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Meet your speaker

• Richard (Rich) Estes, PE

• BSCE University of Notre Dame [2013]

• Oilfield Engineer [2013-15]

• Public Works Engineer [2015-17]

• Structural Engineer [2017-current] <- Designing with FRP since 2017
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Objectives

• Applications and needs for custom pultruded FRP shapes

• Case study of a validation testing program

• Statistical analysis worked example

• Lessons learned
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Applications and Needs
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Mission Critical

Pultrusion Conference 2021 6



Industrial
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Equipment Access and Support
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FRP Industry Needs

• Seismic design

• Moment resisting connections

• Diaphragm action

• Longer spans
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Case Study
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Mission Critical – Long Span Permanent Load

• Steel primary frame
• FRP infill beams
• Span ≥ 20 ft
• Dead load = 30-160 psf (equipment)
• Beam spacing ≥ 4 ft
• Deflection limit = L/240
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Optimization Limits

• Optimize cross-sectional area

• Limit depth and width to 18”

• Non-uniform thickness permissible

• Maximum thickness of 1”

• Strength and deflection checked per the provisions of the 
LRFD Pre-Standard
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Preliminary Results



Load Criteria Refinement
• Dead load = 60 psf

• Beam spacing = 5 ft

• Span = 24 ft

• Unbraced span = 8 ft

• Final shape = 18 x ½ x 8 x ¾ 
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Why Test?

• Outperform the code prescribed 
capacity equations

• Establish performance confidence
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Test Rig
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Steel Support 
Frame

FRP BeamTop Flange 
Lateral Bracing

Actuator

FRP Shear Clips 
(x2) with 1/2” 
dia. A325 bolts

Load Cell

String 
Potentiometers

Clinometers
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Initial Top of 
Beam Elevation

Test Video






Test Results

• Apparent stiffness, EI = 3.4x106 k-in2

• Deflection, ∆:

• Before testing, predicted ∆= 0.87"

• After testing, ∆ = 0.7"
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http://wiki.dtonline.org/index.php/Beam_Deflection



Statistics Worked Example
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Referenced Standards
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Pre-Standard Section 2.4.3
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ASTM D7290

1. Mean and standard deviation

2. Outlying observations

3. Material property value probability distribution

4. Maximum likelihood parameter estimates and coefficient of variation

5. Nominal value (two-parameter Weibull distribution)

6. Characteristic value (80% confidence bound, 5th-percentile value)
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1. Calculate the Mean and 
Standard Deviation

• Sample mean, �̅�𝑥 = 4,051,870 𝑘𝑘 − 𝑖𝑖𝑖𝑖2

• Sample standard deviation, 𝑠𝑠𝑛𝑛−1 = 252,524 𝑘𝑘 − 𝑖𝑖𝑖𝑖2
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2. Detection of Outlying Observations
• Outliers can skew the results
• Additional investigation may be required 

3. Assumed Material Property Distribution

• 𝑓𝑓 𝑥𝑥 = 𝛽𝛽
𝛼𝛼

𝑥𝑥
𝛼𝛼

𝛽𝛽−1
𝑒𝑒𝑥𝑥𝑒𝑒 − 𝑥𝑥

𝛼𝛼

𝛽𝛽



4a. Maximum Likelihood 
Parameter Estimation

• ∑𝑖𝑖=1
𝑛𝑛 𝑥𝑥𝑖𝑖

�𝛽𝛽𝑙𝑙𝑛𝑛 𝑥𝑥𝑖𝑖
∑𝑖𝑖=1
𝑛𝑛 𝑥𝑥𝑖𝑖

�𝛽𝛽 − 1
�𝛽𝛽
− 1

𝑛𝑛
∑𝑖𝑖=1𝑛𝑛 𝑙𝑙𝑖𝑖 𝑥𝑥𝑖𝑖 = 0

• Adjust �̂�𝛽 until equation is solved, �̂�𝛽 = 22.5

• �𝛼𝛼 = ∑𝑖𝑖=1
𝑛𝑛 𝑥𝑥𝑖𝑖

�𝛽𝛽

𝑛𝑛

1
�𝛽𝛽

= 4,150,373
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4b. Coefficient of Variation

• 𝐶𝐶𝑂𝑂𝑂𝑂 =
Γ 1+2�𝛽𝛽 −Γ2 1+1�𝛽𝛽

Γ 1+1�𝛽𝛽
= 0.055
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5. Nominal Value

• 𝑥𝑥0.05 = �𝛼𝛼 ∗ 0.0513
1
�𝛽𝛽= 3,637,132 𝑘𝑘 − 𝑖𝑖𝑖𝑖2



6. Characteristic Value

• 𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = Ω ∗ 𝑥𝑥0.05 = 3,418,904 𝑘𝑘 − 𝑖𝑖𝑖𝑖2
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Lessons Learned
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Testing

• Need a significant testing 
apparatus in size and strength

• Adjustable support frame for 
varying beam lengths

• More tests increase confidence 
leading to a better performance
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Installation

• Steel erection crew not required
• 4-5 person install crew
• Experienced install time of 10 minutes per beam
• Equivalent steel beam = W14x30 (no lateral bracing)
• Significant shipping cost reduction due to the lesser weight of the 

infill beams
• Savings of approximately 5% of the total structure weight
• Easy to maneuver within the existing space
• Ability to match drill bracing connections in the field
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Questions?
Richard M. Estes, PE
restes@frosteng.net

Frost Engineering & Consulting
201 Lincolnway West, Suite 200

Mishawaka, Indiana  46544
574.344.5900


	Pultrusion Conference 2021
	Slide Number 2
	Meet your speaker
	Objectives
	Applications and Needs
	Mission Critical
	Industrial
	Equipment Access and Support
	FRP Industry Needs
	Case Study
	Mission Critical – Long Span Permanent Load
	Optimization Limits
	Preliminary Results
	Load Criteria Refinement
	Why Test?
	Test Rig
	Test Video
	Test Results
	Statistics Worked Example
	Referenced Standards
	Pre-Standard Section 2.4.3
	ASTM D7290
	1. 	Calculate the Mean and �	Standard Deviation
	4a. 	Maximum Likelihood �	Parameter Estimation
	4b. 	Coefficient of Variation
	6. 	Characteristic Value
	Lessons Learned
	Testing
	Installation
	Slide Number 30

