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Material 𝑓𝑐
′ [ksi] 𝜀0 𝑓𝑐𝑢 𝜀𝑐𝑢 

Concrete cover 6.09a 2𝑓𝑐
′/𝐸𝑐 0 0.005 

Concrete core 𝑓𝑐𝑐
′ b 2𝑓𝑐𝑐

′ /𝐸𝑐𝑐 0.2𝑓𝑐𝑐
′  𝜀𝑐𝑢

c 

Note: 𝐸𝑐, 𝐸𝑐𝑐 = initial moduli of elasticity (calibrated to match test results of concrete cylinders); 𝑓𝑐
′ = 

compressive strength of concrete; 𝜀0 = concrete strain at maximum strength; 𝑓𝑐𝑢 = concrete crashing 

strength; 𝜀𝑐𝑢 = concrete strain at crushing strength 
a From test results on concrete cylinders; b Mander et al. (1988); c Terzic and Stojadinovic (2015) 

 

Material 𝑓𝑐
′ [ksi] 𝜀0 𝑓𝑐𝑢 𝜀𝑐𝑢 𝜆 𝑓𝑡 𝐸𝑡𝑠 

Concrete cover 6.09a 2𝑓𝑐
′/𝐸𝑐 0 0.005 0.1 0.05𝑓𝑐

′ 𝑓𝑡/𝜀0 

Concrete core 𝑓𝑐𝑐
′ b 2𝑓𝑐𝑐

′ /𝐸𝑐𝑐 0.2𝑓𝑐𝑐
′  𝜀𝑐𝑢

c 0.1 0.05𝑓𝑐𝑐
′  𝑓𝑡/𝜀0 

Note: 𝐸𝑐, 𝐸𝑐𝑐 = initial moduli of elasticity (calibrated to match test results of concrete cylinders); 𝑓𝑐
′ = 

compressive strength of concrete; 𝜀0 = concrete strain at maximum strength; 𝑓𝑐𝑢 = concrete crashing 

strength; 𝜀𝑐𝑢 = concrete strain at crashing strength; 𝜆 = ratio between unloading slope at 𝜀𝑐𝑢 and initial 

slope; 𝑓𝑡 = tensile strength of concrete; 𝐸𝑡𝑠 = slope of the tension softening branch 
a From test results on concrete cylinders; b Mander et al. (1988); c Terzic and Stojadinovic (2015) 
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Material 𝑓𝑦 [ksi] 𝐸𝑠 [ksi] 𝑏 𝑅0 𝑐𝑅1 𝑐𝑅2 

Steel02 74.5a 29,000 0.01 15 0.925 0.15 

Note: 𝑓𝑦 = yield stress in tension; 𝐸𝑠 = modulus of elasticity; 𝑏 = strain hardening ratio; 𝑅0, 𝑐𝑅1, 𝑐𝑅2 = 

parameters that control the transition from elastic to plastic branches of the hysteretic curve 
a From test results on steel coupons 

 

Material 𝑓𝑦 [ksi] 𝐸𝑠 [ksi] 𝑓𝑠𝑢 [ksi] 𝐸𝑠ℎ[ksi] 𝜀𝑠ℎ 𝜀𝑠𝑢 

ReinforcingSteel 74.5a 29,000 100a 725a 0.01a 0.09a 

Note: 𝑓𝑦 = yield stress in tension; 𝐸𝑠 = modulus of elasticity; 𝑓𝑠𝑢 = ultimate stress in tension; 𝐸𝑠ℎ = tangent 

at initial strain hardening; 𝜀𝑠ℎ = strain corresponding to initial strain hardening; 𝜀𝑠𝑢 = strain at peak stress 
a From test results on steel coupons 
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Material Analytical 1 Analytical 2 Analytical 3 Analytical 4 

Concrete  

model 
Concrete01 Concrete01 Concrete02 Concrete02 

Reinforcing steel 

model 
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Specimen Designation Ductility Target Test Sequences 

Base0 0 Axial 

Base15 1.5 Lateral and axial 

Base30 3.0 Lateral and axial 

Base45 4.5 Lateral and axial 
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Functionality Limit 

State Classification 

FLS-0 FLS-1 FLS-2 FLS-3 

Damage level Low Medium High Extensive 

Loss in functionality No loss Minor loss Major loss Full loss 

Functionality Open to normal 

traffic (no 

restrictions) 

Open to limited 

traffic 

(speed/weight/ 

lane restrictions) 

Open to 

emergency 

vehicles only 

Full closure (all 

vehicles 

restricted) 
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MTI conducts multi-disciplinary research focused on surface 
transportation that contributes to effective decision making. 
Research areas include: active transportation; planning and policy; 
security and counterterrorism; sustainable transportation and 
land use; transit and passenger rail; transportation engineering; 
transportation finance; transportation technology; and 
workforce and labor. MTI research publications undergo expert 
peer review to ensure the quality of the research.

Education and Workforce Development
To ensure the efficient movement of people and products, we 
must prepare a new cohort of transportation professionals 
who are ready to lead a more diverse, inclusive, and equitable 
transportation industry. To help achieve this, MTI sponsors a suite 
of workforce development and education opportunities. The 
Institute supports educational programs offered by the Lucas 
Graduate School of Business: a Master of Science in Transportation 
Management, plus graduate certificates that include High-Speed 
and Intercity Rail Management and Transportation Security 
Management. These flexible programs offer live online classes 
so that working transportation professionals can pursue an 
advanced degree regardless of their location. 

Information and Technology Transfer
MTI utilizes a diverse array of dissemination methods and 
media to ensure research results reach those responsible 
for managing change. These methods include publication, 
seminars, workshops, websites, social media, webinars, 
and other technology transfer mechanisms. Additionally, 
MTI promotes the availability of completed research to 
professional organizations and works to integrate the 
research findings into the graduate education program. 
MTI’s extensive collection of transportation-related 
publications is integrated into San José State University’s 
world-class Martin Luther King, Jr. Library.
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