
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

CCFSS Library (1939 - present) Wei-Wen Yu Cold-Formed Steel Library 

01 Apr 1981 

Web crippling and combined web crippling and bending of steel Web crippling and combined web crippling and bending of steel 

decks decks 

Wei-Wen Yu 
Missouri University of Science and Technology, wwy4@mst.edu 

Follow this and additional works at: https://scholarsmine.mst.edu/ccfss-library 

 Part of the Structural Engineering Commons 

Recommended Citation Recommended Citation 
Yu, Wei-Wen, "Web crippling and combined web crippling and bending of steel decks" (1981). CCFSS 
Library (1939 - present). 187. 
https://scholarsmine.mst.edu/ccfss-library/187 

This Technical Report is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in CCFSS Library (1939 - present) by an authorized administrator of Scholars' Mine. This work is protected 
by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the 
copyright holder. For more information, please contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ccfss-library
https://scholarsmine.mst.edu/ccfss
https://scholarsmine.mst.edu/ccfss-library?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F187&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/256?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F187&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/ccfss-library/187?utm_source=scholarsmine.mst.edu%2Fccfss-library%2F187&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu


CIVIL ENGINEERING STUDY 81-2 

STRUCTURAL SERIES 

WEB CRIPPLING AND COMBINED WEB CRIPPLING AND 

BENDING OF STEEL DECKS 

by 

Wei-Wen Yu 
Project Director 

A Research Project Sponsored by American Iron and Steel Institute 
Steel Deck Institute and H. H. Robertson Company 

April 1981 

Department of Civil Engineering 

Unive.rsity of Missouri-Rolla 

Rolla, Missouri 





TABLE OF CONTENTS 

LIST OF TABLES.................................................. v 

LIST OF ILLUSTRATIONS ........................................... ix 

I. INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

A. General ........................................... . 

B. Purpose of Investigation ........................... 2 

C. Scope of Investigation ............................. 2 

II. EXPERIMENTAL STUDY OF WEB CRIPPLING STRENGTH OF STEEL 

DECKS SUBJECTED TO INTERIOR ONE-FLANGE LOADING ......... 4 

A. Preparation of Test Specimens ...................... 4 

B. Testing of Specimens ............................... 5 

a. Tensile Coupon Tests ........................... 5 

b. Testing of Deck Specimens ...................... 5 

C. Resul ts of Tests........ . .. . . .. . . . . . . . . .. . . . . . . . . .. 6 

D. Evaluation of Test Data ............................ 6 

a. Comparison of the Experimental Web Crippling 

Loads and the Predicted Loads Determined on 

the Basis of Addendum No.2 of the 1968 AISI 

Specification.................................. 7 

b. Comparison of the Experimental Web Crippling 

Loads and the Predicted Loads Determined on 

the Basis of the 1980 Edition of the AISI 

Specification .................................. 9 

c. Effect of Intermittent, Longitudinal Emboss­

ments and Indentations on Web Crippling 

Strength. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12 

i i 



E. 5 ulTI11a ry .................... " ....................... . 12 

III. EXPERIMENTAL STUDY OF WEB CRIPPLING STRENGTH OF STEEL 

DECKS SUBJECTED TO END ONE-FLANGE LOADING ..............• 14 

A. Preparation of Test Specimens ....................... 14 

B. Testing of ~eck Specimens ........................... 15 

a. Test Setup ..................................... · 15 

b. Test Procedure ..............•..................• 15 

C. Results of Tests ................................... 15 

D. Evaluation of Test Data ............................. 16 

a. Comparison of the Experimental Web Crippling 

Loads and the Predicted Loads Determined on 

the Basis of the 1968 AISI Specification ........ 16 

b. Comparison of the Experimental Web Crippling 

Loads and the Predicted Loads Determined on 

the Basis of the 1980 Edition of the AISI 

Specification ..................................• 17 

c. Effect of Intermittent, Longitudinal Emboss­

ments and Indentations on Web Crippling 

Strength ........................................ 19 

E" SUrTITlary" " " " " " " " " " " " " " " " " " " " " , " " " " " " " " " " " " " " " " " " " " " ,,' 20 

IV. EXPERIMENTAL STUDY OF COMBINED WEB CRIPPLING AND BENDING: 

SIMPLE BEAM TESTS (BC SERIES) ..•........................ 21 

A. Preparation of Test Specimens ....................... 21 

B. Testing of Specimens ................•..............• 22 

a. Tensile Coupon Tests .................•.•.......• 22 

b. Testing of Deck Specimens ....................... 23 

iii 



C. Results of Tests........................................ 24 

D. Evaluation of Test Data................................. 25 

a. Compari so'n of the Experimental Data and the 

Predictions on the Basis of Addendum No.2 of 

the 1968 AISI Specification ......................... 25 

b. Comparison of the Experimental Data and the 

Predictions on the Basis of the 1980 Edition 

of the AISI Specification ........................... 26 

E. Summa ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 

V. EXPERIMENTAL STUDY OF COMBINED WEB CRIPPLING AND BENDING: 

CONTINUOUS BEAM TESTS (CB SERIES) ........................... 30 

A. Preparation of Test Specimens ........................... 30 

B. Testi ng of Specimens.................................... 31 

a. Tensile Coupon Tests ................................ 31 

b. Testing of Deck Specimens ........................... 31 

C. Results of Tests ........................................ 32 

D. Evaluation of Test Data ................................. 33 

E. Summa ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 

IV. RECOMMENDATIONS FOR FUTURE RESEARCH ......................... 36 

ACKNOWLEDGMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 38 

BIBLIOGRAPHY .......................................................... 40 

APPENDIX ·············································t·." .. !!: •• , ••••••• 132 

iv 





LIST OF TABLES 

Table Page 

1 a Dimensions of Steel Deck Specimens Used for Web Crippling 

Tests, Interior One-Flange Loadin9 · ...................... ~3 

1 b Dimensions of Steel Deck Specimens Used for Web Crippling 

Tests, Interior One-Flange Loading · ...................... 45 

1 c Dimensions of Steel Deck Specimens Used for Web Crippling 

Tests, Interior One-Flange Loading · ...................... 47 

2 Design Parameters for Steel Deck Specimens, Interior 

One-Fl ange Loadi ng ....................................... 49 

3 Tested Mechanical Properties of Steels Used for Steel 

Deck Specimens ........................................... 52 

4 Comparison of the Tested and Computed Results for Interior 

One-Flange Loading Based on Addendum No.2 of the 1968 

Edition of the AISI Specification ........................ 53 

5 Comparison of the Tested and Computed Results for Interior 

One-Flange Loading Based on the 1980 Edition of the 

AISI Specification ....................................... 56 

6 Effect of Longitudinal Embossments on Web Crippling 

Strength - Interior One-Flange Loading ................... 59 

7 Design Parameters for Steel Deck Specimens. End One-Flange 

Loadi ng .................................................. 60 

8 Comparison of the Tested and Computed Results for End 

One-Flange Loading Based on the 1968 and 1980 Editions of 

the AISI Specification ................................... 62 

9 Design Parameters for Steel Deck Specimens, End One-Flange 

Load; n9 .................................................. 65 

v 



10 Effect of Support Condition on End Failure, End One-Flange 

Load; ng. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65 

11 Effect of Longitudi na 1 Embossments on Web Cri pp 1; ng 

Strength - End One-Flange Loading ........................... . 

l2a Dimensions of Steel Deck Specimens Used for Combined 

Bending-Web Crippling Tests, Simple Beam Tests Without 

66 

End Connections .............................................. 67 

l2b Dimensions of Steel Deck Specimens Used for Combined 

Bending-Web Crippling Tests, Simple Beam Tests Without 

End Connections .........•.......•....•.•...•...........•..... 68 

12c Dimensions of Steel Deck Specimens Used for Combined 

Bending-Web Crippling Tests, Simple Beam Tests Without 

End Connections ..........................•................... 69 

13a Dimensions of Steel Deck Specimens Used for Combined 

Bending-Web Crippling Tests, Single Span.6eam Tests With 

End Connections .........•............•.•.•................... 70 

13b Dimensions of Steel Deck Specimens Used for Combined 

Bending-Web Crippling Tests, Single Span Beam Tests With 

End Connections ........................•..................... 71 

13c Dimensions of Steel Deck SpeCimens Used for Combined 

Bending-Web Crippling Tests, Single Span Beam Tests With 

End Connections ..............................•...........•... 72 

14 Design Parameters for Steel Deck Specimens Used for 

Combined Bending-Web Crippling Tests, Simple Beam Tests 

Without End Connections .•.....•..........•.•.•............... 73 

15 Design Parameters for Steel Deck Specimens Used for 

Combined Bending-Web Crippling Tests, Single Span Beam 

Tests With End Connections ................................... 74 

vi 



16 Tested Mechanical Properties of Steels Used for Long 

Span Simple Beam Tests With End Connections and 

Continuous Beam Tests ........................................... 75 

17 Comparison of the Tested and Computed Results for 

Combined Bending-Web Crippling Based on Addendum No.2 

of the 1968 Edition of the AISI Specification (Simple 

Beam Tests Without End Connections) ............................. 76 

18 Comparison of the Tested and Computed Results for 

Combined Bending-Web Crippling Based on Addendum No.2 

of the 1968 Edition of the AISI Specification (Single 

Span Beam Tests With End Connections) ........................... 77 

19 Comparison of the Tested and Computed Results for 

Combined Bending-Web Crippling Based on the 1980 

Edition of the AISI Specification(23~Simple Beam 

Tests Without End Connections) .................................. 78 

20 Comparison of the Tested and Computed Results for 

Combined Bending-Web Crippling Based on the 1980 

Edition of the AISI Specification(23~Single Span Beam 

Tests With End Connections) ..................................... 79 

21a Dimensions of Steel Deck Specimens Used for Continuous 

Beam Tests ...................................................... 80 

21b Dimensions of Steel Deck Specimens Used for Continuous 

Beam Tests ...................................................... 82 

21c Dimensions of Steel Deck Specimens Used for Continuous 

Beam Tests ...................................................... 84 

22 Design Parameters for Steel Deck Specimens Used for 

Combined Bending-Web Crippling Tests, Continuous Beam 

T es ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 86 

vii 



23 Comparison of the Tested and Computed Results for Combined 

Bending-Web Crippling Based on the 1980 Edition of 

viii 

the AISI specificatio~23)(continuous Beam Tests) ................ 88 

Appendix 

Al Mid-Span Deflection of Steel Deck Specimens, Single 

Span Beams Used for Combined Bending-Web Crippling 

Tests .... _ .................................................. 133 

A2 Mid-Span Deflection of Steel Deck Specimens, Two-

Span Continuous Beam Tests ....•...••........................ 136 

A3 Mid-Span Deflection of Steel Deck Specimens, Three-

Span Continuous Beam Tests ....•.•••••....................... 143 

A4 Strain Gage Readings for Steel Deck Specimens, Single 

Span Beams Used for Combined Bending-Web Crippling 

Tests ....................................................... 145 

AS Strain Gage Readings for Steel Deck Specimens, Two-

Span Continuous Beam Tests .......................•.•........ 147 

A6 Strain Gage Readings for Steel Deck Specimens, Three-

Span Continuous Beam Tests .................................. 157 



LIST OF ILLUSTRATIONS 

Figure 

1 Simple Beam Test Used for Interior One-Flange Loading .... 

2 Cross-Sectional Configurations of Steel Decks 

Page 

90 

91 

3 a Dimensions of Test Specimens. .......... .................. 93 

3 b Types of Sidelaps ....................................... . 

3 c Additional Dimensions for Specimens Nos. 13, 14, 15, 

and 16_ .........•..•••••••••••••••••••••••••••••..•••.•••. 

4 Test Setup Used for I~terior One-Flange Loading ......... . 

5 Photograph Showing the Test Setup Used for Interior 

One-Flange Loading ....................................... 
6 Photograph Showing the Test Setup Used for Interior 

One-Flange Loading 

7 Photograph Showing the Typical Failure Mode for Interior 

One-Flange Loadin~ 

8 Photograph Showing the Typical Failure Mode for Interior 

One-Flange Loading 

9 Correlation Between the Test Results on Interior One-Flange 

Loading and the Interaction Formula Used for Addendum No.2 

94 

95 

96 

97 

97 

98 

98 

of the 1968 AISI Specification (Shear Lag is considered).. 99 

10 Correlation Between the Test Results on Interior One-Flange 

Loading and the Interaction Formula Used for the 1980 

Edition of the AISI Specification (Shear Lag is considered) 100 

11 Correlation Between the Test Results on Interior One-Flange 

Loading and the Interaction Formula Used for the 1980 

Edition of the AISI Specification (Shear Lag is neglected) 101 

ix 



12 Arrangement of EmbosSNents in the Webs of Specimens 

Nos. 9, 10, 11, and 12 ....................................................... . 102 

13 Simple Beam Test Used for End One-Flange loading ......... 103 

14 Test Setup Used for End One-Flange Loading ............... 103 

15 Photograph Showing the Test Setup Used for End One-Flange 

Loading ................................................................................................. .. 104 

16 Photograph Showing the Test Setup Used for End One-Flange 
104 Loading ................................................................................................. .. 

17 Photograph Showing the Typical Failure Mode for End 

One-Fl ange Load i ng ..•.•.................................. 105 

18 Photograph Showing the Typical Failure Mode for End 

One-Flange loading ....................................... lOti 

19 Relationship between the Computed C4 and R/t Ratio .•••.•. 106 

20 Test Setup for End One-Flange loading, EOF-5C and EOF-50 

(Steel Panel is Supported by W Shapes at Both Ends Without 

Any Connect; on) .................................................................................... 107 

21 End Failure for Steel Panels Using the Test Setup Shown 

x 

Above ........................................................................................................ 107 

22 Steel Panel is Welded to Bearing Plates at Both Ends 

(EOF-5E and EOF -5F) .....•......................•......... lQ8 

23 Test Setup for End One-Flange loading, EOF-5E and EOF-5F 

(Steel Panel is Welded to End Bearing Plates, Which are 

Connected to Support Beams by Using Bolts) ......••....... 109 

24 End Failure for Steel Panels Using the Test Setup Shown 

Above ................................................ " .. " ................. ~ ..... . 109 



25 Cross-Sectional Configurations of Steel Decks Used for 

Long Span Simple Beam Tests (BC Series) ......................... 110 

26 Arrangement of Strain Gages for Single Span Test Specimens 

With End Connections ......•....................•............•... 112 

27 Test Setup Used for Long Span Simple Beams Without End 

Connections~ .......•..............•...••...................•..•. 113 

28 Test Setup Used for Single Span Beams With End Connec-

tions ........................................................... 113 

29a Photograph Showing the Test Setup Used for Single Span 

Beams With End Connections •..................................... 114 

29b Photograph Showing the Test Setup Used for Single Span 

Beams With End Connections •............•................•....... 114 

30a Typical Failure Mode for Steel Decks Having Flat Webs 

(Be Series) ..................................................... 115 

30b Typical Failure Mode for Steel Decks Having Flat Webs 

(Be Series) ..................................................... 115 

31a Typical Failure Mode for Steel Decks Having Embossments 

in Their Webs (BC Series) ............•.......................... 116 

31b Typical Failure Mode for Steel Decks Having Embossments 

in Their Webs (BC Series) ....................................... 116' 

32 Correlation Between the Test Results on Combined Bending 

and Web Crippling (Simple Beam Tests Without End Connections) 

and the Interaction Formula Used for the 1968 AISI 

Specification ................................................... 117 

33 Correlation Between the Test Results on Combined Bending 

and Web Crippling (Simple Beam Tests Without End Connec­

tions) and the Interaction Formula Used for the 1980 AISI 

Specification., .................................................. 118 

xi 



34 Correlation Between the Test Results on Combined Bending 

and Web Crippling (Single Span Beam Tests With End 

Connections) and the Interaction Formula Used for the 

1980 AISI Specification ..•.•.•.•....•••• •·•·•···•·•·•••••·•·•··· •.• 

35 Cross-Sectional Dimensions of Steel Decks Used for 

xii 

119 

Continuous Beam Tests (CB Series) .................................. 120 

36a Location of Strain Gages and Deflection Measurements 

for Two-Span Continuous Beams .......................... ·• .... ·•···• 122 

36b Location of Strain Gages and Deflection Measurements 

for Three-Span Continuous Beams ........................... •···•·•·• 122 

37 Uniform Loading Apparatus Used for Continuous Beam Tests •.•.•.•.•• · 123 

38a Test Setup for Two-Span Continuous Beam Tests ...•.•...•...•..... ··• 125 

38b Test Setup for Three-Span Continuous Beam Tests ••.•••.•••.•.•.•.• •· 125 

39a Photograph Showing the Test Setup for Three-Span Continuous 

Beam Tests .......................•...........•.........••.•........ 126 

39b Photograph Showing the Test Setup for Two-Span Continuous 

Beam Tests....... . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. .. . . . . .. . . . . . . . . . . .. 126 

40a Typical Failure Mode at the Interior Support of Continuous 

Beams for Steel Decks Having Flat Webs .•.•••.••••••.•••.•••..•••.•• 127 

40b Typical Failure Mode at the Interior Support of Continuous 

Beams for Steel Decks Having Flat Webs .••..•••••..•..•••••.•......• 127 

4la Typical Failure Mode at the Interior Support of Continuous 

Beams for Steel Decks Having Embossed Webs ••.•.•.•.•••••••.•.•.•••. 128 

41b Typical Failure Mode at the Interior Support of Continuous 

Beams for Steel Decks Having Embossed Webs ••••••..••.•••••••••••••• 128 

42a Photograph Showing the Test Setup for Inverted Steel Decks 

(Specimens Nos. 13, 14~ 15, and 16} ................................ 129 



xiii 

42b Typical Failure Mode at the Interior Support of Continuous 

Beams for Steel Decks Tested in an Inverted Position ............... 129 

43a Typical Failure Mode for Roof Deck ................................. 130 

43b Typi ca 1 Fa il ure Mode for Roof Deck................................. 130 

44 Correlation Between the Results of Continuous Beam Tests 

of Steel Decks and the Interaction Formula Used for the 

1980 Edition of the AISI Specification ............................. 131 

Appendix 

Al Mid-Span Deflection of Steel Deck Specimens Nos. BC-1A and BC-1B ... 159 

A2 Mid-Span Deflection of Steel Deck Specimens Nos. BC-2A, BC-2B, 

BC- 2C, and BC-2D................................................... 160 

A3 Mid-Span Deflection of Steel Deck Specimens Nos. BC-9A and BC-9B ... 161 

A4 Mid-Span Deflection of Steel Deck Specimens Nos. BC-12A, BC-12B 

BC-12C, and BC-12D ................................................. 162 

A5 Mid-Span Defelction of Steel Deck Specimens Nos. BC-13A and BC-13B. 163 

A6 Mid-Span Deflection of Steel Deck Specimens Nos. BC- 16A, BC- 16B , 

BC- 16C, and BC- 160 ................................................. 164 

A7 Mid-Span Deflection of Steel Deck Specimens Nos. BC-17A and BC-17B. 165 

A8 Mid-Soan Deflection of Steel , Deck Specimens Nos. BC-19A, BC-19B~ 

BC- 19C, and BC- 19D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 166 

A9 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-1A. 167 

A10 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-1B. 168 

All Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-2A. 169 

A12 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-2B. 170 

A13 Mid-Span Deflection of Two-Span Continuous Beam Specimen No, CB-5A. 171 

A14 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-5B. 172 

A15 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-6A. 173 



A16 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A17 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A18 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A19 t1id-Span Deflection of Two-Span Continuous Beam Specimen No. 

A20 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A2l Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A22 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A23 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

A24 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. 

xiv 

CB-6B··· 174 

CB-9A ... 175 

CB-9B· .. 176 

CB-l OA· . 177 

CB-1 DB .. 178 

CB-11A· . 179 

CB-11 B· . 180 

CB-12A .. 181 

CB-12B .. 182 

A25 t~id-Span Deflection of Two-Span Continuous Beam Specimen No. CB-13A .. 183 

A26 Mid-Span Deflection of Two~Span Continuous Beam Specimen No. C8-l3B .. 184 

A27 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-14A .. 185 

A28 t1i d-Span Def1 ection of Two-Span Conti nuous Beam Specimen No. CB-14B .. 186 

A29 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-15A .. 187 

A30 rHd-Span Deflection of Two-Span Continuous Beam Specimen No. CB-15B •. 188 

A31 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-16A •. 189 

A32 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-16B .. 190 

A33 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-19A .. 191 

A34 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-19B .. 192 

A35 Hid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-20A •. 193 

A36 Mid-Span Deflection of Two-Span Continuous Beam Specimen No. CB-20B .. 194 

A37 Mid-Span Deflection of Three-Span Continuous Beam Specimen No. CB-3A. 195 

A38 r~id-Span Deflection of Three-Span Continuous Beam Specimen No. CB-3B. 196 

A39 Mid-Span Deflection of Three-Span Continuous Beam Specimen No. CB-4A. 197 

A40 Mid-Span Deflection of lhree-Span Continuous Beam Specimen No. CB-4B.198 

A4l Load vs Stress for Specimen No. BC-2C ..•.•.•.•...•.•.•.•.•. q •••••••• 199 

A42 Load VS Stress for Specimen No. BC-2D ••.••.....•••.•.•...•••.•••••••• 200 

A43 load vs Stress for Specimen No. BC-12C •..•.•••.•.•....••..••.•.••.... 201 



xv 

A44 Load vs Stress for Specimen No. BC-12D .................................................. 202 

A45 Load vs Stress for Specimen No. BC-16C ................................ 203 

A46 Load vs Stress for Specimen No. BC-16D ................................ 204 

A47 Load vs Stress for Specimen No. BC-19C ...........•.................... 205 

A48 Load vs Stress for Specimen No. 8C-190 ................................ 206 

A49 Load vs Stress for Specimen No. CB- 1 A .................................................................. 207 

A50 Load vs Stress for Specimen No. CB-1 B ................................................................. 208 

A51 Load vs Stress for Specimen No. CS- 2A ................................................................. 209 

A52 Load vs Stress for Specimen No. BC-2B .................................................................. 210 

A53 Load vs Stress for Specimen No. C B- 3A .................................................................. 211 

A54 Load vs Stress for Specimen No. CB-3A .................................................................. 212 

A55 Load vs Stress for Specimen No. CB- 38 .................................................................. 213 

A56 Load vs Stress for Specimen No. CB- 38 ................................................................. 214 

A57 Load vs Stress for Specimen No. C8-4A ................................................................. 215 

A58 Load vs Stress for Specimen No. CB-4A .................................................................. 216 

A59 Load vs Stress for Specimen No. CB-4B ............................................ 217 

A60 Load vs Stress for Specimen No. CB-4B ................................. 218 

A61 Load vs Stress for Specimen No. CS- 5A .•.....•......................... 219 

A62 Load vs Stress for Specimen No. CS- 58 ..•.............................. 220 

A63 Load vs Stress for Specimen No. C8-6A ..........•...................... 221 

A64 Load vs Stress for Specimen No. CB -6 B ........•........................ 222 

A65 Load vs Stress for Specimen No. CB-9A .......•.•....................... 223 

A66 Load vs Stress for Specimen No. CB-9B ..•...•...............•....•..•.. 224 

A67 Load vs Stress for Specimen No. CS-1 OA •.......................•....... 225 

A68 Load vs Stress for Specimen No. C8-l0B ................................ 226 

A69 Load vs Stress for Specimen No. CB-11A ......•......................... 227 

A70 Load vs Stress for Specimen No. C8-11B ....•........................... 228 



xvi 

A7l Load vs Stress for Specimen No. CB-12A ............................... 229 

A72 Load vs Stress for Specimen No. CB-l 28· .............................. 230 

A73 Load vs Stress fo r Speci men No. Be-1 3A •..•.•................•....•.•. 231 

A74 Load vs Stress for Specimen No. CB-14A ...•........................... 232 

A75 Load vs Stress for Specimen No. CB-15A· ...••......................... 233 

A76 Load vs Stress for Specimen No. CB-15B ............................... 234 

A77 Load vs Stress for Specimen No. CB-16A .....•......................... 235 

A78 Load vs Stress for Specimen No. eB-16B ............................... 236 

A79 Load vs Stress for Speci men No. C8-19B .......•....................... 237 

A80 Load vs Stress for Specimen No. C8-208 ............................... 238 



I. INTRODUCTION 

A. General 

During the period of October 1968 through September 1980, the 

1968 Edition of the AISI Specification was used for the design of 

steel deck webs that could w1thstand web crippling and combined web 

crippling and bendin~. (1) The design formulas used to prevent web 

crippling were developed primarily on the basis of tests conducted 

in the 1940's and 1950's at Cornell University. (2-4) 

Recently, new types of cold-formed steel sections have been 

developed and used in building construction. The use of unusual 

geometric configurations has complicated the design of such members. 

In order to develop new design criteria, additional studies of 

the crippling strength of beam webs have been made in several 

countries. (5-22) 

Since 1973, a research project on a study of beam webs has been 

carried out at the University of Missouri-Rolla (UMR) under the 

sponsorship of American Iron and Steel Institute. Based on the 

available test data obtained from research at Cornell and tests re-

cently conducted at UMR, modified AISI design formulas for web 

crippling have been proposed in Ref. 21. Because these modified for­

mulas are based on the test data of channels, I-beams, and hat sections 

having vertical webs with relatively small R/t and N/t ratios, these 

proposed design provisions mayor may not be fully suitable for the 

design of steel decks when they have inclined webs with large R/t and/or 

large Nit ratios. In addition, various types of embossments and indent­

ations are usually formed in the webs of the steel decks to be used for 

composite slabs. These deformations may affect the web crippling strength 

1 



of steel decks. For this reason, a research project was initiated 

in 1979 at the University of Missouri-Rolla to study the web 

crippling strength of steel decks. This project was cosponsored by 

Steel Deck Institute, American Iron and Steel Institute, and H. H. 

Robertson Company. 

B. Purpose of Investigation 

The objectives of the investigation were (1) to establish 

experimentally the web crippling strength of a selected group of 

steel decks, (2) to determine the effect of bending on web crippling 

load, and (3) to demonstrate the validity of the proposed design 

formulas for preventing web crippling of steel decks. 

C. Scope of Investigation 

In order to achieve the first objective mentioned above, 

a total of 84 web crippling tests of steel decks were conducted at the 

University of Missouri-Rolla during the period of September 1979 

through March 1980. During these tests, 40 specimens were subjected to 

interior one-flange loading, and the remaining:44 specimens were.sub­

jected to end one-flange loading. Details of the first phase of the ex­

perimental study are presented in Articles II and III of this report. 

Comparisons between the test data and predicted web crippling loads are 

also included in these two articles. 

2 

In the second phase of the study, 56 specimens having relatively 

long spans were tested as simple beams and continuous beams to determine 

the effect of bending on the web crippling strength of steel decks. The 

test data have been used to determine the validity of the AISI interaction 

formulas that are used for the design of steel beams subjected to combined 

web crippling and bending. Details of the second phase of the -study are 



presented in Articles IV and V. 

Finally, the recommendations for future research are discussed 

in Article VI. 

3 



II. EXPERIMENTAL STUDY OF WEB CRIPPLING 

STRENGTH OF STEEL DECKS SUBJECTED TO 

INTERIOR ONE-FLANGE LOADING (IOF SERIES) 

4 

Since September 1979, 40 web crippling tests have been conducted 

for interior one-flange loading. The test specimens used in this 

experimental study were fabricated from steel decks received from five 
• manufacturing companies. Figure 1 shows the type of test used in this 

part of the investigation. 

The following discussions deal with the preparation of the test 

specimens, the tesing of the specimens, the results of the tests, and 

evaluation of the test data. 

A. Preparation of Test Specimens 

Nine different types of steel decks were used in the tests of 

web crippling strength for interior one-flange loading. Figure 2 

shows the cross-sectional configurations of the steel decks used. The 

actually measured dimensions of the test specimens are presented in 

Table 1. All symbols used in this table are defined in Fig. 3. Table 

2 lists the following design parameters for the steel deck specimens: 

Design Parameter 

Web inclination angle, e 

Rlt ratio 

hit ratio 

Nit ratio 

Nih ratio 

Yield pOint, F y 

Range 

48.1 - 90.0 degrees 

3.05 - 7.24 

46.65 - 107.43 

63.40 - 208.80 

0.94 - 3.17 

39.3 - 49.9 ksi 



Prior to testing, the tension flange of the steel decks was 

braced by two 1/8x3/4 inch rectangular bars along the inside edge of 

the end bearing plates. Self-tapping screws (#12 x 14 x 3/4 Tek 

Screws) were used for connectors. 

B. Testing of Specimens 

(a) Tensile Coupon Tests 

The mechanical properties of the steels used for the test speci­

mens were established by standard tensile coupon tests. All the 

coupons were tested in a 150,OOO-lb Tinius Olsen universal testing 

machine. Table 3 lists the test data on yield point, ultimate 

tensile strength, and elongation measured from 2-inch gage length. 

Each value is the average of four coupon tests. 

(b) Testing of Deck Specimens 

For the 40 web crippling tests of interior one-flange loading, 

38 specimens were tested in the l50,000-lb Tin;us Olsen universal 

testing machine. Only two wide specimens (rOF-19A and rOF-19B) were 

tested in the 8-foot wide, 9-foot high, and 21-foot long loading 

frame located in UMRls Engineering Research Laboratory. 

(i) Test Setup 

Each specimen was tested as a simply supported beam by using 

two large bearing plates (N2) at both ends and a small bearing plate 
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(N l ) under the concentrated load applied at midspan as shown in Fig. 4. 

The clear distance between the bearing plates was equal to approximately 

1.5h, where h is the width measured along the plane of the web. The 

minimum distance of 1.Sh between bearing plates was chosen to eliminate 

the effect of a two-flange loading action. The same criteria were 

used previously for the Cornell and UMR tests. (3,21) 



Figures 5 and 6 shqw the test setup used in this phase of the experi­

mental study. 

(ii) Test Procedure 

During the tests, the specimens were loaded continuously 

to the estimated allowable design load, beyond which an increment 

of 20% of the estimated allowable design load was added to each 

specimen following a waiting period of five minutes. All specimens 

were tested to failure. The maximum load at failure was recorded 

for evaluation of the test data. 

c. Results of Tests 

The results of 40 web crippling tests of steel decks subjected 

to interior one-flange loading are presented in Tables 4 and 5. In 

these two tables, (P)test is the total failure load for web crippling 

under the concentrated load, and (M)test is the bending moment 

computed from the load (P)test and the actual span length. 

Typical failure modes for web crippling of steel decks subjected 

to interior one-flange loading are shown in Figs. 7 and 8. 

D. Evaluation of Test Data 

6 

The results of the 40 steel deck tests have been carefully 

evaluated and compared with the predicted ultimate web crippling loads 

and the ultimate bending moments determined on the basis of the 1968 

Edition of the AISI specification(l) and the 1980 Edition of the AISI 

S "f" t" (23) " peCl lca 10n. Oetal1s of these comparisons are given below. 



(a) Comparison of the Experimental Web Crippling Loads and 

the Predicted Loads Determined on the Basis of Addendum 

No.2 of the 1968 AISI Specification 
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In Table 4, the predicted ultimate web crippling loads ,(P) , u comp 
for interior one-flange loading were calculated from the following 

equations: 

(i) R/t ~ 1 

(Pu)comp/web = 1.85 {t2 [305 + 2.30(N/t) - 0.009(N/t)(h/t) 

- 0.5(h/t)]x[1.22 - 0.22(Fy/33)] (Fy/33)}sine 

( i i ) 1 < R/ t ~ 4 (1 ) 

(P) / ~ Eq. (1 ) x [1 .06 - 0.06 (R/ t) ] 
u comp web 

(2) 

where t = web thickness, in. 

N = actual length of bearing, except that in 

the above formulas the value of N is not 

to be taken for a value greated than h, in. 

h = clear distance between flanges measured 

along the plane of the web, in. 

Fy = yield point, ksi 

R = inside bend radius, in. 

e = web inclination angle, degree. 

It should be noted that in Eqs. (1) and (2), (P) / is the 
u cemp web 

predicted ultimate load per web in kips. For this reason, the 

predicted ultimate web crippling load per specimen is computed as 

follows: 

(Pu)comp/specimen = (Number of Webs){Pu)Comp/web 

With regard to the predicted ultimate bending moments, the 

following considerations were given to the computations of (M) : u comp 



(1) The value (M) was calculated from the yield point ul comp 
of steel and the section modulus based on the effective 

width of the compression flange determined in accordance 

with Section 2.3.1.1 of the AISI Specification and the 

full area of the tension flange and webs. 

(2) The value (M 2) was calculated from the yield point u comp 

of steel and the section modulus based on shear lag 

consideration (i.e., the section modulus was based on the 

effective widths of both compression and tension flanges 
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in accordance with Section 2.3.5 of the AISI Specification) 

and the full area of the webs. 

(3) The value (M 3) was calculated from the section u comp 

modulus based on the full area of the tension flange 

and webs combined with the effective width of the 

compression flange determined on the basis of Section 

2.3.1.1 of the AISI Speci~ication with f = F
bw 

or 

0.60 Fy' whichever was smaller. The stress used for 

computing the ultimate bending moment was either 1.67F bw 
or Fy ' whichever was less, where F

bw 
is the 

allowable stress for webs subject to bending stress. It 

was computed by using Eq. (3): 

F = 520,000 (3) 
bw (h/t)2 

Also included in Table 4 are the (M)test/(Mu)comp and (P)testl 

(Pu)comp ratios, in which (M ) is the smallest value of u comp 

(Mul)comp, (Mu2 )comp' and (Mu3 )comp' The correlation between the 

test results and the following interaction formula(l) is shown 

graphically in Fig. 9. 



(4) 

It should be noted that only four test points are shown in Fig. 9 

because for other specimens, the Rlt ratio exceeds the AISI limit 

of 4. As listed in Table 4, the mean value of A/1.3 ratios is 

1.707. This high mean value and Fig. 9 indicate that the design 

provisions included in the 1968 Edition of the AISI Specification 

are very conservative for the design of these four test specimens. 
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This possibly is because in calculating the predicted web crippling 

load acccording to the 1968 AISI Specification the bearing length, 

N, was taken to be not more than h. In addition, the test specimens 

exhibited a considerable postbuckling strength. 

(b) Comparison of the Experimental Web Crippling Loads and 

the Predicted Loads Determined on the Basis of the 

1980 Edition of the AISI Specification(23) 

In comparing the experiment~l and the predicted loads deter­

mined on the basis of the 1980 Edition of the AISI Specification, 

the predicted ultimate web crippling loads for interior one-flange 

loading, (Pul)comp' as given in Table 5, were computed from the 

following equations (Equation 3.5.1-3 of Ref. 23): 

(i) Nit ~ 60 

(P I) I b = 1.85 {t2kC1C2Ce[291 - 0.40(h/t)] u comp we -
x [ 1 + 0.007 (Nit)]} (5) 
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(ii) N/t > 60 

(p ') = 1.85 {t2kC1C2Ce[291 - 0.40(h/t)] 
u comp/web 

x[0.75 + O.Oll(N/t)]} (6) 

where k = F /33 

Cl = (1.22 - 0.22k) 

C
2 

= [1.06 - 0.06(R/t)] ~ 1.0 

Ce = 0.7 + 0.3(6/90)2. 

e = angle between web and bearing surface, degree 

N = actual length of bearing, in., except that 

the N/t ratio shall not exceed 210 and the 

N/h ratio shall not exceed 3.5 

R = inside bend radius, in., except that R shall 

not be greater than 7t for steel decks. 

As far as the predicted ultimate bending moments are concerned, the 

values of (Mu1)comp and (Mu2 )comp are the same as those listed in Table 

4. The value (Mu3 ')comp was computed from the section ~odulus based on 

the full area of the tension flange and webs combined with the effective 

width of the compression flange. The latter was determined on the basis 

of Section 2.3.1.1 of the AISI Specification with f = 0.60 Fy or Fbw ' 

whichever was smaller. In the calculation, the value of Fbw was deter­

mined by using Eq. 3.4.2-1 of Ref. 23: 

Fbw = [1.21 - 0.00034 (h/t) ~ ](0.60F ) < 0.60 F (7) 
y Y - Y 

The ratios of (M)t t/(M ') and (P) /(P ') are es u comp test u comp 
presented in Table 5. The correlation between the test results and 

the interaction formula given in Eq. (8) is shown graphically in 

Fig. 10. 



'1 

1.07 
(P)test 

+ 
(M)test 

= 1.42 (8) 
. (P I) 

U comp 

It should be noted that Eq. (8) is the basic interaction formula 

used to develop the AISI design formula (Eq. 3.5.2-1 of Ref. 23) 

for beams having single, unreinforced webs subjected to combined 

bending and web crippling. (21) Therefore, Fig. 10 indicates the 

validity of the AISI design formulas for single span steel decks 

subjected to combined bending and web crippling. 

Unlike Fig. 9, a total of 40 test points are shown in Fig. 10.* 

This is because in the 1980 Edition of the AISI Specification, the 

limit of the R/t ratio was extended from 4 to 7. The mean value 

of the B/l.42 ratios is 1.188 as given in Table 5. This mean value 

and Fig. 10 indicate the improvement of the AISI design equations 

for web crippling and combined web crippling and bending as com-

pared with the 1968 Edition of the AISI Specification. 

If the shear lag consideration is neglected (i.e., the value 

of (M~)comp is either (Mul)comp or (M~3)comp' whichever is less), 

the correlation between the test results and the interaction formula 

can be shown as in Fig. 11. It can be seen that Eq. 8 may be used 

for the combined web crippling and bending of steel decks used for 

single span tests having relatively short span lengths. It should 

be 'noted that this equation is conservative for steel decks with flat 

webs. 

*For Specimens rOF-2A, 28, 9A, 98, lOA, and lOB, the R/t ratios are 
slightl~ larger than 7~ See Table 2. 



(c) Effect of Intermittent, Longitudinal Embossments and 

Indentations on Web Crippling Strength 

The effect of intermittent, longitudinal embossments and inden­

tations on web crippling strength can be observed by comparing the 
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test results of several specimens. As listed in Tables 1 and 2, the 

material properties and dimensions of Specimens Nos. 1,2,5, and 6 

are practically identical with Specimens Nos. 9,10,11, and 12, except 

that for the composite decks (Specimens Nos. 9,10,11, and 12) the 

embossments and indentations as shown in Fig. 12 were used in the 

inclined webs. These deformations may reduce the web crippling 

strength of steel decks according to the size and arrangement of the 

embossments. Table 6 presents a comparison of the test results for 

eight different specimens subjected to interior one-flange loading. 

It seems to indicate that for the type and arrangement of embossments 

used in this comparison, the reduction of web crippling strength 

occasioned by the longitudinal embossments is within 10%. 

E. Summary 

A total of 40 web crippling tests were conducted for interior 

one-flange loading. Even though short span lengths were used in the 

tests, a considerable amount of bending moment was developed for most 

of the specimens. 

The test results were carefully reviewed and evaluated. Com­

parisons between a limited number of test data and the equations 

used for combined bending and web crippling indicate that the R/t 

ratios of most of the steel decks used in this study exceeded the AISI 

limit included in the 1968 Edition of the Specification and that the 

1980 Edition of the AISI Specification can be used for the design of 



steel decks. It has been noted that the AISI design provisions are 

conservative for steel decks having flat webs. 

A comparison of the test data obtained for several specimens 

indicates that for the panels used in the tests, the web crippling 

load is slightly affected by the intermittent, longitudinal emboss­

ments and indentations formed in the webs. More tests should be 

cooducted in this area for a detailed study. 
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III. EXPERIMENTAL STUDY OF WEB CRIPPLING 

STRENGTH OF STEEL DECKS SUBJECTED TO 

END ONE-FLANGE LOADING (EOF SERIES) 

During the period of September 1979 through March 1980, 44 

web crippling tests were conducted for steel decks subjected to 

end one-flange loading. Figure 13 illustrates the type of tests 

used in this phase of investigation. The test specimens used in 

the experimental study were fabricated from the same steel decks 

used in the web crippling study for interior one-flange loading 

that were reported on in Article II. 
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The preparation of test specimens, the testing of the specimens, 

the results of ' the tests, and evaluatl~R sf the test data are discussed 

in the following sections. 

A. Preparation of Test Specimens 

As in the tests for interior one-flange loading, nine 

different types of steel decks were used in the web crippling tests 

for the end one-flange loading condition. The cross-sectional con­

figurations of the steel decks are the same as those shown in Fig. 

2, except that specimens Nos. EOF-13, EOF-14, EOF-15, and EOF-16 were 

tested in an inverted position. This test setup was used to eli­

minate the effect of continuous longitudinal stiffeners on the web 

crippling strength at both ends. 

The actually measured dimensions of the test specimens are 

presented in Table 7. All symbols used in Table 7 are defined in 

Fig. 3. Table 7 presents the design parameters for the steel decks 

used for end one-flange loading. The ranges of design parameters 

are similar to those listed on page 4. 
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Prior to testing, the tension flange of the steel deck specimens 

was braced by two 1/8 x 3/4 inch rectangular bars along the inside 

edge of the end bearing plates. In addition, a short piece of the 

same steel deck was attached to the central portion of the specimen 

to prevent premature failure of the deck at the location of the 

applied concentrated loads. This type of reinforcement was used 

for all tests, except for specimens EOF-13, EOF-14, EOF-15, and 

EOF-16 with continuous longitudinal stiffeners . . 
B. Testing of Deck Specimens 

All specimens were tested in the 150,000-lb Tinius Olsen 

universal testing machine. The test setup and procedure are des­

cribed in the subsequent sections. 

(a) Test Setup 

Each specimen was tested as a simple beam as shown in Fig. 14. 

Two large bearing plates were used under the applied concentrated 

loads, and two small bearing plates were placed under the specimen 

at both end supports. The clear distance between the bearing plates 

was approximately 1.5h. Figures 15 and 16 show the test setup used 

for the experimental study of end failure. 

(b) Test Procedure 

The procedure used for the web crippling tests of steel decks 

subjected to end one-flange loading is the same as that used for 

the interior one-flange loading. For details, see Article II.B.b.ii. 

c. Res·ul ts of Tests 

The results of 40 web crippling tests of steel decks subjected 

to end one-flange loading are presented in Table 8. The value of the 

(Pu)test is the total load applied to the specimen at failure, in kips. 



Typical failure modes for the web crippling of steel decks 

subjected to end one-flange loading are shown in Figs. 17 and 18. 

D. Evaluation of Test Data 
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The results of 44 steel deck tests have been carefully evaluated 

and compared with the ultimate web crippling loads computed on the 

basis of the 1968 Edition of the AISI Specification (1) and the 

1980 Edition of th.e AISI Specificqti'on, (23) The equations 

used to determine the predicted ultimate web crippling loads are 

given in the following sections. 

(a) Comparison of the Experimental Web Crippling Loads and 

the Predicted Loads Determined on the Basis of the 1968 

AISI Specification 

In Table 8, the predicted ultimate web loads for end one-flange 

loading were calculated from the following equations, whichever was 

applicable: 

(i) R/t ~ 1 

(Pu)CalP/web = 1.85 {t2[98 + 4.20(N/t) - 0.022(N/t)(h/t) 

• O.Oll(h/t)] x [1.33 - 0.33(F /33)] 
y 

(Fy/33)}Sine (9) 

( i ; ) 1 < R/ t ~ 4 

(Pu)c_l.- = Eq. (9) x [1.15 - 0.15(R/t)] (10) 

All the symbols have been defined previously. 

In view of the fact that Eqs. (9) and (10) deal with the predicted 

ultimate web crippling load for one web at each end support, the pre­

dicted total ultimate load applied to an entire speci .. n was cOMputed 

as follows: 



(Pu)comp/specimen = 2(Number of Webs) (Pu)comp/web 

Also listed in Table 8 are the ratios of (Pu)test/(Pu)comp' 

Because most of the steel decks had R/t ratios larger than 4, only 

six test results could be used for this comparison. 

(b) Comparison of the Experimental Web Crippling Loads and 

the Predicted Loads Determined on the Basis of the 1980 

Edition of the AISI Specification~23) 

In comparing the experimental data and the predicted loads 

determined on the basis of the 1980 Edition of the AISI Specification, 

the predicted ultimate web crippling loads for end one-flange loading 

were computed from the following equations: 

(i) Beams with Stiffened Flanges (AISI Eq. 3.5.1-1) 

(Pu l )comp/web = 1.85 {t2kC3C4Ce[179 - 0.33(h/t)] 

x [1 + O.Ol(N/t)]} (11) 

(ii) Beams with Unstiffened Flanges (AISI Eq. 3.5.1-2) 

N/t < 60, 

(Pu')comp/web = 1.85 {t2kC3C4Ce[117 - 0.15(h/t)] 

x [ 1 + O.Ol(N/t)]} (12) 

N/t > 60, 

(Pu')comp/web = 1.85 {t2kC3C4Ce[117 - 0.15(h/t)] 

x [0.71 + 0.015(N/t)]} (13) 

where k = Fy/33 

C3 = (1.33 - 0.33k) 
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C4 = [1.15 - 0.15(R/t)] ~ 1.0 but not less than 0.5 

Ce = 0.7 + 0.3(e/90)2 

e = angle between web and bearing surface, degree 



N = actual length of bearing, in., except 

that the N/t ratio shall not exceed 210 

and the Nih ratio shall not exceed 3.5 

R = inside bend radius, in., except that R 
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shall not be greater than 7t for steel decks. 

Consequently, the predicted total ultimate load applied to each 

specimen was determined as: 

(P I) /specimen = 2(Number of Webs)(Pul}comp/web* u camp 

The ratios of (P) /(P I) for 36 specimens were calculated u test u comp 
and are listed in Table 8. For two specimens, the R/t ratios 

slightly exceeded the revised limiting value of 7. Figure 19 

shows the relationship between the computed C
4 

and the R/t ratio. 

It can be seen that the lower limit of 0.5 for C
4 

is justified. 

The larger scatter is due to the fact that many parameters con­

cerning the deformed webs are not included in the design formulas. 

A study of the ratios of (P)t t/{P) indicates that the u es u comp 
1968 AISI Specification is slightly conservative for the design 

of steel deck webs as far as the web crippling at end support is 

concerned. This is possibly due to the available postbuck1ing 

strength of steel deck webs. The 1980 Edition of the AISI Speci-

fication based on a previous study of channels and hat sections 

gives a conservative design except for Specimens EOF-13 and EOF-14. 

The low failure loads for these specimens were probably caused by 

the use of intermittent, longitudinal embossments in the webs. 

In order to study the effect of Support conditions on end failure, 

*Specimens Nos. 1 through 16 had 4 webs all connected to stiffened 
flanges; Specimens Nos. 17 and 18 had 2 webs connected to unstiffened 
flanges; Specimens Nos. 19 and 20 had 6 webs connected to stiffened 
flanges and 2 webs connected to unstiffened flanges. 



Specimens EOF-5C and EOF-5D were supported by two W shapes as shown in 

Fig. 20. No connections were used at the ends of the specimens. 
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Figure 21 shows the failure mode of the steel decks tested. The total 

failure load per specimen is given in Table 10. In addition, Specimens 

EOF-5E and EOF-5F were spot welded to two end bearing plates by 

Mac-Fab Products, Inc. (Fig. 22). Three bolts were used to connect 

these bearing plates to support beams as shown in Fig. 23. For this 

case, the failure mode of the steel decks is shown in Fig. 24 under 

the failure load given in Table 10. 

A comparison of the total failure load given in Table 10 indicates 

that when the steel decks are placed on support beams with or without 

connections, the steel deck webs can actually resist a larger load 

than that obtained from simple beam tests for which the bearing plate 

is allowed to rotate. For design parameters see Table 9. 

(c) Effect of Intermittent, Longitudinal Embossments and 

Indentations on Web Crippling Strength 

In order to determine the effect of intermittent, longitudinal 

embossments on the web crippling strength of the steel decks sub­

jected to end one-flange loading, the test results of Specimen Nos. 

1, 2, 5, 6, 9, 10, 11, and 12 were compared and are presented in 

Table 11. This comparison seems to indicate that for the case of 

end one-flange loading, the effect of longitudinal embossments on 

the web crippling strength is slightly larger than that for the 

case of interior one-flange loading. However, the reductions of 

failure loads for most of the test specimens are within 10%. 



E. Summary 

A total of 44 web crippl ing tests were conducted for the. end 

one-flange loading condition. The test results were compared with the 

predicted loads computed by using the 1968 AISI Specification and the 

1980 Edition of the Specification. The effect of a support condition 

on end failure was also studied briefly. 

Several pilot tests showed that usually end web crippling is not 

a problem, because without any web reinforcement, steel deck speci-
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mens failed prematurely in the central portion of the specimens rather 

than at the end support even though the span length was kept very short 

and the bearing plate under the load was much wider than the end bearing 

plate. 



IV. EXPERIMENTAL STUDY OF COMBINED 

WEB CRIPPLING AND BENDING: 

SIMPLE BEAM TESTS (BC SERIES) 

Simple beam and continuous beam tests have been conducted for the 

purpose of studying the interaction between web crippling and bending 

of steel decks. Since March 1980, 24 long span steel decks have been 

tested as simple beams, and 32 long span steel decks have been tested 

as continuous beams. This Article deals only with the simple beam 

tests. The continuous beam tests are described in Article V. 

The following discussions cover the preparation of test specimens, 

the testing of the specimens, the results of the tests, and evaluation 

of the test data obtained from the simple beam tests. 

A. Preparation" of Test Specimens 

Seven different types of steel decks were used in the study 
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of combined web crippling and bending. Figure 25 shows the cross­

sectional configurations of the steel decks used in the long span simple 

beam tests. The measured dimensions of the test specimens are given in 

Tables 12 and 13. It should be noted that the steel decks listed in Table 

12 were used without end connections in 16 simple beam tests, and those 

listed in Table 13 were used with end connections in eight simple beam 

tests. The symbols used in both tables are defined in Fig. 3. 

The design parameters for the steel decks are presented in Tables 14 

and 15. The following summary covers the ranges of design parameters 

employed in this investigation. 



Design Parameter 

Web inclination angle, e 
Rlt ratio 
hit ratio 
Nit ratio 
Nih ratio 

Yield point, Fy 

Range 

48.9 - 90 degrees 
3.20 - 7.12 
54.15 - 107.85 
85.39 - 202.39 
1.00 - 2.68 

39.3 - 51.0 ksi 
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Before the steel decks without end connections were tested, the 

tension flange of the deck was braced by 1/8 x 3/4 inch rectangular 

bars along the inside edge of the end bearing plates. For the simple 

beams with end connections, a rectangular bar was fastened at the mid­

span of each specimen to brace the tension flange. Self-tapping screws 

(#12 x 14 x 3/4 Tek Screws) were used for connectors. 

For the specimens with end connections, four foil strain gages were 

placed on the bottom face of the tension and compression flanges at the 

midspan. The arrangement of strain gages is shown in Fig. 26. 

B. Testing of Specimens 

(a) Tensile Coupon Tests 

The mechanical properties of the steels used for the test specimens 

were determined by standard tensile coupon tests. All the coupons were 

tested in a 150,OOO-lb Tinius Olsen universal testing machine. Table 16 

is a list of the test data on yield point, ultimate tensile strength, and 

elongation measured from a 2-in. gage length. Each value is the average 

of four coupon tests. The listed mechanical properties were used for 

the long span simple beams with end connections and the continuous beams. 

The mechanical properties listed in Table 3 were used for the simple beams 
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without end connections. 

(b) Testing of Deck Specimens 

The test setup and test procedure used for the long span simple 

beam tests are the same as those used for the interior one-flange load­

ing described in Article II. 

(i) Test Setup 

Each specimen was tested in a l50,OOO-lb Tinius Olsen testing 

machine on which two wide flange sections and tubular members were 

used as support beams. Before a specimen was tested, large bearing 

plates (N 2) were placed at both ends of the specimen, and a small bearing 

plate (N l ) was placed under the concentrated load applied at the midspan 

of the deck. Figure 27 shows the test setup used for long span simple 

beams without end connections. For this case, both ends of the specimen 

were free to rotate. Prior to testing, a dial gage was placed under the 

specimen at the midspan for measuring the deflection. 

The test setup used for single span beams with end connections 

is shown in Fig. 28. At both ends of each two-foot wide test specimen, 

three 1/4-in. diameter bolts with 1/2-in. diameter washers were used to 

connect the steel deck ~o the bearing plates and the tubular members, 

which were fastened to support beams through three 7/8-in. diameter bolts. 

For the one-foot wide steel deck, only two bolts were used at each end of 

the test specimen. This type of end connection simulates the actual 

field conditions. Prior to testing, a dial gage was placed under the 

specimen at the midspan for measuring the deflection. Strain gages were 

connected to a data acquisition system for recording the test data. Figures 

29(a) and 29lb) show the actual test setup used for single span beams with 

end connections. 



(ii) Test Procedure 

During the tests, the specimens were loaded continuously to 

the estimated allowable design load. Beyond this, an increment of 

approximate 20% of the estimated allowable design load was added to 
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each specimen after a waiting period of five minutes. All the specimens 

were tested to failure. The ultimate failure load was recorded for each 

test. 

During the tests of the single span beams with end connections, 

strain gage readings were usually taken at every 20% of the estimated 

design loads. In addition, the deflection at the midspan was recorded 

for every load increment. 

C. Results of Tests 

The results of 24 single span beam tests of steel decks subjected to 

combined bending and web crippling are presented in Tables 17 to 20. 

In these four tables, {P)test is the total ultimate load at failure. The 

value of {M)test is the bending moment computed from the load {P}test and 

the actual span length, i.e. , 

{M)test = 1/4 {P}test (L) 

Typi'cal failure modes at the mids~ of the specimen are shown in 

Figs. 30 and 31. 

The midspan deflections and strain gage readings are presented in 

Tables Al and A4 respectively of the Appendix. Figures Al to A8 of the 

Appendix show the load-deflection curves for single span beam tests. 

The tensile and compressive stresses developed under various loads are 

shown in Figs. A41 to A48. 
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D. Evaluation of Test Data 

The results of the 24 steel deck tests have been carefully evaluated 

and compared with the predictions on the basis of the 1968 AISI Speci­

fication with Addendum No. 2(1) and the 1980 Edition of the AISI Speci­

fication. (23) Details of these comparisons are given below. 

(a) Comparison of the Experimental Data and the Predictions on the 

Basis of Addendum No.2 of the 1968 AISI specification(l) 

The predicted ultimate web crippling loads, (Pu)comp' for interior 

one-flange loading presented in Tables 17 and 18 were calculated from either 

Eq. (1) or (2) whichever was applicable. 

It should be noted that in Eqs. (1) and (2), (Pu)comp/web is the 

predicted ultimate load per web in kips. For this reason, the predicted 

ultimate web crippling load per specimen as given in Tables 17 and 18 

was computed by multiplying the number of webs by (Pu)comp/web. 

With regard to the predicted ultimate bending moments, the same 

considerations used in Article II for the IOF series were applied to 

the computation of (Mu)comp. 

Also included in Tables 17 and 18 are the (M)test/(Mu)comp and 

(P}t t/(P) ratios in which (M ) omp is the smallest value of . es u comp u c 
(M 1) ,(M 2) , and (M 3) . The correlation between the test u comp u comp u comp 
results and Eq. (4) is shown graphically in Fig. 32. It should be noted 

that only two test points are shown in this figure, because for other 

specimens, the R/t ratio exceeds the AISI limit of 4. In Table 17, 

the mean value of A/1.3 ratios is 1.365 with a coefficient of variation 

of 0.020. This indicates that the 1968 AISI design provisions are con-

servative for the design of these two test specimens, because the test 



specimens exhibited a considerable postbuckling strength. However, it 

should also be noted that these two specimens are specially made hat 

sections. They are not the normally used steel decks. 

(b) Comparison of the Experimental Data and the Predictions 

on the Basis of the 1980 Edition of the AISI Specifi-

° (23) catlon 

In comparing the experimental data and the predicted loads 
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°fO to (23) determined on the basis of the 1980 Edition of the AISI Specl lca lon, 

the predicted ultimate web crippling loads for interior one-flange loading, 

(P I) ,as given in Tables 19 and 20, were computed from either Eq. (5) or u comp 
Eq. (6), whichever was applicable. 

As far as the predicted ultimate bending moments are concerned, the 

values of (M 1) and (M 2) are the same as those listed in Tables u comp u comp 

17 and 18. The value (Mu31)comp was computed from the section modulus 

based on the full width of the tension flange and the effective width 

of the compression flange determined on the basis of Section 2.3.1.1 

of the 1980 AISI Specification with f = 0.60 F or Fb ' whichever was 
y w 

smaller. In the calculation, the value of Fbw was determined by using 

Eq. (7). 

The ratios of (M)test/(Mu')comp and (P)test/(Pul)comp are 

presented in Tables 19 and 20. The correlations between the test results 

and the interaction formula given in Eq. (8) are shown graphically in 

Figs. 33 and 34 ° 

Figure 33 shows that for the simple beams without end connections, 

only the results of five tests tBC-1A,lB,13A,17A, and 178) can be used for 

a comparison with the interaction formula included in the 1980 Edition of 

the AISI Specification. The mean value of the B/1.42 ratios given in 



Table 19 for these five tests is 1.076 with a coefficient of variation 

of 0.112. For other tests, the interaction formula is not applicable 

because the (P)t t/(P I) ratio is less than 0.393, which is the es u comp 
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lower limit of (P)test/(Pul)comp when Eq. (8) is used. This figure also 

shows that for four test specimens having embossments in their webs 

(BC-9A, 9B, 12A, and 12B), the margin of safety is considerably lower 

than that for other specimens having flat webs. The ratios of (M)test/ 

(Mu l )comp and (P)test/(Pul)comp for these tests are presented in Table 

19. 

Because the cross-sectional configurations of the test specimens, 

the mechanical properties of the steels, and the test procedure used 

for the short span tests for interior one-flange loading discussed pre-

viously in Article II are practically the same as those used for the 

relatively long span simple beam tests reported herein, a comparison of 

Fig. 11 and Fig. 33 is in order. From these two figures, it can be seen 

that, in general, the relatively long span simple beam tests give a lower 

safety factor than the corresponding tests in which the short span 

specimens were used. This is apparently attributed to the large deflection 

of the long s~an specim~ns that causes an uneven distribution of pressure 

under the bearing plate at midspan. 

In order to determine the effect of end connections on the load 

carrying capacity of the steel decks, eight additional tests were conducted. 

The setup for these tests is shown in Fig. 28. For these tests, 1/4-in. 

diameter bolts with 1/2-in. diameter washers were installed at both ends 

of each specimen to connect the deck to the bearing plates. The test 

results and the computed data are given in Table 20 and shown graphically 

in Fig. 34. Because the (P}t t/(P I) ratio was less than 0.393 for es u comp 
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these eight tests, the interaction formula for the combination of bending 

and web crippling could not be used for the purpose of comparison. On 

the basis of the (M) I(M I) ratios listed in Tables 19 and 20 for test u comp 
specimen Nos. 2, 12, 16, and 19, it can be seen that the end restraints 

usually improved the load carrying capacities of steel decks from about 

7 to 12%. However, the increases of the moment ratios for specimen No. 

16 are more than 20% The low (M)t t/(M I) ratios for specimen . es u comp 

Nos. 12C and 120 seem to confirm the need for a refined design formula 

for predicting the ultimate bending moment for composite decks. Of 

course, this is not an easy task because of the unlimited variations 

in dimensions and arrangements of embossments in webs. 

E. Summary 

A total of 24 single span beam tests were conducted on steel decks 

having flat webs and webs with embossments to study the interaction bet­

ween bending and web crippling. Among these tests, 16 specimens were 

tested without end connections, and the remaining eight decks were tested 

with bolted connections fastened at both ends of each specimen. The 

purpose of this phase of the investigation was to determine the validity 

of t~ 1968 AISI design criteria and the 1980 Ediiion of the AISI Speci­

fication for steel decks subjected to combined bending and web crippling. 

The test results were carefully reviewed and evaluated. A comparison 

between the test data and the equations used for combined bending and web 

crippling indicates that the R/t ratios of most of the steel decks used 

in this experimental study exceeded the previous AISI limit of 4.0. As a 

result, it is not possible to ~se these data for determining the validity 

of t~ 1968 AISI design criteria for combined bending and web crippling. 
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As far as the 1980 Edition of the AISI Specification is concerned, 

a comparison between the tested and the computed data indicates that the 

newly revised equations are adequate for steel decks having flat webs 

provided that the decks are properly connected to' support beams. For 

steel decks having embossments in their webs, refined design formulas 

are needed for bending,'web crippling, and a combination thereof. 



V. EXPERIMENTAL STUDY OF COMBINED WEB 

CRIPPLING AND BENDING: 

CONTINUOUS BEAM TESTS (CB SERIES) 

Steel decks are often used as multispan continuous beams to 

support uniform loads. The interaction between bending and web 

crippling at interior supports and the ultimate strength of con­

tinuous beams were investigated in this phase of the study. 

A total of 32 continuous beam tests of steel decks were con-

ducted in UMR's Engineering Research Laboratory during the period 

of May through July 1980. 

A. Preparation of Test Specimens 

30 

Seven different types of steel decks '.'Iere used for the continuous 

beam tests. Figure 35 shows the cross-sectional configurations of 

the steel decks used in this program. The measured dimensions of the 

32 test specimens are given in Table 21. All symbols are defined in 

Fig. 3. 

The design parameters for the steel decks are presented in Table 

22. The ranges of the design parameters are listed below: 

Design Parameter Range 

Web inclination angle, 8 

R/t ratio 

hit ratio 

Nit ratio 

NIh ratio 

Yield point, F 
y 

46.7 - 74.6 degrees 

4.38 - 6.99 

47.06 - 109.69 

64.50 - 210.28 

0.95 - 3.09 

44.2 - 51.0 ks; 
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At the interior support, which is the location of maximum negative 

moment, four foil strain gages were motlnted on the top surface of the 

tension and compression flanges of each specimen. See Fig. 36 for the 

arrangement of strain gages. For a few specimens, additional strain 

gages were mounted on the top and bottom flanges of the s~ecimens at the 

end support and/or at the locati'on of maximum positive moment, 

B. Testing of Specimens 

(a) Tensile Coupon Tests 

The mechanical properties of the steels used in the continuous 

beam tests were established by standard tensile coupon tests. The test 

data are listed in Table 16. 

(b) Testing of Deck Specimens 

The steel deck specimens were tested in a vacuum loading 

apparatus, which consists of a 9-foot wide, 2-foot high, and 30-foot 

long chamber connected to a pump and a data acquisition system. Figure 

37a is a photograph of the loading system. For the plan and side view 

of the uniform loading apparatus, see Fig. 37b. Of the 32 specimens 

tested, 28 were tested as two-span continuous beams, and the remaining 

four (CB-3A, CB-3B, CB-4A, and CB-4B) were tested as three-span con-

tinuous beams. 

(i) Test Setup 

The test setup for the continuous beam tests is shown in Fig. 

38. Figures 39a and 39b show the top views for the three-span and two­

span continuous beam tests respectively. Under each specimen, two 

large bearing plates (N2) were used at both end supports, and a small 

bearing plate (N,) was used at the interior support as shown in Fig. 38. 
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Each specimen was connected to all the bearing ~lates by 1/4-in. diameter 

bolts with 1/2-in. diameter washers at an approximate transverse spacing 

of 12 inches. Before being tested, the chamber was covered by a 0.006-in. 

thick natural polyethylene film, which was tightly sealed along all the 

edges. 

Specimen Nos. 1 through 6, 9 through la, 19, and 20 were tested in a 

normal position. In order to eliminate the effect of a continuous long­

itudinal stiffener on the interaction between bending and web crippling, 

Specimen Nos. 13 through 16 were tested in an inverted position. For 

these specimens, two rectangular strips were used to connect the top 

flanges over the interior support. See Figs. 35 and 42. 

(ii) Test Procedure 

During the tests, the specimens were loaded continuously with 

a uniform load up to the estimated allowable design load. Beyond this, 

an increment of approximately 10 to 20% of. the estimated design load was 

added to the specimen after a waiting period of five minutes. The pres­

sure and the corresponding strain gage readings were shown on the screen 

of a data acquisition system. At every 20% of the estimated design load, 

the midspan deflection was measured with a level. In addition, the applied 

uniform load and strain gage readings were recorded. 

All the specimens were tested to failure. The ultimate failure 

load was recorded for each test. 

C. Results of Tests 

The results of 32 continuous beam tests are presented in Table 23. 

In this table, (w)test 1s the ultimate uniform load per specimen in 

kips per linear foot measured along the span length and (P) is the , test 
maximum load in kips computed from the following equations: 



(a) For two-span continuous beams 

(P)test = 1.25(w)test{L), kips 

(b) For three-span continuous beams 

{P}test = 1.1 (w}test{L), kips 

in which L is the span length in f~et. 

{14} 

(15) 

The values of (M)test were computed from the ultimate load 

by using the following equations: 

(a) For two-span continuous beams 

{M)test = 0.125 {w)test (L)2 {12}, in-kips (16) 

(b) For three-span continuous beams, 

(M)test = 0.1 (w)test (L)2 (12), in-kips (17) 

The failure modes for the different types of steel decks are 

shown in Figs. 40 through 43. During the tests, the bottom flange 

and the inclined web usually buckled within a small precentage of the 

failure load. However, the postbuckling strength of the specimen over 

the interior support permitted a moment redistribution for the con­

tinuous beam. Consequently, it was possible to develop a consider­

able positive bending moment in the middle portion of the span. 

Figures 40 through 43 show a different type of failure pattern as 

compared with the simple beam tests. 

D. Evaluation of Test Data 

The results of the 32 continuous beam tests have been evaluated 

and compared with the 1980 Edition of the AISI Specification. No 

attempt has been made to compare the test data with the 1968 AISI 

design criteria, because the R/t ratios exceeded 4.0. 
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The predicted ultimate web crippling load per specimen given in 

Table 23 was computed by using the following equation: 

(p I) / . = (Number of webs) (Pu')comp/web u comp speclmen 
where (P I) b is the predicted ultimate web crippling load per 

u camp/we 
web, in kips. It was computed by using either Eq. (5) or (6), 
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whiche~er was applicable •. The predicted moments) (Mu1 )cQmp and (Hu3
1 

) corilp , 

are the same as those described in Article II. It should be noted that 

the requirement for shear lag is not applicable for the continuous beam 

tests because of the uniform loading. 

The ratios of (M}test!(Mu')comp and (P)test/(Pul)comp are given 

in Table 23. All the B/1.42 ratios exceed 1.0 and range from 1.029 to 2.337. 

These high B/1.42 ratios indicate that the interaction formula (Eq. (8)) 

for combined bending and web crippling is very conservative for mu1tiweb 

steel decks having inclined webs when they are used as continuous beams. 

A comparison between the test data and the predicted moments and 

web crippling loads is shown graphically in Fig. 44. 

The midspan deflections and the strain gage readings are listed in 

Tables A2, A3, A5,and A6 of the Appendix. Also included in the Appendix 

are Figs. A9 to A40 for load-deflection curves and Figs. A49 to A80 for 

the stresses computed from the strain gage readings. 

E. Summary 

A total of 28 steel deck specimens were tested as two-span continuous 

beams, and four specimens were tested as three-span continuous beams. A 

comparison of the limited test data and the interaction formula (Eq. 8) 

for combined bending and web crippling indicates that Eq.(8) is very con­

servative for the mu1tiweb steel decks used as continuous beams. This 



can be attributed to the different postbuckling behavior of the steel 

decks over the interior support and the moment redistribution that 

occured in the continuous beams. 
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In view of the fact that the above preliminary conclusion is based 

on the results of a limited number of tests, additional study is 

necessary in order to develop a refined design method for multiweb 

sections that are to be used as continuous beams. The future program 

should include a study of the ultimate strength of steel decks as affected 

by the inclination angle of the web, the dimensions and arrangement of 

the embossments, and other design parameters. The development of an 

exact design method for this particular case is beyond the scope of this 

phase of the investigation. 
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VI. RECOMMENDATIONS FOR FUTURE RESEARCH 

Since September 1979, web crippling and combined web crippling 

and bending of steel decks have been studied at the University of 

Missouri-Rolla. This study has dealt with (a) the web crippling 

strength of a selected group of steel decks, (b) the effect of bending 

on web crippling load, and (c) the validity of the 1968 AISI design 

formulas and the 1980 Edit40n of the AISI Specification. Research 

results based on the testing of 84 short span steel decks and 56 long 

span specimens are presented in this report. 

This study has been limited to the scope of the investigation 

outlined in the research proposal submitted to the sponsors. Even 

though some of the research findings have been used to develop the 

revised design provisions included in the 1980 Edition of the AISI 

Specification, many questions on web crippling and combined bending 

and web crippling have not been answered by the results of the 'pre­

sent investigation. (24) This;s particularly true for steel decks 

used as continuous beams. 

It ;s therefore suggested that this research ~roject be cQntinued in 

the future. The future research may include the following activities: 

1. De1ermining the bending strength of steel decks having em­

bossed webs. 

2. Using the multispan condition to study further the combined 

bending and web crippling of steel decks having embossed webs. 

3. Determining the ultimate load carrying capacity of rectangular 

decks, hat sections, tubular members, channels, and Z-sections 

that are to be used as continuous beams. 



4. Analyzing continuous beams by considering the interaction 

between web crippling and bending over the interior support 

with a moment redistribution in the beam. 

5. Developing design criteria. 
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TABLE la 

Dimensions of Steel Deck Specimens used for Web Crippling Tests 
Interior One-Flange Loading 

No. of No. of No. of No. of Type Cross-Section Dimensions {in.} 
Specimen Ribs per Webs per Top Bottom of T D DT DB DE W1 W2 No. Specimen Specimen Stiffener Stiffener Sidelap 

IOF-1A 2 4 1 1 1 0.0299 1.990 0.305 0.300 0.670 1 .350 
IOF-1B 2 4 1 1 1 0.0294 1.985 0.290 0.305 0.660 1 .370 

IOF-2A 2 4 1 1 1 0.0290 2.025 0.310 0.280 0.760 1 .315 

IOF-2B 2 4 1 1 1 0.0294 2.025 0.315 0.290 0.840 1.285 
IOF-3A 2 4 1 1 1 0.0463 2.010 0.310 0.320 0.790 1.290 

IOF-3B 2 4 1 1 0.0441 2.010 0.315 0.330 0.910 1 .290 

IOF-4A 2 4 1 1 1 0.0452 2.055 0.375 0.330 0.970 1 .300 

IOF-4B 2 4 1 1 1 0.0451 2.050 0.350 0.330 0.760 1.320 

IOF-5A 2 4 1 1 1 0.0302 3.015 0.310 0.300 0.890 1.435 

IOF-5B 2 4 1 1 1 0.0303 3.030 0.305 0.295 0.980 1 .265 

IOF-6A 2 4 1 1 1 0.0302 3.040 0.305 0.290 1.050 1 .295 

IOF-6B 2 4 1 1 1 0.0296 3.060 0.310 0.300 0.900 1 .355 

IOF-7A 2 4 1 1 1 0.0463 3.080 0.330 0.350 0.950 1 .325 

IOF-7B 2 4 1 1 1 0.0470 3.080 0.330 0.350 0.950 1 .325 

IOF-8A 2 4 1 1 0.0470 3.010 0.350 0.315 0.910 1 .350 

IOF-8B 2 4 1 0.0469 3.010 0.305 0.315 0.950 1 .410 

IOF-9A 2 4 1 1 0.0298 2.035 0.320 0.305 0.820 1.290 

IOF-9B 2 4 1 1 0.0297 1 .990 0.315 0.300 0.870 1 .305 

IOF-l0A 2 4 0.0299 2.030 0.315 0.305 0.810 1 .270 
~ 

IOF-10B 2 4 1 0.0296 1.985 0.315 0.310 0.850 1.300 
w 



TABLE la (Contld) 

Dimensions of Steel Deck Specimens used for Web Crippling Tests 
Interior One-Flange Loading 

No. of No. of No. of No. of Type Cross-Section Dimensions (in.} 
Specimen Ribs per Webs per Top Bottom of T D DT DB DE W1 W2 No. Specimen Specimen Stiffener Stiffener Side1ap 

IOF-llA 2 4 1 1 1 0.0309 2.970 0.305 0.300 0.970 1.410 

IOF-ll B 2 4 1 1 1 0.0313 3.060 0.295 0.300 0.970 1.270 

IOF-12A 2 4 1 1 1 0.0305 3.090 0.295 0.290 0.990 1.270 

IOF-12B 2 4 1 1 1 0.0311 3.040 0.300 0.290 1.000 1.310 

IOF-13A 2 4 2 1 1 0.0337 2.003 0.305 0.310 0.850 1.400 
IOF-138 2 4 2 1 1 0.0333 2.020 0.315 0.300 0.660 1.420 
IOF-14A 2 4 2 1 1 0.0336 2.010 0.300 0.310 0.840 1.460 
IOF-14B 2 4 2 1 1 0.0334 2.020 0.290 0.300 0.830 1.350 
IOF-15A 2 4 1 1 0.0352 3.070 0.300 0.830 1.400 
IOF-15B 2 4 1 1 0.0349 3.090 0.300 0.760 1.380 

IOF-16A 2 4 1 1 0.0353 3.040 0.301 0.720 1 .410 

IOF-16B 2 4 1 1 0.0351 3.030 0.300 0.800 1.360 

IOF-17A 1 2 1 0.0293 3.030 1.880 0.219 

IOF-17B 1 2 1 0.0292 3.020 1.860 0.219 

IOF-18A 1 2 1 0.0288 3.030 1.900 0.213 

IOF-18B 1 2 1 0.0295 3.020 1 .9.10 0.210 

IOF-19A 5 10 2 0.0286 1.890 0.600 0.793 

IOF-19B 5 10 2 0.0285 1.890 0.600 0.793 

IOF-20A 4 8 1 0.0284 1.890 0.590 0.760 

IOF-20B 4 8 1 0.0286 1.890 0.590 0.760 +:>0 
+:>0 

Note: For definitions of symbols, see Figs. 3 and 4. 



TABLE lb 

Dimensions of Steel Deck Specimens used for Web Crippling Tests 

.... Interior One-Flange Loading 

Cross-Section Dimensions (in.) 

Specimen 
W3 W4 W5 W6 W7 W8 W9 \~1 0 Wll W12 Sl S2 No. 

IOF-1A 1.670 0.520 0.260 1.700 0.520 0.280 0.920 
IOF~lB 1.690 0.490 0.310 1 .655 0.530 0.290 0.920 
IOF-2A 1.700 0.505 0.280 1.660 0.530 0.280 0.880 
IOF-2B 1.685 0.530 0.300 1.665 0.525 0.300 0.870 
IOF-3A 1.675 0.510 0.320 1.715 0.480 0.320 0.850 
IOF-3B 1 .675 0.520 0.330 1.720 0.480 0.330 0.850 
IOF-4A 1.690 0.520 0.310 1.680 0.520 0.300 0.940 
IOF-4B 1.670 0.490 0.310 1.695 0.535 0.270 0.880 
IOF-5A 1.680 0.490 0.320 1.635 0.510 0.320 1.030 
IOF-58 1. 755 0.470 0.290 1.630 0.475 0.350 1.000 
IOF-6A 1.680 0.500 0.320 1 .685 0.500 0.290 1.040 
IOF-68 1.700 0.510 0.300 1.685 0.475 0.350 1.040 

IOF-7A 1.690 0.500 0.320 1.655 0.525 0.300 1 .120 

IOF-7B 1.690 0.500 0.320 1.655 0.525 0.300 1 .120 

IOF-8A 1.730 0.495 0.290 1.650 0.485 0.370 1.050 
IOF-8B 1.715 0.475 0.310 1.680 0.505 0.290 0.960 

IOF-9A 1.680 0.475 0.390 1 .750 0.455 0.340 1.020 
IOF-9B 1 .710 0.455 0.350 1 .735 0.470 0.320 0.910 
IOF-l0A 1.705 0.525 0.300 1.675 0.530 0.280 0.910 .,. 

<.n 
IOF-l08 1.680 0.505 0.330 1 .675 0.515 0.320 0.840 



TABLE lb (Cont'd) 
Dimensions of Steel Deck Specimens used for Web Crippling Tests 

Interior One-Flange Loading 

Cross-Section Dimensions (in.} 

Specimen 
W3 W4 W5 W6 W7 W8 W9 W10 Wll W12 Sl 52 No. 

IOF-11A 1.680 0.490 0.320 1.635 0.510 0.350 1.010 

IOF-llB 1.680 0.500 0.310 1.640 0.500 0.310 1.010 

Iof-l2A 1.680 0.515 0.290 1.700 0.480 0.360 1.020 

IOF-1Z8 1.675 0.510 0.320 1.670 0.475 0.370 1.010 

IOF-13A 0.990 0.430 0.930 1.890 0.420 0.850 
IOF-13B 1.050 0.430 1.020 1. 750 0.400 0.700 
IOF-14A 0.990 0.410 0.975 1.910 0.405 O.BOO 
IOF-14B 1.050 0.410 1.060 1.900 0.390 0.850 
IOF-15A 1.855 0.410 4.650 0.800 
IOF-15B 1.850 0.410 4.620 0.900 
IOF-16A 1.830 0.410 4.680 0.750 
IOF-16B 1.840 0.410 4.680 0.B20 
IOF-17A 7.940 1.950 
IOF-17B· 7.790 1.900 
IOf-1BA 7.910 1 .970 
IOF-1BB 7.930 1.900 
·IOF-19A 3.240 1.210 1.200 0.350 
IOF-198 3.240 1.210 1.200 0.350 
IOf-2OA 3.275 1.300 0.600 
IOF-20B 3.275 1.300 0.600 ~ 

0\ 

Note: For definitions of symbols, see Figs. 3 and 4. 



TABLE lc 
Dimensions of Steel Deck Specimens used for Web Crippling Tests 

Interior One-Flange Loading 

Cross-Section Dimensions (in.) Web Overall Overall 
Specimen 

R, R2 R3 R4 R5 R6 R7 RS h Inc1 ination Width Length 
No. (degree) (i n . ) (i n. ) 

IOF-1A 0.200 0.200 0.210 0.280 0.210 0.250 2.21 60.7 20.99 28.44 

IOF-1B 0.200 0.200 0.210 0.2BO 0.210 0.250 2.22 60.2 21 .06 2B.44 

IOF-2A 0.210 0.210 0.220 0.2BO 0.220 0.2BO 2.22 62.4 20.94 35.44 
IOF-2B 0.210 0.210 0.220 . 0.2BO 0.220 0.2BO 2.20 63.2 20.99 35.44 

IOF-3A 0.210 0.200 0.210 0.230 0.200 0.240 2.16 62.7 20.89 28.44 

IOF-38 0.210 0.200 0.210 0.230 0.200 0.240 2.16 62.7 21 .09 2B.44 

IOF-4A 0.210 0.210 0.220 0.250 0.210 0.250 2.20 63.2 21 .27 35.44 

IOF-4B 0.210 0.210 0.220 0.250 0.210 0.250 2.21 62.7 20.91 35.44 

IOF-5A 0.220 0.200 0.210 0.250 0.210 0.240 3.16 69.4 21.59 33.96 

IOF-5B 0.200 0.200 0.210 0.250 0.210 0.230 3.11 72.4 21 .08 33.96 

IOF-6A 0.200 0.200 0.200 0.260 0.210 0.260 3.13 7l.9 21.29 40.96 

IOF-6B 0.200 0.200 0.200 0.260 0.210 0.260 3.1S 70.9 21 .47 40.96 

IOF-7A 0.210 0.190 0.200 0.260 0.210 0.230 3.15 7l.7 21 .43 33.96 

IOF-7B 0.210 0.190 0.200 0.260 0.210 0.230 3.14 71.7 21 .43 33.96 

IOF-BA 0.200 0.210 0.220 0.250 0.210 0.240 3.09 70.9 21.4B 40.96 

IOF-BB 0.200 0.210 0.220 0.250 0.210 0.240 3.11 69.8 21 .59 40.96 

IOF-9A 0.200 0.210 0.210 0.260 0.220 0.230 2.22 63.0 21.15 2B.44 

IOF-9B 0.200 0.210 0.210 0.260 0.220 0.230 2.19 62.0 21.09 2B.44 

IOF-10A 0.210 0.210 0.220 0.260 0.210 0.250 2.20 63.7 21 .01 35.44 

IOF-l0B 0.210 0.210 0.220 0.260 0.210 0.250 2.1B 62.3 20.99 35.44 .j::>. 
....... 



TABLE lc (Cont'd) 
Dimensions of Steel Deck Specimens used for Web Crippling Tests 

Interior One-Flange Loading 

Cross-Section Dimensions (in.~ Web Overall Overall 
Specimen 

R, R2 R3 R4 R5 R6 R7 Ra h Inclination Width Length 
No. (degree) (i n. ) (i n. ) 

IOF-l1A 0.210 0.200 0.210 0.250 0.210 0.230 3.10 70.5 21.49 34.05 
IOF-llB 0.210 0.200 0.210 0.250 0.210 .0.240 3.13 74.3 21.02 33.98 
IOF-l2A 0.200 0.200 0.200 0.260 0.210 0.260 3.11 70.5 21.30 41.12 
IOF-12B 0.200 0.200 0.200 0.260 0.210 0.260 3.13 75.0 21.25 40.87 
IOF-13A 0.130 0.170 0.190 0.190 0.190 0.190 1.93 50.3 21 .52 30.24 
IOF-138 . 0.130 0.180 0.190 0.190 0.190 0.190 1.92 49.1 21 .58 30.24 

IOF-14A 0.130 0.170 0.190 0.190 0.190 0.190 1.94 48.1 21 .49 37.24 

IOF-14B 0.130 O. 190 0.190 0.190 0.190 0.190 1.83 50.4 21 .51 37.24 

IOF-15A 0.130 0.190 0.190 0.190 2.78 65.4 21 .22 34.86 

IOF-15B 0.130 0.188 0.190 0.190' 2.79 66.0 21 .10 34.86 

IOF-16A 0.130 0.198 0.190 0.190 2.78 65.3 21 .30 41.86 

IOF-16B 0.130 0.190 0.190 0.190 2.70 65.1 21 .21 41.86 

IOF-17A 0.095 0.095 2.97 90.0 12.21 33.00 

IOF-17B 0.095 0.095 2.96 90.0 11.99 33.00 

IOF-18A 0.092 0.092 2.97 90.0 12.21 40.00 

IOF-18B 0.090 0.090 2.96 90.0 12.16 40.00 

rOF-19A 0.135 0.135 0.135 1.92 72.9 30.17 27.78 

IOF-19B 0.135 0.135 0.135 1.92 72.9 30.17 27.78 

IOF-20A 0.126 0.126 1. 91 73.5 24.27 34.78 

IOF-20B 0.126 0.126 1.91 73.5 24.27 34.78 

Notes: For definitions of symbols, see Figs.3 and 4. .J::o 
For most of the test specimens, sidelaps were cut from the steel panels. Therefore, the overall width of OJ 

test specimens may differ considerably from the nominal width shown in Fig. 2. 



Specimen 
No. 

IOF-1A 

IOF-1B 
IOF-2A 

IOF-2B 
IOF-3A 
rOF-3B 

IOF-4A 
IOF-4B 

rOF-5A 
IOF-5B 
IOF-6A 

rOF-6B 

IOF-7A 
IOF-7B 

rOF-8A 

IOF-8B 
IOF-9A 

IOF-9B 

Thickness 
t 

(i n. ) 

0.0299 

0.0294 
-0.0290 

0.0294 
0.0463 
0.0441 

0.0452 
0.0451 

0.0302 

0.0303 
0.0302 

0.0296 
0.0463 

0.0470 
0.0470 

0.0469 

0.0298 

0.0297 

Inside 
Bend 

Radius 
R2 

(i n. ) 

0.20 

0.20 
0.21 

0.21 
0.20 
0.20 

0.21 
0.21 

0.20 
0.20 
0.20 

0.20 

0.19 
0.19 

0.21 
0.21 

0.21 

0.21 

TABLE 2 

Design Parameters for Steel Deck Specimens 

Interior One-Flange Loading 

Web 
Width 

h 
(i n. ) 

2.21 

2.22 
2.22 

2.20 
2.16 
2.16 

2.20 
2.21 
3.16 

3.11 

3.13 

3.18 

3.15 
3.14 

3.09 

3.11 

2.22 

2.19 

Bearing Bearing Web 
Length Length Inclination 

Under Load a t Support e 
Nl N2 (degree) 

(in.) (in.) 

2.98 
2.98 
5.93 

5.93 
2.98 
2.98 

5.93 
5.93 
2.98 
2.98 

5.93 
5.93 

2.98 

2.98 

5.93 

5.93 
2.98 

2.98 

5.93 
5.93 
7.86 

7.86 
5.93 
5.93 

7.86 
7.86 
5.93 
5.93 

7.86 

7.86 

5.93 
5.93 

7.86 
7.86 

5.93 

5.93 

60.7 

60.2 
62.4 
63.2 
62.7 
62.7 

63.2 
62.7 
69.4 
72.4 
7l.9 

70.9 
71.7 
71.7 

70.9 
69.8 

63.0 

62.0 

R/t 

6.69 

6.80 
7.24 

7.14 
4.32 
4.54 

4.65 
4.66 
6.62 
6.60 
6.62 

6.76 
4.10 
4.04 
4.47 

4.48 

7.05 

7.07 

hit 

73.91 

75.51 
76.55 
74.83 
46.65 
48.98 
48.67 
49.00 

104.64 
102.64 
103.64 

107.43 

68.03 
66.81 
65.74 

66.31 
74.50 

73.74 

Nl/t 

99.67 

101 .36 
204.48 
201.70 
64.36 
67.57 

131 .20 
131 .49 
98.68 

98.35 
196.36 
200.34 

64.36 

63.40 
126.17 

126.44 

100.00 

100.34 

Nl/h 

Yield 
Point 
F y 

(ks i) 

1.35 43.3 
1 .34 43.3 
2.67 43.3 
2.70 43.3 
1.38 42.9 
1.38 42.9 

2.70 42.9 
2.68 42.9 
0.94 48.1 

0.96 48.1 
1. 89 48.1 
1 .86 48.1 

0.95 41.2 
0.95 41.2 

1.92 41.2 

1.9141.2 

1.34 42.9 

1. 36 42.9 

Span 
Length 

(i n. ) 

15.66 
15.66 
20.75 
20.75 
15.66 
15.66 

20.75 
20.75 
18.45 
18.45 
23.42 
23.42 

18.42 

18.42 
23.42 

23.42 

15.66 

15.66 ~ 
------------------------------------------------------------------------------~-------~ 



Specimen 
No. 

IOF-10A 
IOF-lOB 
IOF-llA. 
IOF-l1B 
IOF .. 12A 
IOF .. 12B 

IOF-13A 
IOF-13B 
IOF-l4A 
IOF-14B 
IOF-1SA 
IOF-15B 
IOF-16A 
IOF-16B 

IOF-17A 
10F-17B 
IOF-f8A 
IOF-18B 

Thickness 
t 

(i n. ) 

0.0299 
0.0296 
0.0309 
0.0313 
0.0305 
0.0311 
0.0337 
0.0333 

0.03~6 

0.0334 
0.0352 

0.0349 
0.0353 
0.0351 

0.0293 

0.0292 
0.0288 

0.0295 

Inside 
Bend 

Radius 
R2 

(i n. ) 

0.210 
0.210 
0.200 
0.200 
0.200 
0.200 
0.170 
O. 180 

0.170 
0.190 
0.190 

0.188 
0.198 
0.190 

0.095 

0.095 
0.092 

0.090 

TABLE 2 (Contld) 
Design Parameters for Steel Deck Specimens 

Interior One-Flange Loading 

Web 
Width 

h 
(i n. ) 

2.20 
2.18 
3.10 
3.13 
3.11 

3.13 
1.89 
1. 92 
1.94 
1.87 
2.78 
2.79 
2.78 

2.70 

2.97 

2.96 

2.97 

2.96 

Bearing Bearing Web 
Length Length Incl ination 

Under Load at Support 8 
Nl N2 (degree) 

(in.) (in.) 

5.93 
5.93 
2.98 

2.98 
5.93 
5.93 
2.98 
2.98 

5.93 
5.93 
2.98 

2.98 
5.93 

5.93 

2.98 

2.98 

5.93 

5.93 

7.86 
7.86 
5.93 
5.93 
7.86 
7.86 
5.93 
5.93 
7.86 
7.86 

5.93 
5.93 

7.86 
7.86 

5.93 
5.93 

7.86 

7.86 

63.6 
62.3 
70.5 
74.3 
70.5 
75.0 
50.3 
49. 1 
48.1 
50.4 
65.4 

66.0 
65.3 

65.1 

90.0 

90.0 

90.0 

90.0 

R2/t hit N1/t Nl/h 

Yield 
Point 

F· 
y 

(ksi) 

7.02 73.58 198.33 2.70 42.9 
7.10 73.65 
6.47 100.32 
6.39 100.00 
6.56 101. 97 
6.43 100.64 
4.93 56.08 
5.50 . 57.66 

5.12 57.74 
5.54 55.99 

200.34 
96.44 
95.21 

194.43 
190.68 
88.43 
89.49 

176.49 
177.55 

2.72 42.9 
0.96 46.1 
0.95 46. 1 
1.91 46. 1 
1.89 46. 1 
1.58 39.3 
1.55 39.3 

3.06 39.3 
3.17 39.3 

5.40 78.98 84.66 1.07 42.1 
5.39 79.94 85.39 1.07 42.1 
5.61 78.75 

5.41 76.92 

3.24 101.37 

167.99 
168.95 

101 .71 

3.25 101.37 102.06 

3. 19 103. 13' 205 .. 90 

2.13 

2.20 

1.00 

42.1 
42.1 

49.9 
1.01 49.9 

2.00 49.9 

3.05 100.34 201.02 2.00 49.9 

Span 
Length 

(i n. ) 

20.69 
20.69 
18.15 

18.30 
23.12 
23. 18 
14.85 
14.85 

19.85 
19.85 

17.25 

17.25 
22.55 
22.55 

17.88 
17.88 

22.85 

22.85 <Jl ______________________________________________________________________________________ ~o 



Specimen 
No. 

IOF-19A 
rOF-19B 

IOF-20A 
rOF-20B 

Thickness 
t 

(i n. ) 

0.0286 
0.0285 

0.0284 
0.0286 

Inside 
Bend 

Radius 
R2 

(i n. ) 

0.135 
0.135 

0.126 
0.126 

TABLE 2 (Cont1d) 

Design Parameters for Steel Deck Specimens 

Interior One-Flange Loading 

Web 
l.Ji dth 

h 
(i n. ) 

1. 92 

1. 92 

1. 91 
1. 91 

Beari~g Bearing Web 
Length Length Inc1 ination R It 

Under Load at Support e "2 hit N1/ t N1/h 

Yield 
Point 

F 
Nl N2 (degree) 

(in.) (in.) 

2.98 
2.98 

5.93 

5.93 

5.93 

5.93 
7.86 
7.86 

72.9 

12.9 

73.5 
73.5 

y 
( ksi) 

4.72 67.13 104.20 1 .55 41 .2 
4.74 67.37104,.56 1.55 41.2 

4.44 67.25208.80 3.10 41.2 
4.41 66.78207.34 3.10 41.2 

Notes: 1. For definitions of symbols, see Figs. 3 and 4. 
2. For specimens Nos. IOF-13, IOF-14, IOF-15, and IOF-16, the h value is measured as shown in Fig.3c. 

Span 
Length 

( in. ) 

14.70 
14.70 
19.76 
19.76 

<.Jl 
--' 



Tensile 
Coupon 

No. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

TABLE 3 
Tested Mechanical Properties of Steels 

Used for Steel Deck Specimens 

Fy F Elongation* u (percent) (ksi) (ksi) 

43.3 54.2 3l.0 
42.9 53.5 34.0 
48.1 57.2 34.3 
41.2 53.5 34.5 
42.9 52.3 29.5 
39.3 49.9 42.7 
42.1 49.6 39.0 
49.9 55.9 27.0 
41.2 52.0 34.3 
46.1 56.1 35.0 

* 2-inch gage length. 

52 



TABLE 4 
Comparison of the Tested and Comput~d Results for Interior One-Flange Loadin9 

Based on Addendum Mo. 2 of the 1968 Edition of the AISI Specification(l) 

Test Data Computed Data 
Specimen per Specimen per Specimen (M}test {P}test A* 

No. (P)test (M) test (Pu)comp (Mu1 )comp (Mu2 )comp (Mu3 )comp (Mu)comp (Pu}comp 1:3 
(kips) (in:kips) (kips) (in~kips) (in~kips) (in~kips) 

IOF-1A 2.050 8.026 .N/A** 20.011 13.938 20.011 0.576 N/A** N/A** 
IOF-1B 2.020 7.908 N/A . 19.458 13.633 19.458 0.580 N/A N/A 
IOF-2A 2.352 12.201 N/A 19.796 15.433 19.796 0.791 N/A N/A 
IOF-2B 2.304 11 .952 N/A 20.243 15.673 20.243 0.763 N/A N/A 
IOF-3A 5.250 20.554 N/A 31.550 21.395 31. 550 0.961 N/A N/A 
IOF-3B 4.975 19.477· N/A 30.547 20.583 30.547 0.946 N/A N/A 
IOF-4A 5.690 29.517 N/A 32.457 24.254 32.457 1.217 N/A N/A 
IOF-4B 5.520 28.635 N/A 31.508 23.625 31.508 1 .212 N/A N/A 
IOF-5A 2.545 11 .739 N/A 38.822 2.9.701 38.822 0.395 N/A N/A 
IOF-5B 2.543 11. 730 N/A 39.019 30.046 39.019 0.390 N/A N/A 
IOF-6A 3.125 18.297 N/A 39.826 33.027 39.826 0.554 N/A N/A 
IOF-6B 3.060 17.916 N/A 38.906 32.368 38.906 0.554 N/A N/A 
IOF-7A 5.825 26.824 N/A 54.216 39.884 54.216 0.673 N/A N/A 
IOF-7B 5.900 27. 170 N/A 55.054 40.470 55.054 0.671 N/A N/A 
IOF-8A 7.225 42.302 N/A 52.781 42.507 52.781 0.995 N/A N/A 
IOF-8B 7.180 42.039 N/A 52.655 42.467 52.655 0.990 N/A N/A 
IOF-9A 2.000 7.830 N/A 20.913 14.479 20.912 0.541 N/A N/A 

<.n 
IOF-9B 1.973 7.724 N/A 20.101 13.988 20.101 0.552 N/A N/A w 



TABLE 4 (Cont'd) 
Comparison of the Tested and Computed Results for Interior One-Flange Loading 

Based on Addendum No.2 of the 1968 Edition of the AISI Specification(l) 

Test Data Computed Data 
Specimen per Specimen per Specimen (M)test {P)test A* 

No. {P )tes t (M)test (Pu)comp (Mu1 )comp (Mu2 )comp (Mu3 )comp {Mu'comp {Pu)comp 1:3 
(kips) (i n;- kips) (kips) (in;-kips) (in:-kips) (in:-kips) 

IOF-10A 2.392 12.373 N/A** 20.520 15.817 20.520 0.782 N/A** N/A** 
IOF-10B 2.420 12.517 N/A 19.692 15.158 19.692 0.826 N/A N/A 
IOf-l1A 2.342 10.627 N/A 37.647 28.445 37.647 0.374 N/A N/A 
IOF-l1 B 2.460 11.255 N/A 39.476 29.990 39.476 0.375 N/A N/A 
IOF-12A 2.900 16.762 N/A 39.357 32.456 39.357 0.517 N/A N/A 
IOF-12B 2.920 16.921 N/A 39.168 32.302 39.168 0.524 N/A N/A 
IOF-13A 2.655 9.857 N/A 21.565 14.773 21.565 0.667 N/A N/A 
IOF-13B 2.660 9.875 N/A 20.239 14.235 20.239 0.694 N/A N/A 
IOF-l4A 3.025 15.012 N/A 21.561 16.423 21.561 0.914 N/A N/A 
IOF-14B 3.100 15.384 N/A 21.666 16.523 21.666 0.931 N/A N/A 

IOF-15A 3.000 12.938 N/A 41.337 32.388 41.337 0.400 N/A N/A 

IOF-15B 3.085 13.304 N/A 41.287 32.419 41.387 0.410 N/A N/A 

IOF-16A 3.875 21.845 N/A 40.985 34.740 40.985 0.629 N/A N/A 

IOF-16B 3.750 21 .141 N/A 39.993 33.845 39.993 0.625 N/A N/A 

IOF-17A 2.158 9.646 1.457 12.149 17.083 12.149 0.794 1.481 1.750 

IOF-17B 2.120 9.476 1.446 12.002 16.829 12.002 0.790 1.466 1.735 

IOF-18A 2.223 12.699 1. 917 11.868 18.155 11 .868 1.070 1.160 1.715 

IOF-18B 2.210 12.625 2.030 12.172 18.396 12.172 1.037 1.089 1.635 (J'1 

~ 



Specimen 
No. 

lOF-19A 
lOF-19B 
IOF-20A 
lOF-20B 

TABLE 4 (Cont'd) 
Comparison of the Tested and Computed Results for Interior One-Flange Loading 

Based on Addendum No.2 of the 1968 Edition of the AISI Specification(l) 

Test Data 
per Specimen 

(P}test (M)test 
(kips) (in~kips) 

4.392 16.141 
4.392 16.141 

"4.250 20.995 
4.440 21.736 

(Pu)comp 
(kips) 

N/A 
N/A 
N/A 
N/A 

Computed Da ta 
per Specimen 

(Mul )comp (Mu2 )comp 
(in~kips) (in~kips) 

22.888 23.074 
22.775 22.996 
17.794 18.956 
17.933 19.086 

(M)test 
(r1u3 ) comp (Mu) comp 
(in:-kips) 

22.888 0.705 
22.775 0.709 
17.794 1.180 
17.933 1 .212 

(P}test 
{Pu)comp 

N/A 
N/A 
N/A 
N/A 

* A = (P)test/(Pu)comp + (M)test/(Mu)comp r.1ean Value 

** R/t > 4 Coefficient of Variation 

A* 
1.3 

N/A 
N/A 
N/A 
N/A 

1.707 
0.030 

()'I 
()'I 



TABLE 5 
Comparison of the Tested and Computed Results for Interior One-Flange Loading 

Based on the 1980 Edition of the AISI Specification(23) 

Test Data Computed Data 
Specimen per Specimen per Specimen (M\est (P)test B* 

No. (P)test (r~)test (P u
l

) comp (Mul )comp (Mu2 )comp (M~3)comp (M~)comp (P~)comp 1.42 
(kips) (in-kips) (kips) (in-kips) (in-kips) (in-kips) 

IOF-1A 2.050 8.026 2.160 20.011 13.938 20.011 0.576 0.949 1. 121 
IOF-·l B 2.020 7.908 2.076 19.458 13.633 19.458 0.580 0.973 1.142 
IOF-2A 2.352 12.201 3. 157 ** 19.796 15.433 19.796 0.791 0.745 1.118 
IOF-2B 2.304 11 .952 3.263** 20.243 15.673 20.243 0.763 0.706 1.069 
IOF-3A 5.250 20.554 5.198 31 .550 21 .395 31 .550 0.961 1.010 1.438 
IOF-3B 4.975 19.477 4.735 30.547 20.583 30.547 0.946 1 .051 1.458 
IOF-4A 5.690 29.517 7.281 32.457 24.254 32.457 1. 217 0.782 1.446 
IOF-4B 5.520 28.635 7.228 31.508 23.625 31.508 1 .212 0.764 1.429 
lOF-5A 2.545 11 .739 2.366 38.B22 29.701 38.822 0.395 1.076 1.089 
IOF-5B 2.543 11 .730 2.432 39.019 30.046 39.019 0.390 1.046 1.063 
IOF-6A 3. 125 18.297 3.B1B 39.826 33.027 39.826 0.554 0.B18 1.007 
IOF-6B 3.060 17.916 3.636 38.906 32.368 38.906 0.554 0.842 1.024 
IOF-7A 5.825 26.824 . 5.236 54.216 39.884 54.216 0.673 1.113 1.312 
IOF-7B 5.900 27.170 5.389 55.054 40.470 55.054 0.671 1.095 1.298 
10F-BA 7.225 42.302 7.704 52.781 42.507 52.781 0.995 0.938 1.408 
10F-BB 7.1BO 42.039 7.618 52.655 42.467 52.655 0.990 0.943 1.407 

'"i<* 0.956 IOF-9A 2.000 7.830 2.091 20.912 14.479 20.912 0.541 1.102 
IOF-9B 1.973 7.724 2.068 ** 20.101 13.988 20.101 0.552 0.954 1.108 U1 

0'1 



TABLE 5 (Cont I d) 

Comparison of the Tested and Computed Results for Interior One-Flange Loading 
Based on the 1980 Edition of the AISI Specification(23) 

Specimen 
No. 

IOF-1OA 
IOf-1OB 
IOF-llA 
IOF-11B 
IOF-l2A 
IOF-12B 
IOF-13A 
IOF-13B 
IOF-14A 
IOF-148 
IOF-15A 
IOF-15B 
IOF-16A 
IOF-16B 
IOF-17A 
IOF-17B 
IOF-18A 
IOF-18B 

Test Data 
per Specimen 

(Pf~ert- (~') test (P~) comp 
(kips) (;n;-ki-ps)· (kips) 

2.39.2 12.373 3.365** 
2.420 12.517 3.275** 
2.342 10.627 .2.424 
2.460 
2.900 
2.920 

2.655 
2.660 

3.025 
3.100 
3.000 
3.085 
3.875 
3.750 

2.158 
2.120 
2.223 

2.210 

11.255 
16.762 

16.921 
9.857 
9.875 

15.012 
15.384 
12.938 
13.304 
21. 845 
21 . 141 

9.646 
9.476 

12.699 

12.625 

2.537 
3.799 

3.932 
2.666 
2.538 
4.110 
3.938 
3.041 
3.011 

4.652 
4.701 

1.734 
1.725 
2.709 

2.832 

Computed Data 
per Specimen (M) 

( M) (M) (M I ) tes t 
ul comp u2 comp u3 comp (M') 

(in~kips) (in~kips) (in;-kips) u comp 

20.520 
19.692 
37.647 
39.476 
39.357 

39.168 
21.565 
20.239 
21.561 
21.666 
41.337 
41.287 
40.985 
39.993 

12.149 
12.002 
11 .868 

12.172 

15.817 
15.158 
28.445 
29.990 
32.456 

32.303 
14.773 
14.235 
16.423 
16.523 
32.388 
32.419 
34.740 
33.845 

17.083 
16.829 
18.155 

18.396 

20.520 
19.692 
37.647 
39.476 
39.357 
39.168 
21.565 
20.239 
21.561 
21.666 
41.337 
41.287 

40.985 
39.993 

11 .840 
11 .697 
11 .524 

11.887 

0.782 
0.826 
0.374 
0.375 
0.517 

0.524 
0.667 
0.694 
0.914 
0.931 
0.400 
0.410 

0.629 
0.625 

0.815 
0.810 
1 .102 

1.062 

(P)test 

(P~)comp 

0.711 

0.739 
0.966 

. 0.970 

0.763 

0.743 
0.996 
1.048 
0.736 
0.787 
0.987 
1.024 
0.833 
0.798 
1.244 
1.229 
0.821 
0.780 

B* 
1.42 

1.087 

1.138 
0.991 
0.995 
0.939 
0.929 
1.220 
1.278 
1.198 
1.249 
1 .025 
1 .061 
1 .071 
1 .041 

1 .511 
1.497 
1.394 

1.336 Ul 
"'-J 



TABLE 5 (Cont'd) 

Comparison of the Tested and Computed Results for Interior One-Flan~e Loading 
Based on the 1980 Edition of the AISI specification(23) 

Test Data Computed Data 
per Specimen per Specimen (r1) (P)test Specimen 

(P)test (M)test (P~)comp ( M) Ul) U1' ) te s t 
ul comp u2 comp u3 comp (M') (P~}comp No. 

(kips) (in:-kips) (kips) (in.-kips) (in.-kips) (in:-kips) u comp 

IOF-l9A 4.392 16.141 6.262 22.888 23.074 22.888 0.705 0.701 

IOF-l98 4.392 16.141 6.221 22.775 22.996 22.775 0.709 0.706 

IOF-20A 4.250 20.995 8.152 17.794 18.956 17.794 1.180 0.521 

IOF-2OB 4.400 21.736 8.249 17.933 19.086 17.933 1.212 0.533 

* B = 1.07(P) test/(P~)comp + (M)test/(M~)comp Mean Value 

** The R/t ratio exceeds 7 slightly. Coefficient of Variation 

B*. 
1.42 

1.025 
1.031 
1.224 
1.256 

1.188 
0.144 

(J"l 
00 



TABLE 6 

Effect of Longitudinal Embossments on Web Crippling Strength, Interior One-Flange Loading 

Specimens Having Flat Webs Specimens: Havi ng Deformed Webs 
(7) (8) 

(1) ( 2) ( 3) (4) (5) (6) 

(P) tes t * * Specimen B/l.42 Specimen (P) test * * Col.a Col.6 B/l.42 Co 1 .2 . Co1.3 No. (kips) No. (kips) 

IOF - 1 2.035 1 .132 IOF - 9 1.987 1.105 0.98 0.98 

IOF - 2 2.328 1.094 IOF -10 2.406 1 .113 1.03 1.02 

IOF - 5 2.544 1.076 IOF -11 2.401 0.993 0.94 0.92 

IOF - 6 3.093 1.016 IOF -12 2.910 0.934 0.94 0.92 

* The individual value given in this table is the average of Tests A and B 

U1 
\.0 



. Ins i de 
Specimen Thlckness Bend 

No. (.t Radius 

EOF-1A 
EOF-1B 
EOF-2A 
EOF-28 
EOF-3A 
EOF-38 
EOF-4A 
EOF-48 
EOF-5A 
EOF-58 
EOF-6A 

EOF-68 
EOF-7A 

EOF-78 

EOF-8A 

EOF-88 
EOF-9A 

EOF-9B 
EOF-l0A 

EOF-l0B 

EOF-llA 
EOF-11B 

1 n. ) R 1 

0.0292 
0.0293 
0.0301 
0.0296 
0.0442 
0.0447 
0.0472 
0.0471 

0.0311 
0.0317 
0.0293 

0.0294 
0.0488 

0.0479 

0.0460 

0.0480 

0.0310 

0.0310 
0.0295 

0.0303 

0.0307 
0.0308 

( in. ) 

0.20 
0.20 
0.21 
0.21 
0.20 
0.20 
0.21 
0.21 

0.20 
0.20 
0.20 

0.20 
O. 19 

O. 19 

0.21 

0.21 
0.21 

0.21 
0.21 

0.21 

0.20 
0.20 

TABLE 7 

Design Parameters for Steel Deck Specimens 
End One-Flange Loading 

Bearing Bearing Web 
Web Length Length Inclination R It 

Width at Support Under Load e 1 
.h ) Nl N2 (degree) (In. ) (.) (in. In. 

2.23 
2.22 
2.21 
2.23 
2.18 
2. 18 
2.22 
2.21 

3.16 
3.17 
3.10 

3.15 
3.10 

3. 12 

3.09 

3.05 

2.20 

2.20 
2.22 

2.20 

3.14 
3.14 

2.98 
2.98 
5.93 
5.93 
2.98 
2.98 
5.93 
5.93 
2.98 
2.98 
5.93 

5.93 
2.98 

2.98 

5.93 

5.93 

2.98 

2.98 
5.93 

5.93 

2.98 
2.98 

5.93 
5.93 
7.86 
7.86 
5.93 
5.93 
7.86 
7.86 
5.93 
5.93 
7.86 

7.86 
5.93 
5.93 

7.86 

7.86 

5.93 

5.93 
7.86 

7.86 

5.93 
5.93 

62.4 
61.6 
62.1 
62.7 
63.7 
63.0 
64.4 
64.5 
69.5 
70.0 
70.5 

70.0 

71 .3 

72.2 

71.3 

71.3 

74.5 

73.7 
64.0 

62.6. 

70.5 
70.8 

6.85 
6.83 
6.98 
7.09 
4.52 
4.47 
4.45 
4.46 
6.43 
6.31 
6.83 

6.80 
3.89 

3.97 

4.57 
4.38 

6.77 

6.77 
7.12 

6.93 

6.51 
6.49 

hit 

76.37 
75.77 
73.42 
75.34 
49.32 
48.77 
47.03 
46.92 

101.61 
100.00 
105.80 
107.14 
63.52 

65.14 

67.17 
63.54 

70.97 

70.97 
75.25 

72.61 

102.28 
101.95 

Nl/t 

102.06 
101 .71 

197.01 
200.34 
67.42 
66.67 

125.64 
125.90 
95.82 
94.01 

202.39 

201 .70 
61.07 
62.21 

128.91 

123.54 
96.13 

96.13 
201 .02 

195.71 

97.07 
96.75 

Nl/h 

1.34 
1.34 
2.68 

. 2.66 

1.37 
1.37 
2.67 
2.68 
0.94 
0.94 
1. 91 

1.88 
0.96 
0.96 

1. 92 

1. 94 

1.35 

1.35 
2.67 

2.70 

0.95 
0.95 

Yield 
Point 

F y 
(ks i) 

43.3 
43.3 
43.3 
43.3 
42.9 
42.9 
42.9 
42.9 
48.1 
48.1 
48.1 

48.1 
41.2 
41.2 

41.2 

41.2 

42.9 

42.9 
42.9 

42.9 

46. 1 
46.1 

Span 
Length 

( in. ) 

26.02 
26.02 
33.27 
33.27 
26.02 
26.02 
33.07 
33.07 
30.77 
30.77 
37.82 

37.82 
30.82 
30.82 

37.87 
37.87 

26.02 

26.02 
33.07 

33.07 

30.75 
30.78 

0) 
C> 



, Inside 
Specimen Thlckness Bend 

No. (t Radius 

EOF-12A 
EOF-128 

EOF-13A 

EOF-13B 
EOF-14A 
EOF-148 

EOF-15A 

EOF-15B 
EOF-16A 

EOF-16B 

EOF-17A 
EOF-17B 

EOF-18A 
EOF-18B 

EOF-19A 
EOF-19B 
EOF-20A 

EOF-20B 

in. ) R 
1 

0.0305 
0.0311. 

0.0351 
0.0343 

0.0350 
0.0345 

0.0369 
0.0363 
0.0361 

0.0365 

0.0293 
0.0296 

0.0286 

0.0288 

0.0288 
0.0287 
0.0286 

0.0284 

( in. ) 

0.20 
0.20 

0.17 

0.18 

0.17 

0.19 

0.19 
0.19 
0.20 

0.19 

0.10 
0.10 

0.09 
0,09 

0.14 

0.14 
O. 13 
0.13 

TABLE 7 (Cont'd) 
Design Parameters for Steel Deck Specimens 

End One-Flange Loading 

Bearing Bearing Web 
~eb Length Length Inclination 

Wldth atSupportUnderLoad e R,Jt 

( ,h ) N1 N2 (degree) 
In. (' ) 

3.13 
3.10 

1.92 

1.90 

1.93 
1.81 
2.78 

2.79 
2.78 
2.70 
3.01 
3.02 

3.02 

2.98 

1. 94 

1.90 
1.88 

1. 94 

(in.) In. 

5.93 
5.93 

2.98 
2.98 
5.93 
5.93 
2.98 

2.98 
5.93 

5.93 

2.98 
2.98 

5.93 
5.93 

2.98 

2.98 
5.93 
5.93 

7.86 

7.86 

5.93 
5.93 
7.86 
7.86 
5.93 

5.93 
7.86 

7.86 
5.93 
5.93 

7.86 

7.86 

5.93 
5.93 

7.86 
7.86 

70.0 
70.2 

50.3 

49.1 
48.1 
50.4 
65.4 

66.0 
65.3 
65.1 

92.0 
91.3 

90.8 
90.1 

75.9 
75.1 

74.3 

75.1 

6.56 
6.43 

4.84 

5.25 

4.86 
5.51 

5.15 

5.23 
5.54 
5.21 

3.41 

3.38 

3.15 
3.13 

4.86 
4.88 

4.54 
4.58 

hit 

102.62 

99.68 

54.70 

N1/t 

194.43 

190.68 

84.90 

55.39 86.88 
55. 14, 169.43 
52.46 171 .88 
75.34 80.76 
76.86 82.09 
77.01 

73.97 
102.73 
102.03 

105.59 

103.47 

67.36 
66.20 

65.73 
68.31 

164.27 
162.47 

101 .71 

100.68 

207.34 

205.90 

103.47 
103.83 

207.34 
208.80 

N1/h 

1.89 

1. 91 

1.55 
1.57 

3.07 
3.28 

1.07 
1.07 
2.13 
2.20 

0.99 
0.99 
1. 96 

1.99 
1.54 

1. 57 

3.15 

3.06 

Yield 
Point 

Fy 
( ksi) 

46. 1 

46.1 

39.3 
39.3 

39.3 
39.3 

42.1 
42.1 
42.1 
42.1 

49.9 
49.9 
49.9 

49.9 
41.2 
41.2 

41.2 

41.2 

Span 
Length 

(in.) 

37.80 

37.79 

27.72 
27.72 

34.77 
34.77 

31 .57 
31.57 
38.62 
38.62 
30.02 
30.02 
37.07 

37.07 
25.52 

25.52 

32.57 
32.57 

Note: For Specimens Nos. EOF-13, EOF-14, EOF-15, and EOF-16, the inside bend radius R2 was used for computing the R/t 
ratio because the specimens were tested in inverted pOSition. 

0'\ 
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TABLE 8 
Comparison of the Tested and Computed Results for End One-Flange Loading 

Based on the 1968 and 1980 Editions of the AISI Specification 

Test Data Computed Data 
Specimen per Specimen per Specimen (Pu)test (Pu)test 

No. (Pu)test 1968 AISI Spec 1930 AISI Spec. (Pu)comp TP;;1comp 
(kips) (Pu)comp (P u I ) com~ 

EOF-1A 3.807 N/A* 1.964 N/A* 1.938 

EOF-1B 3.845 N/A 1.968 N/A 1.954 

EOF-2A 4.70S N/A 3.092 N/A 1.S22 

EOF-2B 4.625 N/A N/A** N/A N/A** 

EOF-3A 9.S00 N/A 3.947 N/A 2.407 

EOF-3B 9.60S N/A 4.007 N/A 2.397 

EOF-4A 9.9S0 N/A 6.137 N/A 1.621 

EOF-46 9.788 N/A 6.123 N/A 1.599 

EOF-5A 3.180 N/A 2.235 N/A 1.423 

EOF-S6 3.26S N/A 2.315 N/A 1.410 

EOF-6A 4.825 N/A 3.062 N/A 1.576 

EOF-66 4.8S0 N/A 3.058 N/A 1.586 

EOF-7A 8.018 5.819 5.204 1.378 1.541 

EOF-7B 8.025 5.536 4.952 1.450 1.620 

EOF-8A 11 .463 N/A 5.776 N/A 1.984 

EOF-8B 11 .260 N/A 6.188 N/A 1.820 

EOF-9A 3.530 N/A 2.320 N/A 1.522 
m 

EOF-9B 3.815 N/A 2.308 N/A 1.653 N 

* ** 
R/t > 4 R/t > 7 



TABLE 8 (Cont I d) 
Comparison of the Tested and Computed Results for End One-Flange Loading 

Based on the 1968 and 1980 Editions of the AISI Specification 

Test Data Computed Data 
Specimen per Specimen per Specimen (P u) test (p u) tes t 

No. (Pu)test 1968 AISI Spec 1980 AISI Spec. (Pu)comp (P u I) comp 
(kips) (Pu)comp (P u I) comp 

EOF-10A 4.325 N/A* N/A** N/A* N/A** 
EOF-10B 4.470 N/A 3.118 N/A 1.434 
EOF-llA 2.925 N/A 2.159 M/A 1.355 
EOF-ll B 2.925 N/A 2.175 N/A 1.345 
EOF-12A 3.910 N/A 3.183 N/A 1.228 
EOF-12B 4.150 'VA 3.293 r./A 1.260 
EOF-13A 2.275 N/A 2.421 N/A 0.940 
EOF-13B 2.410 N/A 2.320 N/A 1.039 

EOF-14A 2.745 N/A 3.480 N/A 0.789 

EOF-14B 2.475 N/A 3.468 N/A 0.714 

EOF-15A 3.280 N/A 2.814 N/A 1.166 

EOF-15B 3.075 N/A 2.744 N/A 1 . 121 

EOF-16A 4.000 N/A 3.935 N/A 1.017 

EOF-16B 4.150 N/A 4.017 N/A 1.033 

EOF-17A 1.988 1.500 1.524 1 .326 1.304 

EOF-17B 2.135 1 .539 1.553 1 .387 1.374 

EOF-18A 2.735 2.504 2.321 1.092 1.178 (J) 
w 

EOF-18B 2.725 2.587 2.354 1 .053 1.158 



TABLE 8 (Cont'd) 
Comparison of the Tested and Computed Results for End One-Flange L~Jjng 

Based on the 1968 and 1980 Editions of the AISI Specification 

Test Data Computed Data 

Spec imen per Specimen per Specimen (Pu)test (PlI)test 
No. ( p u) test 1968 AISI Spec 1980 AISI Speco (Pu)comp (P u') comp 

(kips) (Pu)comp (P u ' ) comp 

EOF-19A 6.575 N/A 3.869 N/A 1.699 

EOF-19B 6.055 N/A 3.840 N/A 1.577 

EOF-20A 7.875 Failure occurred under interior bearing plates, 

EOF-208 7.105 not at end supports. 

Mean Value 
1 .453 Coefficient of Variation 1 .. 281 

0.130 0.266 

0'\ 
+::>0 



Inside 
.Specimen Thickness Bend 

No. ( t Radius 

EOF-SA 

EOF-SB 
EOF-5C 

EOF-5D 

EOF-5E 
EOF-5F 

in. ) R 1 

0.0311 

0.0317 
0.0300 

0.0300 

0.0303 
0.0301 

( in. ) 

0.20 

0.20 
0.20 
0.20 

0.20 
0.20 

Web 
Width 

h 
( in. ) 

3.16 

3.17 

3.15 
3.15 

3.13 

3.15 

TABLE 9 
Design Parameters for Steel Deck Specimens 

End One-Flange Loading 

Bearing Bearing 
Length Length Web 

at Support Under Load Inc 1 ina t ion 
Nl N e 

(
.) ( .2 ( deg ree) 
In. In.) 

2.98 

2.98 

2.98 
2.98 

2.98 
2.98 

5~93 

5.93 

5.93 
5.93 

5.93 
5.93 

69.5 

70.0 
71.5 

70.3 

71.3 
72.0 

TABLE 10 

Rl/t 

6.43 

6.31 
6.67 
6.67 

6.60 
6.64 

hit 

101 .61 

100.00 

105.00 
105.00 

103.30 
104.65 

Effect of Support Condition on End Failure 
End One-Flange Loading 

Nl/t 

95.~2 

94.01 

99.33 
99.33 

98.35 
99.00 

Nl/h 

0.94 

0.94 
0.95 
0.95 

0.95 
0.95 

Specimen Support Connection Total Failure Load 
No. Condition Condition per Specimen (kips) 

EOF-5A Rotation of end bearing No connections are used 3.180 
EOF-5B plate is not prevented at ends of specimen 3.265 

EOF-SC Rotation of end bearing No connections are used 4.250 
EOF-SD plate is prevented at ends of specimen 4.250 

EOF-5E Rotation of end bearing Specimens are welded to 4.275 
EOF-5F plate is prevented end ,bearing plates 4.125 

Yield 
Point 

F 
y 

(ks i) 

48.1 

48.1 
48.1 
48.1 

48.1 
48.1 

Remarks 

Span 
Length 

(in.) 

30.77 

30.77 

30.77 

30.77 

30.77 
30.77 

See Figs.15 
and 16 

See Fi gs. 20 
and 21 

See Figs.23 
and 24 

'" (J'1 



TABLE 11 

Effect of Longitudinal Embossments on Web Crippling Strength, End One-Flange Loading 

Specimens Having Flat Webs Specimens Having Deformed Webs 
Col. 4 

(1) (2) (3 ) (4 ) Col. 2 
Srecimen (P u) tes t * Specimen {P u)test * 

No. (kips) No. (kips) 

EOF - 1 3.826 EOF - 9 3.673 0.96 
EOF - 2 4.665 EOF - 10 4.398 0.94 

EOF - 5 3.223 EOF - 11 2.925 0.91 

EOF - 6 4.838 EOF - 12 4.030 0.83 

* The individual value given in this table is the average of Tests A and B 

en 
en 



Specimen 
No. 

1A I BC-
Be - 1B 

Be - .2A 
Be - 2B 

Be - 9A 

Be - 9B 
Be - 12A 
Be - 12B 
Be - 13A 
Be - 13B 
Be - 16A 
Be - 16B 
Be - 17A 

Be - 17B , , 
Be - 19A : 
Be - 19B 

No. of 
Ribs per 

TABLE 12a 

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Simple Beam Tests Without End Connections 

, 
No. of No. of No. of Type ; Cross-Section Dimensions (in.) Webs per Top Bottom of 

S;dela~ 
! 

Specimen ,Specimen Stiffener Stiffener T I D DT DB DE W1 ; 

! , 
, 

2 1 4' I 1 1 0.0297 2.000 ' 0.303 0.300 - 0.670 
I 

, 
2 4 1 1 1 0.Gi98 1. 993 i 0.295 0.305 - 0.660 

2 4 1 i 1 1 : 0.0300 . 2.013 I 0.305 0.280 - 0.760 
f 

2 4 1 1 I 1 ' 0.0299 2.013 0.308 0.290 - 0.840 
I I I 2 4 1 1 I 1 0.310 0.305 0.820 

I I I 0.0295 I 2.018 -
1 0.0297 11.970 2 I 4 , 1 I 

1 ! 0.318 0.300 - 0.870 

I 
, 

1 i 1 2 I 4 ! 1 , 0.0308 I 3.070 0.283 0.290 - 0.990 I 

I 
! 

I 0.0305 I 3.005 2 4 
, 

1 I 1 
, 1 0.280 0.290 1.000 I ! ! -
I 

1 I j f I 

2 I 4 2 1 1 . 0.0349 I 2.002 0.303 0.310 - 0.850 
I 2 1 

J 

2 I 4 1 0.0348 I 2.005 0.303 0.300 - 0.660 

2 I 4 1 - 1 0.0356 I 3.020 0.296 - - 0.720 
I 

2 I 4 1 1 0.295 0.800 , - .0.0357 i 3.015 - -
! 

1 2 - - 1 0.0297 1 3. 020 I - - - 1.880 

1 2 1 , 1.860 - - 0.0292 13.000 I - - -
i 

8 1 ! 0.600 4 - - 0.0290 I 1.920 - - -
I I 0.600 4 8 - - 1 0.0284 11. 935 i - - -

I I 

i 

i 
i 

I W2 
I 

1.350 
1.370 
1.315 
1.285 
1.290 
1.305 
1.270 
1 .310 
1.413 
1 .441 
1.410 
1.360 
0.219 

I 0.219 

0.793 
0.793 

.. _. _____ -.: ________________ --L _________________ ...:-____ -'-_____ ---

Notes: 1. For definitions of symbols, see Fig. 3. 
2. Specimens Nos. 1, 2, 17 and 19 have flat webs. Other specimens have embossments in their webs. 0"1 
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Specimen 
No. W3 

Be - 1A 1.670 

BC - 1B 1.690 

Be - 2A 1.700 

BC - 2B 1.685 

BC - 9A 1.680 

Be - 9B 1. 710 

BC - 12A 1.680 

Be - 12B 1.675 

Be - 13A 0.977 

Be - 13B 1.029 

Be - 16A 1.830 

Be - 16B 1.840 

Be - 17A 7.940 

Be - 17B 7.790 

Be - 19A 3.240 
I Be - 19B 3.240 I 

! 
! 

TABLE 12b 
Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Simple Beam Tests Without End Connections 

Cross-Section Dimensions (in.) 

W4 Ws W6 W7 W8 W9 W10 Wll W12 

0.520 0.260 - 1.700 0.520 0.280 0.920 - I -

0.490 0.310 1.655 0.530 0.290 0.920 I - - -

0.505 0.280 - 1.660 0.530 0.280 0.880 - -
0.530 0.300 - 1.665 0.525 0.300 0.870 - -

0.475 0.390 - 1.750 0.455 0.340 1.020 - -

0.455 0.350 - 1 .735 . 0.470 0.320 0.910 - -
0.515 0.290 - 1.700 0.480 0.360 1.020 - I -

I 

0.510 0.320 1 .670 0.475 0.370 1.010 
I 

- - \ 
-

0.430 - 0.930 1.890 0.420 - 0 .. 850 - I -

0.430 - 1.020 1.750 0.400 - 0.700 - -

0.410 - - 4.680 - - 0.750 -
j 

-

0.410 - - 4.680 - - 0.820 - -
I 

- - - I - - - 1.950 - -
I 

- - - I - - - 1.900 - -, 
i 
I 

- - - I 1. 210 - - 1.200 - : -I 

I 1.200 
1 - - - I 1. 21 0 - - - -

I i 

Sl 

I -
I -

-
-
-
-
-
-
-

I -
-
-
-
-
-
-

$2 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

I 0.350 

\ 0.350 

I 

0'\ co 



TABLE 12c 
Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Simple Beam Tests Without End Connections 

Cross-Section Dimensions (in.) Web Overall 
Specimen R R' R I· R I R R h Inc1 ination Wi~th 

No. Rl R2 3 4 I 5 6 7 8 (degree) (In.) 

Be - 1A I 
Be - 1 B I 
Be - 2A I 
Be - 2B 

Be - 9A 

Be - 9B 
Be - 12A 
Be - 12B 
Be - 13A 

Be - 13B 

Be - 16A 
Be - 16B 

Be - 17A 

Be - 17B 

Be - 19A 

Be - 19B 

I 

0.200 0.200 
0.200 0.200 

0.210 0.210 
0.210 0.210 

0.200 0.210 
0.200 0.210 
0.200 0.200 

0.200 0.200 

0.130 0.170 

0.130 0.180 
0.130 0.198 

0.130 0.190 

0.095 0.095 
0.095 0.095 

0.135 0.135 
0.135 0.135 

0.210 0.280 - 0-.-2-10- ·r--o.250- --~-~rl 2.21 60. 9 20.990 

0.210 0.280 0.210 0.250 . 2.22 60.3 21.060 

0.220 0.280 0.220! 0.280 \ 2.22 62.3 20.940 
0.220 0.280 0.220 I 0.280 ' 2.20 63.0 20.990 

0.210 

0.210 
0.200 

0.200 
0.190 

0.190 
0.190 

0.190 

0.260 0.220 \1 0.230 2.22 62.8 21.150 
0.260 0.220 0.230 2.19 61.8 21.090 

0.260 
0.260 

0.190 

0.190 
0.190 

0.190 

0.210 
0.210 

0.190 

0.190 

0.260 
0.260 

0.190 
0.190 

0.135 

0.135 

3.11 72.6 23.810 
3.13 71.4 23.970 
1.89 49.4 19.460 
1.92 48.9 19.300 
2.78 64.6 20.750 
2.70 65.5 20.740 

2.97 90.0 12.208 

i 2.96 

- 'I 1. 92 
- I 1.92 

90.0 11.988 
73.2 24.734 
73.3 24.734 

I 

Overall 
Length 

(i n. ) 

77 .88 

77 .88 

80.00 

80.00 
78.00 
78.00 
92.00 
92.00 

72.00 
71.63 
92.00 
92.00 

59.63 
60.00 
72.50 
72.00 

O"l 
~ 



Specimen 
No. 

BC- 2C 
BC- 20 
BC- 12C 
BC- 12D 
BC- 16C 
BC- 16D 
BC- 19C 
BC- 190 

TABLE 13a 

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Single Span Beam Tests With End Cbnnections 
--- -

No. of No. of No. of No. of Type Cross - Section Dimensions (in.) Ribs per Webs per Top Bottom of 
Specimen Specimen Stiffener Stiffener Sidelap T D DT DB DE W1 

2 4 1 1 1 0.0310 2.030 0.300 0.300 - 0.730 
2 4 1 1 1 0.0303 2.030 0.300 0.300 - 0.660 
2 4 1 1 1 0.0293 3.020 0.300 0.280 - 1.000 
2 4 1 1 1 0.0294 3.020 0.300 0.280 - 0.940 
1 2 1 - 1 0.0354 3.040 0.310 - - 0.800 
1 2 1 - 1 0.0360 3.040 0.310 - - 0.800 
4 8 - - 1 0.0290 1.910 - - - 0.640 
4 8 - - 1 0.0280 1.910 - - - 0.540 

- -- ---------- -------~---' 

W2 

1.300 
1.300 
1.280 
1.280 
1.390 
1.390 
0.740 
0.740 

Notes: 1. For definitions of symbols, see Figs. 3. 
2. Specimens Nos. 2 and 19 have flat webs. Other specimens have embossments in their webs. 
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Specimen 
No. 

BC - 2C 

Be - 2D 
BC - 12C 
BC - 12D 
BC - 16C 
BC - 16D 
BC - 19C 
BC - 19D 

_ ... _- ---

TABLE l3b 

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Single Span Beam Tests With End Connections 

Cross - Section Dimensions (in.) 

W3 W4 W5 W6 W7 Ws W9 W10 W11 W12 

1.690 0.510 0.310 - 1.670 0.525 0.290 0.720 - -
1.690 0.510 0.310 - 1.670 0.525 0.290 0.660 - -
1.700 0.520 0.310 - 1.700 0.520 0.310 1.000 - -
1.700 0.520 0.310 - 1.700 0.520 0.310 0.940 - -
1.S30 0.410 - - - - - O.SSO - -
1.S30 0.410 - - - - - O.SSO - -
3.210 - - - 1.300 - - 0.640 - -
3.210 - - - 1.300 - - 0.550 - -

_ .. _- ------

Sl S2 

- -
--
--
--
--
--
--
--
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Specimen 

No. 

BC - 2C 

BC - 20 
BC - 12C 

BC - 120 
BC - 16C 
BC - 160 
BC - 19C 
BC - 190 

TABLE 13c 

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests 

Single Span Beam Tests With End Connections 

Cross-Section Dimensions ( in. ) Web Overall 
r Inclination ~/idth 

Rl R2 R3 R4 R5 : R6 R7 R8 h (degree) Cin. } 

0.205 0.205 0.215 0.280 0.215,0.265 
I 

- - 2.18 62.7 20.75 
0.205 0.205 0.215 0.280 0.215! 0.265 - - 2.18 62.7 20.62 
0.200 0.200 0.210 0.250 I 3.11 69.7 21.37 0.220/0.250 - -
0.200 0.200 0.210 0.250 0.220 0.250 - - 3. 11 69.7 21.25 

i 
0.130 O. 195 0.190 0.190 - I - - - 2.80 65.2 9.63 
0.130 0.195 0.190 0.190 I 2.80 65.2 9.25 - I - - -I 
0.130 0.130 - - - I - - - 1. 91 74.5 23.94 
O. 130 0.130 - - - - - - 1. 91 74.5 23.75 

- ~- -

Overall 
Length 
Ci n. } 

79.94 
79.81 
91.88 
92.00 
91 .75 
91. 75 
71.88 
71. 75 

...., 
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TABLE 14 

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests 
Simple Beam Tests Without End Connections 

Specimen IThickness 
No. I t 

. Inside 
Bend 

Radius 
R2 

BC - 1A 

BC - 1B 

BC - 2A 
BC - 2B 
BC - 9A 

BC - 9B 

BC - 12A 
BC - 12B 
BC - 13A 
BC - 13B 

Be - 16A 
Be - 16B 

Be - 17A 

Be - 17B 
Be - 19A 

Be - 19B 

I (in.) (i n. ) 

0,0297 0.200 

0.0298 0.200 
0.0300 . 0.210 

0.0299 0.210 

0.0295 0.210 
0.0297 

0.0308 

0.0305 

0.0349 
0,0348 

0.0356 
0,0357 

0,0297 

0.0292 

0.0290 

0.0284 

0.210 

0.200 

0.200 

0.170 

0.180 

0.198 

0.190 
0.095 

0.095 
0.135 

0.135 

I Computed 

i 
Web 

Width 
I h 
I (i n. ) 
1 

2.22 

2.23 

2.21 
2.19 

2,20 

2.17 

3.15 

3.11 

1.89 

1. 91 

2.71 
2.69 

2.96 

2,94 

1. 95 

1. 96 

I Bearing Bearing Computed 

I Length Length Web 
Under Load at Support Inclinationl R It I Nl i N2 e 2 

I (in.) I (in.) (degree) I 
I J I. 

i 

2.98 5.93 60.9 I 6.73 

2.98 5.93 60,3! 6.71 
I 5.93 7 .86 62.3" 7 ,00 

5.93 7 .86 63,0] ,02 

2.98 
2.98 

5.93 
5.93 
7,86 

7.86 

5.93 

5.93 

7.86 
7.86 

5.93 

62.8 

61.8 

72.6 

71.4 

49.4 
48.9 

64.6 

65.5 
90.0 

] .12 

7.07 

6.49 
6,56 
4.87 

5.17 
I 5.56 

5.32 

3.20 

i 

hit Nl It INl/h 

74.75 100.34 1.35 
74,83 100,00 1,34 

73.67 197.67 2.67 
73.24 198.33 2.70 

74.58 

73.06 
I 
101 ,02 1.34 

! 1 02.27 
1100.34 1. 36 
I i 192.53 1.91 

101 .97 
54.15 
54.89 

76.12 

75.35 

99.66 

1194.43 1. 89 

\

1 85. 39 1. 58 

85.63 1.55 

/1 66. 57 2 . 1 3 
. 1 66. 11 2.20 

, 1 00.34 1. 00 

Yield 
Point 

Fy 
(ksi) 

43.3 
43.3 

43.3 

43.3 

42.9 
42,9 

46.1 
46.1 

39.3 
39.3 

42.1 
42.1 

49.9 

5.93 
5.93 

2.98 

2.98 

5.93 
5.93 

2.98 

2,98 

2.98 

2.98 

5.93 
5.93 

5.93 

90.0 3.25100.68 :102.05 1.01i 49.9 
I i 

73.2 4.66 67.24 1102.76 1.55, 41.2 

73.3 4,75 69.01104.93 1.55: 41~ 

Span 
Length 

( in. ) 

71.95 
71.95 

72,14 

72.14 

72.07 

72.07 
84.14 

85.09 

66.07 
65.70 

85.09 

85.09 

53.70 
54.07 

66.57 

66,07 

'-I 
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Specimen 

No. 

BC - 2C 

BC - 2D 

BC - 12C 
BC - 12D 
BC - 16C 
BC - 16D 
BC - 19C 

BC - 190 

TABLE 15 

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests 
Single Span Beam Tests With End Connections 

Inside Computed Bearing Bearing ~omputed 

Thickness Bend Web Length Length Web 
t Radius Width Under Load at Support Inclination R2/t hit Nl /t Nl/h R2 h Nl N2 e 

(in. ) (degree) (i n. ) (i n. ) ( in. ) ( in. ) 

0.0310 0.205 2.21 5.93 7.86 62.7 6.61 71.29 191 .29 2.68 

0.0303 0.205 2.22 5.93 7.86 62.7 6.77 73.27 195.71 2.67 

0.0293 0.200 3. 16 5.93 7.86 69.7 6.83 107.85 202.39 1.88 

0.0294 0.200 3.16 5.93 7.86 69.7 6.80 107.48 201.70 . 1.88 
I 

0.0354 0.195 2.72 5.93 7.86 65.2 5.51 76.84 167.51 I 2.18 
0.0360 O. 195 2.72 5.93 7.86 65.2 5.42 75.56 164.72 2.18 

0.0290 10. 130 1. 92 2.98 5.93 74.5 4.48 66.21 102.76 1. 55 

0.0280 _J~. 130 1. 92 2.98 5.93 74.5 4.64 68.57 106.43 1. 55 

Yield 
Point 

F y 
( ksi) 

48.2 
48.2 

51.0 
51.0 
45.5 
45.5 
44.2 
44.2 

Span 
Length 

(i n. ) 

72.08 
71.95 
84.02 
84.14 
83.89 
83.89 
65.95 
65.82 

'-I 
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TABLE 16 

Tested Mechanical Properties of Steels Used for Long 
Span Simple Beam Tests with End Connections and Continuous 

Beam Tests 

Tensil e Fy F Elongation* u 
Coupon (ksi) (ksi) (percent) 

No. 

11 48.2 61.7 20.3 
12 44.9 50.7 33.3 

13 50.4 59.0 28.4 
14 51. 0 58.3 29.8 
15 46.4 50.6 38.4 

16 45.5 51.6 37.2 

17 44.2 53.0 32.0 

* 2-in. gage length 

75 



TABLE 17 
Comparison of the Tested and Computed Results for Combined Bending-Web Crippling 

Based on Addendum No.2 of the 1968 Edition of the AISI Specification 
(Simple Beam Tests Without End Connections) 

Specimen 
No. 

Test Data 
per Specimen 

I (P)testj (M)test 
L (kips} Ci n-kips) 

Computed Data 
per Specimen 

1 

{P u)eompl (Mu1 )eornpl (Mu2 )cornJ (Mu3 )eornp 
(kips) (in-kips) (in-kips)1 (in-k;~s) 

(M)test 

(Mu)eornp 

(P}test 

(Pu)cornp 

A* 
-=r:3 

Be - lA 
Be - 1B 

Be - 2A 
Be - 2B 
Be - 9A 
BC - 9B 
Be - 12A 
Be - 12B 
Be - 13A 

Be - 13B 

BC - 16A 
Be - 16B 
BC - 17A 
Be - 17B 
BC ... 19A 

Be - 19B 

I 

jO.973 17.502 
j 

/
0.975 17.538 
1. 020 18. 396 
1.017 
0.795 
0.790 

I 1 .218 

/1 .219 
1.250 
1.073 
1.646 
1.690 
0.995 
0.985 
1.072 

18.342 
14.324 
14.234 

/

. 25.621 
25.931 

I 
20.647 

i 

t 1.083 

17.624 
35.015 
35.951 
13.358 
1'3.315 
17.841 
17.888 

. N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

! N/A 
N/A 

20.460 
20.489 
19.846 
40.647 
38.983 
21.953 
20.629 

38.983 

0.875 
0.885 
0.903 
0.897 
0.699 
0.717 
0.630 
0.665 

N/A** 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

21.437 21.953 0.963 N/A 
20.246 20.629 0.870 N/A 

N/A** 
N/A 
N,LA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

N/A 139.978 40.876 39.978 0.876 N/A" N/A 
i N/A 140.524 41.457 40.524 0.887 N/A. N/A 
:1. 502 ! 12.317 22.536 12.317 1. 085 0.663! 1. 344 
:1.446 ! 11 .887 21. 772 11 .887 1.120 0.681! 1.386 
: N/A : 19.118 21.442 19.118 0.933 N/A II N/A 

LN/A ___ j~_8. 754 21.231 18.754 0.954 N/A I N/A 

* A = (P)test/(Pu)comp + (M)test/(Mu)comp 
Mean Value 1.365 

Coeffieient of Variation 0.020 
** The design formula for web crippling ;s not 

applicable because the R/t ratio exceeds 4.0. 
" m 



Specimen 
No. 

Be - 2C 

Be - 20 
BC - 12C 
Be - 120 
BC - 16C 
Be - 160 
BC - 19C 
BC - 190 

TABLE 18 

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling 
Based on Addendum No.2 of the 1968 Edition of the AISI Specification 

(Single Span Beam Tests With End Connections) 

, 
Test Data Computed Data 

Per Specimen Per Specimen 
(M)test (P}test 

\P)test (M)test Pu)comp (~u1)com~ (Mu2 )comp {Mu3 )comp (Mu)comp (Pu)comp 

kips) (in-kips (kips) (in-kips (in-kips) (in-kips) . 
1.170 21.083 N/A* 23.168 23.256 23.168 0.910 N/A** 
1.202 21.621 N/A 22.312 22.415 22.312 0.969 N/A 

I 

1.400 29.407 N/A \ 39.247 40.580 39.247 0.749 N/A 

1.405 29.554 N/A 38.957 40.262 38.957 0.759 N/A 

0.867 18.183 N/A 16.162 16.454 16.162 1 .125 N/A 

0.872 18.288 N/A 16.455 16.730 16.455 1.111 N/A 

1.200 19.785 N/A 19.851 22.211 19.851 0.997 N/A 

1.180 19.417 N/A 18.807 21.083 18.807 1.032 N/A 
----

* A = (P)test/(Pu)comp + (M)test/(Mu)comp 

** The design formula is not applicable beacuse the R/t ratio exceeds 4. 

A* 
1.3 

N/A** 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

......... 

......... 



TABLE 19 

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling 
Based on the 1980 Edition of the AISI Specification(23) 

Specimen 
No. 

B 

B 

B 

B 

B 

B 

B 

BC-17A 

BC-17B 

BC-19A 

BC-19B 

\ 

I 

I 

I 

i 

(Simple Beam Tests Without End Connections) 

Test Data 
per Specimen 

{P)test (M)test 
(kips) (in-kips) 

0.973 17 .502 
I 

0.975 17.538 I 
1.020 18.396 
1.017 
0.795 

0.790 
. 1.218 . 

1.219 

1.250 
1.073 
- ~ - -

0.995 

0.985 

1.072 

1.083 

18.342 
14.324 

14.234 
25.621 
25.931 

20.647 
17.624 
- ~ - - -

13.358 

13.315 
17.841 

17.888 

Computed Data 
per Specimen 

{P~)comp (Mu1)comp (Mu2 )comp (M~3)comp 
(kips) (in-kips) (in-kips) (in-kips) 

2.130 19.999 20.059 19.999 
2.138 19.828 19.917 19.828 
3.382 20.365 20.464 20.365 
3.376 20~460 20.528 20.460 
2.044 20.489 20.559 20.489 
2.067 19.846 19.942 19.846 
3.876 40.647 41.018 40.647 
3.783 38.983 39.401 38.983 

2.851 21.953 21.437 21.953 
2.763 20.629 I 20.246 20.629 

4.721 I 39.978 I 40.876 39.978 
II nr,." j AI'\ "'1'\.11 I 11' IIr-, JI/"\ ~I"'\JI , 

1. 778 : 12.317 : 22.536 12.045 

1.727 11.887 21.772 11.600 

5.142 .19.118 21.442 19.118 

4.946 i 18.754 21.231 118.754 

(M)test 

(M~)comp 

0.875 
0.885 
0.903 
0.897 
0.699 
0.717 
0.630 

0.665 

0.963 
0.870 

0.876 
n nn.., 

1.109 

1.148 
0.933 

0.954 

(P)test 

(P~)comp 

0.457 
0.456 
0.302 
0.301 
0.389 
0.382 
0.314 

1 0.322 

0.439 
0.388 

, 0.349 
. 1'\ .... Jln 

0.560 
0.571 

0.209 

0.219 

I 
I 
I 

B* 
1.42 

0.961 
0.967 

N/A** 
N/A 
N/A 
N/A 
N/A 
N/A 

1.009 

N/A 
N/A 
..... 

1.203 

1.238 

N/A 

N/A 

* B = 1.07 (P)test/(P~)comp + (M)test/(Mu)comp 

** The interaction formula is not applicable 
because the (P)test/(P~)comp ratio is less 
than 0.393. 

Mean Value 1.076 

Coefficient of Variation 0.112 
...... 
ex> 



Specimen 
No. 

BC - 2C 
BC - 2D 
BC - 12C 
BC - 12D 
BC - 16C 
BC - 16D 
BC - 19C 
BC - 19D 

TABLE 20 

Comparison of the Tested and Computed Results for Combined Bendint-web Crippling 
Based on the 1980 Edition of the AISI Specification( 3) 

(Single Span Beam Tests With End Connections) 

Test Data Computed Data I 
per Specimen per specimen (M)test (P)test , 

(P)test (M)test (P~)comp (Mul )comp (Mu2 )comp (Mu3 )comp (M~)comp (P~)comp 
(kips) (in.-kips) (kips) (in.-kips) (in.-kips) (in.-kips) 

1.170 21.083' 3.946 \ 23. 168 I 23.256 I 23. 168 0.910 
\ 

0.297 
1.202 21.621 22.312 \ 22.415 I 22.312 0.969 0.319 3.771 \ I I 1.400 29.407 3.672 : 39.247 40.580 I 39.247 0.749 

\ 
0.381 

1.405 29.554 3.697 I 38.957 I 40.262 I 38.957 0.759 I 0.380 I I i I 0.867 18. 183 2.487 16.162 I 16.454 I 16.162 I 1.125 0.349 I ! I ' 

\ 

, 
0.872 18.288 2.566 I 16.455 i 16.730 I 16.455 1.111 , 0.340 I 

1.200 19.785 5.523 ! 19.851 \ 22.211 I 19.851 I 0.997 ! 0.217 I : 
i ! 

1.180 \ 19.417 5.176 ' 18.807 I2.L.083 I 18.807 i 1.032 0.228 I 
I 

* B = 1.07 (P)test/(P~)comp + (M)test/(Mu)comp 

* B 
1.42 

N/A** 
N/A 
N/A 
N/A 
N/A 

I N/A 
I N/A r 

i 
N/A 

** The interaction formula is not applicable because the (P)test/(P~)comp ratio is less than 0.393. 

""'-J 
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I 

No. of 

Specimen Spans 
No. , 

CB - 1A 2 

CB - lB 2 

CB - 2A 2 

CB - 2B 2 

CB - 3A 3 

CB - 3B 3 

CB - 4A 3 

CB - 4B 3 

CB - SA 2 

CB - 5B 2 

CB - 6A 2 

CB - 6B 2 

CB - 9A 2 

CB - 9B 2 

CB - lOA 2 

CB - lOB 2 

CB - nA 2 

CB - 11 B 2 

TABLE 21 a 

Dimensions of Steel Deck Specimens used for Continuous Beam Tests 

No. of No. of No. of Type 
Webs per Top Bottom of Cross - Section Dimensions ( in. ) 

Specimen Stiffener Stiffener Side1ap T 0 DT DB DE W1 

4 1 1 3 0.0297 2.020 0.300 0.300 1.020 2.090 

4 1 1 3 0.0301 2.020 0.300 0.300 1.020 2.090 

4 1 1 3 0.0300 2.020 0.300 0.300 1.020 2.090 

4 1 1 3 0.0295 2.020 0.300 0.300 1.020 2.090 

4 1 1 3 0.0462 2.070 0.310 0.300 1.050 2.090 

4 1 1 3 0.0461 2.050 0.310 0.300 1.020 2.100 

4 1 1 3 0.0461 2.060 0.310 0.300 1.040 2.100 

4 1 1 3 0.0459 2.040 0.300 0.300 1.060 2.100 

4 1 1 3 0.0297 3.060 0.300 0.300 0.970 2.100 

4 1 1 3 0.0300 3.050 0.300 0.300 1.000 2.100 

4 1 1 3 0.0286 2.970 0.280 0.280 0.970 2.100 

4 1 1 3 0.0303 3.050 0.270 0.270 0.970 2.100 

4 1 1 I 3 0.0304 I 2.000 0.300 0.317 - I 2.100 
! 

4 1 i 1 3 0.0304 1.970 0.300 0.317 - I 2.070 I 
4 1 ! 1 3 0.0303 2.060 0.300 0.317 - 1 2.030 

4 1 1 3 0.0294 2.080 0.300 0.310 
, - i 2.120 

4 1 1 3 0.0289 3.080 0.270 0.270 1 . 000 i 2. 1 00 

4 1 1 3 0.0290 3.060 0.270 0.280 1. 000 I 2. 1 00 

I 
-

W2 

1.300 
1.300 
1.300 
1.300 
1.280 
1.300 
1.290 
1.240 
1.220 
1.260 
1.280 

1.280 
1.230 

1.330 

1.200 

1.280 

1.280 

1.280 

ex:> 
o 



TABLE 21a (cont'd) 

Dimensions of Steel Deck Specimens used for continuous Beam Tests 

No. of No. of No. of No. of Type 
Spa W b T B tt f Cross - Section Dimensions (in.) 

Specimen ns e s per op 0 om 0 , l '! 
No. Specimen Stiffener Stiffener Sidelap T I~ 0 DT' DB 1 DE W1 I W2 

CB - 12A I 2: 4 I 1 ! 1 ! 3 0.0287 3.050 I 0.270 i 0.270 I 1.000 ~ 2.100 1.280 
I J I Ii, . I 

CB - 12B 2' 4 1 i 1 ; 3 0.0303 3.050 0.270 : 0.270 1.000 I 2.100 1.280 

CB - 13A 2: 4! 2 \ 1 ! 3 0.0358 \ 2.000 0.305 i 0.310 0.330 I 1.640 1.500 

CB - 13B 2 I 4 j 2 ! 1 ' 3 ,0.0359; 2.000 0.305 1 0.310 .0.330 \1.640 1.500 

CB - 14A 2!1 4! 2 I 1 I,' 3 I 0.0360 1.970 0.315 1 0.320 i 0.310 I 1.640 1.500 
'I I. I I 

CB - 14B 2 I 4 i 2 ! 1 i 3 ! 0.0359 . 1.970 0.315 : 0.320 ; 0.310 \ 1.640 1.500 

CB - 15A 2: 4 I 1 I - I 3 \ 0.0358 : 3.020 0.300: - i 0.430 I 3.500 1.390 

CB - 15B 2: 4 I 1 \' - I 3 I 0.0356 : 3.020 0.300 - ; 0.430 3.500 1.390 

CB - 16A 2 4 I 1 - 3! 0.0358 , 3.020 0.300 - : 0.430 3.500 1 .390 
I i \' ; 

CB - 16B 2 4 I 1 - 3! 0.0358 ! 3.020 0.300; - 10.430 3.500 1.390 

CB - 19A 2 8 I - - 1 10.0297 11.910 - -: - 0.520 0.740 

CB - 19B 2 8! - - 1, 0.0285 i, 1.910 - I - '- 0.470 0.740 
I 

CB - 20A 2 8 - - 1 0.0286 1 . 91 0 - : - - 0.420 0.740 

CB- 20B 2 8 - - 1 0.0282 1.910 - i - : - 0.470 0.740 

i~ _ _-'--____ --'--_~ __ 
Notes: 1. For definitions of symbols, see Figs. 3 and 38. 

2. Specimens 1, 2, 3, 4, 5, 6, 19 and 20 have flat webs. Other specimens have 
embossments in their webs. 

ex> ..... 



S pc\. ,IIICII 

No. 

CB - lA 

CB - 1B 

CB - 2A 

CB - 2B 

CB - 3A 

CB - 3B 

CB - 4A 

CB - 4B 

CB - SA 

CB - 5B 

CB - 6A 

CB - 68 
CB - 9A 

CB - 9B 
CB - lOA 

CB - lOB 

CB - llA 

CB - 11B 

TABLE 21 b 
Dimensions of Steel Deck Specimens used for Continuous Beam Tests 

Cross - Section Dimensions (in.) 
, 

I 
I 
I W3 W4 W5 W6 W7 W8 W9 Wl0 Wll i 

i 0.510 0.310 i 1. 690 - , .670 0.525 0.290 2.080 0.470 

/1. 690 0.510 0.310 - '1. 670 0.525 0.290 2.080 0.470 
1 .. 690 0.510 0.310 - 11 .670 0.525 0.290 2.080 0.470 
1.690 0.510 0.310 - J.670 

1,' 
0.525 0.290 2.080 0.470 

1.700 0.510 0.310 - :1.720 0.500 0.300 2.060 0.400 
1.720 0.510 0.310 - 1. 710 0.510 0.300 2.120 0.420 
1.710 0.510 0.310 - 1.720 I 0.510 0.300 2.090 0.410 
1. 710 0.510 0.310 - 1.710 0.510 0.300 2.120 0.460 
1.680 0.520 0.310 - 1.680 I 0.520 0.310 2.150 0.400 
1.680 0.520 0.310 - 1.680 0.520 0.310 2.190 0.400 
1.700 0.520 0.310 - 1.700 I 0.520 0.310 2.180 I 0.400 
1.700 0.520 0.310 - 1.700 I 0.520 0.310 2.180 0.400 , 

1. 71 0 0.460 ! 0.380 - 1 1.725 I 0.480 ! 0.380 . 2.080 0.500 

I 1. 730 0.450 j 0.380 
, 

i 1.680 . 0.480 0.380 2.000 0.500 
I -

/1.730 0.470/0.350 
I 

I -
j 

1.720 0.480 0.350 2.100 0.500 

I - 1.720 0.480 0.350 2.100 0.500 11.710 0.475.0.350 
t ; , i _ I 1. 700 I O. 520 I O. 31 0 1.700 0.520 I 0.310 2.180 0.400 
I ; 

1.700 0.520 o . 31 0 I 2. 180 0.400 \1.700 I 0.520 0.310 -

W12 

-
-
-
-
-
-
-
-
-
-
-

I -
-
-
-
-
-
-

! 

Sl ~ S2 

0.600 0.900 
0.600 0.900 
0.600 0.900 
0.600 0.900 
0.550 0.900 
0.650 0.900 
0.550 0.900 
0.520 1.150 
0.800 0.900 
0.600 0.900 
0.600 0.900 
0.600 i 0.900 
0.683 (0.670 
0.680 0.680 

0.725 0.750 

0.725 0.750 

0.600 0.900 

0.600 0.900 
co 
N 



Specimen 

No. 

CB - 12A 

CB - 12B 

.CB - .13A 

CB - 13B 
CB - 14A I 
CB - 14B I 

CB - 15A \ 
\ 

CB - 15B i 

CB - 16A 

CB - 16B 

CB - 19A I 
CB - 19B 

CB - 20A I 
CB - 20B I 

I 

TABLE 21b (cont'd) 

Dimensions of Steel Deck Specimens used for Continuous Beam Tests 

Cross - Section Dimensions (in.) 

W3 W4 W5 W6 W7 W8 W9 W10 Wll I W12 Sl S2 

! I ! 1.700 0.520 0.310 2.180 I 0.400 
I 

0.600 0.900 1.700 j 0.520 0.310 i - - i I 
1.700 0.520 0.310 ' - 1.700 0.520 0.310 2.180 . 0.400 - 0.600 0.900 

1.020 0.420 - 1.000 1.890 0.405 - 1.900 0.400 - 0.375 0.300 

1.020 0.420 - 1.000 1.890 0.405 - 1.900 0.400 ..; 0.375 0.300 
l. 020, 0.420 - 1.000 1.890 0.405 - 1.900 0.400 - 0.375 0.300 
1. 020! 0.420 - 1.000 1.890 0.405 - 1.900 0.400 - 0.375 0.300 
1.850 0.410 - - 4.650 - - 1.640 0.200 - 0.450 0.400 
1.850 0.410 - - 4.650 - - 1.640 0.200 - 0.450 0.400 
1.835 0.410 - - 4.650 - - 1.640 0.200 - 0.450 0.400 
1.835 0.410 - - 4.650 - - 1.640 0.200 - 0.450 0.400 
3.210 - - - 1.300 - - 0.520 - - - -
3.210 - - - 1.300 - - 0.470 - - - -
3.210 - - - 1.300 - - 0.420 - - - -
3.210 - - - 1.300 - - 0.470 - - - -

I I 
- - - -- --_.. ---- -- _.- ---- ---- _ .. _-- - -- - ------- - - .. --~-.-.---- --- .--.---~ -

co 
w 



TABLE 21 c 

Dimensions of Steel Deck Specimens used for Continuous Beam Tests 

Cross - Section Dimensions (in.) Web Overall Overall 

Specimen 
Inclination Width Length 

No. Rl . R2 R3 R4 R5 R6 R7 R8 h (degree) ( in. ) (; n. ) 

I 

CB - lA 0.205 0.205 0.215 0.280 0.215 0.265 0.200 0.120 2.21 62.6 24.63 144.0 

CB - lB 0.205 0.205 0.215 ! 0.280 0.215 0.265 0.200 0.120 2.21 62.6 24.50 144.0 
I 

CB - 2A 0.205 0.205 0.215 0.280 0.215 0.265 0.200 0.120 2.21 62.6 24.50 144.0 

CB - 2B 0.205 0.205 0.215 0.280 0.215 0.265 0.200 0.120 2.21 62.6 24.50 144.0 

CB - 3A 0.210 0.200 0.210 0.280 0.200 0.265 0.180 0.120 2.16 63.8 24.75 288.0 

CB - 3B 0.210 0.200 0.210 0.230 0.200 0.240 0.180 0.120 2.16 63.0 24.75 288.0 

CB - 4A 0.210 0.200 0.210 0.230 0.200 0.240 0.180 0.120 2.22 63.4 24.75 288.0 

CB - 4B 0.210 0.200 0.210 0.230 0.200 0.240 0.180 0.120 2.22 64.5 24.75 288.0 

CB - SA 0.200 0.200 0.220 0.230 0.220 0.240 0.150 0.120 3.12 73.5 25.00 192.0 

CB - 5B 0.200 0.200 0.220 0.250 0.220 0.250 0.150 0.120 3.15 72.6 25.00 192.0 

CB - 6A 0.200 0.200 0.220 i 0.250 0.220 0.250 0.150 O. 120 I 3. 12 71.7 25.00 192.0 

CB - 6B 0.200 0.200 I 0.220 0.250 0.150 0.120 \3.12 72.3 25.00 192.0 
0.220 ; 0.250 , 

CB - 9A O. 190 0.210 0.220 0.250 0.235 0.220 0.233 0.167 \ 2.07 - 24.63 144.0 

CB - 9B 0.230 0.220 0.240 0.220 0.230 0.220 0.230 0.167 2.02 - 24.50 144.0 

CB - lOA 0.200 0.210 0.230 0.240 0.230 0.220 0.220 0.167 2.06 - 24.63 144.0 

CB - lOB 0.208 0.210 0.220 0.220 0.220 0.210 0.200 0.167 2.02 - 24.63 143.9 

CB - 11A 0.200 0.200 0.220 0.250 0.220 0.250 0.150 0.120 3.11 72.4 25.00 192.0 

CB - 11B 0.200 0.200 0.220 0.250 0.220 0.250 0.150 O. 120 3.12 72.4 25.00 192.0 

\ OJ 
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TABLE 21c (cont'd) 

Dimensions of Steel Deck Specimens used for Continuous Beam Tests 

Web 

Specimen Cross - Section Dimensions (in.) Inclination 

(degree) No. 
R1 R2 R3 R4 R5 R6 R7 R8 h 

GB - lZA 0.200 i 0.200 0.220 0.250 0.220 0.250 0.150 0.120 ! 3.14 72.3 
; . 

CB - 12B iO.200 I 0.200 0.200 0.250 0.220 0.250 O. 150 I O. 120 I 3.15 72.3 
CB - 13A 0.130 0.180 0.190 0.190 0.190 0.190 0.180 0.180 I 1. 95 47.4 

0.190 0.190 0.190 1. 95 47.4 CB - 13B 0.130 0.180 0.190 0.180 0.180 
CB - 14A 0.130 0.180 0.190 0.190 0.190 0.190 0.180 0.180 1. 95 46.7 
CB - 14B 0.130 0.180 0.190 0.190 0.190 0.190 0.180 0.180 I 1.95 46.7 
CB - 15A 0.130 0.190 0.190 0.190 0.180 0.180 2.78 64.9 - -
CB - 15B 0.130 0.190 0.190 0.190 - - 0.180 0.180 I 2.78 64.9 
CB - 16A 0.130 0.190 0.190 0.190 - - 0.180 0.180 ! 2.78 64.9 
CB - 16B 0.130 0.190 0.190 0.190 - - 0.180 0.180 2.78 64.9 
CB - 19A 0.130 0.130 - - - - - - 1. 91 74.6 
CB - 19B 0.130 0.130 - - - - - - 1. 91 74.6 
CB - 20A 0.130 0.130 - - - - - - 1. 91 74.6 
CB - 20B : 0.130 0.130 - - - - - - 1. 91 74.6 

! 

Overa 11 

Width 

(i n. ) 

I 25.00 
I 

i i 25.00 
i 24.30 
i 24.30 

24.3 

, 24.3 
24.6 
24.5 
24.4 
24.5 
23.7 
23.6 
23.5 
23.6 

Overa 11 

Length 

(i n. ) 

192.0 
192.0 

144.0 
144.0 

144.0 
144.0 
168.0 
168.0 
168.0 
168.0 
144.3 
144.3 
144.3 
144.3 

co 
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c 

c 
c 
c 

Specimen 
No. 

C8 - lA 

C8 - 18 

:8 - 2A 

:8 - 28 

:8 - 3A** 

:8 - 38** 

:8 - 4A** 

:8 - 48** 

B - 5A 

B - 5B 

B - 6A 

B - 6B 

B - 9A 

B - 9B 

B - lOA 

B - lOB 
B - l1A 

B - 118 

TABLE 22 

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests 
Continuous Beam Tests 

Inside* Computed· Bearing Bearing Computed I 
Thickness Bend Web Length Length Web 

t Radius Width Inter. Support End Support Inclination Rl/t hIt Nl/t N /h . 
1 

(i n. ) Rl h Nl N2 e 

(in. ) ( in. ) (in.) (i n. ) 
(degrees 

I 
I 

0.0297 0.205 2.21 2.98 5.93 62.6 6.90 74.41 100.34 1.35 

0.0301 0.205 2.21 2.98 5.93 62.6 6.81 73.42 99.0C 1.35 

0.0300 0.205 2.21 5.93 7.86 62.6 6.83 · 73.67; 197 .67 2.68 

0.0295 0.205 2.21 5.93 7.86 62.6 6.95 74.92' 201.02 2.68 

0.0462 0.210 2.20 2.98 5.93 63.8 4.55 47.62 64.50 1. 35 

0.0461 0.210 2.20 2.98 5.93 63.0 4.56 47.72 64.64 • 1.35 

0.0461 0.210 2.20 5.93 7.86 63.4 4.56 47.72 128.63 i 2.70 

0.0459 0.210 2.16 5.93 7.86 64.5 4.58 47.06 129. H ' 2.75 

0.0297 0.200 3. 13 2.98 5.93 73.5 
1
6

.
73 105.39 100.34 : 0.95 

0.0300 0.200 3. 13 2.98 5.93 72.6 6.67 104.33 99.33 0.95 
I 

0.0286 0.200 3.07 5.93 7.86 71.7 i6.99 107.34 207.311 1. 93 , 

0.0303 0.200 3.14 5.93 7.86 72.3 16.60 103.63 195.71 1.89 

0.0304 O. 190 2.16 2.98 5.93 64.0 16.25 71.05 98.03 1.38 
. I 

0.0304 I 0.230 2.17 2.98 5.93 61.1 17. 57 : 71.38 98.03 1.37 

0.0303 0.200 2.19 5.93 7.86 65.7 6.601 72.28 195.71 2.71 

0.0294 0.208 2.25 5.93 7.86 64.0 7.07 76.53 201 .70 2.64 

0.0289 0.200 3.17 2.98 5.93 72.4 6.92 109.69 103.11 0.94 

0.0290 0.200 3.15 2.98 5.93 72.3 6.90 109.57 102.76 0.95 

--

Yield 
Point 

F y 
( ksi) 

48.2 
48.2 
48.2 
48.2 
44.9 
44.9 
44.9 
44.9 
50.4 
50.4 
50.4 

50.4 
46.0 

46.0 

46.0 

46.0 

51.0 
51.0 

Span 

Length 
(i n. ) 

69.04 
69.04 
68.07 
68.07 
94.02 
94.02 
93.38 
93.38 
93.04 
93.04 
92.07 
92.07 
68.00 

68.00 

68.00 

68.00 
93.04 
93.04 

co 
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Specimen 
No. 

CB - 12A 
CB - 12B 
CB - 13A 
CB - 13B 

CB - 14A 

CB - 14B 
CB - l5A 
CB - l5B 
CB - 16A 
CB - 16B 
CB - 19A 
CB - 19B 
CB - 20A 
CB - 20B 

TABLE 22 (COht'd) 

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests 
Continuous Beam Tests 

Inside* Computed Bearing Bearing Computed 
Thickness Bend Web Length Length Web 

t Radius Width Inter. Su ppor1 Inclination R It hit N1/t N,I h 
( in. ) End Support 1 

Rl h N1 N2 
e 

( in. ) (in.) ( in. ) ( in. ) (degree) 

0.0287 0.200 3.14 5.93 7.86 72.3 6.97 109.41 206.62 1.89 
0.0303 0.200 3.14 5.93 7.86 72.3 6.60 103.63 195.71 1.89 

0.0358 0.180 1.94 2.98 5.93 47.4 5.03 54.19 83.24 1.54 
0.0359 0.180 1.94 2.98 5.93 47.4 5.01 54.04 83.01 1.54 
0.0360 0.180 1.92 5.93 7.86 46.7 5.00 53.33 '64.72 3.09 

0.0359 0.190 1.92 5.93 7.86 46.7 5.01 53.48 165.18 3.09 

0.0358 0.190 2.70 2.98 5.93 64.9 5.3' 75.42 83.24 1.10 

0.0356 0.190 2.70 2.98 5.93 64.9 5.34 75.84 83.71 1.10 

0.0358 0.190 2.70 5.93 7.86 64.9 5.31 75.42 165.64 2.20 

0.0358 0.190 2.70 5.93 7.86 64.9 5.31 75.42 165.64 2.20 

0.0297 0.130 1. 92 2.98 5.93 74.6 4.38 64.65 100.34 1.55 

0.0285 0.130 1.92 2.98 5.93 74.5 4.56 67.37 104.56 1. 55 

0.0286 0.130 1. 92 5.93 7.86 74.5 4.55 67.13 207.34 3.09 

0.0282 O. 130 1. 92 5.93 7.86 74.5 4.61 68.09 210.28 3.09 

~- y._, 

* Use R2 for CB-13, 14, 15 and 16. 

vield 
Point 

Fy 

(ksi) 

~1.0 
51.0 
~6.4 

~6.4 

~6.4 

46.4 
45.5 
45.5 
~5.5 

~5.5 

~4.2 

~4.2 

~4.2 

~4.2 

** Specimen Nos. 3A, 3B, 4A and 4B ~'!ere tested as three-span continuous beams. Other s~ecimens were tested as 

two-span continuous beams. 

Span 

Lengt 
(in. 

92.07 
92.07 
69.04 
69.04 
68.07 
68.07 
81.04 
81.04 
80.07 
80.07 
69.19 
69.19 
68.22 
68.22 

h 

CO 
'-J 



Specimen 

C 

C 

C 

C 

C 

C 

C 

No. 

:B - lA 

:B - . 1B 

:B - 2A 

:8 - 28 

8 - 3A 

8 - 38 

8 - 4A 

B - 48 

B - 5A 

B - 58 

3 - 6A 

3 - 6B 
3 - 9A 

C8 - 9B 

C8 - lOA 

CB - lOB 
CB - 11A 

CB - 11B 

I 
I 

TABLE 23 

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling 
Based on the 1980 Edition of the AISI Specification(23) 

Continuous Beam Tests 

Test Data Computed Da ta 
per Specimen per Specimen {M}test {P}test 

(w)test (P)test (M)test (P~)comp (Mul )comp eMu]) comp 
(kips/ft) {kips} {in.-kips} {kips} {in.-kips} {in.-kips} I {M~}comp {P~}comp 

0.564 4.056 28.00 2.275 26.00 26.00 1. on 1.783 
0.582 4.186 28.90 2.341 26.46 26.46 1.092 1.788 

0.613 4.347 29.59 3.696 26.34 26.34 1.123 1.176 

0.637 4.517 30.75 3.573 25.77 25. n 1. 193 1.264 

0.619 5.335 45.60 5.276 ! 
44.14 44.14 1.033 I 1 .011 

0.639 5.507 47.07 5.233 I 43.78 43.78 1.075 1.052 I 
I 

0.722 6.180 52.46 I 7.785 43.94 43.94 1. 194 

I 
0.794 

0.720 6.163 52.32 7.782 43.38 43.38 1.206 0.792 
r 

0.479 4.642 I 43.19 

I 
2.411 46.99 45.30 0.953 I 1.926 i 

0.460 4.458 I 41.48 2.452 47.16 45.56 0.910 : 1.818 , 
I 

0.498 4.776 : 43.97 3.528 42.98 41.27 ! 1.065 I 1.354 I 
I I I 

0.515 4.939 45.47 3.967 47.97 I 46.42 
! 

0.980 i 1.245 I i I 
I 

I I 0.620 I 4.390 29.85 I 2.308 24.87 24.87 I 1.200 1.902 

0.613 
, 

4.361 29.65 2.209 24.36 24.56 1.207 1. 974 

0.679 4.811 32.72 3.668 25.85 25.85 1.266 1 .312 

0.657 4.651 31.63 3.407 25.06 25.06 1.262 1.365 
0.396 3.838 35.71 2.268 46.12 44.00 0.812 1.693 

0.413 4.003 37.24 2.286 45.93 43.92 0.848 1 .751 

B* --
1.42 

2.102 
2.116 
1.6n 
1.793 
1.489 
1.550 
1.439 
1.446 
2.122 

2.011 
1. no 
1.628 
2.278 

2.337 

1.880 

1.917 
1.848 
1.917 00 

00 



Specimen 

No. 

CB - 12A 
CB - 128 

CB - 13A 
CB - 138 
CB - 14A 

CB - 14B 
CB - 15A 
CB - 15B 
CB - 16A 
CB - 16B 
CB - 19A 
CB - 19B . 

CB - 20A 
CB - 20B i 

I 

TABLE 23 (cont'd) 

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling 
Based on the t980 Edition of the AISI Specification(23) 

Continuous Beam Tests 
I 

Test Data Compu ted Da ta 

per Specimen per Specimen 
(M}test (P}test 

{WJtest (P)test (M)test (P~)comp . (Mu1)comp {Mu3 )comp 

(kips/ft) (kips) (in.-kips) (kips) (in.-kips) (in.-kips) 
(M~}comp (P~)comp 

0.438 4.201 38.68 3.575 45.12 43.06 0.898 1 .175 

0.431 4.134 38.06 3.996 48.38 46.76 0.814 1.035 

0.490 3.524 24.33 3.248 35.53 35.53 0.685 1.085 

0.462 3.323 22.94 3.265 35.63 35.63 0.644 1.018 
-

0.508 3.602 24.52 5.064 35.01 35.01 0.700 0.711 

0.571 4.049 27.56 5.039 34.91 
! 

34.91 0.789 0.804 

0.482 4.069 32.97 3.319 49.50 i 49.50 0.666 1.226 
I 

0.492 4.153 33.66 3.282 49.14 49.14 0.685 1.266 

0.490 t 4.087 32.72 5.134 49.50 49.50 0.661 0.756 
I 

0.533 I 4.446 \ 35.60 5.134 I 49.50 I 49.50 0.719 0.866 
1 , I 

0.508 
, 

3.661 25.33 f 5.770 20.95 20.95 1.209 0.634 

0.494 3.560 24.63 5.348 19.73 19.73 1.248 0.666 
; 1.345 0.449 0.544 3.866 26.37 8.619 19.61 19.61 

I , , 
0.570 

I 4.051 i 27.63 i 8.415 19.48 19.48 1.418 0.481 
I 

I 1 

* B = 1.07 (P)test/(P~)comp + (M)test/(M~)comp Mean Value 
Coefficient of Variation 

B* --
1.42 

1 .518 
·1.353 

1.300 
1 .221 
1.029 
1.161 
1 .393 
1.436 
1.035 
1.159 
1.329 
1.381 
1.286 
1.361 

1.603 
0.228 ~ 



J 

Bearing 

Length 

:! 1.5 h 

, , 
\ I 

" ./ 
_ ..... 

A 

\ / 
Section A-A 

Region of Failure 

Fig. 1 Simple Beam Test Used for 
Interior One-Flange loading 
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I 

24 ~(/Vomlna/ JVld/A) 
_~ (Nomlno/J)~) 

1· ~ I 
(a) Specimens lA, lB, 2A, 2B (Nominal t = 0.0295 in.) 

Specimens 3A, 3B, 4A, 4B (Nominal t = 0;0474 in.) 

I 

_ =ri (Non/lI7o / .1Je;ol/J) 

~ 24 "'(Non/mol width) . I 
(b) Specimens 5A, 5B, 6A, 6B (Nominal t = 0.0295 in.) 

Specimens 7A, 7B, 8A, 8B (Nominal t = 0.0474 in.) 

I 

J. 24 (Nomlnol Me/IA) 

(c) Specimens 9A, 9B~~ lOA, lOB (Nominal t = 0.0295 in.) 

I 

I · 24"!Nomll?o/ MdlA) 

(d) Specimens 11A, 11B, 12A, 128 (Nominal t = 0.0295 in.) 

Fig. 2 Cross-Sectional Configurations 
of Steel, Decks (IOF Series) 



92 

I 

1-
(e) Specimens 13A, 138, 14A, 148 (Nominal t = 0.0358 in.) 

""-;-, __ --LI _3 ''(No/l7lnal Pe;cIA) 
I 

\. 24 '(Nommol md;;') ·1 
(f) Specimens 15A, 158, 16A, 168 (Nominal t = 0.0358 in.) 

'" 12. 

(I1/ommo/ Wldlh) 

(g) Specimens 17A, 178, 18A, 18B (Nominal t = 0.0295 in.) 

I I 

\.. .2 -S' N (lVoI'I7lna/ wldtA) .. \ 

(h) Specimens 20A, 20B (Nominal t = 0.0295 in.) 
(cut from the 30 in. wide panels) 

.:30~' (Nommal mdth) .. \ 

(i) Specimens 19A, 19B (Nominal t = 0.0295 in.) 

Fig. 2 Cross-Sectional Configuration> 
of Steel Decks (Continued) 
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Fig. 3a Dimensions of Test Specimens 
(For side1aps, see Fig. 3b; for Specimens 
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See Fig. 3c for additional dimensions.) 
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Span Length 

Overall Length 

Fig. 4 Test Setup used for 
Interior One-Flange Loading 
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Fig. 5 Photograph Showing the Test Setup 
Used for Interior One-Flange Loading 

Fig. 6 Photograph Showing the Test Setup 
Used for Interior One-Flange Loading 
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Fi g. 7 Photgraph Showi ng the Typi ca 1 Failure Mode 
for Interior One-Flange Loading 

Fig. 8 Photgraph Showing the Typical Failure Mode 
for Interior One~Flange Loading 
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Fig. 9 Correlation Between the Test Results on Interior One-Flange Loading and 
the Interaction Formula Used for the 1968 AISI Specification (Shear Lag 
is considered) 
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LEGEND I 

I 
o Flat beam Web 

0.2 .... I 
• Beam Web With Embossments 

I 
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O· 0.393' 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
(P) test 

(P~)comp 

Fig- 10 Correlation Between the Test Results on Interior One-Flange Loading and the Interaction 
Formula Used for the 1980 Edition of the AISI Specification {Shear Lag is considered) 
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Fig. 10 Correlation Between the Test Results on Interior One-Flange Loading and the Interaction 
Formula Used for the 1980 Edition of the AISI Specification (Shear Lag is considered) 
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Fig. 11 Correlation Between the Test Results on Interior One-Flange Loading and the Interaction 
Formula Used for the 1980 Edition of the AISr Specification (Shear Lag is neglected) 
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Fig. 13 Simple Beam Test Used for 
End One-Flange Loading 
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Fig. 15. Photograph Showing the Test Setup Used for 
End One~Flange Loading 

Fig. 16 Photgraph Showing the Test Setup Used for 
End One-Flange Loading 
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Fig.17 Photograph Showing the Typical Failure Mode 
for End One-Flange Loading 

Fig. 18 Photgraph Showing the Typical F&ilure Mode 
for End One-Flange Loading 
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Fig. 20 Test Setup for End One-Flange Loading, EOF-5C and 
EOF-50 (Steel Panel is supported by W Shapes at 
Both Ends Without Any Connection) 

Fig. 21 End Failure for Steel Panels Using the Test Setup 
Shown Above 
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Fig. 22 Steel Panel is Welded to Bearing Plates at Both 
Ends (EOF-5E and EOF-SF) 
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Fig. 23 Test Setup for End One-Flange Loading, EOF-5E 
and EOF-5P (Steel Panel ;s Welded to End Bearing 
Plates, Which are Connected to Support Beams by 
Us i ng Bo lts ) 

Fig. 24 End Failure for Steel Panels Using the Test 
Setup Shown Above 
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(a) Specimens lA, lB, 2A, 2B, 2C, 20 (Nominal t = 0.0295 in.) 

(b) Specimens 9A, 98 (Nominal t = 0.0295 in.) 

(c) Specimens 12A, 12B, 12C, 120 (Nominal t = 0.0295 in.) 

Fig.25 Cross-Sectional Configurations of Steel Decks 
Used for Long Span Simple Beam Tests (Be Series) 



I- 24·(A/OII?ll1a/ MelIA) 1 
(d) Specimens l3A, 13B (Nominal t = 0.0358 in.) 

~ 2-9 '(Nomlno/ MelIA) 1 
(e) Specimens 16A, 16B, 16C, 16D (Nominal t = 0.0358 in.) 

N 

12 

(/1IoI'fJ/noi WId/I,) 
(f) Specimens 17A, 17B (Nominal t = 0.0295 in.) 

I I 

~ :2 -fI '" (#O/l7/no/ WId/A) .. I 

(g) Specimens 19A, 19B, 19C, 19D (Nominal t = 0.0295 in.) 
(cut from the 30 in. wide panels) 

Fig.25 Cross-Sectional Configurations of Steel Decks 
Used for Long Span Simple Beam Tests (BC Series) 
(Continued) 
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Fig. 26 Arrangement of Strain Gages Used for Single Span Test Specimens with 
End Connections (Specimens Nos. 2C, 20, 12C, 120, 16C, 160, 19C and 
190) 
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··------1/8x 3/4 Strip---.. 

/ .. Span Length 

Overall Length 

Fig.27 Test Setup Used for Long Span Simple 
Beams Without End Connections 
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":::::~1/8X 3/4 Strip 
--- -----3- 1/4" ~ Bolts 

I~ 
Span Length ,./ 
Overall Length 

Fig.23 Test Setup Used for Single Span Beams 
With End Connections 

J-----3-7/S" ~ Bolts 
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Fig. 29a Photograph Showing the Test Setup Used 
for Single Span Beams With End Connections 

Fig. 29b Photograph Showing the Test Setup Used 
for Single Span Beams With End Connections 



Fig. 30a Typical Failure Mode for Steel Decks Having 
Flat Webs (Be Series) 

Fig. 30b Typical Failure Mode for Steel Decks Having 
Flat Webs (Be Series) 
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Fig. 31a Typical Failure Mode for Steel Decks Having 
Embossments in Their Webs (Be Series) 

Fig. 3lb Typical Failure Mode for Steel Decks Having 
Embossments in Their Webs (Be Series) 
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.=r2 (Nom/no/IJ~IJ) 
~~ 

(a) Specimens lA, 18, 2A, 28 (Nominal t = 0.0295 in.) 
Specimens 3A, 38, 4A, 48 (Nominal t = 0.0474 in.) 

----<t_.3 (Nominal lJepf/J) 

. I 
I 

~ 24 ·/Nommdl wIdth) 

(b) Specimens 5A, 58, 6A, 68 (Nominal t = 0.0295 in.) 

, 

I- 24 (Nominal }1I;dlA) I 

~I 
(c) Specimens 9A, 9B, lOA, lOB (Nominal t = 0.0295 in.) 

(d) Specimens 11A, 11B, l2A, 12B {Nominal t = 0.0295 in'l 

Fig. 35 Cross-Sectional Dimensions 
of Steel Decks used for 
Continuous beam Tests 
(CB - Series) 
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_-.J'I--2 '1 (#ommo/ .lJejJllJ) 

I. 24 ' (No"'",a/ Mel//') .1 

(e) Specimens 13A, 13B, 14A, 14B (Nominal t = 0.0358 in.) 

24 '(No/l1ll'7a/ WId/A) 

(~) Specimens 15A, 15B, 16A, 16B (Nominal t = 0.0358 in.) 

I I 

/.. 2~N (#o//7lnal wldtA) .. / 

(g) Specimens 19A, 19B, 20A, 20B(Nomina1 t = 0.0295. in.) 
(cut from the 30 in. wide panels) 

Fig. 35 Cross-Sectional Dimensions 
of Steel Decks used for ' 
Continuous Beam Tests 
(CB - Series) (cont'd) 
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Fig. 37a Uniform Loading Apparatus Used for continuous Beam Tests 
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Fig. 39a Photograph Showing the Test Setup 
for Three-Span Continuous Beam Tests 

Fig. 39b Photograph Showing the Test Setup 
for Two-Span Continuous Beam Tests -J 
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Fig. 40a Typical Failure Mode at the Interior Support of Continuous 
Beams for Steel Decks Having Flat Webs. 

Fig. 40b Typical Failure Mode at the Interior Support of Continuous 
Beams for Steel Decks Having Flat Webs. 
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Fig. 41a Typical Failure Mode at the Interior Support of Continuous 
Beams for Steel Decks Having Embossed Webs 

128 

Fig. 41b Typical Failure Mode at the Interior Support of Continuous 
Beams for.Steel Decks Having Embossed Webs 



Fig. 42a Photograph Showing the iest Setup 
for Inverted Steel Decks (Specimens 
Nos. 13, 14, 15, and 16). 

Fig. 42b Typical Failure Mode at the Interior Support of Continuous 
Beams for Steel Decks Tested in an Inverted Position. 
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Fig. 43a Typical Failure Mode for Roof Deck 

Fig. 43b Typical Failure Mode for Roof Deck 
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TABLE A 1 
. Mid-Span Deflection of Ste~l Deck Specimens 

Slng1e Span Beams Used for Combined Bending-Web Crippling Tests 

Applied Mid-Span Applied Mid-Span 
Specimen Load Deflection Specimen Load Deflection 

No. (kips) ( i n.) No. (kips) ( ; n.) 

BC - lA 0.250 0.155 BC - 20 0.720 0.287 
0.500 0.300 (cont'd) 0.840 0.333 
0.750 0.445 0.960 0.386 
0.973 0.625 1.080 0.440 

1.200 0.514 
Be - lB 0.125 0.080 1.202 0.554 

0.250 0.154 
0.375 0.225 Be - 9A 0.113 0.149 
0.500 0.299 0.225 0,241 
0.600 0.355 0.338 0.335 
0.700 0.415 0.450 0.418 
0.800 0.474 0.540 0.481 
0.900 0.542 0.630 0.552 
0.975 0.663 0.720 0.627 

0.795 0.797 
BC - 2A 0.150 0.095 

0.300 0.180 Be - 9B 0.200 0.201 
0.450 0.264 0.400 0.355 
0.600 0.348 0.600 0.501 
0.720 0.417 0.790 0.810 
0.840 0.488 
0.960 0.578 BC - 12A 0.200 0.085 
1.020 0.698 0.400 0.171 

0.600 0.256 
BC - 2B 0.150 0.090 0.800 0.339 

0.300 0.176 0.960 0.408 
0.450 0.260 1 .120 0.486 
0.600 0.342 1 .218 0.602 
0.720 0.413 
0.840 0.484 BC - 12B 0.200 0.085 
0.960 0.571 0.400 0.169 
1.017 0.672 0.600 0.250 

0.800 0,331 
BC - 2C 0.150 0.065 0.960 0.400 

0.300 0.129 1 .120 0.474 
0.450 O. 191 1. 219 0.558 
0.600 0.252 
0.720 0.303 BC - 12C 0.200 0.069 
0.840 0.354 0.400 0.135 
0.960 0.408 0.600 0,203 
1.080 0.468 0.800 0.272 
1.170 0.577 0.960 0.327 

1.120 0.385 

BC - 20 0.150 0.063 1.280 0.450 
0.300 0.122 1.400 0.541 
0.450 O. 182 
0.600 0.239 
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TABLE Al (Cont'd) 
Mid-Span Deflection of Steel Deck Specimens 

Single Span Beams Used for Combined Bending-Web Crippling Tests 

Applied Mid-Span Applied Mid-Span 
Specimen Load Deflection Specimen Load Deflection 

No. (kips) (in) No. (kips) ( in) 

Be - 120 0.200 0.064 Be - 16C 0.115 0.075 
0.400 0.129 0.230 0.135 
0.600 0.195 0.345 0.202 
0.800 0.263 0.460 0.279 
0.960 0.318 0.550 0.332 
1 .120 0.373 0.640 0.398 
1.280 0,437 0.730 0.470 
1.405 0.585 0.820 0.558 

0.867 0.689 
BC - 13A 0.150 0.072 

0.300 0.130 Be - 160 0.115 0.068 
0.450 0.187 0.230 0.133 
0.600 0.241 0.345 0.199 
0.720 0.290 0.460 0.275 
0.840 0.332 0.550 0.331 
0.960 0.383 0.640 0.398 
1.080 0.442 0.730 0.470 
1.200 0.512 0.820 0.563 
1.250 0.630 0.872 0.673 

BC - 13B 0.150 0.096 Be - 17A 0.150 0.095 
0.300 0.152 0.300 0.170 
0.450 0.205 0.450 0.241 
0.600 0.258 0.600 0.311 
0.720 0.306 0.720 0.367 
0.840 0.346 0.840 0.425 
0.960 0.397 0.960 0.495 
1.080 0.449 0.995 0.562 
1.200 0.500 
1.350 0.670 BC - 17B 0.150 0.099 

0.300 0.177 BC - 16A 0.300 0.118 0.450 0.249 
0.600 0.218 0.600 0.322 
0.900 0.318 0.720 0.382 
1.200 0.418 0.840 0.440 
1.440 0.502 0.960 0.510 
1.646 0.608 0.985 0.550 

BC - 16B 0.225 0.087 BC - 19A 0.230 0.107 
0.450 0.167 0.460 0.219 
0.675 0.243 0.690 0.342 
0.900 0.319 0.920 0.503 
1.080 0.383 1.072 0.816 
1.260 0.441 
1.440 0.504 
1.620 0.579 
1.690 0.630 
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TABLE ~t-(Cont'd) 

. Mid-Span Deflection of Steel Deck Specimens 
Slngle Span Beams Used for Combined Bending-Web Crippling Tests 

Applied Mid-Span Applied Mid-Span 
Specimen Load Deflection Specimen Load Deflection 

No. (kips) (in) No. (kips) (in) 

BC - 19B 0.150 0.068 Be - 19C 0.B40 0.324 
0.300 0.138 (cont'd) 0.960 0.382 
0.450 0.209 1.080 0.454 
0.600 0.2B4 1.200 0.583 
0.720 0.353 1.200 0.690 
0.840 0.430 
0.960 0.521 Be - 190 0.150 0.058 
1.0BO 0.714 0.300 0.114 
1.0B3 0.791 0.450 0.171 

0.600 0.230 
Be - 19C 0.150 0.054 0.720 0.280 

0.300 0.109 0.840 0.335 
0.450 0.165 0.960 0.393 
0.600 0.221 1.OBO 0.465 
0.720 0.271 1.1BO 0.614 

. --~.-.'-",~ . '.-, _ .. , --. ""--- -. 
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Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection (i n.) 
Specimen Uniform Load 

No. (psf) #1 #2 #3 #4 

CB - 1A 25 0.13 0.18 0.15 0.19 
50 0.17 0.22 0.17 0.23 
75 0.19 0.25 0.21 0.27 

100 0.22 0.28 0.25 0.29 
125 0.23 0.32 0.26 0.33 
150 0.27 0.35 0.29 0.37 
175 0.29 0.38 0.32 0.39 
200 0.33 0.42 0.36 0.44 
225 0.43 0.56 0.50 0.57 
235 0.52 0.63 0.57 0.64 
245 0.56 0.66 0.63 0.69 
255 0.60 0.72 0.65 0.75 

CB - 1 B 25 0.12 0.19 O. 12 0.16 
50 0.16 0.20 0.15 0.20 
75 0.18 0.24 0.19 0.23 

100 0.22 0.27 0.23 0.26 
125 0.23 0.30 0.25 0.30 
150 0.27 0.33 0.27 0.33 
175 0.29 0.36 0.31 0.37 
200 0.33 0.40 0.34 0.39 
225 0.39 0.48 0.39 0.48 

CB - 2A 25 0.07 0.09 0.12 0.10 50 0.13 0.14 0.13 0.15 75 0.15 0.19 0.19 0.19 100 O. 19 0.24 0.22 0.23 125 0.24 0.27 0.25 0.29 150 0.26 0.32 0.30 0.33 175 0.30 0.36 0.37 0.36 200 0.34 0.40 0.38 0.40 225 0.39 0.45 0,42 0.48 250 0.43 0,54 0.46 0.49 255 0.44 0.54 0 .. 50 0.54 260 0.41 0.55 0.47 0.59 265 0.48 0.55 0.48 0.56 270 0.48 0.57 0.48 0.56 275 0.50 0.60 0 .. 51 0.56 280 0.53 0,61 0.51 0.58 285 0,65 0.70 0.53 0.61 290 0.55 0.65 0.58 0.66 295 0.59 0.66 0.59 0.76 
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Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection { in.} 
Specimen Uniform Load 

No. (psf) 
#1 #2 #3 #4 

CB - 2B 25 0.11 0.14 0.10 0.14 
50 0.12 0.18 0.14 0.18 
75 0.16 0.23 0.16 0.21 

100 0.21 0.26 0.19 0.25 
125 0.22 0.29 0.20 0.28 
150 0.25 0.33 0.24 0.31 
175 0.28 0.36 0.26 0.34 
200 0.31 0.39 0.29 0.36 
225 0.32 0.42 0.31 0.40 
250 0.35 0.46 0.34 0.44 
255 0.35 0.47 0.34 0.45 
260 0.36 0.48 0.35 0.46 
265 0.36 0.49 0.35 0.46 
270 0.37 0.50 0.36 0.47 
275 0.38 0.51 0.'37 0.48 
280 0.38 0.53 0.37 0.49 
285 0.39 0.54 0.39 0.50 

CB - 5A 25 0.05 0.06 0.07 0.06 
50 0.10 0.09 0.10 0.10 
75 0.15 0.13 0.15 O. 15 

100 0.21 0.19 0.20 0.22 
125 0.41 0.40 0.40 0.45 
140 0.48 0.48 0.48 0.52 
150 0.53 0.52 0.53 0.57 
160 0.58 0.57 0.57 0.62 

CB - 58 25 0.06 0.05 0.07 0.07 
50 0.10 0.10 0.12 0.11 
75 0.15 0.15 0.17 0.16 

100 0.20 0.23 0.22 0.22 
125 0.39 0.35 0.39 0.39 
140 0.50 0.50 0.49 0.50 
150 0.54 0.55 0.54 0.56 
160 0.59 0.60 0.59 0.60 
170 0.66 0.63 0.64 0.64 
180 0.69 0.67 0.69 0.70 

C8 - 6A 25 0.05 0.05 0.05 0.06 
50 0.10 O. 11 0.11 0.10 
75 0.13 0.14 O. 14 0.12 

100 0.18 0.19 O. 18 0.16 
125 0.23 0.24 0.23 0.22 
150 0.39 0.43 0.39 0.39 
160 0.44 0.49 0.45 0.46 
170 0.51 0.55 0.51 0.52 
180 0.55 0.58 0.56 0.57 
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Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection {in) 
Specimen Uniform Load 

No. (psf) #1 #2 #3 #4 

CB - 6B 25 0.07 0.07 0.06 0.06 
50 0.11 0.11 0.11 0.11 
75 0.16 0.16 0.16 0.15 

100 0.20 0.19 0.20 0.19 
125 0.24 0.24 0.25 0.24 
150 0.32 0.31 0.30 0.32 
160 0.46 0.46 0.42 0.47 
170 0.53 0.51 0.49 0.54 
180 0.57 0.54 0.53 0.57 
190 0.62 0.60 0.58 0.63 
200 0.67 0.64 0.62 0.67 

CB - 9A 25 0.11 0.04 0.10 0.03 
50 0.15 0.08 0.15 0.11 
75 0.20 0.09 0.19 0.11 100 0.23 0.10 0.23 0.11 125 0.25 0.18 0.23 0.15 150 0.29 0.20 0.25 0.20 175 0.33 0.24 0.27 0.23 

CB - 98 25 0.13 0.06 0.08 0.03 50 0.16 0.11 0.13 0.08 75 0.20 0.14 0.17 0.10 100 0.23 0.17 O. 19 0.14 125 0.31 0.20 0.21 0.16 150 0.32 0.24 0.23 0.20 175 0.36 0.27 0.26 0.22 200 0.40 0.34 0.30 0.31 210 0.44 0.39 0.32 0.34 220 0.46 0.44 0.34 0.39 230 0.48 0.50 0.41 0.46 240 0.50 0.54 0 . .45 0.48 250 0.53 0.57 0.48 0.52 260 0.55 0.61 0.53' 0.56 270 0.58 0.64 0.55 0.59 280 0.63 0.68 0.61 0.63 
CB - lOA 25 0.17 0.11 O. 15 0.09 50 0.22 0.15 0.23 0.10 75 0.29 0.17 0.26 0.12 100 0.30 0.22 0.30 0.15 125 0.33 0.25 0.31 0.20 140 0.35 0.28 0.33 0.23 150 0.38 0.30 0.34 0.24 160 0.39 0.31 0.37 0.27 170 0.42 0.33 0.38 0.29 
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Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection (i nJ 
Specimen Uniform Load 

No. ( pst) #1 #2 #3 #4 

CB - lOB 25 0.19 0.11 0.18 0.09 
50 0.25 0.16 0.22 0.14 
75 0.25 0.18 0.26 0.21 

100 0.27 0.19 0.30 0.22 
125 0.29 0.24 0.35 0.28 
150 0.37 0.30 0.36 0.29 
175 0.41 0.32 0.38 0.29 
200 0.46 0.36 0.41 0.30 

CB - 11A 25 0.05 0.04 0.07 0.09 
50 0.11 0.09 0.12 0.12 
75 0.16 0.14 0.18 0.18 

100 0.21 0.19 0.23 0.24 
125 0.44 0.40 0.42 0.42 
140 0.49 0.50 0.51 0.50 
150 0.58 0.51 0.55 0.55 
160 0.61 0.63 0.61 0.61 
170 0.67 0.63 0.63 0.66 

CB - 11B 25 0.03 0.04 0.06 0.05 
50 0.07 0.08 0.12 0.11 
75 0.13 0.12 0.17 0.17 

100 0.19 0.18 0.23 0.22 
125 0.33 0.34 0.37 0.36 
140 0.44 0.44 0.49 0.48 
150 0.51 0.50 0.55 0.52 
160 0.54 0.55 0.59 0.58 

CB - 12A 25 0.06 0.08 0.06 0.07 
50 0.11 0.13 0.10 0.12 
75 0.16 0.16 0.15 0.16 

100 0.19 0.20 0.19 0.20 
125 0.24 0.25 0.23 0.25 
140 0.28 0.28 0.27 0.29 
150 0.31 0.30 0.29 0.31 
160 0.40 0.46 0.39 0.46 
170 0.50 0.54 0.48 0.56 
180 0.58 0.60 0.56 0.62 

CB - 12B 25 0.07 0.08 0.08 0.09 
50 0.12 0.13 0.14 0.16 
75 0.17 0.18 0.19 0.20 

100 0.23 0.24 0.25 0.25 
125 0.27 0.28 0.30 0.30 
140 . 0.31 0.32 0.33 0.35 
150 0.37 0.39 0.38 0.40 

-------_.-_._--- . 
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Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection ( i nJ 
Specimen Un Horm Load 

No. (psf) #1 #2 #3 #4 

160 0.44 0.48 0.45 0.49 
170 0.52 0.55 0.52 0.57 
180 0.59 0.61 0.58 0.64 

CB - 13A 30 0.08 0.07 0.06 0.10 
60 0.12 0.09 0.12 0.11 
90 0.14 0.13 O. 14 0.14 

120 0.15 0.16 0.18 0.17 
150 0.21 0.23 0.23 0.21 
180 0.26 0.28 0.28 0.26 
210 0.38 0.40 0.41 0.37 

CB - 13B 30 0.08 0.07 0.10 0.06 
60 0.12 O. 11 0.10 0.12 
90 0.14 0.13 0.15 0.14 

120 0.17 0.15 O. 18 0.17 
150 0.19 0.19 0.20 0.20 
180 0.22 0.25 0.24 0.23 210 0.28 0.30 0.30 0.29 

CB - 14A 30 0.10 0.13 0.07 0.07 60 0.15 0.18 0.11 0.12 90 0.17 0.21 0.16 0.16 120 0.20 0.24 0.17 0.18 150 0.23 0.27 0.20 0.20 180 0.26 0.30 0.25 0.23 210 0.29 0.34 0.32 0.29 230 0.32 0.37 0.32 0.32 250 0.35 0.39 0.35 0.36 
CB - 148 30 0.10 0.08 0.08 0.10 60 0.14 0.11 0.10 0.11 90 0.17 0.15 0.13 0.15 120 0.18 0.18 0.18 O. 16 150 0.22 0.20 0.20 0.20 180 0.24 0.24 0.23 0.22 210 0.28 0.29 0.29 0.27 230 0.31 0.31 0.31 0.30 240 0.32 0.32 0.32 0.31 250 0.33 0.33 0.33 0.33 
CB - 15A 30 0.01 0.03 0.05 0.07 60 0.05 0.06 0.10 0.09 90 0.07 0.10 0.13 0.10 120 0.09 0.13 0.17 0.12 150 0.11 0.21 0.26 O. 18 



Specimen 
No. 

CB - 15B 

CB - 16A 

CB - 16B 

CB - 19A 

CB - 19B 

TABLE A2 (Cont I d.) 

Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Defl ect i on (i n.) 
Uniform Load 

(psf) #1 #2 #3 #4 

30 0.04 0.04 0.06 0.05 
60 0.07 0.07 0.09 0.09 
90 0.10 0.10 0.12 0.11 

120 0.11 0.12 0.14 0.14 
150 0.12 0.15 0.15 0.17 
180 0.29 0.35 0.32 0.38 

30 0.07 0.07 0.07 0.06 
60 0.11 0.12 0.09 0.08 
90 0.13 0.15 0.11 0.11 

120 0.16 0.19 0.14 0.13 
150 0.17 0.22 0.17 0.17 
180 0.21 0.25 0.18 0.20 
210 0.27 0.42 0.28 0.36 

30 0.05 0.03 0.09 0.06 
60 0.09 0.08 0.12 0.12 
90 0.12 0.10 0.15 0.16 

120 0.13 0.13 0.18 0.19 
150 0.14 0.14 0.20 0.22 
180 0.15 0.17 0.22 0.24 
210 0.20 0.21 0.25 0.28 

20 0.09 0.09 0.09 0.09 
40 0.14 0.12 0.13 0.13 
60 0.17 0.17 0.16 0.17 
80 0.19 0.19 0.19 0.20 

100 0.22 0.20 0.21 0.22 
120 0.25 0.23 0.25 0.26 
140 0.27 0.27 0.29 0.29 
160 0.29 0.29 0.31 0.31 
180 0.34 0.31 0.33 0.34 
200 0.37 0.36 0.39 0.39 
220 0.42 0.39 0.43 0.42 

20 0.11 0.10 0.10 0.11 
40 0.15 0.14 0.14 0.15 
60 0.18 0.17 0.19 0.20 
80 0.21 0.20 0.22 0.22 

100 0.24 0.22 0.25 0.26 
120 0.26 0.25 0.28 0.29 
140 0.28 0.27 0.31 0.31 
160 0.30 0.30 0.34 0.34 
180 0.34 0.31 0.39 0.39 
200 0.37 0.34 0.42 0.42 
220 0.42 0.40 0.47 0.46 

141 



Specimen 
No. 

CB - 20A 

CB - 20B 

TABLE A2 (Cont I d'l 

Mid-Span Deflection of Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Applied Mid-Span Deflection (in) 
Uniform Load 

( psf) #1 #2 #3 #4 

20 0.07 0.08 0.08 0.09 
40 0.12 0.12 0.10 0.10 
60 0.16 0.15 0.13 0.13 
80 0.19 0.19 0.16 0.17 

100 0.22 0.21 0.18 0.19 
120 0.26 0.25 0.21 0.22 
140 0.28 0.28 0.24 0.25 
160 0.31 0.31 0.27 0.27 
180 0.36 0.34 0.30 0.30 
200 0.38 0.38 0.31 0.32 

20 0.04 0.06 0.06 0.06 
40 0.08 0.10 0.09 0.09 
60 0.11 0.14 0.12 0.12 
80 O. 15 0.16 0.15 0.15 

100 0.18 0.21 0.18 0.18 
120 0.22 0.23 0.19 0.22 
140 0.24 0.25 0.23 0.26 
160 0.27 0.27 0.26 0.29 
180 0.29 0.29 0.28 0.30 200 0.32 0.34 0.31 0.36 220 0.34 0.36 0.35 0.39 230 0.35 0.37 0.37 0.40 240 0.37 0.38 0.38 0.41 250 0.40 0.41 0.40 0.42 

Note: See Fig. 36a for the location of deflection measurements. 
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TABLE A3 1 ~·3 

Mid-Span Deflection of Steel Deck Specimens 
Three-Span Continuous Beam Tests 

Applied 
M;d-S~an Deflection {i n 1 Specimen Uni form Load 

No. (psf) #1 #2 #3 #4 #5 #6 

CB - 3A 20 0.11 0.08 0.05 0.04 0.08 0.07 
40 0.18 0.15 0.08 0.06 0.15 0.14 
60 0.24 0.21 0.10 0.08 0.21 0.20 
80 0.29 0.26 0.11 0.10 0.27 0.26 

100 0.35 0.31 0.14 0.12 0.33 0.31 
120 0.41 0.35 0.16 0.14 0.37 0.36 
140 0.46 0.41 0.18 0.15 0.43 0.41 
160 0.51 0.46 0.20 0.16 0.48 0.45 
180 0.54 0.50 0.22 0.17 0.54 0.48 
200 0.59 0.56 0.24 0.19 0.58 0.54 
220 0.65 0.62 0.25 0.19 0.65 0.59 
240 0.68 0.70 0.28 0.21 0.71 0.66 
260 1. 03 1.09 0.77 0.65 1.02 0.97 

- ----- ~--.-

CB - 38 20 0.10 0.09 0.10 0.06 0.12 0.10 
40 0.19 0.16 0.15 0.10 0.18 0.16 
60. 0.26 0.23 0.17 0.11 0.24 0.22 
80 0.30 0.28 0.19 0.12 0.29 0.27 

100 0.35 0.31 0.20 0.13 0.36 0.32 
120 0.40 0.37 0.22 0.14 0.40 0.35 
140 0.45 0.42 0.25 0.16 0.46 0.40 
160 0.49 0.46 0.27 0.18 0.49 0.45 
180 0.54 0.50 0.29 0.18 0.55 0.50 
200 0.S7 0.56 0.30 0.20 0.58 0.56 
220 0.63 0.60 0.32 0.22 0.64 0.62 
240 0.67 0.67 0.37 0.23 0.69 0.67 
260 0.74 0.77 0.41 0.25 0.75 0.77 

CB - 4A 20 0.12 0.09 0.09 0.05 0.10 0.09 
40 0.16 0.17 0.12 0.09 0.18 0.16 
60 0.24 0.24 0.15 0.11 0.24 0.22 
80 0.29 0.29 0.16 0.12 0.29 0.26 

100 0.35 0.35 0.17 0.13 0.35 0.31 
120 0.40 0.39 0.20 0.14 0.39 0.36 
140 0.45 0.41 0.21 0.15 0.44 0.40 
160 0.51 0.47 0.23 0.17 0.49 0.46 
180 0.54 0.51 0.25 0.19 0.55 0.51 
200 0.58 0.56 0.27 0.20 0.58 0.56 
220 0.62 0.59 0.28 0.22 0.63 0.60 
240 0.67 0.66 0.31 0.24 0.68 0.64 
260 0.73 0.68 0.33 0.25 0.73 0.71 
280 0.78 0.71 0.36 0.29 0.79 0.76 
300 0.85 0.78 0.38 0.30 0.84 0.82 

CB - 4B 20 0.10 0.10 0.07 0.10 0.10 0.11 
40 0.17 0.18 0.10 0.14 0.15 0.17 
60 0.23 0.25 0.12 0.16 0.20 0.23 
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TABLE A3 (Cont'd) 

Mid-Span Deflection of Steel Deck Specimens 
Three-Span Continuous Beam Tests 

Applied Mid-Span Deflection {i n) 
Specimen Uniform Load 

No (psf) #1 #2 #3 #4 #5 #6 

CB - 4B 80 0.28 0.30 0.15 0.18 0.25 0.27 
(cont'd) 100 0.34 0.37 0.16 0.20 0.29 0.32 

120 0.38 0.40 0.17 0.22 0.32 0.36 
140 0.43 0.45 0.20 0.25 0.36 0.41 
160 0.47 0.50 0.22 0.27 0.41 0.44 
180 0.51 0.54 0.24 0.28 0.44 0.47 
200 0.54 0.58 0.25 0.31 0.48 0.51 
220 0.58 0.62 0.27 0.34 0.51 0.54 
240 0.62 0.67 0.30 0.37 0.56 0.58 
260 0.68 0.72 0.32 0.39 0.59 0.63 

Note: See Fig. 36b for the location of deflection measurements. 
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TABLE A4 

. Strain Gage Rendings for Steel Deck Specimens 
Slng1e Span Beams Used for Combined Bending-Web Crippling Tests 

Applied Strain Gage Reading (micro in./in.J* 
Specimen Load 

No. (kips) #1 #2 #3 #4 

BC - 2C 0.150 -164 170 139 -132 
0.300 -328 343 285 -277 
0.450 -500 510 441 -437 
0.600 -687 681 602 -591 
0.720 -850 821 737 -731 
0.840 -1015 970 882 -873 
0.960 -1195 1124 1035 -1027 
1.080 -1461 l308 1221 -1191 
1. 170 -2590 1555 1526 -1376 

Failure Load 

Be - 20 0.150 -152 151 133 -130 
0.300 -290 300 274 -269 
0.450 ·-437 458 420 -415 
0.600 -593 612 569 -564 
0.720 -725 742 696 -690 
0.840 -870 879 832 -824 
0.960 -1030 1022 971 -962 
1.080 -1220 1180 1130 -1123 
1.200 -1413 1393 1360 -1375 
1.202 -1383 1421 1389 -1375 

Failure Load 

BC - 12C 0.200 -157 158 151 -145 
0.400 -320 317 300 -283 
0.600 -492 478 457 -429 
0.800 -682 642 625 -586 
0.960 -859 771 762 -711 
1. 120 -1050 910 911 -840 
1.280 . -1242 1074 1079 -965 
1.400 -1428 1254 1335 -891 

Fa il ure Load 

BC - 120 0.200 -74 94 209 -197 
0.400 -200 228 374 -341 
0.600 -337 377 554 -496 
0.800 -482 532 738 -650 
0.960 -610 666 890 -773 
1.120 -742 801 1038 -835 
1.280 -889 955 1201 -951 
1.405 -1225 1272 1381 -744 

Fa i 1 ure Load 

* Negative sign indicates compressive strain. 
See page 112 for the location of strain gages. 
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TABLE A4 (Cont'd) 

Strain Gage Rendings for Steel Deck Specimens 
Single Span Beams Used for Combined Bending-Web Crippling Tests 

Applied Strain Gage Reading (micro in./in.)* 
Specimen Load 

No. (kips) #1 #2 #3 #4 

Be - 16C 0.115 127 -68 -227 260 
0.230 286 -193 -350 419 
0.345 474 -274 -481 598 
0.460 702 -416 -622 808 
0.550 847 -504 -720 940 
0.640 1030 -582 -836 1091 
0.730 1225 -687 -960 1253 
0.820 1449 -899 -1075 1438 
0.867 1681 -1130 -1070 1431 

Fa i 1 ure Load 

Be - 160 0.115 176 -127 -122 177 
0.230 354 -247 -250 357 
0.345 530 -366 -382 536 
0.460 733 -505 -537 741 
0.550 891 -613 -656 887 
0.640 1048 -734 -783 1034 
0.730 1216 -862 -913 1188 
0.820 1389 -1007 -1062 1418 
0.872 1406 

Fa i 1 ure Load 
-1133 -1303 1662 

Be - 19C 0.150 -124 159 154' -107 
0.300 -264 331 324 -278 
0.450 -421 515 506 -469 
0.600 -572 688 677 -623 
0.720 -715 842 826 -786 
0.840 -874 1025 990 -961 0.960 -1026 1259 1202 -1149 1.080 -1195 1606 1500 -1414 1.200 -1431 2505 2420 -1960 1.200 -1532 2729 2583 -2193 Failure Load 

BC - 190 0.150 -116 151 167 -48 0.300 -261 326 348 -162 0.450 -406 505 540 -305 0.600 -562 686 734 -469 0.720 -688 825 889 -645 0.840 -822 1006 1095 -817 0.960 -981 1257 1351 -1019 1.080 -1191 1654 1721 -1281 1.180 - 1"581 2613 2947 -1755 Fail ure Load 

* Negative sign indicates compressive strain. 
See page 112 for the location of strain gag5. 
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TABLE A 5 

Strain Gage Readings for Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading ( m ; c ro in. / in. ) * 

No. (psf) 
#1 #2 #3 #4 

CB - 1A 25 57 56 98 -138 
50 196 -107 -113 15 
75 348 -245 -303 189 

100 487 -396 -477 329 
125 634 -569 -676 504 
150 779 -744 -892 681 
175 938 -940 -1093 855 
200 1136 -1208 -1306 1068 
225 1548 -3794 -869 1532 
235 1647 -3279 -457 1718 
245 1797 -3158 -347 1833 
255 1938 -3110 -338 1958 
265 2107 -3043 -300 2124 
275 2280 -3001 -277 2312 
285 Fa i1 ure Load 

CB - 1 B 25 -110 +80 +176 +55 
50 +41 -99 -44 +186 
75 +192 -269 -229 +325 

100 +347 -500 -437 +466 
125 +504 -735 -669 +607 
150 +663 -949 -923 +753 
175 +829 -1187 -1232 +911 
200 +1018 -1508 -1657 +1099 
225 +1304 -1669 -3116 + 1431 
235 +1469 -1241 -3541 +1686 
245 +1633 -932 -2645 +1810 
255 +1738 -864 -2443 +1915 
265 +1848 -820 -2307 +2014 
275 +1972 -794 -2219 +2127 
285 Fa i1 ure Load 

CB - 2A 25 -33 96 20 7 

50 -139 -56 -112 133 
75 -63 -200 -250 269 

100 -57 -350 -400 394 
125 81 -500 -555 531 
150 207 -647 -712 671 
175 302 -815 -883 810 
200 433 -980 -1051 958 

* Negative sign indicates compressive strain 
See page 122 for the location of strain gages. 
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TABLE AS "1Cont ' d) 

Strai n Gage Readi ngs for Steel Deck Specimens 
two-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading (micro . /. ) * In. In. 

No. (psf) #1 #2 #3 #4 

CB - 2A 225 567 -1198 -1270 1130 
(cont'd) 250 719 -1490 -1497 1307 

260 826 -1824 -1607 1415 
270 882 -1990 -1679 1479 
280 969 -2328 -1786 1574 
290 1080 -2870 -2207 1695 
300 1152 -6732 -1384 1440 
300 Failure Load 

CB - 2B +25 -87 +79 +73 +73 
+50 +58 -103 -61 +203 
+75 +194 -238 -179 +328 

+100 +323 -369 -312 +449 
+125 +459 -504 -449 +571 
+150 +602 -649 -595 +696 
+175 +742 -783 -734 +820 
+200 +890 -925 -887 +950 
+225 +1044 -1079 -1052 +1076 
+250 +1212 -1223 -1205 +1215 
+260 +1285 -1276 -1275 +1278 
+270 +1368 -1347 -1374 +1352 
+280 +1455 -1408 -1499 +1447 
+290 +1576 -1480 -1701 +1531 
+300 +1688 -1761 -2197 +1659 
+310 +1562 -950 -4574 +1749 
+312 Failure Load 

CB - 5A 25 172 -285 -194 155 
50 307 -597 -413 281 
75 431 -1060 -733 400 

100 514 -1990 -1175 497 
125 877 -4793 -186 692 140 1081 -4525 -51 929 
150 1210 -4428 5 1057 
160 1382 -4248 54 1220 
170 1530 -4132 78 1374 180 1682 -3974 101 1522 190 1827 -3846 111 1657 200 1989 -3716 118 1809 210 2187 -3569 122 1952 

* Negative Sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE AS (Cont'd-) 

Strai n Gage Readi ngs for Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading * (micro in./in.) 

No. (psf) #1 #2 #3 #4 

CB - 5A 220 2419 -3477 121 2103 
(cont'd) 230 2736 -3380 125 2281 

230 Fa i1 ure Load 

CB - 5B 25 159 -230 -57 182 
50 278 -470 -361 335 
75 386 -749 -699 466 

100 492 -1189 -1349 565 
125 723 -449 -4345 779 
140 980 -359 -4240 923 
150 1088 -328 -4164 1021 
160 1237 -280 -4025 1169 
170 1392 -231 -3816 1303 
180 1513 -209 -3696 1415 
190 1671 -188 -3516 1554 
200 1797 -163 -3393 1671 
210 1919 -134 -3259 1780 
220 286 -4564 
221 Fa i 1 ure Load 

CB - 6A 25 145 -259 -147 98 
50 287 -523 -280 195 
75 420 -783 -444 281 

100 550 -1087 -615 369 
125 665 -1587 -896 440 
150 770 -2452 -1474 469 
160 587 -3549 -794 274 
170 589 -3502 -763 307 
180 623 -3606 -769 349 
190 698 -3612 -804 403 
200 809 -3623 -764 459 
210 889 -3625 -772 515 
220 964 -3609 -654 577 
230 1038 -3619 -626 641 
239 Fa il ure Load 

CB - 6B 25 159 -375 -95 135 
50 294 -616 -271 263 
75 427 -863 -433 386 

100 560 -1051 -616 509 
125 678 -1273 -837 616 

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE A5 .. ( Conti a) 

Strain Gage Readings for Steel Deck Specimens 
Two-Span Continuous Beam Tests 

Uniform 
* Specimen Load Strain Gage Reading (micro in./in. ) 

No. (psf) #1 #2 #3 #4 

CB - 6B 150 775 -1826 -1336 711 
(contld) 160 611 -2827 -783 568 

170 602 -2904 -699 597 
180 632 -2949 -682 627 
190 697 -2982 -583 690 
200 757 -2984 -512 753 
210 830 -2978 -441 823 
220 903 -2988 -401 898 
230 992 -2987 -347 976 
240 1077 -2967 -295 1041 
247 Fa il ure Load 

CB - 9A 25 -70 +56 +33 -3 
50 22 -75 -27 -3 
75 154 -272 -225 

100 278 -444 -517 
125 412 -581 -825 
150 528 -695 -1041 
175 651 -784 -1432 
200 794 -947 -1787 
210 883 -1020 
220 979 -866 
230 1059 -735 
240 1112 -728 
250 1169 -696 
260 1209 -683 
270 1238 -660 
280 1281 -687 
290 1318 -731 
300 1366 -782 
302 Fa il ure Load 

CB - 9B 25 -60 20 68 157 
50 20 -144 -90 307 
75 149 -312 -244 453 

100 270 -392 -385 598 
125 390 -508 -519 744 
150 508 -637 -679 881 
175 622 -787 -933 1052 200 757 -1035 -1899 1317 210 834 -1061 -1752 1446 220 930 -1024 1525 

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE A5 (Conttd) 

Strain Gage Readings for Steel Deck Specimens 
Two-Span Continuous Beam Tests 

~~ 

Uniform 
Specimen Load Strain Gage Reading (micro ' /' ) * 1 n, 1 n. 

No. (psf) .#1 #2 
~-, 

#3 Jl4 

CB - 9B 230 1001 -1001 1592 
(cant I d) 240 1074 -945 1716 

250 1124 -940 1862 
260 1162 -906 2016 
270 1209 ... 809 2193 
280 1260 -788 2359 
290 1326 -810 2603 
300 8111 -353 13794 
300 Fa i 1 ure Load 

CB - lOA 25 .. 83 77 6 126 
50 7 4 -71 262 
75 123 -83 -223 393 

100 236 .. 207 -361 517 
125 346 .. 342 -520 640 
140 416 -415 -609 720 
150 456 -468 -671 763 
160 501 -530 -745 817 
170 541 -578 -812 872 
180 585 -642 -890 931 
190 626 -699 -965 978 
200 670 -761 -1049 1035 
210 711 -820 -1130 1087 
220 749 .. 882 -1217 1136 
230 800 -968 -1351 1211 
240 840 ' -1029 -1438 1266 
250 887 .. 1119 -1566 1336 
260 933 -1227 -1735 1409 
270 982 -1356 -1951 1487 
280 1034 -1477 -2298 1584 
290 1085 -1559 -2802 1696 
300 1144 -1471 -3403 1874 
310 1133 -1559 -3687 19]9 
320 929 -1774 -2888 2009 
330 834 -2002 -2660 1912 
331 Fa i1 ure Load 

CB - lOB 25 -20 -9 18 108 
50 115 -143 -124 243 
75 238 -308 -296 374 

100 360 -444 -454 509 ._---
* Negative sign indicates compressive strain 

See page 122 for the location of strain gages. 
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TABLE AS (Contld) 

Strain Gage Readings for Steel Deck Specimens 
_Two-Span Conti nuous Beam Tests 

Uniform 
* Specimen Load Strain Gage Reading (micro in./in.) 

No. (psf) #1 #2 #3 #4 

CB - lOB 125 482 -617 -588 643 
(contld) 150 594 -785 -725 775 

175 710 -957 -900 913 
200 820 -1115 -1067 1037 
210 871 -1177 -1172 1109 
220 917 -1244 -1299 1172 
230 967 -1316 -1503 1247 240 1015 -1379 -1708 1323 
250 1065 -1441 -1965 1407 
260 1120 -1510 -2303 1501 
270 1174 -1626 -2508 1600 
280 1203 -1844 -2861 1681 290 1138 -2001 -3017 1731 
300 1042 -2054 -3315 1757 310 916 -2019 1711 320 Fa il ure Load 

CB - llA 25 178 -170 -192 141 50 339 -657 -313 297 75 493 -1291 -415 437 100 660 -2290 -651 596 125 972 -5117 -566 1086 140 1003 -4837 -442 1333 150 1042 -4710 -377 1495 160 1108 -4612 -308 1650 170 1168 -4488 -243 1770 180 1250 -4440 -207 1893 190 1346 -4363 -145 1983 190 Fa i 1 ure Load 

CB - 11B 25 167 -279 -207 169 50 332 -158 -432 326 75 497 -273 -569 492 100 669 -990 -765 664 125 928 -3148 -24 948 140 897 -3244 252 1160 150 950 -3123 356 1294 160 1021 -2979 446 1408 170 1107 -2816 502 1536 180 1192 -2694 535 1653 190 1277 -2583 557 1751 198 Failure Load 

* Negative Sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE ·AtJ. (Cont I d) 
Strain Gage Readings for Steel Deck Specimens 

Two-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading ( m i c ro in. / in. ) * 

No. (psf) #1 #2 #3 #4 

CB - 12A 25 144 -194 -139 141 
50 285 -387 -251 283 
75 421 -679 -392 407 

100 555 -1011 -564 537 
125 688 -1502 -786 675 
140 757 -1946 -992 768 
150 810 -2402 -1546 848 
160 794 -3909 -4724 793 
170 598 -4088 -1640 809 
180 463 -4179 -1297 913 
190 399 -4229 -1163 1012 
200 334 -4235 -1047 1127 
210 284 -4205 -8080 1259 
210 Failure Load 

CB - 12B 25 204 -309 -106 147 
50 361 -552 -275 306 
75 517 -798 -442 465 

100 669 -1103 -600 609 
125 826 -1564 -783 748 
140 937 -2051 -929 827 
150 1042 -2525 -1218 893 
160 1109 -3893 -833 882 
170 1071 -4138 -685 950 
180 1014 -4214 -616 986 
190 990 -4286 -523 1052 
200 1013 -4301 -380 1115 
207 Failure Load 

CB - 13A 30 +72 -23 132 -270 
60 -60 32 265 -490 
90 -217 184 393 -697 

120 -382 289 521 -945 
150 -790 395 672 -1515 
180 -1156 506 758 -2329 
210 -3048 378 381 -2589 
230 -1267 -178 110 -1729 
240 -888 -252 72 -1594 
242 Failure Load 

~-~--

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 



154 

TABLE AS (CQnt'd) 
Strain Gage Readings for Steel Deck Specimens 

Two-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading (micro in./in.)* 

No. (psf) #1 #2 #3 #4 

CB - 14A 30 -111 109 0 -34 
60 -187 223 102 -127 
90 -278 329 196 -219 

120 -385 436 278 -305 
150 -495 552 372 -403 
180 -606 664 471 -510 
210 -783 840 587 -1042 
230 -827 919 663 -1235 
250 -977 1029 758 -1626 
251 Fail ure Load 

CB - 15A 30 -191 166 105 -152 
60 -365 289 181 -291 
90 -554 422 263 -454 

120 -728 544 334 -586 
150 -1031 674 422 -1069 
180 +434 282 
235 Failure Load 

CB - 158 30 -136 89 152 -211 
60 -249 180 271 -364 
90 -383 268 387 -505 

120 -524 349 500 -621 
150 -677 430 591 -778 
180 -295 272 491 965 
210 -5 -83 197 1602 
220 -24 -129 175 1663 
230 -51 -210 134 1656 
240 -59 -239 127 1626 
241 Failure Load 

CB - 16A 30 -45 56 135 -128 60 -153 157 248 -250 90 -247 250 358 -343 120 -342 344 471 -435 150 -442 424 576 -523 180 -558 514 679 -632 

* Negative Sign indicates compressive strain. 
See page 122 for the location of strain-gages. 
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TABLE A5 (Cont'd) 

Strain Gage R~adings for Steel Deck Specimens 
Jwo-Span Continuous Beam Tests 

Uni form 
_Specimen Load Strain Gage REading (micro in./in.)* 

No. (psf) #1 #2 #3 #4 

CB - 16A 210 -1179 585 361 -407 
(cont'd) 230 97 -291 -52 461 

240 227 -348 -85 506 
241 Failure Load 

CB - 16B 30 -5 1 153 -142 
60 -132 82 254 -257 
90 -249 169 364 -373 

120 -354 254 473 -496 
150 -444 337 582 -626 
180 -558 417 701 -781 
210 -681 489 808 -948 
230 -640. -68 150 226 
240 -428 -162 103 312 
250 -114 -320 5 430 
261 Fa il ure Load 

CB - 19B 20 19 -19 -2 31 
40 109 -149 -147 104 
60 177 -267 -246 183 
90 249 -402 -579 275 

100 318 -504 -762 357 
120 395 -605 -888 435 
140 475 -703 -965 512 
160 572 -863 -1042 598 
180 691 -1081 -1137 691 
200 806 -1288 -1309 784 
220 973 -1447 -1505 903 
230 1273 -1443 -1296 1151 
240 1526 -1381 -1199 1407 
251 Failure Load 

CB - 20B +20 +61 -52 +66 
+40 +132 -126 +142 
+60 +196 -222 +233 
+80 +258 -332 +315 

+100 +317 -443 +390 
+120 +385 -547 +468 
+140 +455 -657 +545 
+160 +525 -759 +618 

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE A5 (Cont'd) 

Strain Gage Readings for Steel Deck Specimens 
- Two-Span Conti nuous Beam Tests 

Uni fOnT! 
Specimen Load Strain Gage Reading (mi cro . /. )* In. In. 

No. (psf) #1 #2 #3 #4 

CB - 20B +180 +599 -877 +706 
(cont'd) +200 +670 -988 +782 

+220 +743 -1150 +870 
+230 +780 -1230 +917 
+240 +814 -1347 +970 
+250 +848 -1446 +1024 
+260 +870 -1555 +1068 
+270 +891 -1676 +1104 
+280 +903 -1754 +1106 
+290 Failure Load 

. ---_._._-._._--_.-._... -- _ ..... --"."----.-

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 



157 

TABLE A 6 

Strain Gage Readings for Steel Deck Specimens 
Three-Span Continuous Beam Tests 

Un; form 
Specimen Load Strain Gage Reading (micro in./in.)* 

No. (psf) #1 #2 #3 #4 #5 #6 #7 #8 

CB - 3A 20 127 -160 112 87 51 _72 -67 137 
40 233 -276 59 171 155 -218 -219 230 
60 343 -397 -35 271 282 -376 -376 329 
80 442 -515 -132 369 386 -456 -510 422 

100 551 -603 -241 474 498 -541 -656 528 
120 662 -715 -354 574 604 -635 -812 629 
140 770 -819 -459 658 694 -715 -946 711 
160 879 -934 -569 748 790 -818 -1096 797 
180 993 -1098 -658 816 900 -947 -1266 903 
200 11 07 -1260 -772 890 987 -1073 -1444 998 
220 1238 -1432 -910 960 1075 -1213 -1681 11 08 
240 1385 -1616 -1095 1067 1145 -1353 -2020 1227 
260 1648 -1877 -1490 1222 1286 -1572 -2628 1553 
270 2858 -1298 -2583 1724 2750 -1981 -6888 5546 
280 2942 -1286 -4661 1815 2855 -1981 -7019 5801 
290 3115 -1163 -4770 1870 3044 -1821 -7149 6945 
300 Failure Load 

CB - 3B 20 5 13 -214 19 -20 _ 334 190 
40 90 -79 -252 71 -88 _ 441 323 
60 190 -204 -320 179 -231 -487 445 
80 289 -326 -406 278 -377 -542 539 

100 386 -445 -502 371 -493 -699 627 

120 482 -570 -621 462 -617 -811 716 

140 582 -692 -775 565 -747 -933 818 

160 681 -774 -934 654 -866 -1056 900 
180 783 -848 -1116 739 -992 -1196 978 

200 880 -930 -1285 823 -1115 -1335 1064 

220 985 -1038 -1507 911 -1256 -1513 1161 

240 1097 -1208 -1828 1005 -1415 -1764 1263 

260 1286 -1536 -2738 1148 -1677 -2439 1441 

270 1369 -1654 -3181 1210 -1785 -2763 1525 

280 1534 -1943 -4390 1332 -2010 -3887 1761 

290 3004 -1426 -10894 2541 -2005 -15640 4155 

300 3234 -1366 -11399 2756 -1963 -16095 4580 

310 Fa i 1 ure Load 

CB - 4A 20 17 -2 -206 162 18 -18 -154 125 

40 61 -62 -299 282 103 -122 -244 186 

60 150 -189 -418 392 189 -229 -354 262 
--~---~--

* Negative sign indicates compressive strain. 
See page 122 for the location of strain gages. 
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TABLE A6 (Gont'd) 

Strain Gage Readings for Steel Deck Specimens 
Three-Span Continuous Beam Tests 

Uniform 
Specimen Load Strain Gage Reading (micro in./in.)* 

No. (psf) 
#1 #2 #3 #4 #5 #6 #7 #8 

CB - 4A 80 242 -304 -524 481 259 -314 -442 324 
(cont'd) 100 338 -443 -662 584 340 -414 - 551 400 

120 435 -592 -800 690 424 -516 - 661 472 
140 524 -713 -906 772 490 -604 -753 527 
160 620 -835 -1010 883 573 -709 -865 600 
180 716 -947 -1107 987 659 -814 - 981 676 
200 806 -1065 -1211 1084 734 -918 -1083 744 
220 901 -1185 -1321 1190 823 -1038 -1221 825 
240 987 -1322 -1433 1285 899 -1156 -1347 888 
260 1075 -1476 -1561 1393 985 -1295 -1503 956 
280 1173 .. 1656 -1716 1521 1088 -1456 -1724 1039 
300 1272 -1816 -1886 1638 1193 -1625 - 200l 1126 
320 1410 -2051 -2230 1809 ·1342 -1714 - 2656 1238 
330 1558 -2234 -3096 1916 1548 -1828 -4526 1365 
340 1129 -1961 -3997 1787 1509 -1694 -5348 1304 
350 1334 -1879 -4543 1713 1456 -1596 -5469 1233 
350 Failure Load 

CB - 4B 20 4 1 -108 144 5 1 154 146 
40 96 -102 -204 216 21 -29 -246 268 
60 179 -202 -292 283 96 -139 -400 366 
80 256 -303 -385 350 176 -264 -520 455 

100 336 -410 -480 421 262 -402 -641 548 
120 412 -513 -571 485 338 -519 -757 636 
140 490 -622 -664 549 413 -630 -874 715 
160* 567 -733 -761 607 484 -741 -986 789 
180 648 -863 -879 670 558 -874 -1118 870 
200 723 -998 -995 727 . 625 -1005 -1242 942 
220 800 -1130 -1121 801 702 -1149 -1383 1026 
240 869 -1278 -1279 865 764 -1297 -1548 1100 
260 952 -1494 -1797 954 825 -1481 -1820 1176 
270 1001 -1616 -2223 1006 861 -1579 -2005 1222 
280 1051 -1726 -2532 1058 897 -1666 -2163 1268 290 1115 -1912 -2832 1139 950 -1812 -2429 1344 300 1195 -2110 -3216 1225 1004 -1992 -2772 1415 310 1236 -2460 -4349 1255 1136 -2397 -3695 1594 320 1166 -2367 -4499 1142 1233 -2514 -5571 1662 330 1094 -2293 -4466 1075 1060 -2290 -5698 1487 340 1047 -2242 -4427 1037 975 -2090 -5756 1416 349 Failure Load 

_ .. "._-* Negative sign indicates compression strian. 
See page 122 for the locatian of strain gages. 
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