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1. Introduction



2. Scope and objectives

2.1. Prototype building



2.2. End walls





2.3. Performance objectives

2.4. Design loads



3. Design-basis fires

3.1. Estimation of the fuel load density





3.2. Lining materials

3.3. Openings



3.4. Fire curves determined from OZone model







4. Thermal analysis of cold-formed steel columns

4.1. Fire protection assemblies



4.2. Thermal properties





4.3. Finite element model



4.4. Thermal analysis of columns subjected to ASTM E119 fire



4.5. Thermal analysis of columns subjected to design-basis fires





5. Mechanical analysis of cold-formed steel columns

5.1. Analysis by Direct Strength Method/AISI S100





5.2. Analysis by finite element modeling



12 to simulate 
pin end 1236 to simulate 

pin end







6. Verification of the fire performance of the metal steel building end walls



7. Fire rating of assemblies based on limiting steel temperature

7.1. ASTM E119 standard fire testing



7.2. Thermal analysis of columns with different fire protection assemblies



499 87 81

397 82 76 533

535 344 70 71 476

457 85 80

930 189 178

747 180 169 991

995 651 158 160 889

855 185 176

7.3. Sensitivity study on thermal properties of gypsum board
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8. Conclusions





Appendix A. Temperature distribution of columns at 60 minutes of fire exposure











Appendix B. Steel properties at elevated temperature



Appendix C. Worked example on EC-6 (1 hr. rated assembly)
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(4) Global buckling strength

Cross-section properties

Length and bracing conditions

Retention factors (ambient)

   

Individual buckling modes
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(5) Local buckling strength

Web local buckling

   

Flange local buckling
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(6) Distortional buckling strength

Mid-line dimensions of cross-section

Cross-section properties

   



(7) Nominal capacity at ambient temperature
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(8) Global buckling strength

Retention factors

   

Individual buckling modes

Torsional-flexural buckling

(9) Local buckling strength

Web local buckling

   

Flange local buckling

   

Lip local buckling

   



(10) Distortional buckling strength

(11) Nominal capacity at 60 minutes under ASTM E119



(12) Global buckling strength

Retention factors

   

Individual buckling modes

Torsional-flexural buckling

(13) Local buckling strength

Web local buckling
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(14) Distortional buckling strength

(15) Nominal capacity at temperature of 981 °C (1798 °F) 





Appendix D. Worked example on EC-8 (1 hr. rated assembly)
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(18) Distortional buckling strength
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(19) Nominal capacity at ambient temperature
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(20) Global buckling strength

Retention factors

   

Individual buckling modes

Torsional-flexural buckling

(21) Local buckling strength

Web local buckling

   

Flange local buckling

   

Lip local buckling

   



(22) Distortional buckling strength

(23) Nominal capacity at 60 minutes under ASTM E119 fire
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(26) Distortional buckling strength

(27) Nominal capacity at temperature of 904 °C (1659 °F)
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Appendix E. Fire resistance rating of column assemblies based on limiting temperature
(ASTM E119)

Thickness of 
gypsum (Type X) 1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1



Thickness of 
gypsum (Type X)

1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1

Thickness of 
gypsum (Type X)

1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1



Thickness of 
gypsum (Type X) 1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1



Thickness of 
gypsum (Type X)

1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1

Thickness of 
gypsum (Type X) 1 x 1 2 x 2 x 5/8 3 x 5/8 2 x 1



Appendix F. Thermal properties of gypsum board collected from literature
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