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III. Foundation Engineering: Complementary Aspects

II. Deep Foundations: Geotechnical Design

I. Foundation Engineering

IV. Geotechnical Engineering & Site Investigations 

VI. Applications of CPT & CPTu in Geotechnical Engineering 

VII. Cases Review

V. Cone & Piezocone Penetration Tests (CPT & CPTu)



7. Cases Review

Case No. 1:         

Significancy of CPT/CPTu 

Records for Management of 

Mine Waste (GEOSTRATA-

June/July 2025)
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7. Cases Review

Case No. 1:           

GEOSTRATA (June/July 2025)
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a) Liquefaction & Tailings 

Storage Facility (TSF) Failure 

Insights from CPTu Records: 

• 𝐪𝐭 < 5 MPa: The tailings are 

loose and suspectable to 

liquefaction

• 𝐟𝐬 < 30 kPa: The tailings could 

lose significant when sheared

By: Jorge Macedo, Jonathan D. 
Bray, Scott M. Olson, Christina 
Winckler, Paul Ridlen, and 
Kimberly Finke Morrison



7. Cases Review
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b) Understanding the Piezometric 

Profile & Soil Behavior

• CPTu: The primary In-situ test 
for characterization of tailings

• Importance of suitable 
interpretation of CPTu records

• Depositional history:

By: Peter K. Robertson & Kelly Cabal

❖ Density

❖ Mechanical properties

❖ Stability

Case No. 1:           

GEOSTRATA (June/July 2025)



7. Cases Review
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c) Optical Sensors for In-situ 

Measurements: Hyperspectral 

CPTu and Vision CPTu

By: Joseph Bindner, Iman Entezari, 
Dallas McGowan, and Joseph Scalia

Study 1: Laboratory Hyperspectral 
Sensing for Gold Tailings

Case No. 1:           

GEOSTRATA (June/July 2025)
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c) Optical Sensors for In-situ Measurements: 
Hyperspectral CPTu and Vision CPTu

By: Joseph Bindner, Iman Entezari, 
Dallas McGowan, and Joseph Scalia

Study 2: High-resolution 
Imaging for CPTu

Case No. 1:            

GEOSTRATA (June/July 2025)
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III. CPT & Pile: Scale Effects

II. Direct Application for Shallow Foundations

I. Indirect Application of CPT & CPTu Records

IV. CPT- & CPTu-Based Methods

V. Cases Review



1. Indirect Application of CPT & CPTu Records

Direct & Indirect Approach

𝛗
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(𝐪𝐛)

(𝐪𝐬)

𝐪𝐜

𝐟𝐬 
𝐮𝟐



CPT-Based Methods

• Meyerhof Method (1956, 1976, 1983)

• LCPC Method, (Bustamante and Gianeselli, 1982)

• UniCone Method, Eslami & Fellenius (1997)

• German Method, Kempfert & Becker (2010)

• Enhanced UniCone Method, Niazi & Mayne (2016)
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4. CPT- & CPTu-Based Methods



a) Location, b) longitudinal view of the causeway

5. Cases Review

(a) (b)

• Decreasing the proposed route from 300 km to 120 km,

• Total length of 1260 m

• 19 spans 

• 100 m in length for the main span

Case No. 5: Urmia Lake Causeway: Long Piles & Super Soft Deposits 

(Eslami et al., 2011, 2019 & 2024) 
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Configuration of installed piles

5. Cases Review

• More than 400 pipe piles

• Total installed length of 32 km

• Piles 813 mm in diameter and 66 to 75 m in depth

• Total 800 m piles applied for static & dynamic tests
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Case No. 5: Continued



a) Sensitivity log, b) Typical CPT logs

(b)

5. Cases Review

(a)
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Case No. 5: Continued



CPT test soil profiling

5. Cases Review
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Case No. 5: Continued



Pile total capacity distribution (length of 75 m, diameter of 813 mm 

& wall thickness of 38.1 mm) (Eslami et al., 2011)

5. Cases Review
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Case No. 5: Continued



5. Cases Review

(a) (b)
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Static load test result; a) Compressive (length of 30 m, diameter of 356 mm & wall 

thickness of 12 mm), b) Tension (length of 70 m, diameter of 305 mm & wall thickness of 

16 mm (Eslami et al., 2011)

(a) (b)

Case No. 5: Continued – Tested Piles
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I. Worked Examples

II. Cases Review

1. Driven Pile Bearing Capacity via Static Analyses

4. In-Situ Based Methods Vs. Static Load Test (SLT)

2. Pile Bearing Capacity  via Direct CPT-Based Methods

5. CPT & SPT Based Methods Vs. Load Test; Single Pile

3. Ten CPT-Based Methods Referenced to Load-Displacement

6. Static Analysis, CPT & SPT Methods and SLT; Drilled Shaft

7. Probabilistic Comparison of Methods (Heidari et al., 2020)

8. Capacity Loss Under Dynamic Conditions (Eslami et al., 2025) 



1. Worked Examples

The embedment depth and diameter of the shaft are 12 m and 500 mm, 
respectively. The surrounding deposit is composed of 4m of silt underlain by stiff 
homogeneous clay.

Example No. 6: 

Static Analysis, CPT & SPT Based Methods and SLT; Drilled Shaft
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1. Worked Examples

𝜸𝒂𝒗𝒈 = 𝟐𝟎 𝐤𝐍/𝒎𝟑, Fully saturated

Unified method: 𝜷 = 𝟎. 𝟑𝟐, 𝑵𝒕 = 𝟏𝟎

Shaft Resistance

𝒒𝒔 = 𝜷 × 𝝈𝒗
′ = 𝟎. 𝟑𝟐 × 𝟔 × 𝟐𝟎 − 𝟏𝟎 = 𝟑𝟖. 𝟒 𝐤𝐏𝐚

𝑨𝒔 = 𝛑 × 𝟎. 𝟓 × 𝟏𝟐 = 𝟏𝟖. 𝟖𝟓 𝒎𝟐

𝑸𝒔 = 𝒒𝒔 × 𝑨𝒔 = 𝟑𝟖. 𝟒 × 𝟏𝟖. 𝟖𝟓 = 𝟕𝟐𝟑. 𝟖𝟒 𝐤𝐏𝐚

Toe Resistance

𝒒𝒕 = 𝑵𝒕 × 𝝈𝒗
′ = 𝟏𝟎 × 𝟏𝟐 × 𝟐𝟎 − 𝟏𝟎 = 𝟏𝟐𝟎𝟎 𝐤𝐏𝐚

𝑨𝒕 =
𝝅

𝟒
× 𝟎. 𝟓𝟐 = 𝟎. 𝟏𝟗𝟔 𝒎𝟐

𝑸𝒕 = 𝒒𝒕 × 𝑨𝒕 = 𝟏𝟐𝟎𝟎 × 𝟎. 𝟏𝟗𝟔 = 𝟐𝟑𝟓. 𝟐 𝐤𝐍

Total Resistance

𝑸𝒖 = 𝑸𝒔 + 𝑸𝒕 = 𝟕𝟐𝟑. 𝟖𝟒 + 𝟐𝟑𝟓. 𝟐 = 𝟗𝟓𝟗. 𝟎𝟒 𝐤𝐍

Example No. 6: Solution – Static Analysis
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1. Worked Examples

Equivalent SPT below number (N60) have been incorporated in calculations.

Shioi and Fukui (1982)
Shaft Resistance
𝐍𝐚𝐯𝐞−𝐬𝐡𝐚𝐟𝐭 = 𝟗. 𝟐, 𝐁 = 𝟓
𝐫𝐬 = 𝐁𝐍𝐚𝐯𝐞 = 𝟓 × 𝟗.𝟐 = 𝟒𝟔 𝐤𝐏𝐚, 𝐀𝐬 = 𝛑 × 𝟎.𝟓 × 𝟏𝟐 = 𝟏𝟖.𝟖𝟓 𝐦𝟐, 𝐑𝐬 = 𝐫𝐬𝐀𝐬 = 𝟏𝟖.𝟖𝟓 × 𝟒𝟔 = 𝟖𝟔𝟕.𝟏 𝐤𝐍
Toe Resistance
𝐀 = 𝟎. 𝟏𝟓, 𝐍𝐚𝐯𝐞−𝐛𝐚𝐬𝐞 = 𝟏𝟎. 𝟔𝟓

𝐫𝐭 = 𝐀𝐍𝐛𝐚𝐬𝐞 = 𝟎.𝟏𝟓 × 𝟏𝟎.𝟔𝟓 = 𝟏.𝟔 𝐌𝐏,𝐀𝐭 =
𝛑

𝟒
× 𝟎.𝟓𝟐 = 𝟎.𝟏𝟗𝟔 𝐦𝟐, 𝐑𝐭 = 𝐫𝐭𝐀𝐭 = 𝟏𝟔𝟎𝟎 × 𝟎.𝟏𝟗𝟔 = 𝟑𝟏𝟑.𝟔 𝐤𝐍

Total Resistance
𝐑𝐮 = 𝐑𝐭 + 𝐑𝐬 = 𝟖𝟔𝟕. 𝟏 + 𝟑𝟏𝟑. 𝟔 = 𝟏𝟏𝟖𝟎. 𝟕 𝐤𝐍

Decourt (1982)
Shaft Resistance
𝐍𝐚𝐯𝐞−𝐬𝐡𝐚𝐟𝐭 = 𝟗. 𝟐, 𝐁 = 𝟑. 𝟑
𝐫𝐬 = 𝐁𝐍𝐚𝐯𝐞 = 𝟑.𝟑 × 𝟗.𝟐 = 𝟑𝟎.𝟒 𝐤𝐏𝒂,𝐀𝐬 = 𝛑 × 𝟎.𝟓 × 𝟏𝟐 = 𝟏𝟖.𝟖𝟓 𝐦𝟐, 𝐑𝐬 = 𝐫𝐬𝐀𝐬 = 𝟑𝟎.𝟒 × 𝟏𝟖.𝟖𝟓 = 𝟓𝟕𝟑.𝟎𝟒 𝐤𝐍
Toe Resistance
𝐀 = 𝟎. 𝟏𝟓, 𝐍𝐚𝐯𝐞−𝐛𝐚𝐬𝐞 = 𝟏𝟎. 𝟔𝟓

𝐫𝐭 = 𝐀𝐍𝐛𝐚𝐬𝐞 = 𝟎.𝟏𝟓 × 𝟏𝟎.𝟔𝟓 = 𝟏.𝟔 𝐌𝐏𝐚,𝐀𝐭 =
𝛑

𝟒
× 𝟎.𝟓𝟐 = 𝟎.𝟏𝟗𝟔 𝐦𝟐, 𝐑𝐭 = 𝐫𝐭𝐀𝐭 = 𝟑𝟏𝟕.𝟐 × 𝟎.𝟏𝟗𝟔 = 𝟑𝟏𝟑.𝟔 𝐤𝐍

Total Resistance
𝐑𝐮 = 𝐑𝐭 + 𝐑𝐬 = 𝟓𝟕𝟑. 𝟎𝟒 + 𝟑𝟏𝟑. 𝟔 = 𝟖𝟖𝟔. 𝟔𝟒 𝐤𝐍

Example No. 6: Solution – SPT-based Methods
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1. Worked Examples

Meyerhof (1976)
Shaft Resistance
𝐫𝐬 = 𝐊𝐟𝐬 𝐊 = 𝟏 , 𝐟𝐬𝐚𝐯𝐠

= 𝟎. 𝟎𝟕𝟕 𝐌𝐩𝐚

𝐫𝐬 = 𝐊𝐟𝐬 = 𝟏 × 𝟎. 𝟎𝟕𝟕 = 𝟎. 𝟎𝟕𝟕 𝐌𝐏𝐚 = 𝟕𝟕 𝐤𝐏𝐚, 𝐀𝐬 = 𝛑 × 𝟎. 𝟓 × 𝟏𝟐 = 𝟏𝟖. 𝟖𝟓 𝐦𝟐

𝐐𝐬 = 𝐫𝐬 × 𝐀𝐬 = 𝟕𝟕 × 𝟏𝟖. 𝟖𝟓 = 𝟏𝟒𝟓𝟏. 𝟒𝟓 𝐤𝐍

Toe Resistance

𝐪𝐜.𝐚 = 𝟐. 𝟖𝟒 𝑴𝑷𝒂, 𝐜𝟏 =
𝐁 + 𝟎. 𝟓

𝟐𝐁

𝐧

:  𝐁 = 𝟎. 𝟓 →  𝐜𝟏 = 𝟏, 𝐜𝟐 =
𝐃𝐛

𝟏𝟎𝐁
∶  𝐃𝐛 = 𝟖𝐦 >  𝟏𝟎𝐁 = 𝟓𝐦 →  𝐜𝟐 = 𝟏

𝐫𝐭 = 𝐪𝐜.𝐚𝐜𝟏𝐜𝟐=2.84 MPa = 2840 kPa, 𝐀𝐭 =
𝛑

𝟒
× 𝟎. 𝟓𝟐 = 𝟎. 𝟏𝟗𝟔 𝐦𝟐, 𝐐𝐭 = 𝐫𝐭 × 𝐀𝐭 = 𝟐𝟖𝟒𝟎 × 𝟎. 𝟏𝟗𝟔 = 𝟓𝟓𝟔. 𝟔𝟒 𝐤𝐍

Total Resistance
𝐐𝐮 = 𝟎. 𝟓𝐐𝐬 + 𝟎. 𝟕𝐐𝐭 = 𝟎. 𝟓 × 𝟏𝟒𝟓𝟏. 𝟒𝟓 + 𝟎. 𝟕 × 𝟓𝟓𝟔. 𝟔𝟒 = 𝟏𝟏𝟏𝟓. 𝟑𝟕 𝐤𝐍

Eslami & Fellenius (1997)
Shaft Resistance
𝐫𝐬 = 𝐂𝐬𝐪𝐄 , 𝐪𝐄𝐚𝐯𝐠

= 𝟐. 𝟎𝟒 𝐌𝐩𝐚, 𝐒𝐢𝐥𝐭 → 𝐂𝐬 = 𝟏. 𝟓% = 𝟎. 𝟎𝟏𝟓

𝐫𝐬 = 𝐂𝐬𝐪𝐄  = 𝟎. 𝟎𝟏𝟓 × 𝟐. 𝟎𝟒 = 𝟎. 𝟎𝟑𝟏 𝐌𝐏𝐚 = 𝟑𝟏 𝐤𝐏𝐚, 𝐀𝐬 = 𝛑 × 𝟎. 𝟓 × 𝟏𝟐 = 𝟏𝟖. 𝟖𝟓 𝐦𝟐, 𝐐𝐬 = 𝐫𝐬 × 𝐀𝐬

= 𝟑𝟏 × 𝟏𝟖. 𝟖𝟓 = 𝟓𝟖𝟒. 𝟑𝟓 𝐤𝐍
Toe Resistance
𝐫𝐭 = 𝐂𝐭𝐪𝐄𝐠, 𝐂𝐭 = 𝟏, 𝐪𝐄𝐠(𝐳=𝟏𝟎−𝟏𝟒) = 𝟐. 𝟖 𝐌𝐏𝐚

𝐫𝐭 = 𝐪𝐄𝐠 = 𝟐. 𝟖 𝐌𝐏𝐚 = 𝟐𝟖𝟎𝟎 𝐤𝐏𝐚, 𝐀𝐭 =
𝛑

𝟒
× 𝟎. 𝟓𝟐 = 𝟎. 𝟏𝟗𝟔 𝐦𝟐, 𝐐𝐭 = 𝐫𝐭 × 𝐀𝐭 = 𝟐𝟖𝟎𝟎 × 𝟎. 𝟏𝟗𝟔 = 𝟓𝟒𝟖. 𝟖 𝐤𝐍

Total Resistance
𝐐𝐮 = 𝐐𝐬 + 𝐐𝐭 = 𝟓𝟖𝟒. 𝟑𝟓 + 𝟓𝟒𝟖. 𝟖 = 𝟏𝟏𝟑𝟑. 𝟏𝟓 𝐤𝐍

Example No. 6: Solution – CPT-Based Methods   
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1. Worked Examples

Brinch Hansen (1963)

𝑪𝟏 = 𝟎. 𝟎𝟎𝟎𝟎𝟖 , 𝑪𝟐 = 𝟎. 𝟎𝟎𝟏𝟔 

𝑸𝒖 =
𝟏

𝟐 𝑪𝟏𝑪𝟐

=
𝟏

𝟐 𝟎. 𝟎𝟎𝟎𝟎𝟖 × 𝟎. 𝟎𝟎𝟏𝟔
= 𝟏𝟑𝟗𝟕. 𝟓𝟒 𝐤𝐍

𝜹𝒖 =
𝑪𝟐

𝑪𝟏
=

𝟎. 𝟎𝟎𝟏𝟔

𝟎. 𝟎𝟎𝟎𝟎𝟖
= 𝟐𝟎 𝐦𝐦

Example No. 6: Solution – Load-Displacement Analysis
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Ultimate load based on Brinch-Hansen 80% method



1. Worked Examples

Davisson Offset Limit (1972)

𝐎𝐟𝐟𝐬𝐞𝐭 = 𝟒 +
𝟓𝟎𝟎

𝟏𝟐𝟎
= 𝟖. 𝟐 𝐦𝐦

𝑹𝒖 = 𝟏𝟐𝟓𝟒. 𝟑𝟓 𝐤𝐍

Example No. 6: Solution – Load-Displacement Analysis
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Ultimate load based on Davisson offset limit method

10% B

𝑹𝒖 = 𝟏𝟑𝟐𝟎. 𝟏𝟓 𝐤𝐍

Ultimate load based on 10%B criteria



1. Worked Examples

C
a

p
a

ci
ty

S
ta

ti
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A
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a
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s

CPT-Based Methods SPT-Based Methods Load-Displacement

Eslami & 

Fellenius 

(1997)

Meyerhof 

(1976)

Shioi & 

Fukui 

(1982)

Decourt 

(1992)

Davisson 

Offset Limit 

(1972)

Hansen 

(1963)

w/d=10

%

𝐑𝐭 (kN) 235.2 𝟓𝟒𝟖. 𝟖 1451.5 313.6 313.6 - -

𝐑𝐬 (kN) 723.8 𝟓𝟖𝟒. 𝟒 556.6 867.1 573 - -

𝐑𝐮 (kN) 959 𝟏𝟏𝟑𝟑. 𝟐 1115.4 1180.7 886.6 1254.4 1397.5 1320.2

Example No. 6: Solution
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Worked Examples

Cases: Histories & Studies
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Subjects

I. Supplementary Cases

9. Four Piles Prediction Symposium (Finno et al., 1989)

12. Three oil tanks -Belgium (Van Impe et al., 2013 & 2015) 

15.  FELADD (Eslami et al., 2023 – Ongoing)

II. Summary

13. James River bridge, Virginia (Batten & Keaney, 2021) 

11. AUT:Geo-CPT&Pile Database (Eslami et al., 2016 - 2024) 

14. Pile Prediction Event, Alabama (Fellenius, 2025)

10. The Hong Kong Bridge (Duan et al., 2021)
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1. Case Histories & Studies

Project Overview

• $3.8 Billion Design-Build awarded by VDOT to 
HRCP Construction Joint Venture in 2019

• Design Joint Venture of HDR and Mott 
MacDonald

• 2.7 miles marine trestle bridges over the James 
River on 1-64

• Connect Hampton to Norfolk, VA

• North and South Trestles connect shoreline to 
man made island expansions

Case History No. 13: James River bridge, Virginia (Batten & Keaney, 2021) 

Optimization Large Diameter Concrete Piles for Marine Bridges
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1. Case Histories & Studies

Subsurface Exploration

• Historic VDOT Marine Trestle Data: 17 SPT and 
35 CPTu

• Supplemental Marine Trestle Data: 135 SPT 
and 149 CPTu

Case History No. 13: Continued
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❖ Jack up barges for deep water

❖ Spud barges for shallow water



1. Case Histories & Studies

Typical CPT Sounding

Case History No. 13: Continued
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1. Case Histories & Studies

Pile Types

• North & South Trestles:

54-inch precast prestressed concrete 
cylinder piles, 6.75-inch wall thickness, 
bed cast, NOT spun cast

• Willoughby Bay Trestle:

24-inch precast prestressed concrete 
square piles

Case History No. 13: Continued
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1. Case Histories & Studies

Pile Load Tests
Case History No. 13: Continued
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• North Trestle

2 Dynamic Load Test Piles

1 Static Load Test Pile

• South Trestle

2 Dynamic Load Test Piles

2 Static Load Test Piles

• Willoughby Bay Bridge.

2 Dynamic Load Test Piles

1 Static Load Test Pile



1. Case Histories & Studies

Project-Based Calibration of Parameters Case History No. 13: Continued
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2. Summary

❖ In-Situ Tests: Supplementary of Laboratory Tests
❖ Major Records: 𝐪𝐭, 𝐟𝐬, 𝐮𝟐; Efficient & Continuous
❖ Providing Tons of Data; Towards Uncertainty Reduction
❖ Specific Site Identification
❖ Soil Behavior Classification (SBC)

• Cone & Piezocone Penetration Tests (CPT & CPTu) in GE:

• CPT & Deep Foundation: Optimum Design

• Enhanced Deep Foundations Design

❖ Analogy of Cone Penetrometers & Pile
❖ Geotechnical Design Targets: 

❖ Rely on Experienced & Data-based Methods

✓ Installation Depth
✓ Bearing Capacity
✓ Settlement 
✓ Resistance Distribution
✓ Load-Displacement

❖ Meticulous Site Characterization & Accurate Data Acquisition 
❖ Integrating Site-Specific & Data-centric Solutions
❖ Incorporating Fundamental Approaches, Recent Trends, and AI …
❖ Value Foundation Engineering: Less Load Testing, More Modeling
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