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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
e Statistical analysis worked example

e Lessons learned
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Applications and Needs
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Equipment Access and Support K
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FRP Industry Needs

* Seismic design

* Moment resisting connections
e Diaphragm action

* Longer spans
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Case Study
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Mission Critical — Long Span Permanent Load

e 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

e Optimize cross-sectional area

* Limit depth and width to 18”

* Non-uniform thickness permissible

e Maximum thickness of 1”

 Strength and deflection checked per the provisions of the
LRFD Pre-Standard
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Preliminary Results
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Load Criteria Refinement
* Dead load = 60 psf

* Beam spacing =5 ft

e Span = 24 ft

e Unbraced span = 8 ft

* Final shape =18 x %2 x 8 x %
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Why Test?

* Qutperform the code prescribed
capacity equations

* Establish performance confidence
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Test Video

Initial Top of
Beam Elevation
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Test Results

» Apparent stiffness, El = 3.4x10° k-in?

e Deflection, A:

» Before testing, predicted A= 0.87"
'I"'A Supported span of beam '

° After teSting, A - 0_7" http://wiki.dtonline.org/index.php/Beam_Deflection
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Statistics Worked Example
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Referenced Standards

Pre-Standard for

Load & Resistance Factor
Design (LRFD) of Pultruded
Fiber Reinforced Polymer (FRP)
Structures

(Final)

Submitted to:
American Composites Manufacturers
Association (ACMA)

November 9, 2010

ASCE

Pultrusion Conference 2021
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QH]M) Designation: D7290 - 06 (Reapproved 2017)

Evaluating Material Property Characteristic Values for
Polymeric Composites for Civil Engineering Structural

~ull
INTERWATIONAL
Standard Practice for
Applications’
1. Scope

Il This practice covers the procedures for computing
ch eristic values of material properties of poly com-
posite materials imended for use in civil engineering structural
applications. The cha tic value is o statstcally-based
mate y representing the 80 % lower confidence
bound on the Sth-percentile value of a specified population
Characteristic valu s standard prac

roperty

neering struciures and for
limits upon which gualification and acceptance
can be based.

1.2 This standard does not py

part 10 addvess all of the
its wse. It is the
tandard to establish app
ol dete

tions prior 1o use

ety concerns, if any, associ
sonsibility of 1 ver of 1
. safety and health practices ¢
biliry latory limi

1.3 This interational standard was developed in accor
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations isseed by the World Trade Organization Technical
Barriers fo Trade (TBT} Commitres

e the applica-

2, Referenced Documents
2.1 ASTM Standards:=
i v Relating 10 Plastics
y for Composite Materials

5055 Specification for Establishing and Monitering Strug-
tural Capacities of Prefabricated Wood I-Joists
15457 Specification for Computi

g Reference Resistance of

1o €

ot P, 19428.2959. Untod Siates

i
of last reappronal, A

the year of

Wood-Based Materials and Struc
Load and Resistance Factor Design
3374 Test Methodds for Establishing Allowable Meg
Properties of Wood-Bonding Adhesives for Desi
Structural Joints
nology ng 10 Methods of Mechanical Testing
Pr ¢ for Dealing With Outl Observations
456 Terminology Relating to On and Statistics

ral Connections for

al
of

2.2 Osher Document:

MIL-Handbook-17 Polymer Matrix Composites, Yolume 1.
Revision F

3.0 Definirions—Terminology D38TE delines terms relating

terms relating testing. Terminolog
terms relating w statistics. In the event of a conflict between
terms, Terminology 3878 shall have precedence over the
other documents,

3.2 Definitions of Terms

320 characteristic va
property representing the 80 % lower confidence be
Sthepercentile value of a specified pop
istic value accounts for statistical un
sample size.

3.2.1.1 Discussion—The 8% confidence bound and 5th-
ile levels were selected so that composite material
acteristic values will produce resistance factors for Load
and Resista actor Design similar (o those for other civil
engineering maierials (see Refs 1 and 2)

3.2.1.2 Discussion—The “characteristic value” is
analogous 1o the term “basis value” used in the aerospace
industry where A- and B-basis values are defined as the 95 %

vecific fo This Standard:
—a statistically-based material
nd on the

* Available from LS. Gow
732 N. Capitol SL, NW




Pre-Standard Section 2.4.3

2.4.3 Statistical Basis for Reference Strength and Stiffness

The reference strength and stiffness shall be determined in accordance with ASTM D7290. A minimum
of 10 samples shall be tested to determine the reference strength or stiffness.

(a) Reference strength. The strength of pultruded FRP composite structural members and components
shall be assumed to be described by a two-parameter Weibull distribution. The reference strength shall
equal the characteristic value, defined at the 80% lower confidence interval on the 5™-percentile of the
Weibull distribution.

(b) Reference stiffness. The elastic modulus in the longitudinal direction and in-plane shear modulus
shall be described by two-parameter Weibull distributions.

(1) Strength and stability. The reference stiffness shall equal the characteristic value of the
governing Weibull distribution.

(2) Structural analysis. The reference stiffness shall equal the mean value of the governing
Weibull distribution.
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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)

Pultrusion Conference 2021



1. Calculate the Mean and
Standard Deviation

* Sample mean, ¥ = 4,051,870 k — in*
e Sample standard deviation, s,,_; = 252,524 k — in®

2. Detection of Outlying Observations

e Qutliers can skew the results

e Additional investigation may be required

3. Assumed Material Property Distribution

1@ = (&))" ew|-(2)
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4a. Maximum Likelihood
Parameter Estimation

n xPimx) 1 1 n
4 1nl - L _E_zzi=1ln(xi)=0

i=1 Xi

« Adjust £ until equation is solved,|f = 22.5

n B
e q = ( (=1 % ) —{4.150,373
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4b. Coefficient of Variation

- cop T

F(1+%) =|0.055

5. Nominal Value

)| -

e Xo0s = @ * [0.0513]=|3,637,132 k — in?
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6. Characteristic Value

A8¥ 7290 - 06 (2017)

TABLE 1 Data Confidence Factor, ©, on the 5th-Percentile Value for a Weibull Distribution with 80 % Confidence” (Refs 3 and 4)

N —

‘sancar or
Evaluating Matorial Property Charactarisi Values.
Polymeric Compasies for Gl Engineering Structur

cov
0.10 0.15 0.20 0.25 0.30 0.40 0.50
0.899 0.849 0.800 0.752 0.706 0.619 0.541
0.906 0.860 0.814 0.769 0.725 0.642 0.567
0.913 0.869 0.826 0.783 0.741 0.662 0.589
0.918 0.876 0.835 0.795 0.755 0.679 0.609
0.922 0.883 0.844 0.805 0.767 0.694 0.626
0.926 0.889 0.851 0.814 0.778 0.707 0.641
0.929 0.894 0.858 0.822 0.787 0.719 0.655
0.935 0.902 0.869 0.836 0.803 0.739 0.678
0.940 0.909 0.878 0.847 0.816 0.755 0.698
0.944 0.914 0.885 0.856 0.827 0.769 0.714
0.947 0.919 0.891 0.864 0.836 0.781 0.728
0.949 0.923 0.897 0.870 0.844 0.791 0.741
0.952 0.927 0.902 0.876 0.851 0.800 0.752
0.954 0.930 0.906 0.882 0.857 0.809 0.761
0.956 0.933 0.910 0.886 0.863 0.816 0.770
0.957 0.935 0.913 0.890 0.868 0.822 0.778
0.959 0.938 0.916 0.894 0.872 0.828 0.785
0.960 0.940 0.919 0.897 0.876 0.833 0.791
0.962 0.942 0.921 0.901 0.880 0.838 0.797
0.963 0.943 0.924 0.904 0.883 0.843 0.803
0.964 0.945 0.926 0.906 0.886 0.847 0.808
0.965 0.946 0.928 0.909 0.889 0.851 0.813
0.966 0.948 0.929 0.911 0.892 0.854 0.817
0.967 0.949 0.931 0.913 0.895 0.858 0.821

3,418,904 k — in*
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Lessons Learned
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Testing

* Need a significant testing
apparatus in size and strength

e Adjustable support frame for
varying beam lengths

* More tests increase confidence
leading to a better performance
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Installation

e Steel erection crew not required

e 4-5 person install crew

* Experienced install time of 10 minutes per beam

e 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
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