3 Tension Testing 
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2. Add 4 mL of nitric acid. 

3. Add 176 mL of de-ionized water in order to obtain a solution that is 100 mg/L 

iron and is acidified with 2% nitric acid. 

4. From the 100 mg/L solution, use a pipette to place quantities of 2, 4, and 6 mL 

into 3 separate 100 mL volumetric flasks. 

5. Fill the remainder of these flasks with de-ionized water to obtain working 

standards of 2, 4, and 6 mg/L of iron.   
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color changed very little and the surface of the steel built up more of the yellow film.  In 

some cases, the solution appeared to even clear up 
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Figure 5.2 Specimen S-5-A-1-120 pre-wipe and post-wipe 
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Figure 5.4 Specimen N-.5-A-1-120 at various time intervals 
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Table 5.1 pH results for each corrosion test 
 
 

Specimen/Solution pH Change in pH 
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instead of completely dissolving within the sulfuri
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Table 5.2 Iron concentrations for samples from specimen S-F-A-1-120 
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Table 5.7 Iron concentrations for samples from specimen S-5-A-2-120 

 

Time 
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Table 5.8 Nickel concentrations for samples from specimen N-.5-A-1-120 
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Table 5.9 Nickel concentrations for samples from sp
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Since the ratio of solution volume to surface area for specimen S-W-A-2-120 is 

117.6 mL/in2, the following formula is used to calculate the mass loss per surface area 

corroded ratio: 

ratio = [(0.377 mg/L) – (0.002 mg/L)] x (.1176 L/in
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Table 5.22 Strengths of steel specimens 

 

  Yield Ultimate 
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such as those discussed in the literature review of
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 Tension testing also showed that nitinol can fail below its yield strength in a 
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Tamai, H. and Y. Kitagawa (2002). "Pseudoelastic behavior of shape memory alloy wire 
and its application to seismic resistance member fo
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Figure C.2 Stress-strain diagram for specimen S-F-0-2-0 
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Figure C.4 Stress-strain diagram for specimen S-F-A-2-120 
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Figure C.6 Stress-strain diagram for specimen S-W-0-1-0 
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Figure C.7 Stress-strain diagram for specimen S-W-0-2-0 
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Figure C.11 Stress-strain diagram for specimen S-5-0-1-0 
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Figure C.12 Stress-strain diagram for specimen S-5-0-2-0 
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Figure C.13 Stress-strain diagram for specimen S-5-A-1-120 
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Figure C.14 Stress-strain diagram for specimen S-5-A-2-120 
 




