
New Equations to Estimate Reinforced Concrete Wall Shear Strength 

Derived from Machine Learning and Statistical Methods

Rojas-Leon M, Wallace J, Abdullah S, Kolozvari K



Outline

• Definition of Model Performance Requirements

• Definition of Equation Format

• Obtained and Proposed Models

• Details on the Analysis and Application of the Proposed Model



1. Definition of Model Performance Requirements
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𝑥3

𝑦𝑡𝑟𝑢𝑒 / 𝑦𝑝𝑟𝑒𝑑

1 1.50.5

Mean = 1.00
COV = 0.10

𝑦

Complex ML Models

10.2 1.8

𝑦𝑡𝑟𝑢𝑒 / 𝑦𝑝𝑟𝑒𝑑

Mean = 1.28
COV = 0.45

𝑦 =
𝑎

𝑥3
𝑥2 + 𝑐 𝑥1
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2. Definition of Equation Format

“𝑉𝑛 = 𝑉𝑐 + 𝑉𝑠" format

- Identification of main parameters

- Normalization



3. Obtained Equations



We have the equation, but…

• Does it make sense?

• How to apply it in practice?

• Use for walls with asymmetrical cross sections?

• Parameter limitations?

• Upper limit?

• Strength reduction factor?

• Detailed comparison with current equations?

• Examples of application and its impact?



4. Proposed Model

,

, , ,

Shear strength:

Upper limit:



Application on Wall with 

Asymmetrical Cross Section

𝑉𝑛 = 𝛼𝑐𝐴𝑔
′ 𝑓𝑐

′ + 𝛼𝑠 𝜌𝑠𝑏𝑓𝑦𝑠𝑏 + 𝜌𝑤ℎ𝑓𝑦𝑤ℎ 𝐴𝑐𝑣𝑃𝑟𝑜𝑝. 𝐸𝑞. :



Vs Contribution

𝑉𝑠 contribution as per ACI 318
Companion Group Test 1: Changes only in 𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣

𝛼𝑠 in Proposed Eq.

𝑉𝑠,𝐴𝐶𝐼/𝑉𝑡𝑟𝑢𝑒 =

𝛼𝑠

∆𝑉𝑛 = ∆ 𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣

∆𝑉𝑛 = ∆ 𝛼𝑠𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣

𝐴𝐶𝐼

𝑃𝑟𝑜𝑝. 𝐸𝑞.

𝐴𝐶𝐼 𝑃𝑟𝑜𝑝. 𝐸𝑞.

𝑉𝑛 = 𝛼𝑐𝐴𝑔
′ 𝑓𝑐

′ + 𝛼𝑠 𝜌𝑠𝑏𝑓𝑦𝑠𝑏 + 𝜌𝑤ℎ𝑓𝑦𝑤ℎ 𝐴𝑐𝑣𝑉𝑛 = 𝛼𝑐λ 𝑓𝑐
′𝐴𝑐𝑣 + 𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣𝐴𝐶𝐼: 𝑃𝑟𝑜𝑝. 𝐸𝑞. :



Vc Contribution

Companion Group Test 2: No changes in 𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣

∆𝑉𝑛 = ∆ 𝛼𝑐λ 𝑓𝑐
′𝐴𝑐𝑣

∆𝑉𝑛 = ∆ 𝛼𝑐𝐴𝑔
′ 𝑓𝑐

′ + 𝛼𝑠𝜌𝑠𝑏𝑓𝑦𝑠𝑏𝐴𝑐𝑣

𝐴𝐶𝐼

𝑃𝑟𝑜𝑝. 𝐸𝑞.

Comparison of 𝛼𝑐 coefficients

𝛼𝑐

𝑉𝑛 = 𝛼𝑐𝐴𝑔
′ 𝑓𝑐

′ + 𝛼𝑠 𝜌𝑠𝑏𝑓𝑦𝑠𝑏 + 𝜌𝑤ℎ𝑓𝑦𝑤ℎ 𝐴𝑐𝑣𝑉𝑛 = 𝛼𝑐λ 𝑓𝑐
′𝐴𝑐𝑣 + 𝜌𝑤ℎ𝑓𝑦𝑤ℎ𝐴𝑐𝑣𝐴𝐶𝐼: 𝑃𝑟𝑜𝑝. 𝐸𝑞. :



Upper Limit for Shear Strength

Failure Mode:
Diagonal Compression

Failure Mode:
Flexure-Shear
Diagonal-Tension



More Comparisons



Implementation in Codes / Standards

Bias factor (B) modification

Shear strength upper limit modification

(ACI 318-25)

(ACI 318R-25)
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