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Outline:
• Theory of Inclined Screws

• Efficiency and penetration depth

• Behavior of Inclined Screws

• Plastic and brittle behavior

• Design Models

• Simplified Truss Model

• Combined Loading Equation

• Extended Johansen Theory
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min[(Wα’pt), (Ta)]·(cosβ + μ·sinβ)

min[(Prw), (ϕT)]·(cosβ + μ·sinβ)

30° ≤ β ≤ 45°

Lateral Resistance =

Simplified Truss Model
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ϴ

Z’ϴ

Z’ϴ = 
(W’pt)Z’

Z’ 

(W’pt) 

(W’pt)cos2ϴ + Z’sin2ϴ

15(McLain & Carroll, 1990)

Combined Loading Equation
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Extended Johansen Theory

45° ≤ β ≤ 90°

β



Webinar Session 2.5
Advanced Theory and Behavior of Inclined Screws

17

Simplified Truss Model
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Withdrawal resistance, side members = 4,800lbs

Withdrawal resistance, main member = 14,400lbs

Tensile strength of the screws = 9,000lbs

Teflon

18
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= 4,800lbs
= 32.0kN
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Simplified Truss Model
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Simplified Truss Model
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Simplified Truss Model

Teflon



Withdrawal resistance, side members = 12,000lbs

Withdrawal resistance, main member = 15,000lbs

Tensile strength of the screws = 9,000lbs
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Teflon
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= 77.0kN

Fmax = 36,300lbs @ 0.09”  (161.4kN @ 2.7mm)
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25

Simplified Truss Model
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Simplified Truss Model
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Combined Loading Equation
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Z’ϴ

Z’ 

(W’pt) 

28(McLain & Carroll, 1990)

Z’ϴ = 
(W’pt)Z’

(W’pt)cos2ϴ + Z’sin2ϴ

Combined Loading Equation
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(W’pt) 
Z’ϴ = 

(W’pt)Z’

(W’pt)cos2ϴ + Z’sin2ϴ

Combined Loading Equation
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(W’pt)

Z’

= 940 lb (per screw)

= 400lb (per screw)

30

Z’ϴ

Combined Loading Equation



Webinar Session 2.5
Advanced Theory and Behavior of Inclined Screws

(W’pt)

Z’

(W’pt)/Z’

Z’ϴ

Truss Model Z’

= 940 lb (per screw)

= 400 lb (per screw)

= 2.4

= 4,600lbs

= 4,800lbs
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Z’ϴ

Combined Loading Equation

Teflon
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(W’pt)

Z’

= 1,775 lb (Ta, per screw)

= 400 lb (per screw)

32

Z’ϴ

Combined Loading Equation
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(W’pt)

Z’

(W’pt)/Z’

Z’ϴ

Truss Model Z’

= 1,775 lb (Ta, per screw)

= 400 lb (per screw)

= 4.4

= 5,400 lb

= 9,000 lb
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Z’ϴ

Combined Loading Equation

Teflon
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90-ϴ

Z’ϴ

Z’ϴ = 
(W’p)Z’

(W’p)cos2ϴ + Z’sin2ϴ

Combined Loading Equation
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90-ϴ

Z’ϴ

Z’ϴ = 
(W’p)Z’

(W’p)cos2ϴ + Z’sin2ϴ
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Nϴ
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Nϴ = 
(Prw)Nr

(Prw)cos2ϴ + Nr sin2ϴ

90-ϴ

Combined Loading Equation
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(Tomassi, Crosatti & Piazza, 2011)
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(Bejtka & Blass, 2002)

Extended Johansen Yield Theory

45° ≤ β ≤ 90°*

β

30° ≤ α ≤ 90°

38

Extended Johansen Theory

α
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Extended Johansen Yield Theory

45° ≤ β ≤ 90°*

β

30° ≤ α ≤ 90°
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For illustrative purposes

Extended Johansen Theory

(Bejtka & Blass, 2001,2002), (Tomassi, Crosatti & Piazza, 2011)
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Extended Johansen Yield Theory

45° ≤ β ≤ 90°*
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For illustrative purposes

Extended Johansen Theory

(Bejtka & Blass, 2001,2002), (Tomassi, Crosatti & Piazza, 2011)
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(Image from Bejtka & Blass, 2002)

β

Extended Johansen Theory

β = 75°
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(Bejtka & Blass, 2002)

Extended Johansen Theory



(Bejtka & Blass, 2002)
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Extended Johansen Theory



(Bejtka & Blass, 2002)
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Extended Johansen Theory
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(Bejtka & Blass, 2001,2002), (Tomassi, Crosatti & Piazza, 2011)
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Extended Johansen Theory
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(Bejtka & Blass, 2001,2002), (Tomassi, Crosatti & Piazza, 2011)
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Extended Johansen Theory

Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)·√ ·√(2·My·fh1·sin2β) 
2(fh2/fh1)

1+(fh2/fh1)
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Extended Johansen Theory

·√(2·My·fh1·sin2β) 
2(fh2/fh1)

1+(fh2/fh1)

1

Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)·√
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Extended Johansen Theory

Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)· √(2·My·fh1·sin2β) 

(see also Jockwer, Stieger & Frangi, 2014). 



Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)· √(2·My·fh1·sin2β) 
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Extended Johansen Theory

min[(Wα’pt), (Ta)]·(cosβ + μ·sinβ)

min[(Prw), (ϕT)]·(cosβ + μ·sinβ)
Lateral Resistance =



Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)· √(2·My·fh1·sin2β) 
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Extended Johansen Theory
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Extended Johansen Theory

Lateral Resistance = Rax·(cosβ + μ·sinβ) + (1 – μ·cotβ)· √(2·My·fh1·sin2β) 
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SUMMARY -Truss Model easiest to adapt to North American 
Codes (use North American approved withdrawal 
and tensile resistances) and also most widely used 
in Europe

-Truss model increasingly accurate with angles 
approaching 30°

-Truss model increasingly accurate with long thread 
penetration lengths

-Combined Loading Equation too conservative, 
especially for large ratios of  axial/lateral capacities

-Extended Johansen Theory can be simplified with 
boundary conditions concerning minimum 
penetration length-however, this model has not 
been assessed using North American design 
parameters-further research recommended, 
especially for angles below 45° and above 60°. 

-ICC approval for truss model design process in the 
works

30° ≤ β ≤ 45°
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USA CLT Connections Design Guide

Now available

15% Discount Code

For attendees
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Thank you.

You can contact us at:

Call Toll Free: 1.866.899.4090

Email: info@myticon.com

www.myticon.com
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