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Table 5.24 VT E1perimental Strengths and New Predicted Strengths 

Program Series Test Stud Q. d/t Rp R. R.t A.FII Q", Q/Q", 
Layout (k) (k) (k) 

Rambo-Roddenberry 01 01 5 9.77 0.96 0.68 1.00 1.00 14.54 9.89 0.988 
Rambo-Roddenberry 01 02 5 7.29 0.96 0.68 1.00 1.00 14.54 9.89 0.737 
Ram bo-Roddenberry 01 03 5 9.23 0.96 0.68 1.00 1.00 14.54 9.89 0.934 
Rambo-Roddenberry D2 D4 25 8.95 0.96 0.68 0.84 1.00 14.54 8.30 1.078 
Rambo-Roddenberry 02 05 2S 8.76 0.96 0.68 0.84 1.00 14.54 8.30 1.055 
Rambo-Roddenberry 02 D6 25 7.16 0.96 0.68 0.84 1.00 14.54 8.30 0.862 
Rambo-Roddenberry OJ 07 W 5.81 0.96 0.48 1.00 1.00 14.54 6.98 0.833 
Rambo-Roddenberry 03 08 W 7.44 0.96 0.48 1.00 1.00 14.54 6.98 1.066 
Rambo·Roddenberry 03 D9 W 6.82 0.96 0.48 1.00 1.00 14.54 6.98 0.977 
Ram boo Roddenberry D4 010 5 12.53 1.20 0.68 1.00 1.00 22.28 15.15 0.827 
Rambo-Roddenberry D4 011 5 13.54 1.20 0.68 1.00 1.00 22.28 15.15 0.894 
Rambo·Roddenberry D4 012 S 15.55 1.20 0.68 1.00 1.00 22 .28 15.15 1.026 
Ram boo Roddenberry 05 013 W 11.81 1.20 0.48 1.00 1.00 20.56 9.87 1.197 
Ram bo-Roddenberry 05 014 W 9.99 1.20 0.48 1.00 1.00 20.56 9.87 1.012 
Ram boo Roddenberry 05 015 W 9.55 1.20 0.48 1.00 1.00 20.56 9.87 0.968 
Rambo-Roddenberry D6 016 2S 1/ .87 1.20 0.68 0.84 1.00 22.28 12.73 0.933 
Rambo-Roddenberry D6 017 2S 15.42 1.20 0.68 0.84 1.00 22 .28 12.73 1.211 
Rambo-Roddenberry 07 019 S 8.86 0.96 0.68 1.00 1.00 14.54 9.89 0.896 
Ram bo-Roddenberry 07 020 S 9.14 0.96 0.68 1.00 1.00 14.54 9.89 0.924 
Rambo-Roddenberry 07 021 S 6.63 0.96 0.68 1.00 1.00 14.54 9.89 0.671 
Rambo-Roddenberry 08 022 2S 9.23 096 0.68 0.84 1.00 14.54 8.30 1.111 
Rambo-Roddenberry 08 023 2S 10.30 0.96 0.68 0.84 1.00 14.54 8.30 1.240 

Ram bo-Roddenberry 08 024 2S 11.46 0.96 0.68 0.84 1.00 14.54 8.30 1.380 
Rambo-Roddenberry 09 025 W 7.85 0.96 0.48 1.00 1.00 14.54 6.98 1.125 
Rambo-Roddenberry D9 026 W 7.32 0.96 0.48 1.00 1.00 14.54 6.98 1.049 

Rambo-Roddenberry D9 027 W 6.88 0.96 0.48 1.00 100 14.54 6.98 0.986 
Rambo·Roddenberry 010 028 S 20.01 1.44 0.68 1.00 1.00 29.08 19.77 1012 
Rambo-Roddenberry 010 029 S 18.72 144 068 100 1.00 2908 19.77 0947 

Rambo· Roddenberry 010 030 S 21.80 144 068 100 100 2908 1977 I 103 
Ram boo Rodden berry DII 032 2S 17 49 144 068 0.84 100 2908 1661 1053 

Q~ ••. ~. Qe.u'! 
(k) Q", 

8.76 0.886 

8.29 0.998 

6.69 0.959 

13 .87 0.916 

10.45 1.059 

13.65 1.072 

8.21 0.830 

10.33 1.244 

7.35 1.053 

20.18 1.021 

1919 1 . 15~ 

/ 
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Table 5.24 VT Experimenta l Strengths and New Predicted Strengths 
--- --

Program Series Test Stud Q. d/t Rp R. R" A.F .. Q., Q,IQ., Qr.H·, 
Layout (k) (k) (k) (k) 

Rambo-Roddenberry 011 033 2S 20.89 1.44 0.68 0.84 100 29.08 16.61 1.258 
Rambo-Roddenberry 012 034 W 11.81 1.44 0.48 1.00 1.00 29.08 13.96 0.846 12.74 
Rambo· Roddenberry 012 035 W 12.00 1.44 0.48 1.00 1.00 29.08 13.96 0.860 
Rambo-Roddenberry 012 036 W 14.42 1.44 0.48 1.00 1.00 29.08 13 .96 1.033 
Rambo-Roddenberry 013 037 S 16.18 1.20 0.68 1.00 1.00 22.28 15. 15 1.068 15.93 
Rambo·Roddenberry 013 038 S 17.07 1.20 0.68 1.00 1.00 22 .28 15. 15 1.126 
Rambo·Roddenberry 013 039 S 14.53 1.20 0.68 1.00 1.00 22 .28 15.15 0.959 
Rambo-Roddenberry 014 040 2S 14.70 1.20 0.68 0.84 1.00 22.28 12.73 1.155 16.36 
Rambo-Roddenberry 014 041 2S 16.95 1.20 0.68 0.84 1.00 22 .28 12.73 1.332 
Rambo-Roddenberry 014 042 2S 17.43 1.20 0.68 0.84 1.00 22.28 12.73 1.369 
Rambo-Roddenberry DIS 043 W 8.78 1.20 0.48 1.00 1.00 22.28 10.70 0.821 9.45 
Rambo-Roddenberry DIS 044 W 9.64 1.20 0.48 1.00 1.00 22 .28 10.70 0.901 
Rambo-Roddenberry DIS 045 W 9.93 1.20 0.48 1.00 1.00 22.28 10.70 0.928 
Rambo-Roddenberry 016 046 S 5.89 0.72 0.68 1.00 1.00 8.75 5.95 0.990 5.48 
Rambo-Roddenberry 016 047 S 5.18 0.72 0.68 1.00 1.00 8.75 5.95 0.871 
Rambo-Roddenberry 016 048 S 5.36 0.72 0.68 1.00 1.00 8.75 5.95 0.901 
Rambo-Roddenberry 018 052 W 4.05 0.72 0.48 1.00 1.00 8.75 4.20 0.965 4.47 
Rambo-Roddenberry 018 053 W 4.54 0.72 0.48 1.00 1.00 8.75 4.20 1.081 
Rambo-Roddenberry 018 054 W 4.81 0.72 0.48 1.00 1.00 8.75 4.20 1.146 
Ram bo-Rodden berry 020 058 S 6.03 0.72 0.68 1.00 1.00 8.53 5.80 1.039 7.88 

Rambo-Roddenberry 020 059 S 8. 10 0.72 0.68 1.00 1.00 8 .53 5.80 1.396 
Rambo-Roddenberry 020 D60 S 9.50 0.72 0.68 1.00 1.00 8.53 5.80 1.638 

, 

Ram bo- Roddenberry 022 D64 W 5.40 0.72 0.48 1.00 1.00 8.53 4.09 1.319 6.18 

Rambo-Roddenberry 022 065 W 6.68 0.72 0.48 1.00 1.00 8.53 4.09 1.631 
Ram bo- Roddenberry 022 D66 W 6.46 0 .72 0.48 1.00 100 853 409 1578 

Lyons I 02 S 21.91 1.44 0.68 1.00 088 29.41 17 .60 1.245 2000 

Lyons I 03 S 18.08 144 0.68 1.00 0.88 29.41 17.60 1.027 
l.yons 2 04 S 1944 1.44 068 1.00 088 29.41 17.60 I 105 1967 
l.yons 2 05 S 1885 144 068 100 088 29.41 1760 1071 
I.yons 2 06 S 2073 144 068 1.00 088 29.41 1760 I 178 

Qr ,,,t./ 
Q., 

0.913 

1.051 

1.285 

0.883 

0.921 

1.064 

1.358 

I 

1.509 

1.136 

1.118 

(~~ 
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Table 5.24 VT Experimental Strengtbs and New Predicted Strengths 

Program Series Test Stud Q. dlt Rp R. R" AiF• QK Q.lQK Qti ... , Qt .... t.! 
Layout (k) (k) (k) (k) QK 

Lyons 3 07 S 21.18 1.44 0.68 1.00 0.88 29.41 17.60 1.204 21.00 1.194 
Lyons 3 08 S 20.37 1.44 0.68 1.00 0.88 29.41 17.60 1.158 
Lyons 3 09 S 21.46 1.44 0.68 1.00 0.88 29.41 17.60 1.220 
Lyons 4 010 S 20.62 1.44 0.68 1.00 0.88 28.74 17.20 1.199 21.20 1.233 
Lyons 4 011 S 21.02 1.44 0.68 1.00 0.88 28.74 17.20 1.222 
Lyons 4 012 S 21.97 1.44 0.68 1.00 0.88 28.74 17.20 1.278 
Lyons 5 DI3 S 19.84 1.44 0.68 1.00 0.88 28.69 17.17 1.156 20.48 1.193 
Lyons 5 014 S 20. 14 1.44 0.68 1.00 0.88 28.69 17.17 1.173 
Lyons 5 DI5 S 21.45 1.44 0.68 1.00 0.88 28.69 17.17 1.250 
Lyons 6 D52 S 17.39 1.44 0.68 1.00 1.00 29.41 20.00 0.870 16.78 0.839 
Lyons 6 053 S 14.61 1.44 0.68 1.00 1.00 29.41 20.00 0.731 
Lyons 6 054 S 18.35 1.44 0.68 1.00 1.00 29.41 20.00 0.918 
Lyons 7 055 S 18.21 1.44 0.68 1.00 1.00 28.74 19.54 0.932 17.33 0.887 
Lyons 7 056 S 15.49 1.44 0.68 1.00 1.00 28.74 19.54 0.793 
Lyons 7 057 S 18.30 1.44 0.68 1.00 1.00 28 .74 19.54 0.936 
Lyons 8 058 S 18.67 1.44 0.68 1.00 1.00 28.69 19.51 0.957 18.57 0.952 
Lyons 8 059 S 19.60 1.44 0.68 1.00 1.00 28.69 19.51 1.005 
Lyons 8 060 S 17.45 1.44 0.68 1.00 1.00 28.69 19.51 0.895 
Lyons 9 DI6 STAG 11.48 1.44 0.52 1.00 0.88 29.41 13.46 0.853 12.59 0.936 
Lyons 9 017 STAG 14.22 1.44 0.52 1.00 0.88 29.41 13.46 1.057 
Lyons 9 018 STAG 12.08 1.44 0.52 1.00 0.88 29.41 13.46 0.898 
Lyons 10 019 STAG 15.49 1.44 0.52 1.00 0.88 29.41 13.46 1.151 15.29 1.137 
Lyons 10 020 STAG 15.28 1.44 0.52 1.00 0.88 29.41 13.46 1.136 
Lyons 10 021 STAG 15. 11 1.44 0.52 1.00 0.88 29.41 13.46 1.123 
Lyons II 022 STAG 12.91 1.44 0.52 1.00 0.88 29.41 13.46 0.959 14.16 1.052 
Lyons II 023 STAG 15.35 1.44 0.52 1.00 088 2941 13.46 1.141 
Lyons II 024 STAG 14.21 1.44 0.52 1.00 0.88 2941 13.46 1.056 
Lyons 12 025 STAG 11.47 144 0.52 1.00 0.88 2874 13 15 0.872 13.55 1.030 
Lyons 12 026 STAG 15.08 1.44 052 100 0.88 28.74 13 15 1.147 
Lyons 12 027 STAG 1410 1.44 0.52 1.00 088 2874 13 15 1072 

]7 
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Table 5.24 VT Experimental Strengths and New Predicted Strengths 

Program Series Test Stud Q. d/t Rp R" R" A,F" Q .. Q.tQ .. Q,.vt.. Qcnt./ 
Layout (k) (k) (k) (k) Q .. 

Lyons 13 076 STAG 13.34 1.44 0.52 1.00 1.00 29.77 15.48 0.862 14.26 0.921 
Lyons 13 077 STAG 14.95 1.44 0.52 1.00 1.00 29.77 15.48 0.966 

Lyons 13 078 STAG 14.50 1.44 0.52 1.00 1.00 29.77 15.48 0.937 
Lyons 14 D64 STAG 13.70 1.44 0.52 1.00 1.00 28.74 14.94 0.917 13.44 0.900 
Lyons 14 065 STAG 14.12 1.44 0.52 1.00 1.00 28.74 14.94 0.945 
Lyons 14 D66 STAG 12.51 1.44 0.52 1.00 1.00 28 .74 14.94 0.837 

Lyons 15 067 STAG 14.02 1.44 0.52 1.00 1.00 28 .69 14.92 0.940 14.64 0.981 
Lyons 15 068 STAG 14.96 1.44 0.52 1.00 1.00 28.69 14.92 1.003 
Lyons 15 069 STAG 14.94 1.44 0.52 1.00 1.00 28.69 14.92 1.002 
Lyons 16 028 2S 15.50 1.44 0.68 0.84 0.88 29.41 14.78 1.049 15.71 1.063 
Lyons 16 029 2S 15.59 1.44 0.68 0.84 0.88 29.41 14.78 1.055 
Lyons 16 030 2S 16.05 1.44 0.68 0.84 0.88 29.41 14.78 1.086 

Lyons 17 031 25 12.37 1.44 0.68 0.84 0.88 29.41 14.78 0.837 15.04 1.018 
Lyons 17 032 25 14.46 1.44 0.68 0.84 0.88 29.41 14.78 0.978 
Lyons 17 033 25 18.30 1.44 0.68 0.84 0.88 29.41 14.78 1.238 
Lyons 18 034 25 17.86 1.44 0.68 0.84 0.88 29.41 14.78 1.208 16.95 1.147 

Lyons 18 035 2S 16.10 1.44 0.68 0.84 0.88 29.41 14.78 1.089 
Lyons 18 036 25 16.89 1.44 0.68 0.84 0.88 29.41 14.78 1.143 

Lyons 19 037 25 16.52 1.44 0.68 0.84 0.88 28.74 14.44 1.144 16.24 1.124 

Lyons 19 D38 2S 17.76 1.44 0.68 0.84 0.88 28 .74 14.44 1.230 

Lyons 19 039 2S 14.43 144 0.68 0.84 0.88 28.74 14.44 0.999 

Lyons 20 040 W 10.95 1.44 0.48 1.00 0.88 29.41 12.42 0.882 10.73 0.864 

Lyons 20 041 W 10.96 1.44 0.48 1.00 0.88 29.41 1242 0.882 

Lyons 20 042 W 10.29 1.44 0.48 1.00 0.88 29.41 12.42 0.828 

Lyons 21 043 W 11.09 1.44 0.48 1.00 1.00 29.41 14.12 0786 1217 0.862 

Lyons 21 044 W 1175 1.44 0.48 1.00 1.00 29.41 14 12 0832 

Lyons 21 045 W 1366 1.44 0.48 1.00 100 29.41 1412 0968 

Lyons 22 046 W 10.67 1.44 0.48 1.00 1.05 29.4 1 1482 0720 1274 0860 

Lyons 22 047 W 14.19 1.44 0.48 1.00 105 294 1 1482 0957 

Lyons 22 048 W 1 3~ 144 048 1.00 105 2941 1482 0901 

}~ 417 
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Tablc 5.24 VT Experimenta l Strengths and New Predicted Strengths 

Program Series Test Stud Q. dlt Rp R. R. AJF .. QK Q./QK Q, '''f. Qu, .. / 
Layout (k) (k) (k) (k) QK 

Lyons 23 049 W 15.02 1.44 0.48 1.00 1.11 29.41 15.67 0.959 13.48 0.860 
Lyons 23 050 W 11.71 1.44 0.48 1.00 1.11 29.41 15.67 0.747 
Lyons 23 051 W 13.70 1.44 0.48 1.00 1.11 29.4 1 15.67 0.874 
Lyons 24 061 STAG 14. 13 1.44 0.52 1.00 0.88 29.41 13.46 1.050 14.75 1.096 
Lyons 24 062 STAG 15.32 1.44 0.52 1.00 0.88 29.41 13.46 1.138 
Lyons 24 063 STAG 14.81 1.44 0.52 1.00 0.88 29.41 13.46 1.101 
Lyons 25 079 STAG 16.13 1.44 0.52 1.00 0.88 29.77 13.62 1.184 16.24 1.193 
Lyons 25 080 STAG 15.50 1.44 0.52 1.00 0.88 29.77 13.62 1.138 
Lyons 25 081 STAG 17.10 1.44 0.52 1.00 0.88 29.77 13 .62 1.255 
Lyons 26 070 STAG 14.01 1.44 0.52 1.00 0.88 28.74 13 .15 1.065 14.26 1.084 
Lyons 26 071 STAG 15.21 1.44 0.52 1.00 0.88 28.74 13. 15 1.157 
Lyons 26 072 STAG 13.56 1.44 0.52 1.00 0.88 28.74 13. 15 1.031 
Lyons 27 073 2S 15.79 1.44 0.68 0.84 0.88 29.41 14.78 1.068 15.46 1.046 
Lyons 27 074 2S 14.99 1.44 0.68 0.84 0.88 29.41 14.78 1.014 
Lyons 27 075 2S 15.61 1.44 0.68 0.84 0.88 29.41 14.78 1.056 
Lyons 28 082 2S 16.92 1.44 0.68 0.84 0.88 28.66 14.41 1.175 17.29 1.200 
Lyons 28 083 2S 19.42 1.44 0.68 0.84 0.88 28 .66 14.41 1.348 
Lyons 28 084 2S 15.53 1.44 0.68 0.84 0.88 28.66 14.41 1.078 
Lyons 29 085 2S 18.88 1.44 0.68 0.84 0.88 29.77 14.96 1.262 20.16 1.347 
Lyons 29 086 2S 20.92 1.44 0.68 0.84 0.88 29.77 14.96 1.398 
Lyons 29 087 2S 20.67 1.44 0.68 0.84 088 29.77 14.96 1.381 
Sublett I IA S 18.83 2.40 0.68 1.00 1.00 28.72 19.53 0.964 19.57 1.002 

Sublett I IB S 20.30 2.40 0.68 1.00 1.00 28 .72 19.53 1.040 
Sublett 2 2A W 14.20 2.40 0.48 1.00 1.00 28.72 13.78 1.030 14.45 I. ().I 8 

Sublett 2 2B W 1470 2.40 0.48 1.00 1.00 28.72 13.78 1.066 
Sublett 3 3A S 19.47 2.40 0.68 1.00 1.00 28.72 19.53 0.997 18.94 0.970 

Sublett 3 3B S 1840 2.40 0.68 1.00 1.00 28.72 19.53 0.942 
Sublett 4 4A W 13.52 2.40 0.48 1.00 1.00 28.72 13.78 0.981 13.64 0.989 

Sublett 4 4B W 1375 2.40 048 1.00 1.00 28.72 13 .78 0998 
Sublett 5 5A M 10.39 2.40 1.00 1.00 28 72 1222 I 176 1107 0905 I 

--.l 
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Table 5.24 VT Experimental Strengths and New Predicted Strengths 
-- - ---

Progra m Series Test St ud Q. d/t Rp R. R.. A,F. Q .. Q/Q .. Qe ... ~ Qu~ • .1 
Layout (k) (k) (k) (k) Q .. 

Sublett 5 58 M 11.74 2.40 1.00 1.00 28.72 12.22 1.041 
Sublett 8 88 S 21.29 2.00 0.68 1.00 1.00 28.72 19.53 1.090 21.29 1.090 
Sublett 9 9A S 18.54 3.00 0.68 1.00 1.00 28.72 19.08 0.972 18.67 0.979 
Sublett 9 9B S 18.80 3.00 0.68 1.00 1.00 28.72 19.08 0.985 
Sublett 10 lOA S 17. 11 3.43 0.68 1.00 1.00 28.72 18.43 0.928 17.85 0.968 
Sublett 10 lOB S 18.59 3.43 0.68 1.00 1.00 28.72 18.43 1.008 
Sublett II IIA S 16.55 4.00 0.68 1.00 1.00 28.72 17.58 0.942 16.99 0.967 
Sublett II liB S 17.43 4.00 0.68 1.00 1.00 28 .72 17.58 0.992 
Sublett 12 12A W 15.31 2.40 0.48 1.00 1.00 28.72 13.78 1.111 15.08 1.094 
Sublett 12 128 W 14.85 2.40 0.48 1.00 1.00 28.72 13.78 1.077 
Sublett 13 13A S 18.28 2.40 0.68 1.00 1.00 28.72 19.53 0.936 19.41 0.994 
Sublett 13 138 S 20.53 2.40 0.68 1.00 1.00 28.72 19.53 1.051 
Sublett 14 14A S 23.48 2.40 0.68 1.00 1.00 28 .72 19.53 1.202 22 .69 1.162 
Sublett 14 14B S 21.89 2.40 0.68 1.00 1.00 28.72 19.53 1.121 
Sublett 15 15A S 18.03 2.00 0.68 1.00 1.00 28 .72 19.53 0.923 18.85 0.965 
Sublett 15 15B S 19.66 2.00 0.68 1.00 1.00 28.72 19.53 1.007 
Sublett 16 16A W 13 .66 2.00 0.48 1.00 1.00 28.72 13.78 0.991 13 .25 0.961 
Sublett 16 168 W 12.84 2.00 0.48 1.00 1.00 28.72 13.78 0.932 
Sublett 17 17A S 14.48 2.00 0.68 1.00 1.00 28.72 19.53 0.742 16.62 0.851 J 
Sublett 17 178 S 18.76 2.00 0.68 1.00 1.00 28.72 19.53 0.961 
Sublett 18 18A W 12 .92 2.00 0.48 1.00 1.00 28.72 13.78 0 .937 13.57 0.984 I 
Sublett 18 18B W 14.22 2.00 0.48 1.00 1.00 28.72 13.78 1.032 

, 

Diaz TI TI·I M 3.49 3.05 1.00 5.60 3.51 1.005 3.64 1.038 
Diaz TI TI-2 M 3.56 3.05 1.00 5.60 3.51 0.985 
Diaz TI TI-3 M 3.87 3.05 100 5.60 3.51 0.906 
Diaz TI TI·I M 3.83 2.42 100 5.60 403 1052 385 0.955 
Diaz TI TI-2 M 3.78 2.42 1.00 5.60 403 1.066 
Diaz TI TI-3 M 3.93 2 .42 100 560 403 1025 
Diaz TJ TJ-I 2M 3.38 242 0.85 560 3.43 1013 3.49 1018 
Diaz TJ TJ·2 2M 348 242 085 5 60 343 0984 

, vU) .-, I 
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Table 5.24 VT Experimental Strengths and New Predicted Strengths 
- - --

Program Series Test Stud Q. dlt Rp R. R" A,F. Q" Q.lQ" Q£ ... ~" Q~ ... ~J 

Layout (k) (k) (k) (k) Q" 
Diaz TI TI·3 2M 3.60 2.42 0.85 5.60 3.43 0.951 
Diaz T4 T4·1 M 6.67 2.94 1.00 15.57 6.14 0.921 6.47 1.054 I 

Diaz T4 T4·2 M 6.78 2.94 1.00 15.57 6.14 0 .906 
Diaz T4 T4·3 M 5.97 2.94 1.00 15.57 6.14 1.029 
Diaz TS TS· I M 7.09 2.44 1.00 15.57 6.50 0.9 17 6.90 1.062 
Diaz T5 TS·2 M 7.18 2.44 1.00 15.57 6.50 0.906 

I 

Diaz T5 T5·3 M 6.44 2.44 1.00 15.57 6.50 1.010 , 

Diaz T6 T6· 1 2M 5.88 2.44 0.85 15.57 5.53 0.940 5.55 1.005 
Diaz T6 T6·2 2M 5.50 2.44 0.85 15.57 5.53 1.005 
Diaz T6 T6·3 2M 5.28 2.44 0.85 15.57 5.53 1.047 
Diaz T7 T7·1 M 9.62 3.05 1.00 23 .78 9.12 0.948 9.37 1.028 
Diaz T7 T7·2 M 9.39 3.05 1.00 23.78 9.12 0.971 
Diaz T7 T7·3 M 9. 11 3.05 1.00 23.78 9.12 1.00 1 
Diaz T8 T8· 1 M 10.25 2.50 1.00 23 .78 9.64 0.941 9.99 1.036 
Diaz T8 T8·2 M 9.46 2.50 1.00 23 .78 9.64 1.019 
Diaz T8 T8·3 M 10.25 2.50 1.00 23 .78 9.64 0.941 
Diaz T9 T9·1 M 11 .14 3.05 1.00 23 .78 9. 12 0.819 11.23 1.231 
Diaz T9 T9·2 M 1l.l8 3.05 1.00 23 .78 9. 12 0.816 
Diaz T9 T9·3 M 11.36 3.05 1.00 23 .78 9.12 0.803 
Diaz TIO TlO·1 M 12.21 2.50 1.00 23 .78 9.64 0.790 12.22 1.267 

Diaz TIO T IO·2 M 12.33 2.50 1.00 23.78 9.64 0.782 
Diaz TlO TlO·3 M 12. 12 2.50 1.00 23 .78 9.64 0.796 

.- ._.-
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INTRODUCTION 

Volwne II contains the information related to the push-out tests and beam tests that is too 
volwninous to include in Volwne I. Appendix A reports specimen measurements and a 
layout for each push-out test specimen. Appendix B reports material properties for the 
shear studs, concrete, and steel tees used in the push-out test specimens. Data packs are 
given for the solid slab push-out tests in Appendix C and for the composite slab push-out 
tests in Appendix D. Composite slab beam test parameters, predictions, and results are 
reported in Appendix E. 
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APPENDlXA 

SPECIMEN MEASUREMENTS AND LAYOUT 

A.I General 

Push-out test specimen measurements, organized by stud position, are reported 
herein. For each specimen half, the following data is given: the nominal stud diameter. 
the stud heat reference number, concrete pour number, tee lot, and deck lot. Also given 
are the measured locations of the studs in the specimen and the heights of the studs after 
welding. Tbe locations of tbese measurements are sbown in tbe "Pusb-Out Test 
Layout & Cracking Sbeet" for eacb test. They are also defined below. 

A = Distance from bottom of slab to bottom stud 
B = Distance from bottom of slab to top stud 
a = Distance from the longitudinal axis of the bottom stud to the deck rib. 

measured at the bottom flange of the deck on the load-bearing side of 
the stud 

b = Distance from the longitudinal axis of the top stud to the deck rib, 
measured at the bottom flange of the deck on the load-bearing side of 
the stud 

s = Spacing of studs, measured transversely to longitudinal axis of steel 
beam 

Hs-A = Height of the bottom stud after welding 
Hs-B = Height of the top stud after welding 

2 



I I 

I A.2 Specimen Measurements of Solid Slab Tests 

I 
Slab Stud Dia. Stud Cone. Tee "A" Hs-A "Bit Hs-B 

D, (in.) Heat Pour Lot (in.) (in.) (in.) (in.) 

IA 3/4 A80102 I X 10 112 4 1/8 28 1/2 4 1/8 

I 
IB 3/4 A80102 I X II 1/4 4 1/8 287/8 4 1/8 

2A 3/4 A80102 I X 105/8 4 1/8 28 112 4 1/8 

2B 3/4 A80102 I X 105/8 4 1/8 283/4 4 1/8 

I 3A 3/4 A80102 I X 105/8 4 1/8 285/8 4 1/8 

3B 3/4 A80102 I X 105/8 4 1/8 285/8 4 1/8 

4A 3/4 A80102 I X 10112 4 1/8 28112 4 1/8 

I 4B 3/4 A80102 I X 103/4 4 1/8 283/4 4 1/8 

5A 3/4 A80102 I X 105/8 4 1/8 283/4 4 1/8 

5B 3/4 A80102 I X 10112 4 1/8 285/8 4 1/8 

I 6A 3/4 A80102 I X 10 1/4 4 1/8 28 112 4 1/8 

6B 3/4 A80102 I X 103/4 4 1/8 28 112 4 1/8 

I 
7A 3/4 A80102 I Y 105/8 4 1/8 285/8 4 1/8 

7B 3/4 A80102 I Y 105/8 4 1/8 285/8 4 1/8 

8A 3/4 A80102 I Y 103/8 4 1/8 28 1/4 4 1/8 

I 
8B 3/4 A80102 I Y 10 112 4 1/8 28 112 4 1/8 

9A 3/4 A80102 I Y 10 112 4 1/8 28 112 4 1/8 

9B 3/4 A80102 I Y 103/4 4 1/8 285/8 4 1/8 

I lOA 3/4 A80102 I Z 103/4 4 1/8 283/4 4 1/8 

lOB 3/4 A80102 I Z 103/4 4 1/8 283/4 4 1/8 

IIA 3/4 A80102 I Z 105/8 4 1/8 285/8 4 1/8 

I liB 3/4 A80102 I Z 10 112 4 1/8 285/8 4 1/8 

12A 3/4 A80102 I Z 103/4 4 1/8 287/8 4 1/8 

12B 3/4 A80102 I Z 10112 4 1/8 28 112 4 1/8 

I 13A 3/4 A80102 2 X 9 4 1/8 27 4 1/8 

l3B 3/4 A80102 2 X 9 112 4 1/8 27 112 4 1/8 

14A 3/4 A80102 2 X 9 4 1/8 27 4 1/8 

I 14B 3/4 A80102 2 X 9 4 1/8 27 4 118 

15A 3/4 A80102 2 X 8 3/4 4 1/8 263/4 4 1/8 

I 
15B 3/4 A80102 2 X 9 4 1/8 27 4 1/8 

16A 3/4 A80102 2 X 8 5/8 4 1/8 263/4 4 1/8 

16B 3/4 A80102 2 X 8 7/8 4 1/8 27 4 1/8 

I 
17A 3/4 A80102 2 X 9 4 1/8 27 4 118 

17B 3/4 A80102 2 X 8 7/8 4 1/8 263/4 4 118 

18A 3/4 A80102 2 X 8 5/8 4 1/8 263/4 4 118 

I 18B 3/4 A80102 2 X 8 7/8 4 1/8 27 4 1/8 

19A 3/4 A80102 3 X 9 1/8 4 1/8 27 118 4 1/8 

19B 3/4 A80102 3 X 9 1/4 4 1/8 27 4 1/8 

II 
20A 3/4 A80102 3 X 9 1/4 4 1/8 27 4 1/8 

20B 3/4 A80102 3 X 9 4 1/8 27 4 118 

II 
3 
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A.2 Specimen Measurements of Solid Slab Tests 

Slab Stud Oia. Stud Cone. Tee "A" Hs-A "B" 

0, (in.) Heat Pour Lot (in.) (in.) (in.) 

21A 3/4 A80102 3 X 9 4 1/8 27 1/8 

21B 3/4 A80102 3 X 9 1/8 4 1/8 27 1/8 

22A 3/4 A80102 3 X 9 1/4 4 1/8 27 1/8 

22B 3/4 A80102 3 X 9 1/4 4 1/8 27 1/4 

23A 3/4 A80102 3 X 9 1/8 4 118 27 1/8 

23B 3/4 A80102 3 X 9 4 118 27 

24A 3/4 A80102 3 X 9 1/8 4 118 27 118 

24B 3/4 A80102 3 X 9 114 4 118 27 118 

4 

Hs-B 

(in.) 

4 1/8 

4 1/8 

4 1/8 

4 1/8 

4 118 

4 118 

4 1/8 

4 118 

I 
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I 
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SI.b 

01A 

OIB 

02A 

02B 

03A 

03B 

010A 

010B 

011A 

011B 

012A 

012B 

019A 

019B 

020A 

020B 

D21A 

021B 

028A 

028B 

D29A 

D29B 

D30A 

D30B 

037A 

D37B 

038A 

038B 

039A 

D39B 

D46A 

D46B 

D47A 

D47B 

D48A 

D48B 

D49A 

D49B 

050A 

mOB 

A.3 Specimen Measurements of Deck Tests (Stud Position "S") 

Stud Oi •. Stud Cone Tee Oeek "A" "a" Hs-A "8" "b" Hs·B 

O. (in.) He.t Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) 

0.5 V47279 5 X 2G20 13 7/8 4 4 257/8 33/4 4 

0.5 V47279 5 X 2G20 13 1/4 3 7/8 4 25 1/4 37/8 4 

0.5 V47279 5 X 2G20 13 3/8 3 3/4 4 25112 37/8 4 

0.5 V47279 5 X 2G20 13 5/8 37/8 4 253/4 37/8 4 

0.5 V47279 5 X 2G20 13 3/4 4 4 253/4 3 7/8 4 

0.5 V47279 5 X 2G20 135/8 37/8 4 255/8 37/8 4 

0.625 8979373 4 X 2G20 13 112 4 4 253/8 3 3/4 4 

0.625 8979373 4 X 2G20 133/4 3 7/8 4 253/4 3 5/8 4 

0.625 8979373 4 X 2G20 13 5/8 3 3/4 4 253/4 4 4 

0.625 8979373 4 X 2G20 135/8 37/8 4 255/8 3 3/4 4 

0.625 8979373 4 X 2G20 13 7/8 4 118 4 26 4 4 

0.625 8979373 4 X 2G20 133/4 4 4 257/8 4 4 

0.5 V47279 6 X 2G20 137/8 4 4 25 112 3 3/4 4 

0.5 V47279 6 X 2G20 13 112 4 4 25 1/4 3 3/4 4 

0.5 V47279 6 X 2G20 13 1/4 3 3/4 4 25 112 4 4 

0.5 V47279 6 X 2G20 133/8 37/8 4 25112 4 4 

0.5 V47279 6 X 2G20 13 1/4 4 4 251 /4 4 4 

0.5 V47279 6 X 2G20 13 1/4 4 4 253/8 4 4 

0.75 A25033 7 X 2G20 133/4 37/8 4 253/4 37/8 4 

0.75 A25033 7 X 2G20 133/4 4 4 253/4 3 3/4 4 

0.75 A25033 7 X 2G20 14 4 1/4 4 25518 3 5/8 4 

0.75 A25033 7 X 2G20 13 112 3 3/4 4 25112 3 3/4 4 

0.75 A25033 7 X 2G20 133/4 4 4 257/8 4 4 

0.75 A25033 7 X 2G20 133/4 4 4 253/8 4 4 

0.625 8979373 8 X 2G20 137/8 4 4 253/4 3 3/4 4 

0.625 8979373 8 X 2G20 13 112 3 3/4 4 253/8 3 518 4 

0.625 8979373 8 X 2G20 13 1/4 37/8 4 25 1/4 3 3/4 4 

0.625 8979373 8 X 2G20 13 1/8 3 3/4 4 253/8 4 4 

0.625 8979373 8 X 2G20 133/4 3 7/8 4 257/8 37/8 4 

0.625 8979373 8 X 2G20 13112 3 5/8 4 255/8 3 3/4 4 

0.375 V48734 9 X 2G20 13 7/8 3 7/8 4 26 4 1/8 4 

0.375 V48734 9 X 2G20 13 1/4 3 7/8 4 25 1/4 3 7/8 4 

0.375 V48734 9 X 2G20 133/4 3 7/8 4 253/4 3 3/4 4 

0.375 V48734 9 X 2G20 13 1/4 37/8 4 253/8 4 4 

0.375 V48734 9 X 2G20 13 1/4 3 3/4 4 253/8 37/8 4 

0.375 V48734 9 X 2G20 13 1/8 3 3/4 4 25 3 3/4 4 

0.875 A23550 9 X 2G20 13 3/4 3 7/8 4 255/8 3 7/8 4 

0.875 A23550 9 X 2G20 13 3/4 4 4 253/4 4 4 

0.875 A23550 9 X 2G20 135/8 4 4 253/4 4 4 

0.875 A23550 9 X 2G20 14 4 4 257/8 4 4 
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Slab 

051A 

0518 

058A 

0588 

D59A 
0598 

060A 

D608 

D61A 

D618 

D62A 

D628 

D63A 

D638 

D76A 

D768 

077A 

D778 

D78A 

D788 

D79A 

0798 

D80A 

D808 

D81A 

D818 

D88A 

0888 

D89A 

0898 

D90A 

0908 

A.3 Specimen Measurements of Deck Tests (Stud Position "S") 

Stud Oia. Stud Cone Tee Oeek "Att "a" Hs-A "8" "b" Hs-8 

0, (in.) Heat Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) 

0.875 A23550 9 X 2G20 133/4 37/8 4 253/4 37/8 4 

0.875 A23550 9 X 2G20 133/4 4 4 25112 3 5/8 4 

0.375 V48737 10 X 3G20 14 114 3 7/8 5 26 114 3 7/8 5 

0.375 V48737 10 X 3G20 14 3 7/8 5 261 /4 4 5 

0.375 V48737 10 X 3G20 14 112 4 5 265/8 4 5 

0.375 V48737 10 X 3G20 143/8 37/8 5 263/8 4 5 

0.375 V48737 10 X 3G20 143/8 4 1/8 5 265/8 4 1/8 5 

0.375 V48737 10 X 3G20 14 118 37/8 5 26 1/4 4 5 

0.875 827921 10 X 3G20 14 1/8 4 5 26 1/4 37/8 5 

0.875 827921 10 X 3G20 137/8 3 7/8 5 26 3 3/4 5 

0.875 827921 10 X 3G20 14 118 3 7/8 5 261 /4 3 7/8 5 

0.875 827921 10 X 3G20 14 1/4 4 5 26 114 3 3/4 5 

0.875 827921 10 X 3G20 14 1/8 3 7/8 5 261 /4 4 5 

0.875 827921 10 X 3G20 14 3 7/8 5 263/8 4 1/8 5 

0.75 A25033 II X 2G20 133/8 3 7/8 4 25 114 3 7/8 4 

0.75 A25033 II X 2G20 141/4 4 118 4 26 4 4 

0.75 A25033 II X 2G20 14 4 4 26 4 4 

0.75 A25033 II X 2G20 14 37/8 4 26 3 7/8 4 

0.75 A25033 11 X 2G20 137/8 4 4 253/4 3 7/8 4 

0.75 A25033 11 X 2G20 133/4 4 4 253/4 4 4 

0.75 A25033 II X 2G20 14 4 4 26 4 4 

0.75 A25033 11 X 2G20 13 112 3 7/8 4 253/4 4 4 

0.75 A25033 II X 2G20 135/8 37/8 4 255/8 4 4 

0.75 A25033 II X 2G20 13 112 3 7/8 4 25518 3 7/8 4 

0.75 A25033 II X 2020 14 37/8 4 257/8 3 3/4 4 

0.75 A25033 II X 2G20 133/8 4 4 255/8 4 4 

0.75 A25033 12 X 2G20 133/8 37/8 3 3/8 25 112 4 3 3/8 

0.75 A25033 12 X 2G20 133/8 37/8 3 3/8 253/8 3 3/4 3 3/8 

0.75 A25033 12 X 2G20 13112 4 3 3/8 253/8 3 3/4 3 3/8 

0.75 A25033 12 X 2G20 13 112 37/8 3 3/8 25 112 4 3 3/8 

0.75 A25033 12 X 2G20 13 112 37/8 33/8 253/8 37/8 3 3/8 

0.75 A25033 12 X 2G20 133/8 4 33/8 253/8 4 3 3/8 
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Slab 

D7A 

D7B 

D8A 

D8B 

D9A 

D9B 

D13A 

D13B 

D14A 

DI4B 

DI5A 

DI5B 

D25A 

D25B 

D26A 

D26B 

D27A 

D27B 

D34A 

D34B 

D35A 

D35B 

D36A 

D36B 

D43A 

D43B 

D44A 

D44B 

D45A 

D45B 

D52A 

D52B 

D53A 

D53B 

D54A 

D548 

D55A 

D558 

D56A 

D568 

A.4 Specimen Measurements of Deck Tests (Stud Position "W") 

Stud Dia. Stud Cone Tee Deck "A" "a" Hs-A "B" "b" Hs-B 

D. (in.) Heat Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) 

0.5 V47279 5 X 2G20 II I 4 23 118 I 4 

0.5 V47279 5 X 2G20 107/8 I 4 223/4 I 4 

0.5 V47279 5 X 2G20 103/4 I 4 223/4 7/8 4 

0 .5 V47279 5 X 2G20 107/8 1 4 227/8 7/8 4 

0 .5 V47279 5 X 2G20 103/4 7/8 4 223/4 7/8 4 

0 .5 V47279 5 X 2G20 103/4 1 4 227/8 7/8 4 

0 .625 63288 4 X 2G20 II 1 3 112 23 1 3 112 

0.625 63288 4 X 2G20 103/4 3/4 3 112 23 1 3 112 

0.625 63288 4 X 2G20 105/8 7/8 3 112 227/8 7/8 3 112 

0.625 63288 4 X 2G20 103/4 7/8 3 112 223/4 I 3 112 

0 .625 63288 4 X 2G20 103/4 I 3 112 227/8 I 3 112 

0.625 63288 4 X 2G20 105/8 7/8 3 112 22 7/8 I 3 112 

0.5 V47279 6 X 2G20 103/4 I 4 227/8 7/8 4 

0.5 V47279 6 X 2G20 10 118 3/4 4 22 114 7/8 4 

0.5 V47279 6 X 2G20 103/4 7/8 4 22 112 3/4 4 

0.5 V47279 6 X 2G20 10 114 7/8 4 22 114 7/8 4 

0.5 V47279 6 X 2G20 10 112 3/4 4 223/4 7/8 4 

0.5 V47279 6 X 2G20 10 114 7/8 4 22 114 7/8 4 

0.75 A25033 7 X 2G20 10 114 7/8 4 223/8 3/4 4 

0 .75 A25033 7 X 2G20 10518 7/8 4 227/8 I 4 

0 .75 A25033 7 X 2G20 103/8 3/4 4 22112 7/8 4 

0.75 A25033 7 X 2G20 10 114 7/8 4 22 114 3/4 4 

0.75 A25033 7 X 2G20 103/4 7/8 4 23 I 4 

0.75 A25033 7 X 2G20 10 114 I 4 22 114 I 4 

0.625 8979373 8 X 2G20 10 118 3/4 4 22 1/4 7/8 4 

0.625 8979373 8 X 2G20 10 112 7/8 4 223/4 I 4 

0.625 8979373 8 X 2G20 103/8 7/8 4 223 /8 7/8 4 

0.625 8979373 8 X 2G20 103/4 I 4 22 3/4 7/8 4 

0.625 8979373 8 X 2G10 103/8 7/8 4 22 114 3/4 4 

0.625 8979373 8 X 2G: 103/8 7/8 4 22 112 I 1/8 4 

0.375 V48734 9 X 2G20 103/8 I 4 223/8 I 118 4 

0.375 V48734 9 X 2G20 103/8 I 4 223/8 I 4 

0.375 V48734 9 X 2G20 10 112 I 4 22 112 I 4 

0.375 V48734 9 X 2G20 10112 I 4 22 1/4 I 4 

0.375 V48734 9 X 2G20 103/8 I 4 223 /8 7/8 4 

0.375 V48734 9 X 2G20 103/8 7/8 4 22 5/8 I 1/8 4 

0 .875 A23550 9 X 2G20 107/8 I 118 4 223/4 3/4 4 

0 .875 A23550 9 X 2G20 II 1/8 I 118 4 227/8 I 118 4 

0.875 A23550 9 X 2G20 II 1/8 I 1/8 4 23 1/8 I 118 4 

0 .875 A23550 9 X 2G20 II I 118 4 13 3/4 4 
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A.4 Specimen Measurements of Deck Tests (Stud Position "W") 

Slab Stud Dia. Stud Cone Tee Deck "A" "a" Hs-A "B" "b" Hs-8 

D, (in.) Heat Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) 

D57A 0.875 A23550 9 X 2G20 10314 I 118 4 23 I 4 

D578 0.875 A23550 9 X 2G20 10718 7/8 4 233/8 I 118 4 

D64A 0.375 V48737 10 X 3G20 II 1/4 I 5 23518 I 114 5 

D648 0.375 V48737 10 X 3G20 II 318 I 5 23 112 I 118 5 

D65A 0.375 V48737 10 X 3G20 II 114 I 5 23 114 I 118 5 

D658 0.375 V48737 10 X 3G20 II 114 I 1/8 5 233 /8 I 1/8 5 

D66A 0.375 V48737 10 X 3G20 II 112 I 1/8 5 23 1/4 I 5 

D668 0.375 V48737 10 X 3G20 II 5/8 I 1/8 5 233 /8 I 1/8 5 

D67A 0.875 827921 10 X 3G20 II 518 I 5 235/8 7/8 5 

D678 0.875 827921 10 X 3G20 II 112 I 5 23 112 7/8 5 

D68A 0.875 827921 10 X 3G20 II 3/8 7/8 5 235/8 7/8 5 

D688 0.875 827921 10 X 3G20 II 1/2 7/8 5 233 /4 718 5 

D69A 0.875 827921 10 X 3G20 II 7/8 I 1/4 5 233/4 7/8 5 

D698 0.875 827921 10 X 3G20 II 112 718 5 23518 718 5 

D82A 0.75 A25033 12 X 2G20 10 112 I 118 4 22 118 3/4 4 

D828 0.75 A25033 12 X 2G20 10 112 I 4 22 114 718 4 

D83A 0.75 A25033 12 X 2G20 10 112 I 4 22 112 I 4 

D838 0.75 A25033 12 X 2G20 10 112 7/8 4 22 112 I 4 

D84A 0.75 A25033 12 X 2G20 105/8 I 4 225/8 I 4 

D848 0.75 A25033 12 X 2G20 10 3/8 7/8 4 22 1/4 7/8 4 

D85A 0.75 A25033 12 X 2G20 10 112 7/8 4 223/8 7/8 4 

D858 0.75 A25033 12 X 2G20 105/8 7/8 4 223/8 7/8 4 

D86A 0.75 A25033 12 X 2G20 10112 I 4 22112 I 4 

D868 0.75 A25033 12 X 2G20 105/8 I 4 223/8 7/8 4 

D87A 0.75 A25033 12 X 2G20 10 112 I 4 223/8 7/8 4 

D878 0.75 A25033 12 X 2G20 101 /4 3/4 4 223/8 7/8 4 

D91A 0.75 A25033 12 X 2G20 10 112 7/8 3 3/8 223/8 7/8 3 3/8 

D918 0.75 A25033 12 X 2G20 10112 I 3 3/8 22 112 I 3 3/8 

DnA 0.75 A25033 12 X 2G20 107/8 I 3 3/8 23 I 3 3/8 

Dn8 0.75 A25033 12 X 2G20 103/8 7/8 3 3/8 22 114 7/8 3 3/8 

D93A 0.75 A25033 12 X 2G20 103/8 3/4 3 3/8 223 /8 7/8 3 3/8 

D938 0.75 A25033 12 X 2G20 10 112 3/4 33/8 22 112 7/8 3 3/8 

g 
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SI.b 

D4A 

D4B 

D5A 

DSB 

D6A 

D6B 

DI6A 

DI6B 

DI7A 

DI7B 

DI8A 

DI8B 

D22A 

D22B 

D23A 

D23B 

D24A 

D24B 

D31A 

D31B 

D32A 

D32B 

D33A 

D33B 

D40A 

D40B 

D4IA 

D4IB 

D42A 

D42B 

A.S Specimen Measurements of Deck Tests (Stud Position "2S") 

Stud Di • . Stud Cone Tee Deek "A" "a" Hs-A "B" lib" Hs-B "s" 
D. (in.) He.t Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) (in.) 

0.5 V47279 5 X 2G20 255/8 4 4 253/4 37/8 4 3 112 

0.5 V47279 5 X 2G20 26 4 4 26 37/8 4 3 1/4 

0.5 V47279 5 X 2G20 257/8 3 7/8 4 253/4 3 3/4 4 3 3/8 

0.5 V47279 5 X 2G20 25 1/4 3 3/4 4 253/8 3 7/8 4 3 3/8 

0.5 V47279 5 X 2G20 26 3 3/4 4 257/8 3 3/4 4 3 1/8 

0.5 V47279 5 X 2G20 25 112 3 3/4 4 253/8 3 3/4 4 3 114 

0.625 8979373 4 X 2G20 26 4 4 26 4 4 3 118 

0.625 8979373 4 X 2G20 257/8 4 4 26 4 4 3 1/4 

0.625 8979373 4 X 2G20 257/8 37/8 4 257/8 3 7/8 4 3 

0.625 8979373 4 X 2G20 253/4 37/8 4 253/4 37/8 4 3 114 

0.625 8979373 4 X 2G20 253/4 4 4 253/4 3 7/8 4 3 1/8 

0.625 8979373 4 X 2G:0 25 112 4 4 25 112 4 4 3 1/4 

0.5 V47279 6 X 2G20 25 112 3 7/8 4 25 112 37/8 4 3 118 

0.5 V47279 6 X 2G20 253/8 4 4 25 1/4 37/8 4 3 1/8 

0.5 V47279 6 X 2G20 25 112 4 4 253/8 3 3/4 4 3 3/8 

0.5 V47279 6 X 2G20 253/4 4 4 253/4 37/8 4 3 1/4 

0.5 V47279 6 X 2G20 25 112 3 7/8 4 253/8 37/8 4 3 3/8 

0.5 V47279 6 X 2G20 253/4 4 4 253/4 37/8 4 3 1/4 

0.75 A25033 7 X 2G20 25 112 4 4 253/8 3 7/8 4 33/8 

0.75 A25033 7 X 2G20 26 118 4 4 26 37/8 4 3 114 

0.75 A25033 7 X 2G20 253/4 3 3/4 4 253/4 33/4 4 3 1/4 

0.75 A25033 7 X 2G20 253/8 4 4 253/8 37/8 4 3 112 

0.75 A25033 7 X 2G20 25 1/4 3 7/8 4 25 1/8 3 3/4 4 3 1/4 

0.75 A25033 7 X 2G20 25 112 37/8 4 25 112 3 3/4 4 3 1/4 

0.625 8979373 8 X 2G20 255/8 4 4 25 112 37/8 4 3 1'8 

0.625 8979373 8 X 2G20 255/8 4 1/8 4 253/8 4 4 2 7/8 

0.625 8979373 8 X 2G20 257/8 4 4 257/8 4 4 3 112 

0.625 8979373 8 X 2G20 26 4 114 4 253/4 37/8 4 3 1/8 

0.625 8979373 8 X 2G20 253/4 3 3/4 4 253/4 37/8 4 3 1/4 

0.625 8979373 8 X 2G20 253/8 37/8 4 25 114 33/4 4 33/8 
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A.6 Specimen Measurements of Deck Tests (Stud Position "M") 

Slab Stud Dia. Stud Cone. Tee Deek "A" "a" Hs·A "B" lib" Hs·B 

0 , (in.) Heat Pour Lot Lot (in.) (in.) (in.) (in.) (in.) (in.) 

D70A 0.75 A22585 II X 4.5G16 123/8 I 518 6 24518 I 518 6 

D70B 0.75 A22585 II X 4.5G16 II 7/8 I 3/8 6 24 I 112 6 

D71A 0.75 A22585 II X 4.5G16 II 7/8 I 112 6 24 I 112 6 

D71B 0.75 A22585 II X 4.5G16 121 /4 I 518 6 24112 I 7/8 6 

DnA 0.75 A22585 II X 4.5G16 12 114 I 112 6 243/8 I 112 6 

DnB 0.75 A22585 II X 4.5G16 123/8 I 518 6 243/8 I 3/8 6 

D73A 0.75 A25033 II X 6GI6 12518 I 518 73/4 25 118 2 73/4 

D73B 0.75 A25033 II X 6GI6 II 112 I 7 3/4 233/4 I 1/4 7 3/4 
D74A 0.75 A25033 I I X 6GI6 12518 I 3/4 7 3/4 25 112 2 112 73/4 
D74B 0.75 A25033 II X 6GI6 12518 I 518 7 3/4 247/8 I 518 73 /4 

D75A 0.75 A25033 II X 6GI6 127/8 I 7/8 7 3/4 253/8 I 7/8 73/4 
D75B 0.75 A25033 II X 6GI6 12 1/8 I 1/4 7 3/4 243/4 I 3/4 7 3/4 
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APPENDIXB 

MATERIAL PROPERTIES 

B.l General 

The properties of the materials used in the push-out test specimens are reported 
herein. The materials used in each specimen are given in Appendix A. The stud 
properties are listed by the stud heat reference number, the concrete properties are listed 
by the concrete pour number, and the properties of the steel beams are listed by tee lot. 

I I 



B.2 Concrete Properties 

I 
I 

The properties for each concrete pour are reported below. Concrete strength was 
determined from 4"x8" cylinders, which were cured in the same manner as the concrete I 
in the push-out test specimens. The cylinders were loaded with a 400,000 Ib capacity 
hydraulic testing machine at the Virginia Tech Structures and Materials Laboratory. The 
load was applied at a rate of 500 IbIs. Three cylinders were broken when the push-out I 
test specimens were stripped, at 14 days after casting, and at 21 days after casting. Six 
cylinders were broken on push-out test day. The concrete weight was determined by I 
weighing two 4"x8" cylinders on test day. 

Cone. Design Mix Slump Strip 14 Day 21 Day Test Day Cone. Wt. 
Day· 

Pour (psi)WT (in.) (psi) (psi) (psi) (psi) (pel) 

I 3500NW 5112 2350 [7] 3365 3600 3435 138.88 

2 3500NW 4 3/4 3365 [7] 3845 4495 4665 144.39 

3 3500NW 3 112 3975 [7] 4555 4610 4880 144.39 

4 3500NW 3 3/4 1045 [2] 2785 2845 2915 140.95 

5 3500NW 3 1/2 3515 [7] 4345 4245 4430 143.Q1 

6 6000NW 4 1/2 4335 [7] 5265 5685 5890 150.4 
7 6000NW 3 1/2 5900 [7] 6075 6365 7080 151.26 
8 6000NW 4 3/4 3115 [7] 4050 4760 4710 144.04 

9 3500NW 5 1/2 3210 [7] -- 3875 3930 146.45 
10 3500NW 4 3/4 2405 [5] 4315 -- 5240 141.81 
11 3500NW 4 3950 [12] 4525 4395 5000 142.32 
12 3500NW 5 1/2 3410 [7] 3925 -- 4690 144.73 

• [ ] denotes the number of days after casting that the cylinders were stripped. 
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B.3 Stud Properties 

The properties of the studs used in the push-out tests are reported below. They 
were obtained from TRW Nelson Stud Welding Division. Studs were welded to a low­
grade steel bar and subjected to tensile testing until failure occurred. All failures were 
located in the shank of the stud, away from the weld collar. The testing fixture was as 
outlined in AWS DI.I Structural Welding Code, Section 7, Stud Welding. Testing 
procedures followed ASTM A-370 specifications. 

Slud Shank Length Before Yield St ress Ultimate Stress Red uction in Elongation 
He.t Diameter (in.) W.ldin2 (in.) (psi) (psi) Area ("!o) in 2in. ("!o) 

63288 5/8 3 11116 55.467 67,022 57 28 
8979373 5/8 4 3116 59,429 72.635 49 26 
A22585 3/4 6 3/ 16 51,000 62.500 65 28 
A23550 7/8 4 3/ 16 50,603 64.451 56 35 
A25033 3/4 4 3/ 16 54,530 65,813 63 36 
A25033 3/4 8 3/ 16 52,507 65,634 57 39 
A80102 3/4 4 3/ 16 59,014 64,868 64.6 40.4 
827921 7/8 5 3116 50,603 63.767 56 48 
V47279 112 4 118 68,435 74,049 64.1 21.7 
V48734 3/8 4 1/8 64,082 79.192 55 21 
V48737 3/8 5 1/8 61.498 77,238 53 21 
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I 
B.4 Tee Properties I 

Material properties for each structural tee lot used in the push-out test specimens 
are reported herein. Coupons were made from the flanges and the web of each lot. I 
Specimens were cut to dimensions specified in ASTM A-370, Section 7.1. Tee 
specimens were machined to an 8 in. reduced length and a 1 Y, in. reduced width. Gage 
marks were etched in I in. increments along the centerline of the specimen. Specimens I 
were subjected to tensile testing until failure in accordance with ASTM A-370 
specifications. A 300,000 Ib capacity universal testing machine at the Virginia Tech I 
Structures and Materials Laboratory was used to test the coupons. 

Tee Lot Flange! Width T hick-
X Web ness 

Test (in.) (in.) 
I Flange 0.51 1.501 

Ave. Flange 0.51 1.501 

2 Web 0.292 1.503 
Ave. Web 0.292 1.503 

Tee Lot Flange! Width Thick-
Y Web ness 

Test (in.) (in.) 
3 Flange 0.365 1.502 
4 Flange 0.371 1.501 

Ave. 3,4 Flange 0.368 1.502 

5 Web 0.243 1.500 
6 Web 0.244 1.503 

Ave. 5,6 Web 0.244 1.502 

Tee Lot Fla nge! Width T hick-
Z Web ness 

Test (in.) (in.) 
7 Flange 0.641 1.501 
8 Flange 0.625 1.501 

Ave. 7,8 Flange 0.633 1.501 

9 Web 0.384 1.503 
10 Web 0.386 1.502 

Ave. 9,10 Web 0.385 1.503 

14 

Elon- Yield 
gation Stress 

("!o) (ksi) 

9.31 45.4 
9.31 45.4 

9.328 46.500 
9.328 46.500 

Elon- Yield 
gation Stress 

("!o) (ksi) 

8.894 47 .000 
8.960 46.800 
8.927 46.900 

8.747 52.800 
8.737 52.800 
8.742 52.800 

Elon- Yield 
gation Stress 

("!o) (ksi) 

9.365 53 .300 
9.276 53.000 
9.321 53.150 

9.150 56.600 
9.125 56.700 
9.138 56.650 

Ultima te 
St ress 
(ksi) 

63 .7 
63.7 

65.800 
65.800 

Ult imate 
St ress 
(ksi) 

73 .1 00 
72. 100 
72.600 

77.200 
77.300 
77.250 

Ultima te 
Stress 
(ksi) 

69.300 
70.000 
69.650 

70.200 
69.700 
69.950 
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8.5 Deck Properties 

Material properties for each deck lot used in the push-out test specimens are reponed 
herein. Coupons were made from the flange of each lot. Specimens were cut to dimensions 
specified in ASTM A-370, Section 7.1. Deck specimens were machined to either a 2 in. or an 8 
in. reduced length and either a y, in. or a 1 y, in. reduced width. Gage marks were etched along 
the centerline of each specimen in order to measure the elongation. Specimens were subjected to 
tensile testing until failure in accordance with ASTM A-370 specifications . A 300,000 lb 
capacity universal testing machine at the Virginia Tech Structures and Materials Laboratory was 
used to test the coupons. 

Deck Coupon Dt5ig- Widlh Thick- Initial Final Elon- Yield Ultimate 

Lot # nation ness Ga,e Gage ,Ilion Ires. tress 

(in.) (in.) ("!o) (ksi) (ksi) 

2G20 3 2USDG20 0.4995 0.0345 2.000 2.755 37.7 44.392 56.J72 

3G20 6 3USDG20 0.4950 0.0350 1.998 2.780 39.1 44.444 55.411 

4.SG16 9 4.5USDG16 1.4970 0.0585 8.061 10.351 28.4 42.821 53.326 

6GI6 12 6USDGI6 1.4970 0.0580 7.917 10.071 27.2 42.S41 55.303 
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APPENDIXC 

SOLID SLAB PUSH-OUT TEST DATA PACKS 

C.I General 

The solid slab push-out test data packs are contained in Section C.2. For each 
push-out test performed, a test summary sheet, a test layout and cracking sheet, and data 
table are given. The "Push·Out Test Summary Sheet" contains relevant test parameters 
such as concrete strength and stud diameter and also a Sllmmary of the test results. A plot 
of the applied axial load versus the measured slips is also included. The "Push·Out Test 
Layout & Cracking Sheet" contains information such as the stud layout and nominal slab 
dimensions, as well as the cracks that were observed when testing was completed. The 
"Data" table contains the axial loads and slips that were measured, along with 
observations made, during testing. 

C.2 Solid Slab Push-Out Test Data Packs 
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PUSH-OUT TEST SUMMARY SHEET 

Test: Deck Type: None 

Designation: 3/4-3.5N~.52.C Flange Thickness: 0.52 in. 

Date oCTest: 10/231% 

Concrete Strength: 3435 psi Weld Location: C 

Concrete Weight: 138.88 pc[ Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64 .868 ksi 

Maximum Applied Load: 103.05 kips 

Applied Load Per Stud: 25.76 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.1774 in. Pot. BT-3: 0.0532 in. 

Pot. AB-2 : 0.0306 in. Pot. B6-4: 0.2072 in. 

Avg. Side A: 0.1040 in. Avg. Side 6 : 0.1302 in. 

Avg.: 0.1171 in. 

Comments: 10% Normal Load 
Stud Shearing Failure on Sides A & 6 

120 

100 

i 80 
Test I 

2 3/4-3 SN'{).52,C ... 60 3 -.-AT·I 

~ -<>-AB-2 
< 40 

-.-BT·) 

20 
--<>-BB-4 

-.....- Predicted 

0 

000 o os o 10 O.IS 0.20 o 2S 

Slip (In.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test. 

Designation: 3L4-3.5N-D.52,C 

3/4" ,4" STUDS 
Dote 1O/23L96 

(STANDARD) • i 

• i , - r-! 
SIDE A SIDE B . . 

SIDE A SIDE B 

-
5 3/4"X36"X36" SLAB 

SIDE VIEW TOP VIEW 

> 

SIDE A SURFACE SIDE B SURFACE 

STUD SHEARING ,-----r---:v-? STUD SHEARING 

LOCAl CRUSHING 
Of CONCRETE 

SIDE A BOTTOM 

LOCAl CRUSHING 
or CONCRETE 
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SIDE B BOTTOM 
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Axial Load 

(lcips) 

0.00 

5.81 

9.81 

14.31 

18.81 

23 .23 

28.87 

33 .78 

38.20 

43 .68 

48.58 

47.85 

54.96 

58.56 

63 .55 

65.76 

69. 11 

71.32 

73 .20 

75.98 

78.68 

81.22 

82.85 

82.61 

84.81 

86.29 

87.84 

89.31 

Pot. AT-I 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0006 

0.0006 

0.0006 

0.0018 

0.0018 

0.0024 

0.0031 

0.0031 

0.0037 

0.0049 

0.0061 

0.0067 

0.0080 

0.0098 

0.0122 

0.0147 

0.0177 

0.0208 

0.0208 

0.0251 

0.0294 

0.0336 

0.0391 

Test 1 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0000 0.0006 -0.0006 

0.0000 0.0000 -0.0006 

0.0006 0.0000 0.0000 

0.0012 0.0000 0.0000 

0.0024 0.0000 0.0012 

0.0024 0.0000 0.0012 

0.0018 0.0000 0.0018 

0.0024 0.0000 0.0031 

0.0031 0.0000 0.0049 

0.0037 0.0000 0.0067 

0.0037 0.0000 0.0067 

0.0043 0.0006 0.0092 

0.0049 0.0006 0.0110 

0.0055 0.0006 0.0141 

0.0061 0.0006 0.0165 

0.0061 0.0006 0.0177 

0.0067 0.0006 0.0208 

0.0073 0.0000 0.0232 

0.0080 0.0006 0.0281 

0.0092 0.0006 0.0336 

0.0104 0.0006 0.0385 

0.0116 0.0006 0.0428 

0.0116 0.0006 0.0428 

0.0135 0.0006 0.0495 

0.0153 0.0006 0.0568 

0.0159 0.0006 0.0611 

0.0183 0.0006 0.0691 
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Axial Load 

(kips) Pot. AT-l 

89.07 0.0398 

90.79 0.0453 

92.26 0.0544 

93.40 0.0703 

94.38 0.0789 

95.28 0.0881 

96.02 0.0973 

97.33 0. 11 13 

98.39 0.1242 

99.70 0.1376 

101.1 7 0.1541 

101.74 0.1639 

103 .05 0.1774 

Test I Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0190 0.0006 

0.0196 0.0006 

0.0226 0.0006 

0.0257 0.0006 

0.0263 0.0006 

0.0269 0.0006 

0.0281 0.0006 

0.0287 0.0006 

0.0294 0.0037 

0.0300 0.0177 

0.0300 0.0318 

0.0306 0.0404 

0.0306 0.0532 

20 

Pot. BB-4 

0.0697 

0.0764 

0.0874 

0.1063 

0.1149 

0.1235 

0.1326 

0.1455 

0.1571 

0.1699 

0.1852 

0.1937 

0.2072 

Test 

Comments 

BANG. STUD SHEARING SIDES A '" B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 2 

Designation: 3/4-3.5N~.52,C 

Date of Test: 10124/96 

Concrete Strength: 3435 psi 

Concrete Weight: \38.88 per 

Concrete Thickness: 5 3/4 in. 

Maximum Applied Load: 115.32 kips 

Applied Load Per Stud: 28.83 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.6563 in. 

Pot. AB-2: 0.7094 in. 

Avg. Side A: 0.6829 in. 

Avg.: 0.6178 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure on Side B 

t20 

100 

i 10 

2-.., 
60 3 __ AT-I 

~ -<>-AB-2 
40 

__ DT-3 

20 -o-BB-4 

-.- Prcdicled 

0 

0.00 0.10 0.20 0.30 0.40 

Slip (In .) 
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Deck Type: None 

Flange Thickness: 0.52 in. 

Weld Location: C 

Stud Size: 3/4 in. x 4 in. 

Stud Tensile Strength: 64.868 ksi 

Pot. BT-3: 

Pot. BB-4: 

Avg. Side B: 

050 

0.5793 in. 

0.5262 in. 

0.5528 in. 

0.60 

Test 2 
3/4-3.5N.{).52,C 

0.70 0 .80 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test 2 

Designation: 3L4-3,5N-O,52,C 

3/4" x4" STUDS 
Dot.: 10L24L96 

(STANDARD) • 
• 

.---- ,---
SIDE A . . SIDE B ' . • 

• 
SIDE A SIDE B 

" '" 

• 
c:... "--

5 3/4"X3S"X3S" S 

SIDE VIEW TOP VIEW 

\ 

SIDE A SURFACE SIDE B SURFACE 

o 

o 

SIDE A BOnOM 

STUD SHEARING ;----,-----:v:7'" uD SHEARIN 

LOCAl. CRUSHING 
OF CONCRffi 't'--.l3 

STUD REMAINED 
ATIACHED TO TEE 
AFTER FAILURE 
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SIDE B BOnOM 
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Axial Load 

(kips) 

0.00 

5.89 

10.14 

14.72 

1906 

1889 

24.54 

30.10 

34.76 

39.75 

39.59 

44.82 

49.73 

53 .90 

59.38 

63 .79 

68.70 

72.38 

75.74 

77.94 

79.99 

81.71 

82.93 

84.24 

85.22 

86.37 

87.02 

8792 

Pot. AT-I 

-0.0006 

-0.0006 

-0.0006 

-0.0006 

0.0012 

0.0012 

0.0012 

0.0012 

0.0012 

0.0037 

0.0037 

0.0049 

0.0067 

0.0104 

0.0159 

0.0220 

0.0306 

0.0428 

0.0569 

0.0648 

0.0752 

0.0862 

0.0954 

0.1058 

0.1168 

0.1242 

0.1327 

0.1395 

Test 2 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0012 0.0000 0.0000 

0.0043 0.0141 0.0000 

0.0043 0.0141 0.0000 

0.0055 0.0141 0.0000 

0.0073 0.0141 0.0000 

0.0092 0.0141 0.0000 

0.0116 0.0159 0.0000 

0.0116 0.0159 0.0000 

0.0147 0.0165 0.0000 

0.0171 0.0177 0.0000 

0.0196 0.0184 0.0006 

0.0257 0.0190 0.0006 

0.0324 0.0220 0.0006 

0.0410 0.0239 0.0006 

0.0532 0.0275 0.0006 

0.0679 0.0349 0.0006 

0.0771 0.0379 0.0006 

0.0875 0.0434 0.0006 

0.0991 0.0502 0.0012 

0.1089 0.0551 0.0018 

0.1211 0.0624 0.0055 

0.1303 0.0679 0.0104 

0.1400 0.0734 0.0159 

0.1474 0.0789 0.0220 

0.1547 0.0856 0.0257 
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Axial Load 

(kips) Pot. AT-1 

88.66 0.1443 

89.23 o. I 511 

89.89 0.1584 

90.70 0.1670 

91.28 0.1749 

91.85 0.1817 

91.77 0.1945 

90.05 0.2110 

90.38 0.2214 

90.79 0.2318 

91.85 0.2434 

92.58 0.2575 

93 .16 0.2648 

94.06 0.2765 

94.71 0.2856 

96.02 0.3034 

96.84 0.3 138 

97.90 0.3278 

98.56 0.3346 

99.37 0.3468 

99.95 0.3566 

100.52 0.3664 

100.27 0.3835 

100.68 0.3921 

101.42 0.4012 

101.91 0.4116 

102.40 0.4202 

102.81 0.4282 

Test 2 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.1590 0.0875 

0.1670 0.0942 

0.1749 0.0991 

0.1835 0.1064 

0.1914 0.1126 

0.1988 0.1193 

0.2128 0.1278 

0.2312 0.1370 

0.2416 0.1462 

0.2532 0.1554 

0.2660 0.1664 

0.2795 0.1774 

0.2880 0.1853 

0.2990 0.1957 

0.3094 0.2049 

0.3284 0.2184 

0.3400 0.2276 

0.3541 0.2398 

0.3626 0.2465 

0.3743 0.2563 

0.3853 0.2655 

0.3969 0.2753 

0.4146 0.2912 

0.4232 0.3003 

0.4324 0.3077 

0.4446 0.3187 

0.4525 0.3260 

0.4611 0.3334 
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Pot. BB-4 

0.0287 

0.0354 

0.0409 

0.0489 

0.0538 

0.061 I 

0.0703 

0.0788 

0.0880 

0.0984 

0.1100 

0.1204 

0.1283 

0.1387 

0.1473 

0.1626 

0.1717 

0.1840 

0.1919 

0.2023 

0.2115 

0.2200 

0.2383 

0.2463 

0.2548 

0.2646 

0.2713 

0.2787 

Test 

Comments 
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Axial Load 

(kips) 

103 .1 4 

103.63 

104.44 

105.10 

105.43 

107.06 

107.55 

107.88 

108.21 

108.45 

108.70 

109.84 

114.26 

114.59 

115.32 

115.16 

Pot. AT-I 

0.4361 

0.4477 

0.4557 

0.4679 

0.4783 

0.4856 

0.4924 

0.5009 

0.5138 

0.5272 

0.5456 

0.5670 

0.5829 

0.6043 

0.6202 

0.6563 

Test 2 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.4703 0.3413 0.2866 

0.4819 0.3529 0.2995 

0.4917 0.3627 0.3086 

0.5039 0.3737 0.3215 

0.5143 0.3848 0.3300 

0.5223 0.3927 0.3380 

0.5308 0.4000 0.3471 

0.5400 0.4080 0.3551 

0.5534 0.4221 0.3691 

0.5669 0.4361 0.3826 

0.5871 0.4575 0.4052 

0.6109 0.4802 0.4284 

0.6293 0.4979 0.4461 

0.6531 0.5206 0.4681 

0.6684 0.5358 0.4834 

0.7094 0.5793 0.5262 BANG. STUD SHEARING SIDE B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 3 

Designation: 3/4-3.5N~. 52.C 

Date of Test: 10125196 

Concrete Strength: 3435 psi 

Concrete Weight: 138.88 pef 

Concrete Thickness: 5314 in. 

Maximum Applied Lo.1d: 102.24 kips 

Applied Load Per Stud: 25.56 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4508 in. 

POI. AB-2: 0.4452 in. 

Avg. Side A: 0.4480 in. 

Avg.: 0.4606 in. 

Comments: 10% Normal Load 
Stud Shearing Failure on Side B 

120 

100 

i 80 

~ ... 60 3 -+-AT-I 

~ 40 
-<>-A8-2 

-+-BT·3 

20 
-<>-B8-4 

......-. Prodlcted 

0 

0.00 010 0.20 

Deck Type: None 

Flange Thickness: 0.52 in. 

Weld Location: C 

Stud Size: 3/4 in. x 4 in. 

Stud Tensile Strength: 64.868 ksi 

Pol. BT-3: 0.4918 in. 

Pol. BB-4: 0.4547 in. 

Avg. Side B: 0.4733 in. 

•••••••••••••••••••••••••• 

0.30 

Test 3 
3I4-3.5N'{)S2,C 

0.40 

Slip (In.) 
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PUSH-OUT TEST LAYOUT & ('RACKING SHEET 

3/4" x4" STUDS 
(STANDARD) 

SIDE A 

5 3/4"X3OX30 S 

• 
• 

. . 

SIDE VIEW 

Test: 3 

Designation: 3/4-3,5N-O,52,C 

Dote: 10/25/96 

SIDE B 

SIDE A 
• 

SIDE A SURFACE 

LOCAL CRUSHING 

. 
• 

'. 
" 

TOP VIEW 

SIDE B 

SIDE B SURFACE 

OF CONCRffi ~---.J9" 

o 

SIDE A BOnOM 

STUDS REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 
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SIDE B BonOM 

D SHEARIN 



Axial Load 

(kips) Pot. AT-l 

0.00 0.0000 

4.42 0.0000 

10.96 0.0000 

16.77 0.0000 

19.79 0.0000 

24.62 0.0000 

29.61 0.0000 

34.76 0.0000 

40.08 0.0000 

44.33 0.0000 

49.73 0.0000 

54.06 0.0006 

59.05 0.0024 

63 .63 0.0067 

68.87 0.0171 

72.38 0.0281 

76.47 0.0471 

79.09 0.0654 

81.05 0.0795 

82.44 0.0881 

83 .91 0.1070 

85.47 0.1205 

86.61 0.1315 

87.51 0.1437 

88.41 0.1541 

89.23 0.1658 

90.13 0.1774 

90.70 0.1884 

Test 3 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

-0.0006 0.0000 

-0.0006 0.0000 

-0.0006 0.0000 

-0.0006 0.0012 

-0.0006 0.0031 

-0.0006 0.0055 

-0.0006 0.0073 

-0.0006 0.0104 

-0.0006 0.0141 

-0.0006 0.0196 

0.0000 0.0257 

0.0098 0.0355 

0.0196 0.0471 

0.0397 0.0636 

0.0575 0.0807 

0.0715 0.0924 

0.0801 0.0991 

0.0985 0.1150 

0.1137 0.1266 

0.1254 0.1376 

0.1364 0.1480 

0.1474 0.1584 

0.1584 0.1707 

0.1700 0.1823 

0.1810 0.1927 
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Pot. BB-4 

0.0000 

0.0000 

-0.0006 

0.0000 

-0.0006 

-0.0006 

0.0012 

0.0031 

0.0055 

0.0067 

0.0104 

0.0141 

0.0183 

0.0244 

0.0336 

0.0434 

0.0593 

0.0758 

0.0862 

0.0941 

0.1082 

0.1198 

0.1302 

0.1412 

0.1510 

0.1613 

0.1723 

o 1815 

Test 

Comments 

BEGlNTEST 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

91.77 

92.91 

93 .32 

93.89 

94.87 

95.77 

96.18 

96.76 

97.49 

97.66 

97.74 

97.90 

98.15 

98.72 

99.29 

99.78 

100.85 

101. 74 

101.99 

102.24 

102.15 

101.50 

Pot. AT-I 

0.1969 

0.2184 

0.2312 

0.2440 

0.2563 

0.2673 

0.2759 

0.2863 

0.2960 

0.3070 

0.3174 

0.3309 

0.3450 

0.3560 

0.3682 

0.3817 

0.3945 

0.4043 

0.4141 

0.4251 

0.4373 

0.4508 

Test 3 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1896 0.2006 0.1901 

0.2104 0.2227 0.2102 

0.2232 0.2337 0.2200 

0.2366 0.2447 0.2310 

0.2470 0.2557 0.2420 

0.2587 0.2667 0.2512 

0.2678 0.2753 0.2610 

0.2776 0.2851 0.2701 

0.2874 0.2961 0.2799 

0.2990 0.3071 0.2915 

0.3100 0.3218 0.3037 

0.3241 0.3407 0.3209 

0.3382 0.3578 0.3355 

0.3498 0.3707 0.3471 

0.3614 0.3872 0.3587 

0.3755 0.4013 0.3740 

0.3883 0.4166 0.3862 

0.3987 0.4282 0.3972 

0.4079 0.4392 0.4076 

0.4189 0.4539 0.4205 

0.4311 0.4698 0.4357 

0.4452 0.4918 0.4547 SOFT DANG STUD SHEARING SIDE B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 4 Deck Type: None 

Designation: 3/4-3.5N~.52.F Flange Thickness: 0.52 in. 

Date of Test: 10127/96 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 pcf Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 113.69 kips 

Applied Load Per Stud: 28.42 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.4606 in. Pot. BT-3: 0.4912 in. 

Pot. AB-2: 0.4966 in. Pot. BB-4 : 0.4847 in. 

Avg. Side A: 0.4786 in. Avg. Side B: 0.4880 in. 

Avg.: 0.4833 in. 

Comments: 10010 Normal Load 
Stud Shearing Failure of Bottom Studs on Both Sides 

120 

100 

i 80 

~ ... 60 j 
~ 40 ~ 

20 

0 

0.00 0. 10 

-+- AT-I 

-<>-AB-2 

-+- BT-3 

-o-BB-4 

-....- Predlcled 

0.20 

30 

0.30 

Slip (In .) 

TeSl4 
314-1SN-Q 52,F 

040 o lO 
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3/4'x4· STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

• • 

Test: 4 

Designation: 3/4-3.5N-0.52,F 

Oote: 10/27 /96 

SIDE B 

SIDE A 116 
I"':' 

SIDE B 

5 3/4·X30X30 S 

SIDE VIEW 

5 
SIDE A SURFACE 

SIDE A BOTTOM 

• 

STUD REI.WNED 
ATTACHED TO TEE 
AFTER FAILURE 

STUD SHEARING 
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TOP VIEW 

) 

) 

SIDE B SURFACE 

SIDE B BOTTOM 

STUD REI.WNED 
ATTACHED TO TE 
AFTER FAILURE 

STUD SHEARING 



Axial Load 

(kips) Pot. AT-l 

0.00 0.0000 

5.56 0.0000 

9.73 0.0000 

14.80 0.0006 

19.87 0.0000 

24.70 0.0000 

29.77 0.0000 

34.51 0.0006 

39.75 0.0006 

44.17 0.0006 

48.91 0.0012 

53 .90 0.0024 

59.46 0.0043 

63.55 0.0055 

69.11 0.0086 

73 .20 0.0128 

78.60 0.0196 

82.52 0.0300 

86.78 0.0459 

90.05 0.0612 

92.09 0.0722 

94.22 0.0862 

95 .37 0.0985 

96.67 0.11 13 

97.82 0.1211 

98.88 0.1297 

99.95 0.1395 

100.93 0.1486 

Test 4 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0000 0.0000 

0.0037 0.0000 

0.0055 0.0000 

0.0073 0.0000 

0.0092 0.0000 

0.0104 0.0000 

0.0116 0.0037 

0.0128 0.0055 

0.0141 0.0073 

0.0147 0.0086 

0.0159 0.0110 

0.0171 0.0135 

0.0196 0.0171 

0.0208 0.0196 

0.0245 0.0251 

0.0281 0.0306 

0.0342 0.0385 

0.0446 0.0495 

0.0612 0.0661 

0.0789 0.0826 

0.0917 0.0936 

0.1070 0.1107 

0.1193 0.1266 

0.1321 0.1401 

0.1419 0.1499 

0.1505 0.1615 

0.1602 0.1719 

0.1688 0.1804 
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Pot. BB-4 

0.0000 

0.0018 

0.0043 

0.0067 

0.0079 

0.0098 

0.0122 

0.0141 

0.0159 

0.0183 

0.0208 

0.0232 

0.0263 

0.0287 

0.0342 

0.0391 

0.0477 

0.0562 

0.0703 

0.0862 

0.0972 

0.1143 

0.1278 

0.1424 

0.1516 

0.1614 

0.1711 

0.1809 

Test 

Comments 

BEGlNTEST 
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Axial Load 

(kips) 

101.58 

102.32 

102.73 

103.14 

103.54 

104.36 

105.51 

106.00 

104.61 

104.53 

105.43 

106.16 

106.82 

107.39 

108.04 

108.78 

109.27 

109.84 

110.58 

111.89 

112.70 

113 .20 

113.69 

112.87 

110.41 

Pot. AT-I 

0.1547 

0.1627 

0.1700 

0.1755 

0.1835 

0.1933 

0.2055 

0.2147 

0.2300 

0.2483 

0.2648 

0.2777 

0.2887 

0.2979 

0.3101 

0.3211 

0.3321 

0.3419 

0.3554 

0.3627 

0.3725 

0.3829 

0.3957 

0.4233 

0.4606 

Test 4 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1755 0.1872 0.1877 

0.1835 0.1951 0.1956 

0.1902 0.2018 0.2035 

0.1963 0.2104 0.2097 

0.2043 0.2177 0.2194 

0.2141 0.2300 0.2298 

0.2269 0.2434 0.2427 

0.2361 0.2514 0.2512 

0.2520 0.2612 0.2610 

0.2709 0.2746 0.2738 

0.2887 0.2899 0.2885 

0.3021 0.2997 0.3001 

0.3137 0.3089 0.3093 

0.3241 0.3181 0.3172 

0.3364 0.3266 0.3289 

0.3474 0.3376 0.3368 

0.3596 0.3468 0.3460 

0.3706 0.3566 0.3551 

0.3822 0.3707 0.3680 

0.3926 0.3774 0.3759 

0.4024 0.3853 0.3839 

0.4 134 0.3982 0.3936 

0.4263 0.4104 0.4071 

0.4575 0.4398 04377 

0.4966 0.4912 0.4847 DANG STUD SHEARING oon l SIDES 

33 



PUSH-OUT TEST SUMMARY SHEET 

Test: 5 Deck Type: None 

Designation: 3/4-3 .5N-Q.52,F Flange Thickness: 0.52 in. 

Date orTest: 10/28196 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64 .868 ksi 

Maximum Applied Load: 100.76 kips 

Applied Load Per Stud: 25.19 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.4875 in. Pot. BT-3: 0.2514 in. 

Pot. AB-2 : 0.4899 in. Pot. BB-4: 0.2292 in. 

Avg. Side A: 0.4887 in. Avg. Side B: 0.2403 in. 

Avg.: 0.3645 in. 

Comments: 10% Normal Load 
Stud Shearing Failure ofTop Stud on Side A 

120 

100 

i 80 
Tesl5 

~ ... 60 -+- AT-I • 
3/4-3.5N-Q.52,F 

• "' -O-AB-2 
:a 40 -+-BT-3 < 

-<>-BB-4 
20 -+- Predicted 

0 

0.00 0.10 0.20 0.30 0.40 O.lO 

511 p (In .) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4".4" STUDS 
(STANDARD) 

SIDE A 

• 
• 

Test: 5 

Designation: 3/4-3.5N-0.52,F 

Oate: 10/28/96 

SIDE B 

SIDE A 
" , 

5 3/4"X3OX30' S 

SIDE VIEW 

SIDE A SURFACE 

SIDE A BOTTOM 

STUD SHEARING 

STUD REMAINED 
ATIACHED TO TIT 
AFTER FAILURE 
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SIDE B .. 
• 
o · . 

TOP VIEW 

SIDE B SURFACE 

SIDE B BOTTOM 

STUDS REMAINED 
ATTACHED TO IT 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

-0.08 0.0000 

0.00 0.0000 

5.89 0.0000 

10.80 0.0000 

15.13 0.0000 

19.30 0.0000 

24.70 0.0000 

29.77 0.0006 

35 .17 0.0037 

39.09 0.0067 

44.08 0.0110 

48.99 0.0171 

53.49 0.0239 

58.72 0.0343 

62.73 0.0440 

69.03 0.0624 

73 .36 0.0795 

78.19 0.1003 

81.54 0.1211 

84.00 0.1364 

86.37 0.1547 

89.23 0.1725 

91.93 0.1945 

93 .48 0.2116 

95.45 0.2300 

96.35 0.2489 

97.16 0.2661 

Test 5 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 

0.0000 0.0000 

0.0006 0.0000 

0.0006 0.0000 

0.0000 -0.0006 

0.0000 0.0000 

0.0000 0.0000 

0.0018 0.0000 

0.0024 0.0018 

0.0043 0.0018 

0.0061 0.0024 

0.0092 0.0024 

0.0128 0.0031 

0.0171 0.0043 

0.0232 0.0055 

0.0324 0.0061 

0.0428 0.0080 

0.0605 0.0104 

0.0789 0.0135 

0.0985 0.0171 

0.1193 0.0220 

0.1346 0.0269 

0.1517 0.0336 

0.1700 0.0434 

0.1908 0.0569 

0.2092 0.0691 

0.2269 0.0850 

0.2452 0.1003 

0.2636 0.1180 
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Pot. BB-4 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0031 

0.0043 

0.0061 

0.0098 

0.0134 

0.0165 

0.0232 

0.0318 

0.0452 

0.0568 

0.0715 

0.0868 

0.1027 

Test 

Comments 

BEGlNTEST 
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Axial Load 

(laos) 

98.88 

99.54 

100.03 

100.76 

98.72 

96.26 

88.66 

86.04 

Pot. AT-1 

0.2869 

0.3015 

0.3199 

0.3431 

0.3743 

0.3957 

0.4477 

0.4875 

Test 5 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. B8-4 Comments 

0.2832 0.1382 0.1229 

0.2985 0.1547 0.1369 

0.3174 0.1719 0.1522 

0.3400 0.1896 0.1724 

0.3725 0.2104 0.1919 

0.3939 0.2214 0.2017 

0.4501 0.2318 0.2121 

0.4899 0.2514 0.2292 S1110 SHEARING SlOE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 6 Deck Type: None 

Designation: 3/4-3.5N-O.52.F Flange Thickness: 0.52 in. 

Date of Test: 10/28/96 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 53/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 103.38 kips 

Applied Load Per Stud: 25.85 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4801 in. Pot. BT-3: 0.3615 in. 

Pot. AB-2 : 0.4868 in. Pot. BB-4: 0.3447 in. 

Avg. Side A: 0.4835 in. Avg. Side B: 0.3531 in. 

Avg.: 0.4183 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Both Siuds on Side A 

120 

100 

i 
80 

Test 6 
~ 3/4-3. 5N '{).52,F 

! 60 -+-AT. I 

-o-AB-2 

! 40 -+-BT·3 

--<>- BJ3.4 

20 -+- Predicted 

0 

0.00 0.10 0.20 0.30 0 .40 O.SO 

SlIp(lo.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 6 

Designation: 3L .-3.5N-O.52,F 

3/.·x.· STUDS 
(STANDARD) 

Oote: lOL28L96 

SIDE A SIDE B 

5 3/.·X30X30 S 

SIDE VIEW 

\ 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BOTTOM 

" 
, 

LOCAl CRUSHING 
or CONCR[l[ 

39 

SIDE A 

r; :-

. 
" 

Iii=. ±n SIDE B 
I"':' ~ 

• 

"-- -
TOP VIEW 

SIDE B SURFACE 

SIDE B BOTTOM 

STUOS REt.IAINED 
ATTACHED TO TE 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

5.23 -0.0006 

8.83 -0.0006 

14.48 -0.0006 

19.63 -0.0006 

24.21 -0.0006 

29.12 -0.0006 

34.35 -0.0006 

39.18 -0.0006 

44.00 -0.0006 

49.15 -0.0006 

53 .82 0.0012 

59.46 0.0049 

64.04 0.0073 

68.95 0.0110 

73 .28 0.0171 

78 .03 0.0275 

82.44 0.0428 

84.90 0.0532 

86.94 0.0630 

88.90 0.0758 

90.29 0.0856 

92.09 0.0985 

94.14 0.1162 

95 .53 0.1284 

94.14 0.1468 

94.30 0.1645 

94.96 0.1841 

Test 6 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0000 -0.0006 

0.0006 -0.0006 

0.0012 -0.0006 

0.0018 0.0000 

0.0031 0.0006 

0.0031 0.0018 

0.0037 0.0037 

0.0037 0.0043 

0.0037 0.0067 

0.0037 0.0080 

0.0037 0.0104 

0.0043 0.0116 

0.0061 0.0135 

0.0073 0.0147 

0.0110 0.0171 

0.0153 0.0214 

0.0257 0.0269 

0.0398 0.0355 

0.0495 0.0416 

0.0599 0.0483 

0.0728 0.0557 

0.0819 0.0630 

0.0954 0.0722 

0.1125 0.0844 

0.1248 0.0936 

0.1455 0.1040 

0.1633 0.1144 

0.1829 0.1272 
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Pot. BB-4 

0.0000 

0.0006 

0.0006 

0.0012 

0.0024 

0.0037 

0.0055 

0.0061 

0.0079 

0.0092 

0.0104 

0.0116 

0.0128 

0.0147 

0.0165 

0.0202 

0.0251 

0.0330 

0.0385 

0.0452 

0.0526 

0.0593 

0.0666 

0.0788 

0.0874 

0.0959 

0.1057 

0.1167 

Test 

Comments 

BEGIN TEST 
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Axial Load 

(kips) 

95 .69 

95.20 

95.94 

97.00 

97.82 

98.80 

99.70 

100.52 

101.74 

102.48 

101.25 

101.66 

101.58 

102.48 

103.22 

103.38 

102.32 

102.15 

101.99 

Pot. AT-I 

0.1988 

0.2122 

0.2269 

0.2385 

0.2477 

0.2648 

0.2765 

0.2973 

0.3132 

0.3340 

0.3554 

0.3688 

0.3774 

0.3908 

0.4141 

0.4275 

0.4453 

0.4630 

04801 

Test 6 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1981 0.1370 0.1277 

0.2116 0.1462 0.1351 

0.2269 0.1560 0.1436 

0.2385 0.1645 0.1509 

0.2489 0.1719 0.1589 

0.2660 0.1823 0.1699 

0.2776 0.1908 0.1766 

0.2984 0.2049 0.1913 

0.3143 0.2165 0.2017 

0.3364 0.2312 0.2169 

0.3578 0.2594 0.2426 

0.3718 0.2734 0.2573 

0.3804 0.2820 0.2652 

0.3938 0.2936 0.2787 

0.4177 0.3169 0.3019 

0.4311 0.3273 0.3129 

0.4495 0.3419 0.3269 

0.4691 0.3536 0.3373 

0.4868 0.3615 0.3447 snJD SHEARING SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test : 7 Deck Type: None 

Designation: 3/4-3.5N-O.38,f flange Thickness: 0.38 in. 

Date of Test: 10129196 

Concrete Strength: 3435 psi Weld Location: f 

Concrete Weight: 138.88 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength 64.868 ksi 

Maximum Applied Load: 91.52 kips 

Applied Load Per Stud: 22.88 kips 

Concrete Slip at failure : 

Pot. AT-I : 0.4055 in. Pot. BT-3: 

Pot. AB-2: 0.3994 in. Pot. BB-4: 

Avg. Side A: 0.4025 in. Avg. Side B: 

Avg.: 0.3 116 in. 

Comments: 10"10 Normal Load 
Stud Shearing failure of Both Studs on Side A 

100 

90 

80 

70 

i 60 
~ 

~ 
~o 

! 
40 

10 

-+-AT- t 

-O- AB-2 

-+-BT-l 

-o- 8B-4 
20 

---A- Predicted 
10 

0 
0.00 O.O~ 0 10 DIS 020 02~ 0.10 

SII, (In .) 
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0.2263 in. 

0.2151 in. 

0.2207 in. 

Test 7 
3/4-15N'().38,F 

040 o 4 ~ 
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STUD SHEARING 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

SIDE A SURFACE 

SIDE A BOnOM 

LOCAl CRUSHING 
OF CONCRffi 

43 

SIDE B SURFACE 

SIDE B BonOM 

STUDS REI.WNED 
ATTACHED TO TE 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

5.15 0.0000 

10.47 0.0012 

14.48 0.0024 

19.87 0.0043 

24.62 0.0049 

29.69 0.0073 

34.51 0.0098 

39.67 0.0122 

43 .84 0.0147 

49.24 0.0183 

53.49 0.0226 

58.56 0.0300 

62.40 0.0404 

64.12 0.0538 

68.13 0.0642 

71.81 0.0887 

75 .00 0.1064 

77.13 0.1242 

80.32 0.1431 

81.87 0.1645 

83 .10 0.1841 

84.98 0.2031 

86.70 0.2208 

87.76 0.2398 

88.66 0.2575 

90.13 0.2746 

90.54 0.2960 

Test 7 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0000 0.0000 

0.0012 0.0000 

0.0018 0.0000 

0.0031 0.0000 

0.0043 0.0000 

0.0055 0.0000 

0.0061 0.0000 

0.0086 0.0012 

0.0104 0.0024 

0.0122 0.0031 

0.0153 0.0049 

0.0190 0.0067 

0.0257 0.0092 

0.0342 0.0141 

0.0483 0.0165 

0.0563 0.0196 

0.0801 0.0294 

0.0972 0.0391 

0.1138 0.0477 

0.1339 0.0624 

0.1547 0.0752 

0.1725 0.0887 

0.1927 0.1009 

0.2098 0.1126 

0.2293 0.1272 

0.2465 0.1382 

0.2642 0.15\\ 

0.2856 0.1658 
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Pot. BB-4 

0.0000 

0.0000 

0.0000 

0.0000 

0.0006 

0.0006 

0.0012 

0.0012 

0.0024 

0.0031 

0.0037 

0.0043 

0.0079 

0.0110 

0.0153 

0.0177 

0.0275 

0.0354 

0.0446 

0.0568 

0.0703 

0.0825 

0.0960 

0.1076 

0.1210 

0.1326 

0.1442 

0.1583 

Test 

Comments 

BEGIN TEST 
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Axial Load 

(kips) 

91.36 

91.52 

90.70 

86.94 

85 .39 

Pot. AT-I 

0.3174 

0.3407 

0.3670 

0.3835 

0.4055 

Test 7 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.3082 0.1805 0.1723 

0.3315 0.1951 0.1852 

0.3590 0.2092 0.1992 

0.3761 0.2178 0.2078 

0.3994 0.2263 0.2151 BANG. STIJD SHEARING SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 8 Deck Type: None 

Designation: 3/4-3 . 5N~.38,F Flange Thickness: 0.38 in. 

Date orTest: 10/29/96 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 106.65 kips 

Applied Load Per Stud: 26.66 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.5884 in. Pot. BT-3: 0.1896 in. 

Pot. AB-2 : 0.5809 in. Pot. BB-4: 0.1778 in. 

Avg. Side A: 0.5847 in. Avg. SideB: 0.1837 in. 

Avg.: 0.3842 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure ofBolh Studs on Side B 

120 

100 

i 
80 

Test 8 
~ 3/4-15N~.38,F 

! 60 -+- AT· I 

-o-AB-2 
~ '0 ---.- BT·] < 

~BB-' 
20 -+- Predtcted 

0 

0.00 0.10 0.20 0.)0 0 .40 0$0 060 

SII,(lo.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4',4' STUDS 
(STANDARD) 

SIDE A 

5 3/4'X3OX30 S 

• 
• 

SIDE VIEW 

Test: 8 

Designation: 3/4-3.5N-0.38,f 

Dote: 10/29/96 

SIDE S 

SIDE A .. 

SIDE A SURFACE 

SIDE A sonOM 

STUD SHEARING 

STUDS REWJNED 
ATTACHED TO TEE 
AFTER FAILURE 

47 

.. ' . . 
iI= ~ SIDE S I ;;;11';':1, -CF:'~I 

• .' , 

TOP VIEW 

I 

SIDE S SURFACE 

SIDE S sonOM 

LOCAL CRUSHING 
OF CONCRETE 



Test 8 Data 

Axial Load Slips (in.) 

(kips) Pot. AT-I Pot. AB-2 Pot. BT-3 

0.00 0.0000 0.0000 0.0006 

6.30 0.0000 0.0000 0.0006 

10.88 0.0000 0.0000 0.0000 

15.21 0.0000 0.0000 0.0012 

20.45 0.0000 0.0006 0.0031 

24.86 0.0006 0.0018 0.0031 

30.18 0.0012 0.0024 0.0043 

34.60 0.0024 0.0043 0.0061 

39.42 0.0037 0.0061 0.0067 

44.57 0.0061 0.0079 0.0092 

48.99 0.0098 0.0116 0.0104 

54.14 0.0153 0.0177 0.0135 

59.13 0.0226 0.0238 0.0159 

63 .79 0.0349 0.0361 0.0196 

68.21 0.0520 0.0520 0.0239 

72.22 0.0716 0.0715 0.0306 

74.75 0.0832 0.0844 0.0361 

76.72 0.0954 0.0960 0.0404 

79.01 0.1101 0.1101 0.0477 

80.64 0.1260 0.1254 0.0532 

82.69 0.1450 0.1443 0.0618 

85.14 0.1584 0.1590 0.0673 

86.45 0.1706 0.1700 0.0710 

88.17 0.1884 0.1877 0.0795 

88.90 0.2043 0.2030 0.0850 

90.38 0.2202 0.2183 0.0911 

91.68 0.2398 0.2360 0.0997 

92.01 0.2569 0.2519 0.1058 
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Pot. BB-4 

-0.0006 

0.0012 

0.0018 

0.0031 

0.0037 

0.0043 

0.0055 

0.0061 

0.0073 

0.0079 

0.0104 

0.0122 

0.0147 

0.0177 

0.0214 

0.0275 

0.0318 

0.0361 

0.0409 

0.0464 

0.0538 

0.0587 

0.0623 

0.0684 

0.0752 

0.0807 

0.0880 

0.0941 

Test 

Comments 

BEGlNTEST 
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Axial Load 

(kiDS) 

92.99 

93.89 

93 .97 

92.91 

91.68 

91.60 

92.50 

94.87 

96.43 

97.41 

99.13 

100.93 

102.40 

104.93 

106.57 

106.49 

106.65 

106.33 

Pot. AT-I 

0.2765 

0.2948 

0.3077 

0.3223 

0.3376 

0.3529 

0.3719 

0.3927 

0.4067 

0.4190 

0.4349 

0.4526 

0.4710 

0.4930 

0.5126 

0.5327 

0.5603 

0.5884 

Test 8 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.2709 0.1101 0.0996 

0.2886 0.1138 0.1014 

0.3021 0.1144 0.1027 

0.3174 0.1144 0.1033 SIDE A WEB CRIPPLED UNDER WAD 

0.3320 0.1144 0.1033 RAM SLlGHn Y OFF PWMB 

0.3467 0.1144 0.1033 

0.3645 0.1144 0.1033 

0.3834 0.1144 0.1033 

0.3981 0.1144 0.1033 

0.4103 0.1144 0.1033 

0.4250 0.1144 0.1039 

0.4427 0.1156 0.1039 

0.4605 0.1168 0.1063 

0.4831 0.1236 0.1131 

0.5026 0.1340 0.1241 

0.5241 0.1486 0.1381 

0.5534 0.1694 0.1583 

0.5809 0.1896 0.1778 STIiD SHEARING SIDE B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 9 Deck Type: None 

Designation: 3/4-3 . 5N~.38,F Flange Thickness: 0.38 in. 

Date of Test: 1113196 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 pcf Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 110.05 kips 

Applied Load Per Stud: 27.51 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.3951 in. Pot. BT-3: 

Pot. AB-2: 0.4105 in. Pot. BB-4: 

Avg. Side A: 0.4028 in. Avg. Side B: 

Avg.: 0.2783 in. 

Comments: 10% Normal Load 
Slud Shearing Failure of Bolh Sluds on Side A 

120 

100 

i 
80 

~ 

! 60 

! 40 ... 

20 

0 

0 .00 0.05 0.10 

-+-AT-l 

-o-AB-2 
__ BT-3 

-0-88-. 

.......- Predicted 

0.1l 020 0.25 

Slip (10 .) 
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0.30 

0.1615 in. 

0.1461 in. 

0.1538 in. 

Tesl9 
3/4-3.5N-O.38,F 

0.35 040 045 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4.4" STUDS 
(STANDARD) 

SIDE A 

5 3/4"X36"X36" S 

• 
• 

Tesl: 9 

Designation: 3/4-3.5N-O.38,f 

Dole: 11 /3/96 

" SIDE B 

SIDE A 
" , 

SIDE VIEW 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BOTTOM 
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.. ' 

lib 
I"':' SIDE B 

, 

TOP VIEW 

SIDE B SURFACE 

SIDE B BOTTOM 

STUDS REMAINED 
ATTACHED TO TE 
AfTER fAILURE 



Axial Load 

(kips) Pot. AT-1 

0.00 -0.0006 

6.03 -0.0006 

10.68 -0.0006 

15.45 -0.0006 

20.35 -0.0006 

25.25 -00006 

30.40 -0.0006 

35.18 0.0000 

40.08 0.0000 

44.97 0.0018 

50.13 0.0037 

54.77 0.0061 

59.92 0.0086 

65 .20 0.0122 

70.23 0.0153 

73 .62 0.0196 

78.14 0.0263 

81.91 0.0330 

85 .05 0.0398 

87.81 0.0477 

90.58 0.0575 

92.96 0.0667 

94.85 0.0746 

96.73 0.0844 

98.62 0.0972 

100.25 0.1083 

101.76 0.1205 

103.02 0.1358 

Test 9 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 

0.0000 0.0000 

0.0031 0.0000 

0.0055 0.0000 

0.0067 0.0000 

0.0086 0.0000 

0.0098 0.0006 

0.0122 0.0012 

0.0135 0.0018 

0.0153 0.0024 

0.0165 0.0031 

0.0196 0.0043 

0.0226 0.0061 

0.0251 0.0080 

0.0288 0.0110 

0.0318 0.0141 

0.0379 0.0190 

0.0434 0.0220 

0.0502 0.0257 

0.0575 0.0306 

0.0648 0.0367 

0.0752 0.0440 

0.0856 0.0526 

0.0930 0.0593 

0.1022 0.0673 

0.1144 0.0764 

0.1254 0.0838 

0.1370 0.0924 

0.1517 0.1009 
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Pot. BB-4 

0.0000 

0.0000 

0.0000 

0.0000 

0.0006 

0.0018 

0.0024 

0.0037 

0.0043 

0.0055 

0.0067 

0.0098 

0.0098 

0.0122 

0.0141 

0.0171 

0.0202 

0.0232 

0.0269 

0.0318 

0.0385 

0.0452 

0.0514 

0.0581 

0.0660 

0.0740 

0.0807 

0.0893 

Test 

Comments 

BEGIN TEST 

LOUD POP. NORMAL LOAD FELL 2~o 
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Axial Load 

(kips) 

104.52 

105.90 

107.04 

108.04 

109.42 

109.67 

110.05 

110.05 

109.42 

107.79 

106.53 

105.28 

104.40 

102.51 

Pot. AT-1 

0.1492 

0.1688 

0.1902 

0.2092 

0.2257 

0.2434 

0.2581 

0.2734 

0.2978 

0.3217 

0.3474 

0.3682 

0.3878 

0.3951 

Test 9 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1646 01089 0.0966 

0.1829 o 1211 0.1064 

0.2049 0\315 0.1162 

0.2245 01407 0.1253 

0.2429 01480 0.1327 LEANING TO SIDE 0 

0.2600 01535 0.1376 

0.2735 01572 0.1418 

0.2887 01596 0.1431 CREAKING 'OISES 

0.3 114 01602 0.1443 

0.3352 01608 0.1449 

0.3609 o 1615 0.1455 

0.3817 o 1615 0.1455 

0.4038 0.1615 0.1461 

0.4105 o 1615 0.1461 STUD SHEARING SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: IO Deck Type: None 

Designation: 3/4-3.5N-O.715.F Flange Thickness: 0.715 in. 

Date orTest: 10/30/96 

Concrele Strength: 3435 psi Weld Location: F 

Concrele Weight: 138.88 per Stud Size: 3/4 in. x 4 in. 

Concrele Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Ma.~imum Applied Load: 104.12ldps 

Applied Load Per Slud: 26.03 kips 

Concrele Slip al Failure: 

POI. AT-I : 0.4691 in. Pol. BT-3: 0.2459 in. 

POI. AB-2 : 0.4812 in. PoI. B8-4: 0.2249 in. 

Avg. Side A: 0.4752 in. Avg. Side B: 0.2354 in. 

Avg.: 0.3553 in. 

CommenlS: lool. Normal Load 
Stud Shearing Fai lure OrBolh Siuds on Side A 

120 

100 

i 
80 

!. 

! 60 

~ 40 < 

20 

0 

000 O.Ol 0. 10 

-+- AT-I 

-o-AB-2 

-+- BT-) 

~BB-4 

.........- Predicted 

O.ll 020 
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o 2l 

SlIp(lo .) 

0)0 o )l 

Test 10 
314-3.5N.Q.715,F 

040 o 4l o lO 
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II 

LOCAL CRUSHING 
Of CONCRffi 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

\ 

I \ 

SIDE A SURFACE SIDE B SURFACE 

STUD SHEARING 

SIDE A BOnOM SIDE B BonOM 
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STUDS REI.4AINED 
ATTACHED TO TE 
AfTER fAILURE 



Axial Load Pot. AT-I Pot. AB-2 

(kips) (in.) (in.) 

0.00 0.0000 0.0000 

5.48 0.0000 0.0018 

10.96 0.0024 0.0024 

15.46 0.0024 0.0031 

19.63 0.0024 0.0031 

25.19 0.0031 0.0043 

29.53 0.0037 0.0049 

36.97 0.0055 0.0067 

40.16 0.0067 0.0086 

47.52 0.0098 0.0116 

50.38 0.0116 0.0\35 

54.80 0.0165 0.0165 

59.46 0.0239 0.0238 

64.37 0.0343 0.0342 

68.78 0.0508 0.0501 

73 .36 0.0728 0.0715 

77.62 0.0954 0.0960 

81.05 0.1144 0.1143 

83 .83 0.1346 0. \364 

86.53 0.1547 0.1565 

89.89 O. 1719 0.1749 

91.68 0.1878 0.1908 

93 .73 0.2067 0.2097 

95 .28 0.2245 0.2275 

96.84 0.2416 0.2452 

98.06 0.2618 0.2654 

98.39 0.2856 0.2905 

100.93 0.3052 0.3106 

Test 10 Data 

Pot. BT-3 Pot. BB-4 

(in.) (in.) 

0.0000 0.0000 

0.0000 0.0012 

0.0000 0.0012 

0.0000 0.0012 

0.0000 0.0012 

0.0000 0.0018 

0.0006 0.0018 

0.0012 0.0024 

0.0018 0.0031 

0.0024 0.0037 

0.0031 0.0043 

0.0037 0.0049 

0.0055 0.0061 

0.0073 0.0079 

0.0110 0.0116 

0.0171 0.0159 

0.0281 0.0269 

0.0391 0.0373 

0.0520 0.0489 

0.0642 0.0599 

0.0740 0.0697 

0.0838 0.0770 

0.0960 0.0886 

0.1058 0.0978 

O. I 150 0.1069 

0.1248 O. 1167 

0.1364 0.1271 

0.1468 0.1375 
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Test JO 

Comments 

BEGIN TEST 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 

Axial Load 

(kips) 

101.91 

102.89 

103.95 

104.12 

103 .54 

102.73 

100.27 

99.45 

98.31 

Pot. AT-I Pot. AB-2 

(in.) (in.) 

0.3211 0.3259 

0.3425 0.3479 

0.3621 0.3681 

0.3804 0.3871 

0.4019 0.4097 

0.4190 0.4280 

0.4294 0.4391 

0.4538 0.4653 

0.4691 0.4812 

~- -----------, 

Test 10 Data 

Pot. BT-3 Pot. BB-4 Test \0 

(in.) (in.) Comments 

0.1554 0.1448 

0.1676 0.1558 

0.1823 0.1687 

0.1957 0.1815 

0.2129 0.1956 

0.2245 0.2059 

0.2312 0.2121 

0.2422 0.2224 

0.2459 0.2249 STIJD SII EARINQ SI DE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: II Deck Type: None 

Designation: 3/4-3 .5N-O. 71 5,F Flange Thickness: 0.715 in. 

Date of Test: 10/31/96 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 10 1.63 kips 

Applied Load Per Stud: 25.41 kips 

Concrete Slip at Failure: 

Pot. AT -1: 0.3333 in. Pot. BT-3: 

Pot. AB-2 : 0.3303 in. Pot. B8-4: 

Avg. Side A: 0.3318 in. Avg. SideB: 

Avg.: 0.3640 in. 

Comments: 10% Nonnal Load 
Stud Shearing Failure of Both Studs on Side B 

120 

100 

i 
80 

~ 

~ 60 

! • 40 < 

20 

0 

0.00 O.Ol 0. 10 

__ AT-I 

-<>-AB-2 
__ 1IT-3 

-o-1lJ}.4 

-lr- Predicted 

Oil 020 0.2l 

SII, (I •. ) 
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030 

0.4049 in. 

0.3875 in. 

0.3962 in. 

Test I I 
3/4-3 SN'{).715,F 

o 3l 040 o 4l 
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~ 

PUSH- JUT TEST LAYOUT & CRACKING SHEET 

Test: 11 

Designation: 3/4-3.5N-0.715,F 

3/4" x4" STUDS 
(STANDARD) 

Dote: 10/31/96 

SIDE A SIDE B 

SIDE A .. 

5 3/4"X30X30 S 

SIDE VIEW 

s 
SIDE A SURFACE 

o 

SIDE A BOTTOM 

LOCAl. CRUSHING 
OF CONCRETE 

STUDS REMAINED 
ATIACHED TO TEE 
AFTER FAILURE 

59 

r; ,...,., 
. 

" 

ib ~ SIDE 
"':' F.! 

• . ~. 
~ "-

TOP VIEW 

SIDE B SURFACE 

9 

SIDE B BOTTOM 

B 

STUD SHEARING 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6.38 0.0000 

11.04 0.0000 

15.95 0.0000 

20.28 0.0000 

25 .11 0.0000 

30.26 0.0031 

35.25 0.0031 

40.16 0.0049 

45.07 0.0061 

50.05 0.0061 

54.80 0.0086 

58.64 0.0104 

65.43 0.0147 

68.54 0.0190 

70.26 0.0251 

76.96 0.0349 

79.33 0.0520 

29.36 0.0544 

17.09 0.0544 

1.23 0.0550 

0.65 0.0544 

0.00 0.0550 

5.78 0.0550 

13.07 0.0550 

15.95 0.0550 

20.60 0.0550 

25 .63 0.0550 

Test II Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0104 0.0000 0.0006 

0.0000 0.0000 0.0006 

0.0012 0.0000 0.0031 

0.0018 0.0012 0.0031 

0.0031 0.0018 0.0055 

0.0037 0.0024 0.0055 

0.0049 0.0031 0.0067 

0.0055 0.0049 0.0067 

0.0073 0.0080 0.0098 

0.0073 0.0080 0.0104 

0.0092 0.0116 0.0128 

0.0110 0.0141 0.0153 

0.0153 0.0232 0.0251 

0.0190 0.0306 0.0306 

0.0257 0.0398 0.0403 

0.0355 0.0520 0.0513 

0.0520 0.0728 0.0703 

0.0520 0.0728 0.0721 

0.0477 0.0685 0.0721 

0.0318 0.0581 0.0721 

0.0318 0.0581 0.0721 

0.Q318 0.0587 0.0721 

0.0349 0.0587 0.0721 

0.0373 0.0593 0.0721 

0.0379 0.0593 0.0721 

0.0398 0.0593 0.0721 

0.0410 0.0612 0.0721 
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Test 

Comments 

BEGlNTEST 

LOAD CELL MALFUNCTIONED 

UNLOADED 

REPLACED LOAD CELL 

I 
I 
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I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
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Axial Load 

(kiDS) 

30.40 

35.55 

40.33 

45.23 

50.50 

55.15 

60.30 

65 .08 

70.10 

75.38 

79.77 

83 .29 

85.80 

87.56 

89.45 

91.33 

93 .09 

94.60 

96.61 

97.61 

98.99 

99.75 

100.75 

100.88 

101.51 

101.63 

101.01 

98.87 

Pot. AT-l 

0.0550 

0.0550 

0.0550 

0.0550 

0.0550 

0.0557 

0.0557 

0.0575 

0.0587 

0.0599 

0.0606 

0.0667 

0.0758 

0.0924 

0.1076 

0.1266 

0.1450 

0.1621 

0.1804 

0.2006 

0.2233 

0.2410 

0.2612 

0.2832 

0.3015 

0.3205 

0.3321 

0.3333 

Test II Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0422 0.0624 0.0721 

0.0434 0.0642 0.0721 

0.0446 0.0661 0.0721 

0.0459 0.0667 0.0721 

0.0465 0.0679 0.0721 

0.0483 0.0691 0.0721 

0.0495 0.0716 0.0721 

0.0508 0.0722 0.0746 

0.0520 0.0734 0.0752 

0.0532 0.0759 0.0770 

0.0550 0.0789 0.0782 

0.0605 0.0862 0.0856 

0.0691 0.0960 0.0947 

0.0862 0.1193 0.1161 

0.1027 0.1370 0.1308 

0.1193 0.1566 0.1497 

0.1394 01780 0.1693 

0.1566 01945 0.1852 

0.1749 02135 0.2035 

0.1951 02324 0.2219 

0.2177 02569 0.2463 

0.2349 02765 0.2646 

0.2538 02979 0.2842 

0.2777 03211 0.3062 

0.2954 03438 0.3307 

0.3156 03701 0.3551 

0.3290 03964 0.3802 

0.3303 04049 0.3875 STUD SHEARING SIDE D 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 12 Deck Type: None 

Designation: 3/4-3 . 5N~. 715,F Flange Thickness: 0.715 in. 

Date of Test: 1112196 

Concrete Strength: 3435 psi Weld Location: F 

Concrete Weight: 138.88 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 314 in. Stud Tensile Strength. 64.868 ksi 

Maximum Applied Load: 97.61 kips 

Applied Load Per Stud: 24.40 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4685 in. Pot. BT-3: 

Pot. AB-2: 0.4986 in. Pot. BB-4: 

Avg. Side A: 0.4836 in. Avg. Side B: 

Comments: 

tOO 

90 

80 

70 

i 60 
~ 

] '0 

! 40 

... 30 

20 

10 

0 

0 00 

Avg.: 0.3 121 in. 

10"10 Nonnal Load 
Stud Shearing Failure of Both Studs on Side A 

00' 010 

__ AT ·t 

-<>-AIl-2 

-+-BT·3 
__ 88-4 

-.- Prcdicccd 

o t, 0.20 0 2' 0.30 

11, (1 • . ) 
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O.B 

0.1419 in. 

0. 1394 in. 

0.1407 in. 

Test 12 
3/4·1SN'{) 715,F 

0 40 0 4' 0'0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 

3/4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

• • 

Test: 12 

Designation: 3/ 4-3.5N-0. 715,F 

Dote: 11/2/96 

SIDE B 
r; ~ . 

SIDE A 1.6 ~ SIDE B 
I"':' f:O 

5 3/4"X3OX30 S 

LOCAl CRUSHING 
Of CONCRm 

SIDE VIEW 

\ 

\ 
> 

SIDE A SURFACE 

SIDE A BOnOM 

" 

STUD SHEARING 

63 

• 

~ "-

TOP VIEW 

SIDE B SURFACE 

SIDE B BonOM 

STUDS REMAINED 
ATTACHED TO TE 
AfTER r AlLURE 



Axial Load 

--,-kips) Pot. AT-I 

0.00 -0.0006 

5.78 -0.0006 

10.68 0.0000 

15 .45 -0.0006 

20.73 0.0000 

24 .87 -0.0006 

30.15 -0.0006 

35 .30 -0.0006 

40.33 0.0018 

44.47 0.0067 

49.25 0.0220 

32.29 0.0220 

21.36 0.0220 

10.30 0.0220 

-0. \3 0.0214 

10.93 0.0214 

20.35 0.0214 

30.28 0.0251 

39.82 0.0251 

44.10 0.0257 

48.74 0.0391 

52.89 0.0550 

56.78 0.0710 

60.30 0.0844 

63 .94 0.0985 

67.71 0.1150 

71.61 0.1297 

75.25 0.1462 

Test 12 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 -0.0006 

0,0000 0.0000 -0.0006 

0.0000 0.0000 -0.0006 

0.0000 0.0000 0.0000 

0.0000 -0.0006 0.0000 

0.0000 0.0000 0.0000 

0.0000 -0.0006 -0.0006 

0.0000 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0055 0.0000 0.0000 

0.0208 0.0000 0.0000 

0.0208 0.0000 0.0000 

0.0208 0.0000 0.0000 

0.0208 0.0000 0.0000 

0.0202 0.0000 0.0000 

0.0202 0.0000 0.0000 

0.0202 -0.0006 0.0000 

0.0220 -0.0006 0.0000 

0.0245 -0.0006 0.0000 

0.0300 -0.0006 0.0000 

0.0459 -0.0006 0.0000 

0.0636 -0.0006 0.0000 

0.0801 -0.0006 0.0000 

0.0942 -0.0006 0.0006 

0.1095 -0.0006 0.0012 

0.1254 0.0018 0.0018 

0.1419 0.0018 00031 

0.1591 0.0024 0.0043 
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Test 

Comments 

BEGIN TEST 

BANG 

UNLOADED. RAM NOT PLUMB 

EVERYTIIi NG IS PLUMB.t LEVEL 

I 
I 
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I 
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I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

77.89 

81.28 

84.42 

87.69 

90.08 

92.71 

94.10 

96.23 

97.61 

96.98 

95.85 

96.11 

96.86 

97.49 

97.24 

95.98 

97.24 

96.48 

95 .85 

94.97 

94.22 

93.47 

91.71 

Pot. AT-l 

0.1645 

0.1786 

0.1939 

0.2110 

0.2245 

0.2392 

0.2514 

0.2710 

0.2899 

0.3181 

0.3382 

0.3560 

0.3743 

0.3970 

0.4184 

0.4379 

0.4471 

0.4502 

0.4520 

0.4545 

0.4575 

0.4612 

0.4685 

Test 12 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1805 0.0024 0.0055 

0.1964 0.0037 0.0073 

0.2111 0.0055 0.0092 SOFTPOP 

0.2294 0.0092 0.0128 

0.2441 0.0122 0.0153 

0.2606 0.0177 0.0208 SOFTPOP 

0.2728 0.0239 0.0257 

0.2936 0.0373 0.0385 

0.3132 0.0550 0.0550 

0.3407 0.0703 0.0697 

0.3609 0.0783 0.0776 

0.3793 0.0887 0.0874 

0.3982 0.1009 0.0990 

0.4233 0.1174 0.1162 

0.4466 01315 0.1296 

0.4668 01382 0.1363 

0.4765 01407 0.1382 

0.4790 01407 0.1388 

0.4814 01413 0.1388 

0.4851 01413 0.\388 

0.4876 0.1419 0.1394 

0.4906 0.1419 0.1394 

0.4986 0.1419 0.1394 BANO STIJD SHEARINO SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 13 DeckTypc: Flat Sheet Metal 
(Greased) 

Designation: 3/4-4.5N-FS,G 

Date or Test: 11116/96 Flange Thickness: 0.52 in. 

Concrete Strength: 4665 psi Weld Location: C 

Concrete Weight: 144.39 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 96. 11 kips 

Applied Load Per Stud: 24 .03 kips 

Concrete Slip at Failure: 

POI. AT-I : 0.2905 in. POl. BT-3: 0.2538 in. 

POI. AB-2 : 0.3627 in. Pol. BB-4: 0.2665 in. 

Avg. Side A: 0.3266 in. Avg. Side B: 0.2602 in. 

Avg.: 0.2934 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure of Both Studs on Side A 

120 

100 

i 80 

~ 
resl 13 

... 60 
314-4.5N-FS,G 

! 
-' -+-AT-I 

~ 40 
-<>-AB-2 

-+-BT-3 

20 
~BB-4 

-6- Pro;hcled 

0 

0.00 0.05 0.10 0.15 0.20 0.2l 0.30 035 0.40 

Slip (In .) 
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[I 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 13 

Designation: 3L 4-4,5N-FS,G 

3/4'x4' STUDS Dote: 11L16L96 

(STANDARD) , 
, 

SIDE A . SIDE B 

SIDE A . .. • 

5 3/4'X3ft'X36' S 

SIDE VIEW 

SIDE A SURFACE 

LOCAL CRUSHING 
OF CONCRETE '1'""--9' 

SIDE A BOTTOM 

TUD SHEARING 

STUDS REMAINED 
ATTACHED TO TEE 
AfTER FAILURE 

67 

Sheet metal b/w steel 
& concrete (greased) 

SIDE B 
'. 

. " 

TOP VIEW 

SIDE B SURFACE 

o 

SIDE B BOTTOM 



Axial Load 

(ki~ Pot. AT-1 

0.00 0.0000 

5.03 0.0000 

10.68 0.0000 

15 .20 0.0000 

19.97 0.0000 

24.50 0.0000 

29.90 0.0012 

34.80 0.0024 

39.32 0.0037 

44.97 0.0067 

50.38 0.0116 

54.27 0.0159 

59.92 0.0183 

63 .19 0.0287 

65 .70 0.0318 

68.09 0.0355 

70.35 0.0385 

72.49 0.0465 

75 .75 0.0612 

77.64 0.0801 

79.90 0.0942 

82.04 0.1119 

84.30 0.1260 

85 .55 0.1413 

87.31 0.1578 

88.94 0.1761 

90.45 0.1939 

91.96 0.2110 

Test \3 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0012 0.0000 0.0000 

0.0055 0.0000 0.0024 

0.0080 0.0000 0.0037 

0.0116 0.0000 0.0049 

0.0159 0.0000 0.0061 

0.0202 0.0000 0.0079 

0.0251 0.0000 0.0098 

0.0300 0.0000 0.0110 

0.0379 0.0006 0.0\34 

0.0447 0.0012 0.0153 

0.0502 0.0024 0.0177 

0.0575 0.0049 0.0202 

0.0691 0.0116 0.0263 

0.0734 0.0135 0.0287 

0.0783 0.0141 0.0293 

0.0832 0.0165 0.0324 

0.0917 0.0202 0.0361 

0.1101 0.0269 0.0422 

0.1321 0.0330 0.0489 

0.1499 0.0422 0.0587 

0.1688 0.0544 0.0697 

0.1866 0.0697 0.0856 

0.2025 0.0869 0.1015 

0.2184 0.1046 0.1192 

0.2379 0.1266 0.1418 

0.2569 0.1480 0.1626 

0.2752 0.1682 0.1840 
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Test 

Comments 

BEGlNTEST 
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Axial Load 

(kips) 

93 .22 

94.60 

95 .73 

96.11 

Pot. AT-l 

0.2312 

0.2489 

0.2685 

0.2905 

Test 13 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.2960 0.1914 0.2054 

0.3162 0.2122 0.2268 

0.3389 0.2343 0.2482 

0.3627 0 . 2~J8 0.2665 BANG. S11Jl) SHEARING SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 14 Deck Type: Flat Sheet Metal 
(Greased) 

Designation: 3/4-4.SN-FS,G 

Date of Test: 11/17/96 Flange Thickness: 0.S2 in. 

Concrete Strength: 466S psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: S 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 98.37 kips 

Applied Load Per Stud: 24.S9 kips 

Concrete Slip at Failure: 

POI. AT-I : 0.271S in. Pol. BT-3: 0.2973 in. 

Pol. AB-2: 0.276S in. POI. BB-4: 0.2788 in. 

Avg. Side A: 0.2740 in. Avg. Side B: 0.2881 in. 

Avg.: 0.2811 in. 

Comments: 10010 Normal Load 
Stud Shearing Failure of Bottom Stud on Side A and Both Studs on Side B 

120 

100 

i so 
Test 14 

~ 3/4-4.5N-FS,G ... 60 3 __ AT-I 

~ 40 
-<>-A~2 

< __ BT-3 

20 ~B~ 

-.-Predicted 

0 
000 0.05 0.10 o t5 0.20 025 030 

Slip (In .) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 14 

Designation: JL ~-~.5N-FS,G 

J/~'.~' STUDS Oate: 11[17[96 

(STANDARD) Sheet metal b/w steel 
& concrete (greased) 

SIDE A SIDE B • • 
, 

SIDE A SIDE B 
• '. 

• 
5 J/~'XJnJo S 

SIDE VIEW TOP VIEW 

SIDE A SURFACE SIDE B SURFACE 

STUD SHEARING 

SIDE A BOTTOM 

LOCAl.. CRUSHING 
Of CONCRffi'i'-_8'-... 

STUD RElAAINED 
ATTACHED TO TEE 
AFTER fAILURE 

71 

SIDE B BOTTOM 

STUD SHEARING 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6.16 0.0000 

11.31 0.0000 

15.20 0.0000 

20.10 0.0000 

25.63 0.0000 

30.78 0.0000 

35.30 0.0000 

40.95 0.0000 

45 .23 0.0006 

50.25 0.0018 

54.90 0.0018 

60.05 0.0055 

64.32 0.0098 

69.47 0.0153 

68.97 0.0159 

74.25 0.0220 

78.52 0.0306 

80.53 0.0373 

82.41 0.0434 

83 .17 0.0526 

83 .67 0.0673 

85 .55 0.0777 

86.81 0.0899 

87.94 0.0997 

88.94 0.1101 

89.82 0.1211 

91.71 0.1388 

Test 14 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0031 0.0000 0.0000 

0.0073 0.0006 0.0012 

0.0110 0.0031 0.0043 

0.0165 0.0092 0.0104 

0.0171 0.0092 0.0110 

0.0239 0.0171 0.0171 

0.0336 0.0269 0.0257 

0.0385 0.0330 0.0312 

0.0465 0.0410 0.0379 

0.0563 0.0520 0.0471 

0.0697 0.0636 0.0581 

0.0807 0.0703 0.0660 

0.0918 0.0813 0.0752 

0.1009 0.0917 0.0838 

0.1107 0.1003 0.0929 

0.1217 0.1119 0.1033 

0.1395 0.1321 0.1204 
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Test 

Comments 

BEGIN TEST 
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Axial Load 

(kips) 

93 .22 

94.85 

96.48 

97.49 

98.37 

97.86 

96.86 

Pot. AT-l 

0.1566 

0.1749 

0.1914 

0.2079 

0.2306 

0.2526 

0.2715 

Test 14 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1566 0.1505 0.1376 

0.1749 0.1713 0.1571 

0.1945 0.1927 0.1785 

0.2129 0.2135 0.1981 

0.2355 0.2379 0.2219 

0.2581 0.2655 0.2476 

0.2765 0.2973 0.2788 DANG. STUD SHEARJNG SIDE MB 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 15 Deck Type: Flat Sheet Metal 
(Greased) 

Designation: 3/4-4.SN-FS,G 

Date of Test: 11/16/96 Flange Thickness: 0.52 in. 

Concrete Strength: 4665 psi Weld Location : C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 90.95 kips 

Applied Load Per Stud: 22.74 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.3694 in. Pot. BT-3 : 0.3223 in. 

Pot. AB-2 : 0.3965 in. Pot. BB-4: 0.3290 in. 

Avg. Side A: 0.3830 in. Avg. Side B: 0.3257 in. 

Avg.: 0.3544 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Both Studs on Side A and Top Stud on Side B 

t20 

tOO 

i 80 

1! 
Test 15 

... 60 
3/4-4.5N-FS,G 

3 -+-AT·t 

~ 40 
-<>-A8-2 

-+-BT·3 

20 
__ B8-4 

-A- Predicted 

0 
0.00 0.05 O. tO 0.15 0.20 0.25 0.30 0.35 0.40 

Slip (In.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4·.4· STUDS 
(STANDARD) 

SIDE A 

Test 15 

Designation: 3/4-4.SN FS,G 

11/16/96 

SIDE B 

Sheet metal b/w steel 
'" concrete (greased) 

SIDE A SIDE B 
" , 

5 3/4·X3OX30 S 

SIDE VIEW 

SIDE A SURFACE 

,..-____ ---,.4"" 'uD SHEARING 

LOCAl. CRUSHING 
OF CONCRETE "d--_-A' 

SIDE A BOnOM 

STUD REMAINED 
ATTACHED TO TIT 
AfTER FAILURE 
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'. 
• 

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

o 

SIDE B BOnOM 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

6.41 0.0000 

10.68 0.0000 

15.45 0.0006 

20.73 0.0006 

25 .38 0.0012 

30.03 0.0018 

35.05 0.0031 

40.33 0.0055 

44.85 0.0073 

50.00 0.0122 

54.40 0.0171 

59.42 0.0281 

63 .57 0.0324 

67.09 0.0416 

69.85 0.0489 

72.61 0.0605 

74.62 0.0697 

77.51 0.0838 

79.90 0.1003 

81.16 0.1162 

82.41 0.1339 

83 .67 0.1529 

84.80 0.1712 

85.55 0.1865 

86.68 0.2055 

87.69 0.2232 

88.44 0.2434 

Test 15 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0006 0.0000 0.0012 

0.0000 0.0000 0.0031 

0.0012 0.0000 0.0043 

0.0031 0.0000 0.0055 

0.0049 0.0012 0.0067 

0.0061 0.0018 0.0073 

0.0086 0.0024 0.0092 

0.0104 0.0037 0.0104 

0.0128 0.0049 0.0110 

0.0184 0.0067 0.0128 

0.0239 0.0086 0.0147 

0.0324 0.0128 0.0183 

0.0404 0.0165 0.0220 

0.0508 0.0214 0.0269 

0.0594 0.0263 0.0318 

0.0722 0.0330 0.0385 

0.0826 0.0404 0.0453 

0.0967 0.0514 0.0557 

0.1150 0.0636 0.0685 

0.1334 0.0764 0.0807 

0.1530 0.0893 0.0942 

0.1732 0.1064 0.1101 

0.1909 0.1223 0.1266 

0.2087 0.1407 0.1443 

0.2264 0.1602 0.1657 

0.2441 0.1792 0.1847 

0.2656 0.2024 0.2073 
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Test 

Comments 

BEGIN TEST 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

89.32 

89.82 

90.45 

90.95 

90.95 

87.06 

Pot. AT-I 

0.2630 

0.2819 

0.2997 

0.3199 

0.3400 

0.3694 

Test 15 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. B8-4 Comments 

0.2839 0.2220 0.2275 

0.3041 0.2428 0.2489 

0.3225 0.2611 0.2672 

0.3445 0.2838 0.2899 

0.3653 0.3033 0.3101 

0.3965 0.3223 0.3290 BANO STUD SII EARINO SIDES MB 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 16 Deck Type: Flat Sheet Metal 
(Non-Greased) 

Designation: 3/4-4.5N-FS,N 

Date of Test: 11/171% Flange Thickness: 0.52 in. 

Concrete Strength: 4665 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64 .868 ksi 

Maximum Applied Load: 98.37 kips 

Applied Load Per Stud: 24.59 kips 

Concrete Slip at Failure: 

POl. AT-I : 0.3419 in. POI. BT-3 : 0.3358 in. 

PoI. AB-2: 0.3400 in. Pol. BB-4: 0.2983 in. 

Avg. Side A: 0.3410 in. Avg. Side B: 0.3171 in. 

Avg.: 0.3291 in. 

Comments: 10% Nonnal Load 
Stud Shearing Failure of All Studs on Sides A and B 

120 

100 

i 10 

~ ... 60 3 
! 40 

20 

0 

0.00 0.05 

-+-AT· I 

-o-AI}.2 

-+-BT·3 

--0- 01}.4 

.........- Predicted 

0.10 0. t 5 

Slip (I n.) 

78 

0.20 0.25 

Test 16 
3/4-4 SN·FS,N 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 

Designation: 

3/4"x4" STUDS Date: 

(STANDARD) • 
• 

SIDE A SIDE B 

• 

5 3/4" X3rrx30 S 

SIDE VIEW 

SIDE A SURFACE 
TEE REtAAlNED 
ATTACHED AFTER 
FAILURE r-~"t-+----, 

STUD SHEARING 

SIDE A BOTTOM 

16 

3L 4-4,5N-FS,N 

'IL'7L96 
Sheet metal b/w steel 
'" concrete (not greased 

, 
SIDE A SIDE B 

'" 

TOP VIEW 

SIDE B SURFACE 

LOCAL CRUSHING 
Of CONCRm 'I'"--....A-o ...... 

STUD SHEARING 

SIDE B BOTTOM 
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Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

4.27 0.0012 

9.80 0.0012 

14.95 0.0012 

19.72 0.0012 

24.25 0.0024 

30.28 0.0031 

35 .18 0.0037 

40.08 0.0049 

45 .10 0.0067 

50.00 0.0073 

55.28 0.0086 

60.05 0.0104 

64.45 0.0135 

69.22 0.0177 

74.25 0.0232 

77.39 0.0269 

80.28 0.0312 

83 .29 0.0391 

85.55 0.0453 

88.44 0.0544 

91.21 0.0654 

93 .72 0.0789 

95.60 0.0954 

93 .97 0.1144 

93 .34 0.1297 

93 .72 0.1474 

94.22 0.1639 

Test 16 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0037 0.0000 0.0000 

0.0006 0.0000 -0.0006 

-0.0006 0.0000 -0.0006 

-0.0012 0.0006 -0.0006 

-0.0018 0.0006 -0.0012 

-0.0018 0.0006 -0.0006 

-0.0018 0.0006 -0.0012 

-0.0018 0.0006 -0.0006 

-0.0018 0.0006 -0.0006 

-0.0018 0.0012 -0.0006 

-0.0006 0.0018 -0.0006 

0.0000 0.0024 -0.0006 

0.0031 0.0043 -0.0006 

0.0061 0.0049 0.0012 

0.0110 0.0055 0.0049 

0.0153 0.0073 0.0067 

0.0190 0.0080 0.0086 

0.0257 0.0141 0.0128 

0.0318 0.0190 0.0159 

0.0410 0.0245 0.0202 

0.0526 0.0336 0.0263 

0.0654 0.0465 0.0361 

0.0820 0.0642 0.0501 

0.1015 0.0850 0.0697 

0.1174 0.1064 0.0874 

0.1352 0.1272 0.1076 

0.1529 0.1462 0.1247 
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Test 

Comments 

BEOfNTEST 
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Axial Load 

(kios) 

95.23 

95.85 

96.73 

97.49 

98.12 

98.37 

98.12 

97.61 

97.11 

Pot. AT-l 

0.1816 

0.2043 

0.2208 

0.2397 

0.2587 

0.2795 

0.3009 

0.3186 

0.3419 

Test 16 Data 

Slips (in. ) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1712 0.1664 0.1430 

0.1945 0.1896 0.1656 

0.2128 0.2074 0.1815 

0.2324 0.2257 0.1993 

0.2526 0.2453 0.2158 

0.2740 0.2679 0.2353 

0.2978 0.2912 0.2579 

0.3174 0.3101 0.2751 

0.3400 0.3358 0.2983 BANG. snJI) SHEARING SlOES MB 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 17 Deck Type: Flat Sheet Metal 
(Non-Greased) 

Designation: 3/4-4.5N-FS.N 

Date of Test: 11/18196 Flange Thickness: 0.52 in. 

Concrete Strength: 4665 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 96. I I kips 

Applied Load Per Stud: 24 .03 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.3260 in. Pot. BT-3 : 0.2495 in. 

Pot. AB-2 : 0.3445 in. Pot. BB-4: 0.2262 in. 

Avg. Side A: 0.3353 in. Avg. Side B: 0.2379 in. 

Avg.: 0.2866 in. 

Comments: JO% Normal Load 
Stud Shearing Failure of Both Studs on Side A 

t20 

100 

i 80 

~ 
" 60 j 
~ 40 ... 

20 

0 

000 O.OS 

__ AT-I 

-<>-A8-2 
__ BT-l 

~BB-4 

.........- Prcdu::lcd 

0.10 O. IS 

Slip (In.) 

82 

0.20 o 2S 

Test 17 
3/4-4.5N-FS,N 

OlO O.lS 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

rest: 17 

Designation: 3L 4-4,5N-F'S,N 

3/4".4" STUDS Oote: llL18L96 

(STANDARD) " • 

SIDE A SIDE B 

SIDE A 
" 

, 

5 3/4"X3OX30 S 

SIDE VIEW 

SIDE A SURFACE 

.--____ -:v7""uID SHEARINC 

LOCAl. CRUSHING 
OF CONCRETE ""¢----l:r' 

SIDE A BODOM 

STUDS RfJAAINEO 
ATIACHED TO TEE 
AfTER FAILURE 

83 

Sheet metal b/w steel 
& concrete (not greased 

• • 
, 

SIDE B 
' . 
. ' 

TOP VIEW 

SIDE B SURFACE 

o 

SIDE B BODOM 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

6.28 0.0006 

12.31 0.0006 

16.58 0.0018 

20.98 0.0024 

25.75 0.0037 

30.90 0.0049 

35 .93 0.0067 

40.45 0.0086 

45.35 0.0104 

50.38 0.0122 

55.28 0.0171 

59.92 0.0214 

64.82 0.0263 

69.47 0.0336 

73 .37 0.0459 

76.26 0.0557 

79.02 0.0642 

81.66 0.0746 

83 .92 0.0862 

86.43 0.1009 

87.69 0.1168 

89.57 0.1339 

91.46 0.1535 

93.47 0.1700 

94.97 0.1890 

95.10 0.2110 

96.11 0.2318 

Test 17 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 0.0000 -0.0006 

0.0000 0.0000 -0.0012 

0.0000 0.0000 -0.0018 

0.0000 0.0000 -0.0018 

0.0000 0.0000 -0.0018 

0.0000 0.0000 -0.0024 

0.0012 0.0000 -0.0018 

0.0031 0.0000 -0.0018 

0.0049 0.0000 -0.0012 

0.0080 0.0000 -0.0006 

0.0122 0.0006 0.0006 

0.0171 0.0006 0.0012 

0.0226 0.0018 0.0024 

0.0300 0.0037 0.0037 

0.0428 0.0061 0.0049 

0.0532 0.0080 0.0073 

0.0612 0.0104 0.0092 

0.0716 0.0165 0.0135 

0.0850 0.0257 0.0202 

0.1010 0.0330 0.0293 

0.1181 0.0508 0.0440 

0.1364 0.0654 0.0587 

0.1566 0.0844 0.0752 

0.1762 0.1015 0.0923 

0.1964 0.1235 0.1119 

0.2197 0.1468 0.1315 

0.2435 0.1676 0.1516 
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Test 

Comments 

BEGIN TEST 
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Axial Load 

Q-ips) 

96.11 

95.98 

94.10 

94.47 

Pot. AT-I 

0.2550 

0.2795 

0.3058 

0.3260 

Test 17 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.2680 0.1902 0.1724 

0.2949 0.2140 0.1951 

0.3237 0.2379 0.2158 

0.3445 0.2495 0.2262 BANG. STUD SHEARING SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 18 Deck Type: Flat Shcct Metal 
(Non-Greased) 

Designation: 3/4-4 .5N-FS,N 

Date ofTest: 11/18/96 Flange Thickness: 0.52 in. 

Concrete Strength: 4665 psi Weld Location: C 

Concrete Weight: 144.39 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 103.02 kips 

Applied Load Per Slud: 25.76 kips 

Concrete Slip al Failure: 

POI. AT-I : 0.3498 in. Pot. BT-3: 0.3138 in. 

Pot. AB-2 : 0.3743 in. Pot. BB-4: 0.3246 in. 

Avg. Side A: 0.362 1 in. Avg. Side B: 0.3192 in. 

Avg.: 0.3407 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure of Bottom Siud on Side A 

120 

100 ~ ~~ ... "'0 

i 80 

" ~ 
TesI 18 

... 60 
rj 314-4 SN-FS,N 

3 -+- AT-I 

~ 40 
-o-A802 ... 
-+-BT-l 

20 --<>-B804 

.......- PrcdiC:led 

0 

0.00 0.01 0. 10 0.11 0.20 0.21 010 0.11 0 40 

Slip (I n.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 16 

Designation: 3L 4-4.5N-FS,N 

3/4'x4' 5TUDS Oote: llL18L96 

(STANDAAD) • 
• 

SIDE A SIDE B 

SIDE A 
• 

5 3/4'X3OX30 S 

SIDE VIEW 

SIDE A SURFACE 

5TUD SHEARING 

SIDE A BOTTOM 

5TUDS REMAINED 
AITACHED TO TEE 
AFTER FAILURE 
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Sheet metal b/w steel 
& concrete (not greased 

• • 
• 

SIDE B .. 
, 

TOP VIEW 

SIDE B SURFACE 

o 

SIDE B BOTTOM 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

4.77 0.0000 

10.05 0.0000 

15.70 0.0000 

20.73 0.0000 

25 .75 0.0000 

30.40 0.0000 

35 .80 0.0000 

40.58 0.0000 

45.48 0.0000 

50.63 0.0012 

55.40 0.0018 

60.18 0.0024 

64.82 0.0037 

69.60 0.0073 

73 .99 0.0110 

77.64 0.0153 

80.53 0.0208 

82.54 0.0294 

85 .05 0.0404 

87.19 0.0508 

89.32 0.0587 

91.46 0.0716 

92.84 0.0887 

93 .09 0.1076 

94.47 0.1260 

96.23 0.1443 

98.12 0.1615 

Test 18 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0012 0.0000 0.0000 

0.0018 -0.0006 0.0012 

0.0018 0.0000 0.0018 

0.0024 0.0000 0.0024 

0.0031 0.0000 0.0031 

0.0037 0.0000 0.0043 

0.0043 0.0000 0.0049 

0.0061 0.0000 0.0061 

0.0073 0.0000 0.0073 

0.0092 0.0000 0.0086 

0.0116 0.0000 0.0104 

0.0147 0.0012 0.0134 

0.0196 0.0037 0.0165 

0.0251 0.0067 0.0202 

0.0300 0.0092 0.0226 

0.0398 0.0128 0.0263 

0.0502 0.0183 0.0312 

0.0599 0.0226 0.0361 

0.0703 0.0312 0.0416 

0.0832 0.0410 0.0520 

0.1003 0.0538 0.0660 

0.1211 0.0783 0.0886 

0.1395 0.0966 0.1076 

0.1584 0.1144 0.1271 

0.1762 0.1333 0.1443 
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Test 

Comments 

BEGIN TEST 
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Axial Load 

(kips) 

99.62 

100.75 

101.88 

102.01 

102.26 

102.39 

103.02 

102.51 

102.26 

101.76 

98.74 

Pot. AT-I 

0.1810 

0.2024 

0.2220 

0.2422 

0.2636 

0.2826 

0.2978 

0.2991 

0.3205 

0.3407 

0.3498 

Test 18 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1957 0.1535 0.1638 

0.2190 0.1768 0.1858 

0.2385 0.1933 0.2042 

0.2612 0.2135 0.2249 

0.2838 0.2379 0.2476 

0.3034 0.2563 0.2677 

0.3193 0.2716 0.2830 

0.3205 0.2746 0.2848 

0.3419 0.2942 0.3044 

0.3639 0.3113 0.3203 

0.3743 0.3138 0.3246 DANG S11JD SIlEARlNG SIDE A 

89 



PUSH-OUT TEST SUMMARY SHEET 

Test: 19 Deck Type: None 

Designation: 3/4-4.5N- IONL Normal Load: 10"10 

Date orTest: 1116197 Flange Thickness: 0.52 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 118.84 kips 

Applied Load Per Stud: 29.71 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4110 in. Pot. BT-3: 

Pot. AB-2 : 0.3988 in. Pot. B6-4: 

Avg. Side A: 0.4049 in. Avg. Side 6 : 

Avg.: 0.3977 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure of Both Studs on Side 6 

t20 

100 

i 80 

~ ... 60 3 -+-AT-I 

! 40 
-<>-AB-2 
__ ST-3 

20 
-<>-B1l-4 

-+- Predicled 

0 

0 .00 005 0. 10 0. 15 0.20 025 030 

Slip (In.) 

90 

0.4208 in. 

0.3601 in. 

0.3905 in. 

Test 19 
3/4-4.5N-IONL 

035 040 045 
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PUSH-OUT TEST LAYOU . J. CRACKING SHEET 

3/4·x4· STUDS 
(STANDARD) 

SIDE A 

Test: 19 

Oesi<jnotion: 3/4-4.5N-10NL 

Oot.: 1/16/97 

SIDE B 

SIDE A .. 

5 3/4·X3OX30 S 

SIDE VIEW 

\ 

SIDE A SURFACE 
r-

V" 

10' 
/ 

SIDE A BOTTOM 

STUDS REIoWNED 
ATTACHED TO TEE 
AFTER FAILURE 

LOCAL CRUSHING 
Of CONCRm 
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r- r-
.'# . .' , 

SIDE B 
'. 

• 
'-- "-

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

SIDE B BOTTOM 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

5.40 0.0000 

11.06 0.0000 

15.45 0.0006 

21.23 0.0012 

25.38 0.0012 

30.65 0.0018 

35 .68 0.0024 

40.45 0.0037 

45 .60 0.0055 

50.75 0.0080 

55 .15 0.0092 

59.92 0.0122 

64.57 0.0171 

69.85 0.0239 

73 .62 0.0300 

79.90 0.0410 

82.54 0.0489 

85.43 0.0575 

88.32 0.0679 

91.46 0.0789 

93 .47 0.0930 

95 .60 0.1064 

97. 11 0.1211 

98.37 0.1388 

99.50 0.1596 

100.88 0.1774 

102.51 O. I 933 

Test 19 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 -0.0006 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 -0.0006 0.0000 

0.0000 -0.0006 0.0000 

0.0000 -0.0006 0.0000 

0.0006 -0.0006 0.0000 

0.0006 -0.0006 0.0000 

0.0006 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0012 0.0000 0.0000 

0.0018 0.0000 0.0000 

0.0043 0.0006 0.0000 

0.0073 0.0043 0.0000 

0.0171 0.0128 0.0000 

0.0214 0.0190 0.0000 

0.0300 0.0257 0.0012 

0.0422 0.0342 0.0055 

0.0532 0.0453 0.0147 

0.0673 0.0575 0.025 I 

0.0814 0.0709 0.0373 

0.0966 0.0856 0.0514 

0.1 ISO 0.1058 0.0691 

0.1364 0.1303 0.0911 

0.1541 0.1529 O. I I 19 

0.1694 0.1725 0.1290 
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Test 

Comments 

BEGlNTEST 
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Axial Load 

(lcips) 

104.15 

105.78 

106.53 

107.54 

108.92 

110.18 

111.06 

112.56 

113.69 

114.57 

115.45 

116.46 

117.84 

118.84 

118.09 

Pot. AT-I 

0.2092 

0.2238 

0.2361 

0.2465 

0.2569 

0.2685 

0.2826 

0.2954 

0.3119 

0.3254 

0.3394 

0.3541 

0.3737 

0.3926 

0.4110 

Test 19 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.1884 0.1908 0.1467 

0.2031 0.2086 0.1626 

0.2172 0.2220 0.1749 

0.2294 0.2349 0.1865 

0.2373 0.2459 0.1951 

0.2490 0.2587 0.2061 

0.2643 0.2740 0.2207 

0.2795 0.2887 0.2354 

0.2954 0.3058 0.2519 

0.3114 0.3217 0.2654 

0.3242 0.3364 0.2800 

0.3395 0.3523 0.2947 

0.3597 0.3743 0.3149 

0.3793 0.3969 0.3381 

0.3988 0.4208 0.3601 BA.'1G S11JD SIiEARlNG SIDE B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 20 OcckType: None 

Designation: 3/4-4 .~N-IONL Normal Load: 10% 

Date or Test: 1117/97 Flange Thickness: 0.~2 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: ~ 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 114.57 kips 

Applied Load Per Stud: 28.64 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.3908 in. Pot. BT-3: 0.3963 in. 

Pot. AB-2 : 0.3738 in. POI. BB-4: 0.3436 in. 

Avg. Side A: 0.3823 in. Avg. Side B: 0.3700 in. 

Avg.: 0.3761 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Bollom Stud on Side A and Both Studs on Side B 

120 

100 
~ 

i 10 

~ V Test 20 

... 60 
3/4-45N·IONL 

3 r __ AT. I 

~ 40 
~AB-2 

__ BT·) 

20 ~BB-4 

-+- PrcdJcled 

0 

0.00 0.05 0.10 015 020 0.25 0.)0 0 .)5 040 

Slip (In.) 

94 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

II 
I 
I 
I 
I 
I 
I 

I I 
I 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: 20 

Designation: 3L 4-4.SN-l ONL 

3/4'x4' STUDS Dote: lL17L97 

(STANDARD) • 
• 

,.....,. r-
SIDE A SIDE B • • 

, 
SIDE A SIDE B .. 

5 3/4'X36"X36" S 

SIDE VIEW 

SIDE A SURFACE 
-

10-

STUD SHEARING ---r-a 

SIDE A BOTTOM 

, 

STUD REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 

LOCAL CRUSHING 
OF CONCRffi 
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.. 
• 

- "--

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

SIDE B BOTTOM 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6 .91 0.0000 

11.06 0.0000 

16.33 0.0000 

21.11 0.0000 

25.63 0.0000 

31.28 0.0000 

35.43 0.0000 

40.58 0.0024 

46.11 0.0031 

50.13 0.0049 

55.78 0.0067 

60.68 0.0092 

65.08 0.0116 

70.35 0.0183 

74.50 0.0245 

79.15 0.0336 

82.66 0.0434 

86.56 0.0557 

89.95 0.0691 

92.84 0.0844 

94.97 0.0979 

96.98 0.1131 

99.37 0.1327 

101.38 0.1547 

102.76 0.1743 

102.89 0.1988 

105.15 0.2190 

Test 20 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0006 

0.0000 0.0000 0.0006 

0.0000 0.0000 0.0006 

0.0000 0.0018 0.0006 

0.0006 0.0031 0.0006 

0.0024 0.0049 0.0018 

0.0080 0.0073 0.0031 

0.0122 0.0116 0.0037 

0.0202 0.0165 0.0061 

0.0294 0.0226 0.0104 

0.0416 0.0318 0.0177 

0.0544 0.0428 0.0281 

0.0697 0.0550 0.0391 

0.0838 0.0673 0.0483 

0.0979 0.0820 0.0624 

0.1193 0.1015 0.0789 

0.1407 0.1235 0.0978 

0.1591 0.1474 0.11 92 

0.1835 0.1780 0.1449 

0.2025 0.2018 0.1681 
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Test 

Comments 

BEGIN TEST 

I 
I 
I 
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I 
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I 

I 

I i 
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I 
I 
I 
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Axial Load 

(kips) 

106.91 

108.67 

109.55 

110.93 

112.81 

113 .44 

114.57 

114.57 

Pot. AT-I 

0.2397 

0.2605 

0.2850 

0.3064 

0.3266 

0.3474 

0.3694 

0.3908 

Test 20 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.2233 0.2263 0.1883 

0.2435 0.2514 0.2109 

0.2679 0.2789 0.2360 

0.2887 0.3040 0.2580 

0.3095 0.3278 0.2794 

0.3297 0.3498 0.2996 

0.3542 0.3725 0.3204 

0.3738 0.3963 0.3436 SA.'/G STIJD SIlEARlNG SIDES AAB 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 21 Deck Type: None 

Designation: 3/4-4.5N-IONL Normal Load: 10% 

Date of Test: 1124/97 Flange Thickness: 0.52 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 118.84 kips 

Applied Load Per Stud: 29.71 kips 

Concrele Slip at Failure: 

Pot. AT-I : 0.4624 in. Pot. BT-3: 0.4110 in. 

Pot. AB-2: 0.5249 in. Pot. BB-4: 0.3773 in. 

Avg. Side A: 0.4937 in. Avg. Side B: 0.3942 in. 

Avg.: 0.4439 in. 

Comments: 10"10 Normal Load 
Stud Shearing Failure of Both Studs on Side A 

120 

100 

i 80 
Tesl21 

! 3/4-4.SN-IONL ... 60 ! 
"J -+- AT·I 

! -o-A8-2 
40 __ oT.) 

20 
-<>-88-4 

----a- Predicted 

o ~--~--~----+----+----~--~---+----+---~--~~--~ 

0.00 0.01 0.10 0. 11 0.20 0.21 0.30 0.31 0.40 041 0.10 0.11 

Sllp (In .) 
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3/4'x4' STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

• 
• 

Test: 21 

Designation: 3/ 4-4.5N-l ONL 

Dot.: 1/24/97 

SIDE B 
c;-

, .. •. 
., 

SIDE A SIDE B 

5 3/4'X3OX3fi' S 

SIDE VIEW 

SIDE A SURFACE 
TEE REMAINED 
ATTACHED AFTER 
FAILURE 

SIDE A BOnOM 

" 

STUD SHEARING 
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'. 

• 

TOP VIEW 

SIDE B SURFACE 

SIDE B BOnOM 

STUDS REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6.53 -0.0006 

11.56 -0.0006 

15.95 -0.0006 

20.98 -0.0006 

25.75 -0.0006 

30.40 -0.0006 

35 .68 -0.0006 

40.45 -0.0006 

45.48 -0.0006 

50.50 -0.0006 

55.28 -0.0006 

60.30 -0.0006 

65 .20 0.0000 

69.60 0.0006 

74.25 0.0012 

78.77 0.0080 

83 .17 0.0171 

87.81 0.0281 

91.33 0.0434 

94.72 0.0599 

98.12 0.0783 

101.13 0.0997 

104.02 0.1168 

106.16 0.1358 

108.29 0.1566 

110.05 0.1774 

111.56 0.2000 

Test 21 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 0.0000 0.0012 

0.0000 0.0000 0.0024 

0.0000 0.0000 0.0031 

0.0024 0.0000 0.0043 

0.0043 0.0000 0.0049 

0.0043 0.0000 0.0055 

0.0067 0.0000 0.0067 

0.0086 0.0000 0.0073 

0.0104 0.0000 0.0079 

0.0122 0.0000 0.0079 

0.0147 0.0000 0.0086 

0.0159 0.0000 0.0104 

0.0184 0.0000 0.0110 

0.0245 0.0006 0.0122 

0.0294 0.0018 0.0135 

0.0379 0.0043 0.0165 

0.0477 0.0086 0.0190 

0.0600 0.0122 0.0232 

0,0734 0.0214 0.0294 

0.0912 0.0318 0,0397 

0.1126 0.0446 0.0508 

0.1328 0.0581 0.0642 

0.1505 0.0722 0.0764 

0.1744 0.0881 0.0905 

0.1952 0.1040 0.1046 

0.2166 0.1205 0.1205 

0.2423 0.1407 0.1388 
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Test 

Comments 

BEGIN TEST 
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Axial Load 

(kips) 

113.57 

114.07 

115.08 

115.95 

116.33 

117.09 

116.96 

117.34 

118.84 

118.59 

118.22 

118.09 

117.96 

117.71 

117.46 

Pot. AT-1 

0.2183 

0.2391 

0.2593 

0.2777 

0.2966 

0.3156 

0.3327 

0.3480 

0.3590 

0.3774 

0.3939 

0.4098 

0.4226 

0.4403 

0.4624 

Test 21 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. 88-4 Comments 

0.2618 0.1596 0.1553 

0.2833 0.1823 0.1761 

0.3053 0.2043 0.1951 

0.3267 0.2251 0.2140 

0.3475 0.2465 0.2324 

0.3652 0.2673 0.2501 

0.3836 0.2850 0.2672 

0.4026 0.3021 0.2825 

0.4148 0.3168 0.2929 

0.4332 0.3345 0.3082 

0.4527 0.3535 0.3241 

0.4680 0.3694 0.3375 

0.4821 0.3816 0.3479 

0.5029 0.3957 0.3626 

0.5249 0.4110 0.3773 BANG snm SIl EARJNG SIDE A 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 22 Deck Type: None 

Designation: 3/4-4 .5N~NL Nonnal Load: 0"10 

Dale orTest: 1119/97 Flange Thiclcness: 0.52 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight: 144.39 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thiclcness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 94.35 kips 

Applied Load Per Stud: 23.59 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4385 in. Pot. BT-3: 0.2887 in. 

Pot. AB-2 : 0.3714 in. Pot. BB-4: 0.21 16 in. 

Avg. Side A: 0.4050 in. Avg. Side B: 0.2502 in. 

Avg.: 0.3276 in. 

Comments: No Nonnal Load 
Stud Shearing Failure of All Studs on Sides A and B 

120 

100 

'i 
~ ... 
3 -+- AT·I 

~ -<>-A8-2 

-+- BT·3 

-<)-88-4 

-..- Procbe1cd 

.() .O~ 0.00 O.O~ 010 O . I~ 0.20 o 2~ 
Slip (In .) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4' x4' STUDS 
(STANDARD) • 

• 

Test: 22 

Designation: 3/4-4,5N-ONL 

Dote: 1/19/97 

SIDE A • SIDE B • • 

SIDE A SIDE B 
• 

5 3/4'X3OX30 S 

SIDE VIEW 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BOnOM 

LOCAL CRUSHING 
Of CONCRm 
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'. 
L.... L.:.... 

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

SIDE B BonOM 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6.03 -0.0006 

11.68 0.0000 

15.83 0.0000 

20.60 0.0012 

25.38 0.0018 

30.40 0.0037 

35.18 0.0055 

39.82 0.0073 

44.60 0.0104 

50.25 0.0147 

55 .53 0.0208 

59.30 0.0281 

63 .82 0.0385 

67.71 0.0495 

70.10 0.0575 

72.74 0.0679 

75 .38 0.0795 

78.27 0.0917 

81.03 0.1095 

83 .29 0.1266 

85 .68 0.1431 

87.56 0.1621 

89.32 0.1823 

90.83 0.2037 

91.58 0.2238 

92.71 0.2440 

93 .72 0.2673 

Test 22 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0006 0.0000 -0.0031 

-0.0006 0.0000 -0.0080 

-0.0006 0.0000 -0.0110 

0.0000 0.0000 -0.0141 

-0.0006 0.0000 -0.0153 

-0.0006 0.0000 -0.0171 

-0.0006 0.0000 -0.0183 

0.0000 0.0000 -0.0190 

0.0000 0.0006 -0.0202 

0.0000 0.0018 -0.0202 

0.0000 0.0031 -0.0226 

0.0000 0.0055 -0.0226 

0.0000 0.0073 -0.0226 

0.0073 0.0098 -0.0226 

0.0141 0.0110 -0.0226 

0.0226 0.0141 -0.0220 

0.0330 0.0177 -0.0220 

0.0434 0.0220 -0.0196 

0.0606 0.0300 -0.0147 

0.0765 0.0385 -0.0080 

0.0924 0.0477 -0.0012 

0.1095 0.0605 0.0086 

0.1303 0.0758 0.0214 

0.1481 0.0917 0.0342 

0.1676 0.1070 0.0477 

0.1878 0.1254 0.0636 

0.2086 0.1455 0.0819 
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Test 

Comments 

BEGlNTEST 
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Axial Load 

(kips) 

94.35 

94.10 

93 .72 

94.22 

93 .84 

93.34 

90.95 

Pot. AT-I 

0.2905 

0.3144 

0.3400 

0.3639 

0.3890 

0.4147 

0.4385 

Test 22 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.2325 0.1639 0.0991 

0.2545 0.1829 0.1162 

0.2784 0.2024 0.1321 

0.3010 0.2214 0.1511 

0.3249 0.2452 0.1712 

0.3488 0.2672 0.1932 

0.3714 0.2886 0.2116 BA.'IG. STIJD SII EARING SIDES A k B 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 23 Deck Type: None 

Designation: 3/4-4.5N-ONL Nonnal Load: 0% 

Date of Test: InO/97 Flange Thickness: 0.52 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight: 144.39 per Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5314 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 106.66ldps 

Applied Load Per Stud: 26.671dps 

Concrete Slip at Failure: 

Pol. AT-I : 0.4251 in. POl. BT-3 : 0.4220 in. 

POI. AB-2: 0.5011 in. POI. BB-4: 0.3608 in. 

Avg. Side A: 0.4631 in. Avg. Side B: 0.3914 in. 

Avg. : 0.4273 in. 

Comments: No Normal Load 
Stud Shearing Failure of Both Studs on Side A and Bottom Stud on Side B 
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tOO 

i 80 

! Test 23 
... 60 3/4-4 SN-ONL 
j -+- AT-I 

! 40 
-o-AS-2 

-+-BT·) 

20 -o-BB-4 

-6- Prcdtcted 

O ~--~--~~--~---+----~--~--~--__ +-__ ~ ____ ~ __ ~ 
0.00 001 0.10 0. 11 0.20 0.21 0.30 0.31 040 041 0.10 O.ll 

Slip (In.) 
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3/4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

• 
• 

Test: 23 

Designation: 3/4-4.SN-ONL 

Oote: 

~ SIDE B 

. . • 

1/20/97 

" • 

SIDE A SIDE B 
'. 

S 3/4"X3OX30 S 

SIDE VIEW 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BonOM 

LOCAL CRUSHING 
OF CONCRm 

STUD SHEARING 
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TOP VIEW 

SIDE B SURFACE 
r-

-I-
10" 

"V 

SIDE B BonOM 

STUO REt.tAINED 
ATTACHED TO TEE 
AFTER FAILURE 



Axial Load Pot. AT-1 Pot. AB-2 

(kips) (in.) (in.) 

0.00 0.0000 0.0000 

5.90 0.0000 0.0000 

11.06 0.0000 0.0018 

15.70 0.0000 0.0037 

20.48 0.0000 0.0049 

25.63 0.0000 0.0067 

30.53 0.0000 0.0080 

35.30 0.0000 0.0098 

40.08 0.0006 0.0116 

45.35 0.0018 0.0135 

50.13 0.0031 0.0153 

54.90 0.0049 0.0184 

59.67 0.0080 0.0208 

64.70 0.0128 0.0263 

68.97 0.0196 0.0355 

72.49 0.0257 0.0422 

76.13 0.0342 0.0526 

79.77 0.0440 0.0630 

82.66 0.0612 0.0820 

85.55 0.0807 0.1052 

87.94 0.0979 0.1254 

89.95 0.1156 0.1450 

91.58 0.1321 0.1640 

93 .47 0.1480 0.1823 

95.23 0.165\ 0.2031 

96.86 0.1835 0.2239 

97.86 0.2012 0.2441 

99.25 0.2141 0.2576 

Test 23 Data 

Pot. BT-3 Pot. BB-4 

(in.) (in.) 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0006 0.0000 

0.0018 0.0006 

0.0031 0.0006 

0.0049 0.0006 

0.0061 0.0012 

0.0073 0.0018 

0.0098 0.0031 

0.0122 0.0043 

0.0165 0.0049 

0.0208 0.0092 

0.0269 0.0141 

0.0324 0.0208 

0.0404 0.0257 

0.0483 0.0336 

0.0624 0.0453 

0.0783 0.0605 

0.0936 0.0734 

0.1089 0.0875 

0.1254 0.1015 

0.1413 0.1156 

0. \590 0.1309 

0.1761 0.1443 

0.1926 0.1615 

0.2055 0.1725 
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Comments 

BEOlNTEST 
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Axial Load 

(kips) 

100.50 

101.76 

103.02 

103.89 

104.77 

\05.28 

105.53 

106.03 

106.53 

106.66 

106.66 

106.53 

105.15 

Pot. AT-I Pot. AB-2 

(in.) (in.) 

0.2318 0.2796 

0.2459 0.2949 

0.2587 0.3096 

0.2758 0.3304 

0.2911 0.3475 

0.3064 0.3677 

0.3241 0.3867 

0.3394 0.4057 

0.3553 0.4234 

0.3700 0.4399 

0.3884 0.460 I 

0.4018 0.4766 

0.4251 0.5011 

Test 23 Data 

Pot. BT-3 Pot. BB-4 Test 23 

(in.) (in.) Comments 

0.2232 0.1859 

0.2373 0.1982 

0.2507 0.2104 

0.2685 0.2251 

0.2862 0.2422 

0.3033 0.2556 

0.3223 0.2734 

0.3406 0.2887 

0.3565 0.3021 

0.3730 0.3162 

0.3902 0.3321 

0.4030 0.3437 

0.4220 0.3608 BANG. sruo SHEARING SIDES AAO 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 24 Deck Type: None 

Designation: 3/4-4.5N-ONL Nonnal Load: 0% 

Date of Test: 1/21/97 Flange Thickness: 0.52 in. 

Concrete Strength: 4880 psi Weld Location: C 

Concrete Weight : 144.39 pc{ Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 5 3/4 in. Stud Tensile Strength: 64.868 ksi 

Maximum Applied Load: 107.16 kips 

Applied Load Per Stud: 26.79 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.3425 in. Pot. BT-3: 

Pot. AB-2: 0.3401 in. Pot. BB-4: 

Avg. Side A: 0.3413 in. Avg. Side B: 

Avg.: 0.3607 in. 

Comments: No Nonnal Load 
Stud Shearing Failure of All Studs on Sides A and B 

120 

100 

"i 10 

! ... 60 
~ -+- AT-I 

~ 40 
-o-AB-2 

-+-BT-3 

20 -<>- 0B-4 

-*- PredJcled 

0 
000 O .O~ 0.10 o I~ 020 0. 2~ 0.30 

Slip (In .) 
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0.4202 in. 

0.3400 in. 

0.3801 in. 

Tesl24 
314-4.SN.QNL 

03~ 040 o 4~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3/4" •• STUDS 
(STANDARD) 

SIDE A 

PUSH- OUT TEST LAYOUT & CPACKING SHEET 

• 
• 

Test: 24 

Designation: 3/4-4.5N-ONL 

Oote: 1/21/97 

SIDE B • • 

SIDE A SIDE B 
" . .. 

5 3/4"X36"X36" S 

SIDE VIEW 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BOTTOM 

LOCAL CRUSHING 
Of CONCRm 

I I I 

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

SIDE B BOTTOM 

----- ----



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

11.31 0.0000 

20.35 0.0000 

30.28 0.0000 

40.08 0.0000 

45 .10 0.0000 

49.87 0.0000 

55.03 0.0000 

59.80 0.0006 

64.57 0.0012 

69 .97 0.0037 

74.50 0.0092 

78.02 0.0165 

81.91 0.0275 

84.80 0.0391 

87.06 0.0526 

89.45 0.0722 

92.46 0.0930 

95.48 0.1162 

97.86 0.1394 

100.25 0.1608 

102.14 0.1829 

104.15 0.2073 

105.65 0.2312 

107.04 0.2550 

107.16 0.2813 

10704 0.3101 I 
104.40 0.3425 

Test 24 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGlNTEST 

0.0006 0.0000 0.0000 

0.0000 0.0000 0.0000 

0.0006 0.0012 0.0000 

0.0006 0.0037 0.0000 

0.0006 0.0049 0.0000 

0.0006 0.0073 0.0000 

0.0006 0.0110 0.0000 

0.0006 0.0159 0.0000 

0.0006 0.0226 0_0012 

0.0006 0.0312 0.0043 

0.0061 0_0410 0_0116 

0.0116 0.0495 0.0177 

0.0214 0.0624 0.0306 

0.0330 0.0746 0.0410 

0.0465 0.0893 0.0538 

0.0642 0.1138 0.0746 

0.0850 0.1382 0.0954 

0.1089 0.1639 0.1180 

0.1321 0.1914 0.1394 

0.1554 0.2177 0.1626 

0.1786 0.2453 0.1859 

0.2025 0.2759 0.2134 

0.2270 0.3040 0.2366 

0.2508 0.3297 0.2593 

0.2808 0.3584 0.2862 

0.3077 I 0 . 3~84 0.3100 

0.3401 I 0.4202 0.3400 I BANG. STUD SHEARI NG SIDES A & B 
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APPENDlXD 

COMPOSITE SLAB PUSH-OUT TE T DATA PACKS 

D.l General 

The composite slab push-out test data packs are contained in Section 0 .2. For 
each push-out test performed, a test summary sheet, a test layout and cracking sheet, and 
data table are given. The "Push-Out Test Summary Sheet" contains relevant test 
parameters such as concrete strength and stud diameter and also a summary of the test 
results. A plot of the applied axial load versus the measured slips is also included. The 
"Push-Out Test Layout & Cracking Sheet" contains information such as the stud layout 
and nominal slab dimensions, as well as the cracks that were observed when testing was 
completed. The "Data" table contains the axial loads and slips that were measured, along 
with observations made, during testing. 
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PUSH-OUT TEST SUMMARY SHEET 

Test : o Deek Type: 2" USD, 20 gao 

Designation: S44-4.5N6-2 

Dale of Test : 4/22/97 

Concrete Strength: 4430 psi Stud Position: 

Concrete Weight : 143.01 pef Stud Size: 112 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 74 0~9 kSI 

Maximwn Applied Load : 39.07 kips 

Applied Load Per Stud: 977 kips 

Concrete Slip at Failure: 

Pot . AT-I : 0.157810 Pol. BT-3: o 145010 

POI. AB-2 : 0 . 18~7 Ill . Pot BB-~ : 0.107010 

Avg. Side A: 0.1713 in A\'g Side B: 0126010 

A\'g.: 0 1~86in 

Comments: 10% Normal Load 

60 

50 

_ 40 

~ 
~ 
"5 30 , ., 
~ 20 

10 

Stud Shearing Failure of Top Stud on Side A 

-+-AT· I 

-O-AIl-2 

-+-IlT-3 

~nB .. 4 

--.-. Pn.:dICh.:d 

TcSl Dl 
S44-4SN6-2 

o l-------------+-------------+-------------+-----------~ 
000 005 0 10 o 15 020 

SlIp!ln.) 
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1/2" x4" STUDS 
(STANDARD) 

SIDE A 

S" x36" x3S" SLAB 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

resl. DI 

Deslgn. lion S44 - 4.5NS 2 

Da le 4/ 22/97 

-: :-
~ ;. 

: . 
SIDE A IDE . '. : . 

L!. L!.... 

SIDE VIEW TOP VIEW 

L--___ J 
SIDE A SURFACE SIDE B SURFACE 

-

/ 
<Y 

/ 
, Y 

SIDE A BOTTOM 

STUD SHEARING 
& WELD POROSITY 

STUOS RE MAINEO 
ATTACHED TO TEE 
AfTER rAiLURE 
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Axial Load 

(kips) 

0.00 

10.55 

16.71 

20.48 

23 .62 

27.51 

31.66 

35 .05 

36.18 

37.44 

37.94 

38.57 

39.07 

Pot. AT-I 

0.0000 

0.0012 

0.0043 

0.0080 

0.0190 

0.0263 

0.0361 

0.0508 

0.0703 

0.0917 

0.1113 

0.1321 

0.1578 

Test DI Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0061 0.0018 0.0012 

0.0104 0.0049 0.0024 

0.0147 0.0073 0.0037 SLIGHT DECK/CONC. SEPARATION 

0.0281 0.0116 0.0067 HAD TO REAPPLY NORMAL LOAD 

0.0361 0.0171 0.0104 

0.0471 0.0251 0.0159 

0.0648 0.0385 0.0257 

0.0869 0.0550 0.0373 

0.1107 0.0746 0.0520 

0.1321 0.0948 0.0679 

0.1560 0.1168 0.0850 

0.1847 0.1450 0.1070 NO NOISES Wil EN FAI LED 
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PUSH-OUT TEST SUMMARY SHEET 

Test D2 Deck Type: 2" USD. 20 gao 

Deslgnauon: S •• 4 .5N6-2 

Dme of Test : 4/22/97 

Concrete Strength: 4430 psi Stud Position: S 

Concrete Weight : 143.01 per Stud Size: 1/2 in. x 4 in. 

Concrete Thickness: 6111 Stud Tensile Strength: 7.049 ksi 

Ma.\unum Applied Load: 29 .15 lups 

Applied Load Per Stud: 7.29 kips 

Concrete Slip at Failure: 

Pot . AT-I : 0.2318 in. Pot. BT-3: 

Pot. AB-2: 02324 in Pot BB-l : 

A'g. Side A: 02321111 Mg. Side B. 

A'g.: 0.1161 in 

Comments: 10% ormal Lo.1d 
Stud Sheanng Failure of Bolh tuds on S,de A 

60 

lO 

10 

.---i-+- OT-J 

--<>-013-4 

Prcdlcl cd 

o in. 

Oln 

Om 

Iesl 1)2 

S44-l 5 6-2 

o L-----~====~----+_----+_----4_----~ 
000 o Ol 0 10 011 020 01 

~lIp(ln . ) 
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PUSH-OUT TEST LAYOUT & CRA CKING SHEET 

1 '2" x4" STUDS 
(STANDARD) 

SIDE A 

Test . 02 

Deslgnallon S44-45N6 - 2 

Date 4 '22/ 97 

SIDE B 
,- ::-. 
• ; 
,. 

SIDE A 
.; . 

SIDE B 
'. ,j . .. 
.. 

. ! 
..:.:.. iJ 

SIDE \'IEW Tor VIEW 

Cl 

SIDE A Sl'RFACE SIDE B SI'RFACE 

(lECr :'''' , 
"'~AR ~ . ...... f...-"-----"""-1 - 8E"! Y, (i', T" 

A'm ' t nr~rp 

SIDE ,\ HOTTO~I SIDE [l BOTTml 
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Axial Load 

(kips) Pot. AT-l 

0.00 0.0000 

10.18 0.0055 

14.57 0.0190 

1897 0.0948 

21.36 0.1327 

23 .37 0.1560 

25.38 0.1823 

27.51 0.2061 

29.15 0.2318 

Test D2 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0049 0.0000 0.0000 

0.0171 0.0000 0.0000 

0.0893 0.0000 0.0000 

0.1309 0.0000 0.0000 

0.1548 0.0000 0.0000 

0.1829 0.0000 0.0000 

0.2061 0.0000 0.0000 

0.2324 0.0000 0.0000 
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PUSH-OUT TEST SUMMARY SHEET 

Test : D3 

DeslgnatJon: S44-4.5N6-2 

Date of Test: 4123 /97 

Concrete Strengtll: 4430 psi 

Concrete Weight: IHOI pef 

Concrete Thickness: 61n 

MaxImum Apphed Load· 36 .93 kips 

Apphed Load Per Stud: 923 kIps 

Concrete Shp at Failure : 

Pot. AT-I : 0.3009 In . 

Pot. AB-2 : 0.3249 in. 

Avg. Side A: 0.3129 in. 

Avg.· 0 303 1 in. 

Comments: 10% Normal Load 
Stud Sheanng FaIlure of All Four Studs 

60 

50 

_ 40 

E. 
~ 
" 30 • 
~ 
] 
~ 20 

"'" 
10 

0 

000 005 o 10 015 

SHp(tn .) 
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Deck Type: 2" USD, 20 ga 

Stud Position : 

Stud Size: 112 In . x 4 In. 

Stud Tensile Strength: 74049 kSI 

Pot. BT-3 : 

Pot. BB-4 : 

Avg. S,de B. 

0 20 025 

0.3156 In 

0.2709 In 

o 2933 If! 

Tes l D1 
S44-4 5 (, .. 2 

010 OJ5 



PC H-OLT TE T L\YOCT & CRACKI NG HEET 

Test. 03 

DeSignallOn S44 - 45NG -2 

Dale 4/23/ 97 
I ,," x4" STUDS \ 

(mNDARD) \ 

SIDE A SIDE B 

" 

10£" ~~~' I SIDE B 

6\36 x16 SL\B ~ ~ ~T6xI7 5 

SIDE 1 IEII' TOP I'IEII 

L-_ _ ~ 

1 

c' . --~ 
, 
I 

SIDE A SI 'RFM'E SIDE B Sl'RFICE 

I ~ 

r 'Y AR ', .., 
:. .. . ' 

t ru." 

SIDE .\ BOTTO II . 'IDE II BOTTOII 
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Axial Load 

(kips) 

0.00 

9.92 

15.70 

21.36 

25.75 

30.15 

34.17 

36.06 

36.68 

36.68 

36.93 

36.56 

36.06 

35.68 

35.05 

34.30 

33 .54 

28.27 

26.51 

Pot. AT-I 

0.0000 

0.0006 

0.0006 

0.0012 

0.0067 

0.0165 

0.0330 

0.0514 

0.0691 

0.0917 

0.1125 

0.1358 

0.1578 

0.1810 

0.2037 

0.2238 

0.2416 

0.2826 

0.3009 

Test 03 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0000 0.0000 0.0012 

0.0006 0.0000 0.0012 

0.0006 0.0000 0.0018 

0.0049 0.0000 0.0055 

0.0122 0.0006 0.0135 

0.028 I 0.0080 0.0263 

0.0502 0.0190 0.0416 

0.0685 00336 0.0569 

0.0948 0.0532 0.0777 

0.1175 0.0728 0.0985 

0.1450 0.0936 0.1223 

0.1670 0.1205 0.1437 

0.1952 0.1413 0.1670 

0.2190 0.1700 0.1890 

0.2441 0.2171 0.2091 

0.2613 0.2599 0.2257 

0.3029 0.2954 0.2507 

0.3249 0.3156 0.2709 BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test 04 Deck Type 2" USD, 20 ga 

DesIgnation: 2S44-4.5N6-2 

Date of Test: 4/24/97 

Concrete Strength: 4430 pSI Stud PosItIon 2S 

Concrete WeIght: 1430 lpef Stud S,ze 112 on x 4 on 

Concrete Tluckncss: 6 on. Stud TensIle Strength: 74 049 kSI 

MaXImum Applied Load ' 35.80 kips 

Apploed Load Per Stud 895 kips 

Concrete Slop at Faolure 

Pot AT-I ' 01737111. Pot. BT-3 0.0942 III 

Pot AT·2 . 0.2673 on Pot BT-4 00795 III 

0 .2205 on A\'g Ide B 0.0869 on 

A\'g 0 1537 III 

Comments 10% Normal Load 

(, 0 

jO 

~ 
40 

2. 
~ 10 

] -20 ~ 

10 

0 
(100 

Stud Shc.1r1ng FaIlure of Both Studs on S,de A 

o Ol o 10 Oil 

Slip (In .) 
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Test 1).1 
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II 

1/2"x4" STUDS 
(STANDARD) 

SIDE A 

PUSH -0 T TEST LAYOUT & CRACKl G SHEET 

Test. D4 

DeslgnallOn 2S44-4.5N6-2 

Dale 4/24/ 97 

. , 
SIDE B :: ~ , . 

, 
. ' J 

SIDE A ~ ~ l 
"f F::". , s SIDE B 

SIDE VIEW 

SIDE A SURFACE 

r======J.-STUD SHEARING 
~ & WELD POROSITY 

ucr 

SIDE A BOTTOM 
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TOP VIEW 

SIDE B SURFACE 
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k/ 
IUU 

SIDE B BOTTOM 

,TUOS R[~AJN[O 
ATTACHED TO TEE 
AfTER FAJLURE 
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Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.43 0.0086 

15.33 0.0086 

20.48 0.0092 

24.50 0.0183 

27.64 0.0294 

30.78 0.0489 

33 .04 0.0673 

34.55 0.0917 

35 .55 0.1162 

35.80 0.1443 

34.30 0.1737 

Test D4 Data 

Slips (in.) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

0.0000 0.0000 0.0000 

0.0263 0.0000 0.0049 

0.0440 0.0000 9·0061 

0.0630 0.0031 0.0079 

0.0887 0.0073 0.0104 

o. \058 0.0098 0.0122 

0.1340 0.0177 0.0183 

0.1554 0.0257 0.0245 

0.1811 0.0404 0.0330 

0.2074 0.0575 0.0489 

0.2367 0.0789 0.0648 

0.2673 0.0942 0.0795 

126 

Test 

Comments 

BEGIN TEST 

pop 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 05 Deck Type: 2" USD, 20 gao 

Designation: 2S44-4.5N6-2 

Date of Test: 4124/97 

Concrete Strength: 4430 psi Stud Position: 2S 

Concrete Weight: 143.01 pef Stud Size: 1/2 in. x ~ in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 74 .049 ksi 

Maximum Applied Load: 35.05 kips 

Applied Load Per Stud: 8.76 kips 

Concrete Slip at Failure: 

Po\. AT-I : 0.2306 in. 

Po\. AT-2 : 0.2380 in. 

Avg. Side A: 0.2343 in. 

Avg.: 

Comments: 10% Normal Load 
Weld Porosity 
Stud Shearin 

60 

50 

__ AT-t 
;; 
~ 20 -<>--AT-2 

-+-BT-3 

to -<>-BT-4 

0.2132 in. 

---.- Predicted 

Po\. BT-3: 

Po\. BT-4: 

Avg. Side B: 

0.2177 in. 

0.1663 in. 

0.1920 in. 

Test 05 
2S44-4.5N6-2 

o l------+-=====~----~------~----~ 
0.00 0.05 O. tO 0. t5 0.20 0 .25 

Slip (tn.) 
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1/2" x4' STUDS 
(STANDA RD ) 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test. 05 

Designation: 2S44-4.5N6-2 

Dale 4/24/97 

• 
, , . :. 

, , .: t 
.: 

SIDE A 
: I 

:c!:J1--'<f'T\! s SIDE B 

6" x36" x36" SLAB 

I STUD REMAINED 
ATIACHED TO T 
AFTER FAilURE 

EE -

SIDE VIEW 

SIDE A SURFACE 
-

--- 00 
"--- -

SIDE A BOTTOM 

STUD REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 

STUD SHEARING 
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-

\ , 

i. 
, . ' 

:. t :. 
, . , 

TOP VIEW 

SIDE B SURFACE 
-

- ~ 
vv 

SIDE B BOTTOM 

WELD POROSITY 
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Axial Load 

(kips) 

0.00 

9.42 

14.82 

20.60 

24.87 

29.15 

32.16 

33 .92 

35 .05 

34.92 

33 .04 

32.91 

31.53 

28 .64 

Pot. AT-I 

0.0000 

0.0018 

0.0037 

0.0086 

0.0153 

0.0281 

0.0483 

0.0661 

0.0893 

0.1138 

0 .1425 

0.1688 

0.1988 

0.2306 

Test D5 Data 

Slips (in.) Test 

Pot. AT-2 Pot. BT-3 Pot. BT-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0055 0.0012 0.0000 

0.0073 0.0043 0.0000 

0.0128 0.0098 0.0000 

0.0202 0.0153 0.0000 

0.0324 0.0232 0.0000 

0.0532 0.0324 0.0000 

0.0716 0.0422 0.0000 

0.0960 0.0642 0.0122 

0.1211 0.0911 0.0348 

0.1511 0.1284 0 .0715 

0.1780 0.1560 0.0978 

0.2080 0.1884 0.1327 

0.2380 0.2177 0.1663 BA.NG 
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P SH-O T TEST SUMMARY SHEET 

Test 06 Deck Type : 2" USD. 20 gao 

2S44-4 .5N6-2 

Date of Test : 4124197 

Concrete Strength: 4430 PSI Stud Position. 2S 

Concrete Weight: IHOI pef Stud Size 112 In x 4 In. 

Concrete Thickness. 6In Stud Tensile Strength 74049 ksl 

Maximum Applied Load 2864 kips 

ApplIed Load Per Stud: 7. 16 kips 

Concrete SlIp at Failure: 

POI. AT-I: 02073 In 

Pot AT-2 : 01915 In 

Avg. Side A: o 1994 In 

Comments 10% om131 Load 

60 

50 

a 40 

~ 

] 0 

;; .. 20 ; 

10 

0 

Stud Sheanng Failure of Stud AT-I 
Weld Failure of Stud AT-2 

POI. BT-3 : 

POI. BT-4: 

Mg. Side B 

000 005 0.10 0. 15 

Slip (In .) 
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0 .0777 In 

00642 In 

0.0710 In 

Tesl D6 
2S44-4.5N6-2 

0 20 

AT -I 

-o- .IT-2 

IlT -3 

-o-IlT -4 

Prewcled 

0.25 
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I 
I 
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I 
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PUSH -OUT TEST LAYOUT & CRACKING SHEET 

Tesl. 06 

Deslgnallon- 2S44 - 45N6-2 

Dale 4/24/ 97 
1/2" x4" STUDS 

(STANDARD) 

SIDE 

SIDE VIEW 

SIDE A SURFACE 

WELD FAILURE -- "'0<>-.. 
-

SIDE A BOTTOM 

SIDE 

STUDS REMAINED 
ATTACHED TO TEE 
ArTER FAILURE 

STUD SHEARING 
& WELD POROSITY 

131 

~ 

:- , -, 
-: , 
-: : , 

A s SIDE 
:. ! 

~-
- ' 

TOP VIEW 

SIDE B SU RFACE 
-

~ 
00 

SIDE B BOTTOM 

B 



Axial Load 

(kips) Pol. AT-I 

0.00 0.0000 

10.18 0.0086 

14.70 0.0147 

19.85 0.0275 

23 .62 0.0428 

26.88 0.0673 

25.25 0.1003 

26.13 0.1272 

27.26 0.1541 

28.39 0.1810 

28.64 0.2073 

Test D6 Data 

Slips (in.) 

POl. AT-2 Pot. BT-3 Pol. BT-4 

0.0000 0.0000 0.0000 

0.0055 0.0000 0.0000 

0.0110 0.0012 0.0000 

0.0208 0.0037 0.0006 

0.0318 0.0067 0.0024 

0.0563 0.0122 0.0055 

0.0862 0.0171 0.0104 

0.1138 0.0275 0.0183 

0.1395 0.0410 0.0300 

0.1664 0.0587 0.0452 

0.1915 0.0777 0.0642 
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Test 

Comments 

BEGIN TEST 

SOFTPQP 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D7 Deck Type: 2" USD, 20 gao 

Designation: W44-4.5N6-2 

Date of Test: 4/23 /97 

Concrete Strength: 4430 psi Stud Position: W 

Concrete Weight : 143.01 pef Stud Size: 1/2 tn . x 4 tn 

Concrete Thickness: 6 in. Stud Tensile Strength: 74.049 ksi 

Maximum Applied Load: 24 .62 kips 

Applied Load Per Stud: 6.16 kips 

Concrete Slip at Failure: 

Pol. AT-I : 0.5969 in. PoI. BT-3 : 0.5272 in. 

Pot. AS-2 : 0.6563 in. PoI. BB-4: 0.5148 in. 

Avg. Side A: 0.6266 in. Avg. Side B: 0.5210 in. 

Avg.: 0.5738 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Top Stud on Side A and Boltom Stud on Side B 
Weld Porosity of Bottom Stud on Side A 

60 

~ 40 
it 
~ 
11 30 

Rib Puncltin Failure 

j __ AT-I 

! 20 ~)e;i!Il~"'~~~~~~ -0- AB-2 

___ ST-3 

10 -o-S8-4 

Test D7 
W 44-4.5N6-2 

-.- Predicted 

0 L-----+-----+-~==~~--~--~~--~----~ 
0.00 O. tO 0.20 0.30 0.40 0.60 070 

SUp (In .) 
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L 

1/2" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI~G SHEET 

Tesl. D7 

DeslgnallOn: W44 - 4 5N6-2 

Da l e 4/23/97 

SIDE B 
r:- -;-, 

1 
;. 

. , 
SIDE A 

,: 
SIDE B 

6" x36" x36" SLAB 

DECK TEARING 
(BonOM or RI 

CONCRETf 
CRUSHING AND 
DECK BULGING 

B) 

--< 

SIDE VIEW 

SIDE A SU RFACE 

~ ...... 1-

~ 
f--
I"--.. .---

SIDE A BOTTOM 

STUD SHEARING 

WELD POROSITY 
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, 
:. , ! • 

• 
c.:..:. -'-

TOP VIEW 

SIDE B SURFACE 
-

e-
o- ....... 

---
I-

0- ...... 

SIDE B BOTTOM 

STUD REMAINED 
AnACHED TO TEE 
AFTER r AlLURE 

STUD SHEARING 
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I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

0.00 

8.79 

14.82 

18.84 

22. 11 

23 .24 

20.85 

21.36 

21.86 

22.49 

23 .12 

23.49 

23 .62 

23 .62 

23 .62 

23 .99 

23 .99 

24.12 

24.25 

24 .50 

24.62 

24.62 

22.49 

Pot. AT-I 

0.0000 

0.0000 

0.0147 

0.0324 

0.0673 

0.0924 

0.1364 

0.1566 

0.1798 

0.1994 

0.2293 

0.2550 

0.2838 

0.3150 

0.3456 

0.3761 

0.4141 

0.4440 

0.4777 

0.5076 

0.5382 

0.5676 

0.5969 

Test D7 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0043 0.0000 0.0000 

0.0226 0.0018 0.0000 POPPING NOISES 

0.0447 0.0110 0.0000 

0.0850 0.0306 0.0031 

0.1156 0.0495 0.0147 

0.1780 0.0758 0.0422 CRACKING 'OISE 

0.2061 0.0917 0.0575 

0.2355 0.1132 0.0813 

0.2581 0.1327 0.1015 

0.2912 0.1627 0.1296 

0.3205 0.1872 0.1565 

0.3493 0.2135 0.1853 DECK DULGING. TOP STUD. SIDE A 

0.3817 0.2422 0.2152 

0.4111 0.2697 0.2439 

0.4404 0.3009 0.2745 

0.4753 0.3376 0.3143 

0.5065 0.3694 0.3491 

0.5407 0.4012 0.3827 

0.5689 0.4294 0.4109 

0.5989 0.4581 0.4439 

0.6270 0.4887 0.4726 

0.6563 0.5272 0.5148 BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D8 Deck Type: 2" USD. 20 gao 

Designauon: W44-4.5N6-2 

Date of Test: 4/23/97 

Concrete Strength: 4430 psi Stud Position: W 

Concrete Weight: 143.01 pef Stud Size: 1/2 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 74.049 ksi 

Maximum Applied Load: 32.04 kips 

Applied Load Per Stud: 8.01 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.7461 in. Pot. BT-3: 

POl. AB-2 : 0.7758 in. Pot. BB-4: 0.7105 in. 

Avg. Side A: 0.76 10 in. Avg. Side B: 0.7105 in. 

Avg.: 0.7357 in. 

Comments: 10% Normal Load 
Stud Shearing & Stud Rupture Failure of Bottom Stud on Side B 
Rib Punchin Failure 

60 

50 

~ 40 • c. 
:;; 
~ 

." 30 • 0 

...J .. .. 20 .., 

10 

0 

0.00 0 .10 0.20 

-'- AT-I 

-O- AB-2 

-'-BT-3 

-<>- BB-4 

~Predict ed 

0.30 0.40 

SII P (In .) 
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0.50 0.60 

Test D8 
W44-4.5N6-2 

0 .70 0.80 
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1 '2" x4" STUDS 
ISTA DARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. 

Deslgnallon· 

Dale 

SIDE B 

08 

W44- 4 5N6 -2 

4/23/97 

-
• : . 

SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SU RFACE 
-

0-

-:::: >-

0- ---

SIDE A BOTTOM 

STUDS REMAINED 
AnACHED TO TEE 
AFTER FAILURE 
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TOP VIEW 

SIDE B SURFACE 
-

-
0- r 

-----
-

CY' ---

SIDE B BOTTOM 

STUD REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 

STUD SHEARING 
& STUD RUPTURE , 



Axial Load 

(kips) Pot. AT-I 

.0 . .0.0 .0 . .0.0.0.0 

1.0.43 .0 . .0.012 

14.57 .0 . .0.037 

2.0.73 .0 . .0226 

23 .87 .0 . .0416 

26.38 .0 . .08.01 

27.76 .0.1.0.03 

28.39 .0.1235 

29.52 .0.15.05 

28.77 .0.1768 

29.77 .0.2.024 

3.0.4.0 .0 .2275 

3.0.78 .0.2544 

3.0.78 .0 .2856 

3.0.9.0 .0.3168 

31.16 .0.3474 

31.16 .0.3792 

31.41 .0.411.0 

31.91 .0.4428 

32 . .04 .0.4746 

3.0.78 .0 .5.052 

3.0.53 .0.5364 

28.52 .0.5676 

25.38 .0.6.036 

25.38 .0.6379 

23 .62 .0.6746 

23 .62 .0.7.058 

23.49 .0.7461 

Test D8 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

.0 . .0.0.0.0 .0 . .0.0.0.0 .0 . .0.0.0.0 

.0 . .0.0.0.0 .0 . .0.055 .0 . .0.0.06 

.0 . .0.018 .0 . .011.0 .0 . .0.0.06 

.0 . .0171 .0 . .0294 .0 . .0.043 

.0 . .0361 .0 . .0477 .0 . .02.02 

.0 . .0753 .0 . .08.07 .0 . .0526 

.0 . .0973 .0 . .096.0 .0 . .07.09 

.0.1217 .0.1138 .0 . .085.0 

.0.1499 .0.1346 .0 .1.046 

.0.1811 .0.1651 .0.1315 

.0.2.068 .0.1896 .0.1565 

.0 .2337 .0 .2129 .0 .1792 

.0 .2637 .0 .2349 .0 .2.061 

.0 .2961 .0.2459 .0.244.0 

.0 .3291 .0.2758 

.0.3622 .0.3.033 

.0.3958 .0.3363 

.0.4295 .0.3736 

.0.46.07 .0.4.066 

.0.4931 .0.4341 

.0.5249 .0.4665 

.0.5573 .0.4983 

.0.5898 .0.5258 

.0.6277 .0 .5766 

.0.6626 .0 .6.059 

.0.7.023 .0 .639.0 

.0.7348 .0.6689 

.0.7758 .0.7105 
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Test 

Comments 

BEGlNTEST 

SLIGHT DECK BULGING 

DECK INTERFERED WI POT BT-3 

DECK DEBONDING SIDE B 

POP 

STOPPED TEST. DECK TEARING. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 0 9 Deck Type: 2" USD, 20 gao 

Designation: W44-4.5N6-2 

Date of Test: 4124/97 

Concrete Strength: 4430 psi Stud Position: W 

Concrete Weight: 143.01 pef Stud Size: 112 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 74.049 ksi 

Maximum Applied Load: 29.77 kips 

Applied Load Per Stud: 7.44 kips 

Concrete Slip at Failure: 

Pol. AT-I : 0.7492 in. Pol. BT-3: 

Pal. AB-2: 0.73 11 in. Pot. BB-4: 

Avg. Side A: 0.7402 in. Avg. Side B: 

Avg.: 0.6630 in. 

Comments: 10% Normal Load 
Stud Shearing & Stud Rupture Failure of All Four Studs 
Rib Punchin Failure 

60 

50 

~ 40 
!!. 
:il 
~ 

." 30 • = -' .. 
~ 20 

10 

0 
0.00 0.10 0.20 

-+- AT-I 

-O- AB-2 

-+-BT-3 

-<>-BB-4 

-.- Predicted 

0.30 0.40 

Sll p (In .) 

139 

0 .50 

0.6000 in. 

0.5717 in. 

0.5859 in. 

0 .60 

Test D9 
W444.5N6-2 

0 .70 0 .80 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. D9 

DeslgnallOn' W44 - 4 5N6-2 

Date 4L24!}7 

1/2"x4" STUDS 
(STANDARD) " 

SIDE A SIDE B 
1 

' . 

SIDE A SIDE B 

6" x36" x36" SLAB 

STUD SHEARING 
& STUD RUPTU 

-< 
RE 

SIDE VIEW 

SIDE A SURFACE 

..0.. 

f--- --P--~ --~ 

SIDE A BOTTOM 

CONCRElE CRUSHING, 
DECK BULGING 
AND TEARING 
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· :. 
· · . ' · . : 

TOP VIEW 

SIDE B SURFACE 

..0. 

~ -:::- -::::- STUD SHEARING ~~ 

& STUD RUPTURE 
-..,,;;x' 

SIDE B BOTTOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 



I 
_:) 

-~ 
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Test D9 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGIN TEST 

I 
9.30 0.0355 0.0226 0.0000 0.0000 

14.70 0.1089 0.0961 0.0000 0.0000 POPPING NOISES 

I 
18.22 0 .15!! 0.1364 0 .0024 0.0006 

20.23 0.1737 0.1585 0.0110 0.0055 

I 
22.36 0.2018 0.1860 0.0257 0.0171 

23 .87 0.2245 0.2092 0.0410 0.0306 

25.25 0.2532 0.2392 0.0612 0.0483 

I 26.51 0.2777 0.2643 0.0789 0.0630 

27.26 0.3021 0.2888 0.0991 0.0826 

I 27.89 0.3278 0.3139 0.1223 0.1046 

28 .39 0.3529 0.3414 0.1474 0.1309 

I 28 .52 0.3774 0.3640 0.1725 0.1553 

28 .64 0.4043 0.3909 0.2018 0.1828 

I 29.15 0.4312 0.4185 0.2275 0.2104 

29.40 0.4587 0.4466 0.2544 0.2373 DECK BULGING SIDE A 

I 29.77 0.4862 0.4741 0.2819 0.2648 

28.27 0.5205 0.5078 0.3095 0.2911 

I 28.27 0.5486 0.5329 0.3376 0.3180 

28.39 0.5773 0.5580 0.3657 0.3461 

I 28.52 0.6055 0.5855 0.3920 0.3724 

28.77 0.6354 0.6149 0.4214 0.4036 

I 27.01 0.6636 0.6442 0.4563 0.4384 POP 

23 .87 0.6954 0.6760 0.5040 0.4843 

I 19.72 0.7205 0.7030 0.5645 0.5406 

19.22 0.7492 0.7311 0.6000 0.5717 SOFT BANG 

I 
I 
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P SH-OUT TEST SUMMARY SHEET 

Test" 010 Deck Type: 2" USD. 20 ga. 

Designation: S54-3N6-2 

Dale of Tes!: ~/I4/97 

Concrele Strength: 2915 psi Stud Position : S 

Concrele Weight: 14095 pef Stud Size: 5/8 10. x 4 in. 

Concrete Thickness: 610 Siud Tensile Strengtlr 72 635 ksi 

Maximum Applied Load: 50.13 kips 

Applied Load Per Stud: 12.53 kips 

Concrete Slip al Failure: 

POI. AT-I : 0 .3272 10 POI. BT-3 : 0.220810 

POl. AB-2 : 0.2961 10. POI. BB-~ : 0.2293 10. 

Avg. Side A: 0.3 11 7 in. Avg. Side B: 0.225 1 in. 

Avg.: 0.2684 in. 

Comments: 10% ormal Load 

60 

so 

;; 
~ 20 

10 

Stud Sheanng Failure of Top Stud on Side A and Bollom Stud on Side B 

-+-AT-I 

-O-AB-2 

-+- BT-3 

~BB-4 

-*- Predicted 

reS! DIO 
S54-3N6-2 

o ~-------------+--------------~------------~------------~ 
0.00 010 020 030 OAO 

Sli P (I n.) 
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~. 

5 6" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACK! G SHEET 

Tesl. DIO 

Deslgnallon ' S54-3N6 -2 

Dale 4/ 14/ 97 

". :-, . 
< 

. ,. 
SIDE A SIDE B 

6" x36" x36" SLAB --" 

SIDE VIEW 

SIDE A SU RFACE 
~ 

/ 
<Y -----0" 

SIDE A BOTTOM 

STUD SHEARING 
& WELD POROSITY 

STUDS REMAINED 
ATIACHED TO TEE 
ArTER FAILURE 
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; 
L.... ""-

TOP VIEW 

SIDE B SU RFACE 
-

-
0-

SIDE B BOTTOM 

Slight separation 
of deck from 
concrete I 

I? , 

STUD SHEARING 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

10.93 0.0031 

14.82 0.0049 

20.60 0.0098 

24.50 0.0135 

29.40 0.0220 

34.30 0.0361 

38.57 0.0538 

42.84 0.0856 

45.10 0.1174 

46.36 0.1419 

47.74 0.1688 

48.74 0.1951 

49.37 0.2214 

49.75 0.2471 

50.13 0.2734 

50.00 0.2985 

49.25 0.3272 

Test D 1 0 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0,0018 0.0000 0.0006 

0.0037 0.0000 0.0006 

0.0067 0.0000 0.0018 

0.0098 0.0000 0.0043 

0.0165 0.0000 0.0067 

0.0294 0.0006 0.0104 

0.0465 0.0055 0.0153 

0.0746 0.0183 0.0257 

0.1052 0.0312 0.0373 

0.1285 0.0477 0.0514 

0.1523 0.0673 0.0715 

0.1743 0.0887 0.0942 

0.1994 0.1132 0.1204 

0.2220 0.1382 0.1437 

0.2471 0.1651 0.1718 

0.2691 0.1908 0.1987 

0.2961 0.2208 0.2293 
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Test 

Comments 

OEG INTEST 

QUIET -SUPPI NO· NOIS ES 

POPPING NOISES 

POP 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 011 Deck Type: 2" USD, 20 gao 

Designation: S54-3N6-2 

Date of Test: 4/14/97 

Concrete Strength: 2915 psi Stud Position: S 

Concrete Weight : 140.95 pef Stud Size: 5/8 m. x4m 

Concrete Tltickness: 6 in. Stud TensIle Strength: 72 635 ksi 

Maximum Applied Load: 54 .15 kips 

Apphed Load Per Stud: 13.54 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.2930 in. Pot. 6T-3 : 

Pot. AB-2 : 0.4043 in. Pot. 66-4: 

Avg. Side A: 0.3487 in. A\'g. Side 6 : 

Avg.: 0.3286 in . 

Comments: 10% Nonnal Load 
Stud Shearing Failure of All Four Studs 

60 

50 

" 30 " .:! --'- AT-I 

.~ 
20 

"" 
-<>-A8-2 

--'-OT-3 

10 
-0-88-4 

----6- Predlcted 

0 

000 0 .10 020 0.30 

Slip (in.) 
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0.3688 in. 

0.2482 In 

0 .3085 m. 

Test 011 
S54-3N6-2 

040 050 



5 B xi" STUDS \ 
(STAN DARD ) \ 

IDE A 

Pl'SH-On TEST L~ YOn & CR.KKI ~ G SHEET 

Test. 011 

Deslgna lior ~S""5i,-"3,,,,,NJL:6-:.>..2_ 

Date 

SIDE B 
J .~ 

{ 14 97 

-

1-... I SIDE A :. 

: : 

SIDE B 
-,& "B' 

'. 1 "A' 
'-'-- '"'C"""7L"'CJ ----.LJ 

6 x36 x36" SLAB - - WT6x 175 

SIDE VIEW 

IDE A SU RFACE 
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~~" 1 
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G 
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SIDE A BOTTOM 
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TOP VIEW 
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Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.18 0.0000 

15.70 0.0000 

21.23 0.0000 

25 .13 0.0006 

29.40 0.0006 

34.05 0.0043 

38.94 0.0122 

43 .59 0.0269 

46.86 0.0483 

49.50 0.0734 

50.88 0.0942 

52.01 0.1168 

52.39 0.1407 

53.52 0.1639 

54.02 0.1878 

54.02 0.2122 

54.15 0.2336 

53 .27 0.2587 

49.62 0.2930 

Test D II Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEOINTEST 

0.0086 0.0000 0.0043 

0.0122 0.0000 0.0067 

0.0159 0.0018 0.0086 

0.0214 0.0049 0.0110 

0.0245 0.0061 0.0122 

0.0330 0.0104 0.0141 

0.0447 0.0177 0.0183 

0.0630 0.0318 0.0269 

0.0911 0.0544 0.0428 

0.1236 0.0862 0.0642 

0.1505 0.1144 0.0825 

0.1780 0.1443 0.1021 

0.2098 0.1768 0.1241 

0.2392 0.2092 0.1443 

0.2716 0.2422 0.1657 

0.3015 0.2752 0.1889 

0.3285 0.3022 0.2066 

0.3615 0.3364 0.2280 

0.4043 0.3688 0.2482 LOUD BANO 
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PUSH-OUT TEST SUMMARY SHEET 

Test DI2 Deck Type. 2" USD, 20 gao 

Des,gnauon: S54-3N6-2 

Dale of Test : 4/ 14/97 

Concrete Strength: 2915 psi Stud Position: S 

Concrete Weight: 140.95 pef Stud Size: 518 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile StrengU" 72 .635 ksi 

Maximum Applied Load: 62 .19 kips 

Applied Load Per Stud: 15.55 kips 

Concrele Slip at Failure: 

Pot. AT-I : 0.2624 in. Pot. BT-3 : 

Pot. AB-2 : 0.3272 in. Pot. BB-4: 

Avg. Side A: 0.2948 in Avg. Side B: 

Avg.: 0.2757 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Bottom Stud on Side A 

70 

60 

50 

~ 
240 .. 
j 30 

:a 
-< 20 

10 

___ AT · I 

-o- AB-2 

___ ST ·3 

-<>-BB-4 

-A- Predicted 

0.2869 in. 

0.2262 Ill . 

0.2566 111 

Tes! DI 2 
S54·3N6·2 

O ~----------~-------------r------------+-----------~ 
0.00 0. 10 0 20 0 30 0 40 

Slip (in.) 
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PlJSII-OCT TEST L\ YOUT & CRACKING SIIEET 

5 8' x4" STUDS ' 
(O"J'ANDARDj 

SIDE A 

Test. 01 2 

DeslJmallon' S5,-3NS -2 

Oa le 1 14 97 

. 
IDE A SIDE [l 

6 , 36" x36" SLAB WT6x1 75 

SIDE \'IEW 

l..J 

. IDE A SLI RFACE 

C====::::;: T, P[klAJNE, 
__ AlTA HE 1 T[[ 

r--...,..,..~"----i AlTER rAJ R 

T HEAR N 

SIDE A BOTTOM 
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SIDE B StlRFAC'E 
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SIDE B BOTTOM 

i 

REMAINED 
- An"' .. HEC '0 TEE 

Af TER rAIL IRE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.05 -0.0006 

16.08 0.0006 

21.61 0.0024 

25.38 0.0037 

30.28 0.0061 

34.80 0.0092 

39.70 0.0147 

44.60 0.0208 

48.99 0.0300 

53 .27 0.0483 

55 .28 0.0661 

57.54 0.0887 

58.92 0.1113 

60.43 0.1370 

61.56 0.1608 

61.68 0.1835 

61.06 0.2079 

61.68 0.2336 

62.19 0.2624 

Test D 12 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0061 0.0000 0.0012 

0.0104 0.0000 0.0012 

0.0128 0.0000 0.0012 

0.0153 0.0006 0.0012 

0.0196 0.0043 0.0012 

0.0239 0.0061 0.0012 

0.0300 0.0098 0.0024 

0.0379 0.0159 0.0037 

0.0489 0.0251 0.0079 

0.0691 0.0398 0.0190 

0.0899 0.0587 0.0361 

0.1180 0.0844 0.0575 

0.1450 0.1119 0.0825 

0.1749 0.1443 0.1082 

0.2037 0.1737 0.1339 

0.2324 0.2000 0.1553 

0.2618 0.2275 0.1773 

0.2924 0.2544 0.20 II 

0.3272 0.2869 0.2262 
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Test 

Comments 

BEGIN TEST 

DECK DEBONDING SIDE A 

QUIET BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 013 Deck Type: 2" USD, 20 gao 

Designation: W53 .5-3N6-2 

Date of Test: 4/ 15/97 

Concrete Strength: 29 15 psi Stud Position : W 

Concrete Weight: 140.95 pef Stud Size: 5/8 in. x 3 112 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 67 022 ksi 

Maximum Applied Load: 60.30 kips 

Applied Load Per Stud : 15.08 kips 

Concrete Slip at Fai lure: 

Pol. AT-I : 0.7 113 in. Pol. BT-3 : 

POI. AB-2 : PoI. BB-4: 

Avg. Side A: 0.7 11 3in. Avg. Side B: 

Avg.: 0.5958 in. 

Comments: 10% Normal Load 

70 

60 

50 

~ 
~ 40 

"" " <; 
30 

" ';( .., 
20 

to 

0 

0.00 

Stud Shearing Failure of BOUl Studs on Side A 
Rib Punchin 

-+- AT-t 

-O-AB-2 

-+- 9T-3 

-<>-99-4 

-.- PrcdiCled 

0.10 0 .20 0.30 0 .40 0.50 

S tip (in .) 
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0.4728 in. 

0.4879 in . 

0.480~ in . 

0.60 

Test 013 
W53.5-3N6-2 

070 080 



Pl"SH-On TE T L\ yon & CR,\('I\It\G HEET 

Test 0 13 

DeslgnaliOr \1535' 3N6-2 _ 

Dale ~ 15/97 

; , 

SIDE A . IDE B 

G' ,16 ,36" SL~8 ~ - WT6x 175 

SIDE \"IEII' TOP VIEW 

j 
. IDE A Sl 'RFACE SIDE B SURFACE 

T C- REMAINED 
T -DE T RE -. i.T1ACHED TO TEE 

~-----""-l AT • --l--+ __ =-J AF',·P FAILURE 

SIDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kiDS) 

0.00 

10.93 

15.08 

19.97 

25.13 

29.52 

34.17 

38.57 

40.83 

42.96 

44.10 

45 .35 

46.11 

46.86 

47.24 

47.49 

47.49 

48.49 

49.87 

50.50 

49.62 

50.13 

50.50 

51.38 

52.51 

53 .77 

55 .65 

57.54 

Pot. AT-I 

0.0000 

0.0018 

0.0067 

0.0183 

0.0398 

0.0599 

0.0881 

0.1174 

0.1364 

0.1547 

0.1749 

0.1988 

0.2147 

0.2391 

0.2599 

0.2844 

0.3107 

0.3364 

0.3645 

0.3926 

0.4244 

0.4544 

0.4844 

0.5205 

0.5517 

0.5847 

0.6134 

0.6434 

Test 013 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0110 0.0000 0.0000 

0.0190 0.0000 0.0000 

0.0330 0.0000 0.0000 

0.0587 0.0000 0.0000 

0.0820 -0.0006 0.0006 

0.1119 0.0000 0.0024 

0.1413 0.0080 0.0098 

0.1621 0.0159 0.0177 DECK BULGING SIDE A 

0.1817 0.0275 0.0293 

0.2037 0 .0483 0.0508 

0.2288 0.0685 0.0734 

0.2465 0.0862 0.0899 

0.2728 0.1052 O. 1088 

0.2936 0.1180 0.1217 

0.3206 0.1376 0.1425 

0.3475 0.1584 0.1633 

0.3750 0.1774 0.1822 DECK BULGING SIDE B 

0.4038 0.1957 0.2018 DECK/CONC. SEPARATION SIDE A 

0.4325 0.2134 0.2207 

0.4649 0.2428 0.2519 

0.4967 0.2697 0.2807 

0.5267 0.2948 0.3057 

0.3235 0.3357 DECK INTERFERED WI POT A8-1 

0.3486 0.3620 

0.373 I 0.3877 

0.3957 0.4 I 15 

0.4202 0.4353 
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Axial Load 

(kips) Pot. AT-1 

59.30 0.6758 

60.30 0.7113 

Test 013 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.4465 0.4616 

0.4728 0.4879 
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Test 

Comments 

DECK BULGING 

SOFT BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: DI4 Deck Type: 2" USD. 20 ga 

Designation: W53.5-3N6-2 

Date of Test: 4/15/97 

Concrete Strength: 29 15 psi Stud Position: W 

Concrete Weight: 140.95 pef Stud Size: 5/8 m x 3 1/2 m 

Concrete Thickness: 6 in. Stud Tensile Strength 67022 kSI 

Maximum Applied Load: 46.6 1 kips 

Applied Load Per Stud: 11.65 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.5639 in. Pot. BT-3: 066~9 In 

Pot. AB-2: 0.6674 in. Pot. BB-4: 0.607 1 ill. 

Avg. Side A: 0.6 157 in. Avg. Side B: 0.6360 ill 

Avg.: 0.6258 in. 

Comments: 

60 

10 

~ 40 
!1. 
~ 
;: 30 
:l .. .. 20 ... 

10 

0 

000 

10% ormal Load 
Stud Shearing & Stud Rupture Failure of Bollom Stud on S,de B 
Rib Punchm 

0.10 0 .20 0 .10 

-+- AT. I 

-()- A8-2 

I-+-BT-l 

-<>- B8-4 

-6-- Predic1ed 

0.40 

511 p (In .) 
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0.10 

Test D14 
W53 j · N6-2 

0 .60 0 .70 
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Axial Load 

(kips) 

0.00 

10.55 

16.21 

20.60 

24.87 

29.52 

34.30 

37.81 

38.44 

39.07 

39.32 

39.95 

39.95 

39.82 

40.45 

39.82 

40.08 

40.20 

40.70 

41.21 

41.83 

42.59 

43 .22 

43 .84 

44.72 

45.73 

46.61 

Pot. AT-I 

0.0000 

-0.0006 

0.0000 

0.0024 

0.0073 

0.0190 

0.0416 

0.0881 

0.1107 

0.1315 

0 .1566 

0.1816 

0.2049 

0.2300 

0.2550 

0.2783 

0.3046 

0.3297 

0.3572 

0.3835 

0.4085 

0.4342 

0.4605 

0.4862 

0.5113 

0.5388 

0.5639 

Test DI4 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 DEGINTEST 

0.0055 0.0006 0.0037 

0.0141 0.0024 0.0073 

0.0208 0.0055 0.0110 

0.0275 0.0\04 0.0147 DECK/CONC. SEPARAnON 

0.0410 0.0245 0.0281 

0.0685 0.0447 0.0465 

0.1230 0.0875 0.0856 

0.1480 0.1125 0.1076 

0.1719 0.1364 0.1284 

0.1994 0.1658 0.1553 

0.2257 0.1951 0.1822 

0.2551 0.2257 0.2103 SUGIIT DECK BULGING 

0.2851 0.2581 0.2403 

0.3 144 0.2899 0.2684 

0.3456 0.3278 0.3033 

0.3750 0.3615 0.3332 

0.4031 0.3927 0.3607 

0.4337 0.4251 0.3901 

0.4624 0.4557 0.4164 

0.4930 0.4850 0.4433 

0.5242 0.5150 0.4708 

0.5536 0.5431 0.4965 

0.5823 0.5725 0.5221 

0.6099 0.6012 0.5478 

0.6404 0.6343 0.5790 

0.6674 0.6649 0.6071 SOFT' pop 
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P SH-O T TEST SUMMARY SHEET 

Test 015 Deck Type: 2" USD. 20 gao 

Designauon : W53 .5-3 6-2 

Dale of Tes!: 4/1 6/97 

Concrete Strength: 29 15 psi Stud Position: W 

Concrete Weigh!: 140.95 pef Stud Size: 5/8 tn. x 3 112 in. 

Concrete Thickness: 6 tn Stud Tensile Strength · 67022 ksi 

MaXImum Applied Load: 43.59 kips 

Applied Load Per Stud: 10.90 kips 

Concrete Slip at Failure: 

POl. AT-I : 0.6526 tn. Pol. 8T-3: 0.5528 tn . 

Pot AB-2 : 0.747 1 tn. POI. 88-4: 0.5100 in 

Avg. Side A: 0.6999 in. Avg. Side 8 : 0.5314 tn 

Avg.: 0.6156 in. 

Comments: 10% ormal Load 

60 

50 

~ 40 
i!. 
~ .. 30 • ~ 
-' 

~ 20 

10 

0 

000 

Stud Shearing Failure of 80th Studs on Side A and Top Stud on Side 8 
Rib Punchtn 

010 020 030 

____ AT-! 

-O-AB-2 

-+- BT-3 

~DB-4 

-.- Predicted 

040 050 

Slip (in .) 
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0 .60 

Test DIS 
W53.5-3N6-2 

070 0.80 
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(STANDARD) 

SIDE A 

PUSH -OUT TEST LAYOUT & CRACKING SHEET 

Test. 015 

DeSlgnallOn: W535-3N6-? 

Dale 4/ 16/ 97 

SIDE B 
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SIDE A SIDE B 

6" x36" x36" SUOS 

SIDE VIEW 

SIDE A SURFACE 
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SIDE A BOTTOM 

CONCRETE CRUSHING, 
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Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

10.68 0.0055 

15.83 0.0153 

19.97 0.0220 

24.75 0.0483 

28.77 0.0795 

31.03 0.0972 

32.66 0.1168 

34.05 0.1327 

34.92 0.1505 

35 .80 0.1712 

36.93 0.1969 

37.44 0.2238 

38 .19 0.2501 

38.32 0.2777 

38.32 0.3040 

38.32 0.3315 

38 .57 0.3590 

38.82 0.3865 

39.07 0.4128 

39.07 0.4385 

39.57 0.4648 

39.95 0.4917 

40.83 0.5186 

41.71 0.5431 

42.46 0.5706 

43 .34 0.5969 

43 .59 0.6251 

43.47 0.6526 

Test 015 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0135 -0.0006 0.0012 

0.0245 0.0031 0.0055 

0.0361 0.0031 0.0055 

0.0698 0.0031 0.0110 

0.1040 0.0086 0.0196 

0.1248 0.0141 0.0232 

0.1468 0.0214 0.0294 

0.1664 0.0294 0.0355 

0.1878 0.0410 0.0446 

0.2117 0.0569 0.0593 

0.2398 0.0789 0.0777 

0.2698 0.1052 0.1009 

0.3010 0.1315 0.1229 

0.3304 0.1590 0.1480 

0.3616 0.1896 0.1731 

0.3928 0.2189 0.2018 

0.4234 0.2495 0.2293 

0.4540 0.2795 0.2550 

0.4846 0.3082 0.2838 

0.5146 0.3364 0.3088 

0.5439 0.3639 0.3351 

0.5733 0.3932 0.3633 

0.6033 0.4220 0.3877 

0.6290 0.4470 0.4116 

0.6590 0.4746 0.4379 

0.6871 0.4996 0.4605 

0.7183 0.5272 0.4856 

0.7471 0.5528 0.5100 
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Test 

Comments 

BEGIN TEST 

CRACKING NOISES 

DECK/CONC. SEPARATION 

SLIGHT DECK BULGING 

POPPI NG NOISES 

DECK BULGING. BOT. STUD. SIDE A 

SOfT BANG 

I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test : 016 Deck Type: 2" USD, 20 ga 

Designation: 2S54-3N6-2 

Date of Test: ~II 7/97 

Concrete Strength: 29 15 psi Stud Position: 2S 

Concrete Weight : 140.95 pef Stud SIze: 518tnx4tn 

Concrete Thickness: 6 tn . Stud Tensile Strength 72635 ksi 

Maximum Applied Load: 47.49 kips 

Applied Load Per Stud: 11.87 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.2000 in. Pot. BT-3: 

Pot. AT-2 : Pot. BT-I : 

Avg. Side A: 0.2000 tn . A\'g. Side B: 

Avg.. 0. 10 16 in. 

Comments: 10% Normal Load 

60 

50 

." 30 ::: , 
• -:; 20 ~ 

to 

0 

0.00 

Stud Sheaflng Failure of Both Studs on Side A 

I-+-AT.t 

--o- AT·2 

-+- DT·3 

~BT·4 

-.- Predicted 

o.tO 

Sli p ( in .) 
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0.0031 111 . 

0 .0031 tn . 

Test 0 16 
2S54·3N6-2 

0 .20 



Pl SB-Ol T TE T L.\YOn & rK\CI\I:\G ' BEET 

I~"TA ~ DARDI II : 

Test. 

DeslgnatlOL 

DlIle 

5 8 ,." STUDS ~ rr~ 

. IDE A IDE B 
~~ .,b 

DI6 

2S5HN6-2 

I 17 /97 

I r 
I' 

IDE A ~ t SIDE B fi ' . H 
,. 

~. ~ 

6,)6,36" :<LAB - n 6x l75 

. IDE \ IEII' 
~ e~ rot~d 

.... !, m ncretp n 
"e SI.ghlly r-----..., 

I 

SIDE ,\ Sl 'RFACE 

SIDE ,\ BOTTOM 

~, 

, 

U 

TOP \'IEII' 

k sepolOted 
·fr,lf"l" r rete -)na I 
• 'O\PO 5 qhlly '--------' 
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) 
) 

• IDE B Sl IRFAC'E 

~ - ~ 

-

SIDE B BOTTOM 

, OS REMAINED 
AllA';HED 10 TEE 
A;r[R rAiLURE 

I 
I 
I 
I 
I 
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I 
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I 
I 
I 
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Axial Load 

(kips) 

0.00 

9.80 

14.57 

19.35 

24.87 

29.15 

32.29 

35.18 

38.44 

4108 

43 .59 

46.61 

47.49 

Pot. AT-I 

0.0000 

0.0006 

0.0024 

0.0092 

0.0232 

0.0373 

0.0544 

0.0740 

0.0972 

0.1186 

0.14 \3 

0.1706 

0.2000 

Test D16 Data 

Slips (in.) Test 

Pot. AT-2 Pot. BT-3 Pot. BT-4 Comments 

0.0000 BEGIN TEST 

0.0006 

0.0006 

0.0006 

0.0000 

0.0031 

0.0031 

0.0031 

0.0031 

0.0024 DECK DEBONDING SIDE A 

0.0031 

0.0031 

0.0031 DECK RIB ROTATION SIDE A 
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P SHoO T TEST S MMARY SHEET 

Test DI 7 Deck Type: 2" USD. 20 gao 

Designation: 2S54-3N6-2 

Date of Test : 4/ 17/97 

Concrete Strength: 2915 psi Stud Position: 25 

Concrete Weight: 14095 pef Stud Size: 5/8 In . x 4 in. 

Concrete Thickness: 6 In. Stud TensIle Strength. 72 635 ksi 

Maximum Applied Load: 6168 kips 

Applied Load Per Stud: 15.42 kips 

Concrete Slip at Failure: 

Pol. AT-I: -0.0837 in. 

POl. AT-2 : 0.5194 in. 

Avg. Side A: 0.2179 In . 

A"g.. 0. 1801 in. 

Comments: 

70 

60 

SO 

~ 
i!. 40 

'" " j 30 
-; ." ., 

20 

10 

0 

0 .00 

10% Normal Load 
Stud Sheanng FaIlure ofS(ud AT-I 
Tee Rota(ion 

0.10 020 0.30 

Pol. BT-3 : 

POl. BT-4: 

Avg. Side B: 

-+- AT- t 

-<>-AT-2 

-+- BT-3 

-<>-BT-4 

-.- Predicted 

0.40 

Slip (In.) 
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0.3670 in 

-0 .0825 in . 

0. 1423 In 

TCSIO!7 

2S54-3N6-2 

050 0.60 
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PI SH-orr TEST L\YOrr & CR.KI\I~G SHEET 

Te,1 0 17 

De~lImalion 2:55·1 3N6· 2 

Dil le 1, 17 97 

5 tl x4' STUDS \ ... 
(~mNDARD) \ I · " 

SIDE A r ~ SIDE B 
b' 

r . 
IDE A 

: 1 
;8i--.l!~ s SIDE Ll 

d 
B 

G \36 x36' SLIB ~ IIT6x17 5 

SIDE \'IEII' 
separated 
conCf'?te ;:.:on::;:d ___ _ 

•• led .ghll) I 
'------------' 

-, 

SIDE A SLTRF.KE 
.--

-
,<~ 

, 

1 

IDE A BOTTO.\I 

TOP \'IEII' 

"hi 1. k 
t tOl,)n 

I~ 
J ) 

J dJ 

SIDE B SURFACE 
E ATI N R 'ATION 

.-
Rl~AINED 

D HE 'I, AT A HED TO 'EE 
AF"ER fAILURE 

<, EMA NED 
AlA HE" • T;E 
AnEP fA RE 

SIDE B BOTTOM 
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Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

9.80 0.0000 

15.08 0.0000 

21.23 0.0000 

25 .63 0.0000 

29.90 0.0000 

34.92 0.0000 

39.32 0.0019 

44.10 0.0074 

48.74 0.0135 

52.26 0.0202 

55.15 0.0276 

57.41 0.0349 

59.17 0.0416 

60.55 0.0471 

61.68 0.0490 

61.43 0.0465 

59.67 0.0178 

58.92 0.0037 

58.04 -0.0165 

57. 16 -0.0348 

55.78 -0.0556 

52.01 -0.0837 

Test D 17 Data 

Slips (in.) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

0.0000 0.0000 0.0000 

0.0049 0.0000 0.0000 

0.0 II 0 0.0000 0.0000 

0.0232 0.0000 0.0000 

0.0324 0.0000 0.0000 

0.0404 0.0000 0.0000 

0.0520 0.0000 0.0000 

0.0642 0.0000 0.0000 

0.0789 0.0000 0.0006 

0.0960 0.0000 0.0031 

0.1101 0.0000 0.0073 

0.1272 0.0000 0.0128 

0.1444 0.0061 0.0196 

0.1646 0.0232 0.0251 

0.1896 0.0465 0.0306 

0.2178 0.0722 0.0324 

0.2557 0.1089 0.0324 

0.3150 0.1657 0.0098 

0.3450 0.1957 -0.0031 

0.3817 0.2379 -0.0208 

0.4184 0.2758 -0.0373 

0.4606 0.3156 -0.0563 

0.5194 0.3670 -0.0825 
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Test 

Comments 

BEGIN TEST 

CONCJDECK DE BONDING. A & B 

DECK RIB ROTATION, A & B 

TEE ROTATION 

ENDED TEST. EXCESSIVE TEE ROT 
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PUSH-OUT TEST SUMMARY SHEET 

Test. 018 Deck Typc' 2" USD, 20 ga 

Deslgnauon: 2S54-3 6-2 

Date of Test: 411 7/97 

Concrete Strength: 29 15 psi Stud Posiuon: 2S 

Concrete Weight : 140.95 pef Stud Size: 5/S1I1x 4111 

Concrete Thickness: 6 in. Stud Tensile Strength 72 635 kSI 

Maximum Applied Load: 34.30 kips 

Apphed Load Per Stud: 8.58 kips 

Concrete Slip at Failure: 

Pot. AT-I : -00024111 Pot. BT-3: 

Pot. AT-2 : 0.0489 in. Pot. BT-4: 

A\'g. Side A: 00232 in Avg Side B. 

A\'g 0.0179111 

Comments: 

-0 10 

10% Nom!al Load 
Test Aboned - Excessl\'e Tee RotatIOn 

60 

so 

40 

10 

000 

---+- AT-I 

-o-AT-2 

BT-l 

~DT-4 

Prewcled 

o 10 

SII P (In.) 
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00312111 

-00061 111 

0 .0126111 

TeSI DI8 
2 '54-3 6-2 

020 OlO 



PL H-On TE T L\YOn & CR.KI\I :\G HEET 

Test. DI8 

DeslgnatlOr 2$;',1 3N6-2 

Date 4 17/97 

5 U' ,4 STUDS "\ rr:' 
cmNDARD) I . ': 

SIDE B 
,... b" n 

SIDE A 
: , 

:::;:r-i::~ I f SIDE B 
A" • 

I 
G ,36' x36" SlAB ~ - WT6x J 7 ;, 

SIDE \ lEI" 

SIDE A SliRFACE 
1[[ F. lAllVI 

,==~==;..-- '~D R[MA NED f- AHA, HEO' TEE 
.,.,.. AnE~ 'AI FE 

-
1---_____ --1 

SIDE A BOTTOM 
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) 
) 

) 

: . 
" ' 

TOP \'lEW 

SIDE B SURFACE 
r 1 -/ 

.... 
~ 

t I 

SIDE B BOTTOM 

Te[ ROIAI10N 

IUDS REMAINED 
A1lACHED 10 TEE 
A '[R FAlLUR[ 
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I 
I 
I 
I 
I 
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I 
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I 
.:::> 
,~~ 

'.J .• -
•. J 

I 
.~:) 

Test 018 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-I Pot. AT-2 Pot. BT-3 Pot. BT-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGlNTEST 

I 
10.43 0.0000 0.0018 0.0000 0.0000 

15.20 0.0000 0.0043 0.0006 0.0000 

I 
19.60 0.0000 0.0104 0.0006 0.0000 

25 .50 0.0006 0.0190 0.0043 0.0000 

30.03 0.0006 0.0294 0.0128 0.0000 

I 34.30 -0.0024 0.0489 0.0312 -0.0061 ENDED TEST EXCESSIVE TEE ROT. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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P SH-OUT TEST SUMMARY SHEET 

Test 019 Deck Type: 2" USD. 20 gao 

DeSignation: S~4-6N6-2 

Date of Test : 5114/97 

Concrete Strength . 5890 psi Stud Position: 

Concrete Weight: 150AO pef Stud Size: 112 In. x ~ in. 

Concrete Thickness: 6 in. Stud Tensile Strength: RO~9ksi 

MaXimum ApplIed Load · 3543 kips 

ApplIed Load Per Stud: 8.86 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.1627 in. Pot. BT-3 : 

Pot. AB-2 : 0.2098 in. Pot. BB-l : 

Avg. Side A: 0.1863 in. Avg. Side B: 

Avg.: 0.0986 in. 

Comments: 

60 

50 

_ 40 
it 
~ 
." 30 " ~ 
.$ - 20 
" 

10 

0 

0 .00 

10% ormal Load 
Stud ShearIng FaIlure of Bottom Stud on Side A 

005 010 

__ AT-I 

-O-AB-2 
__ BT-3 

-4- BB-4 

-6-- Predtcted 

0 .15 

Slip (In.) 
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o in. 

0.0220 ill. 

0.0110 ill 

TcstDl9 
S44-6N6-2 

020 0.25 
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Pl"SH -Ol'T TEST LI YOn & CRACI\Ii\G SIIEET 

T •• I Pl 9 

Deslgnalior. S4J Q~Q 2 

I 2" '4" STUDS 
(STANDARD) 

• 
I Dale o 14,'97 

SIDE A SIDE B 
rb 

6',36"x36' SLAB ~ - WT6x175 

SIDE \'lEW 

SIDE A SU RFACE 
I' 
I , 

I 

--
, 

'-<--

I 

SIDE A BOTTO M 

( 

l 

SIDE 

ST PE~AINED 
- AlTA HE~ T TEE ~ 

Af'EP f All'JR[ 

~EARII. 
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1 n 
A SIDE 

· LJ · ., 
· .: 

TOP I' IEW 

L __ _ 
SIDE B Sl'RFACE 

,---

,J 

~ f-O 
t· __ 

~ 

; 
~ 

. IDE B BOTTO~I 

B 



Axial Load 

(kips) Pot. AT- I 

0.00 0.0000 

9.92 0.0018 

16.33 0.0061 

20.60 0.0122 

27.39 0.0471 

30.53 0.0758 

32.79 0.0972 

34.30 0.1162 

35 .43 0.1376 

35.30 0.1627 

Test D 19 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0043 0.0000 0.0000 

0.0098 0.0000 0.0000 

0.0184 0.0000 -0.0006 

0.0630 0.0000 0.0031 

0.1009 0.0000 0.0061 

0.1260 0.0006 0.0086 

0.1505 0.0000 0.0128 

0.1774 0.0000 0.0165 

0.2098 0.0000 0.0220 
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Test 

Comments 

BEGlNTEST 

SOFT BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 020 Deck Type: 2" USD. 20 gao 

Designation: S44-6N6-2 

Date of Test: 5114/97 

Concrete Strength: 5890 psi Stud Position : S 

Concrete Weight: 150.40 pef Stud Size: 112 in . x ~ in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 7~ .0~9 kSI 

Maximum Applied Load: 36.56 kips 

Applied Load Per Stud: 9.14 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.1376 in. Pot. BT-3 : 

Pot. AB-2 : 0.2043 in. Pot. BB-4: 

Avg. Side A: 0.1710 in. Avg. Side B: 

Avg.: 0.0869 in. 

Conunents: 10% Nomlal Load 
Weld Failure 
Stud Shearin Failure 

60 

50 

_ 40 
!l 
~ 
'" 30 • j __ AT-I .. -<>- AB-2 .. 20 .: __ BT-3 

10 
-<>-BB-4 

--.- Predic1ed 

0 

0.00 0.05 0.10 0.15 

SII P (In.) 
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o in. 

0.0055 in. 

0.0028 in. 

Test 020 
S44-6N6-2 

0 .20 0 .25 



I 2' x4" STUDS 
(STANDARD) 

IDE A 

6" x36" x36" SLAB 

PUSH-OUT TEST LAYO T & CRACKI G SHEET 

Tesl. D2Q 

Deslgnallon' S44-6N6-2 

Dale 5/14/97 

SIDE A 

SIDE VIEW 

I 
~ .. 
· · · · · :. 

. : 
Ll 

: . 

TOP VIEW 

SIDE B 

SIDE A SU RFACE SIDE B SURFACE 
-

<.r --
SIDE A BOTTOM 

STUDS REMAINED 
Al1ACHED TO TEE 
AnER FAILURE 

WELD FAILURE 
STUD SHEARING 
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-<::::... 

---- -0 

SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

9.92 

15.08 

19.72 

23 .12 

0.13 

11.06 

20.98 

26.01 

29.02 

31.78 

33 .17 

35 .55 

36.56 

Pot. AT-I 

0.0000 

0.0031 

0.0080 

0.0177 

0.0312 

0.0294 

0.0300 

0.0312 

0.0410 

0.0563 

0.0728 

0.0930 

0.1131 

0.1376 

Test D20 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0067 0.0000 0.0000 

0.0135 0.0000 0.0018 

0.0287 0.0000 0.0018 

0.0495 0.0000 0.0018 

0.0416 0.0000 0.0018 UNLOADED. SLIPS NOT EQUAl.. 

0.0465 0.0000 0.0018 

0.0495 0.0000 0.0018 

0.0648 0.0000 0.0018 

0.0869 0.0000 0.0018 

0.1125 0.0000 0.0018 

0.1443 0.0000 0.0018 

0.1725 0.0000 0.0024 

0.2043 0.0000 0.0055 BANG 
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P SH-O T TEST SUMMARY SHEET 

TeSI D21 Deck Type: 2" USD. 20 gao 

Dcslgnauon S44-6N6-2 

Dale of Test" 511 4/97 

Concrele Slrength 5890 pSI Slud Posluon' S 

Concrele Welghl. 15040 pef Slud SIze: 112 111 x 4 m 

Concrele Tluckness 6111 Slud TensIle Suength ' 74049 ksl 

MaxImum Applied Load' 26.51 kips 

Apphed Load Per Slud: 663 kips 

Concrele Slip al FaIlure. 

Pol. AT-I 01401111. POI. BT-3 

POI. AB-2 . o 1358111. POI. BB-I . 

Avg Side A- 01380111 Avg. Side B: 

A\'g 00690 in 

Comments' 10% annal Load 
Slud Sheanng Failure of Both Studs on SIde A 

60 

so 

.,. 30 

~ .. 
~ 20 

10 

0111 

Om 

o 111. 

AT- I 

-o- AB-2 
__ IlT-3 

~U13-4 

----.- Prcdlcl cd 

T eSI D2 1 
S44-6N6-2 

O ~----------------r-----------------r---------------~ 
000 o os o 10 OJ S 

SII P (In.) 
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I I 
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I 
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'::'1 
,~:> 

~.> •.. ..., 
;~ 

t... 

r' 

e ~ Jltoched 
! b 

PI:SH-OLT TE T L\ yon &: CR'\(,I\ I~G SHEET 

Tesl. D21 

Desl.!malJOn ~4' - 6? 

D.le 5 14 97 

IDE B , 
, .. 

SIDE A SIDE B 

- WT6x l ? 5 

SIDE VIEW 

SIDE II Sl"RF.ICE 

SIDE A BOTTO ~l 

·TUD REMAINED 
A'1A HED TO TEE 
AFTER r AlLURE 

-DE f TEARING 

177 

~ 

L 
TOP \"IE\\' 

,-----, 

SIDE B Sl'RFAC'E 
--, 

I 

: -
"- ' 

. IDE B BOTTO~l 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.68 0.0049 

14.45 0.0080 

19.22 0.0171 

22.86 0.0459 

23 .37 0.0795 

24.87 0.1125 

26.51 0.1401 

Test D21 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0018 0.0000 0.0000 

0.0043 0.0000 0.0000 

0.0135 0.0000 0.0000 

0.0391 0.0000 0.0000 

0.0716 0.0000 0.0000 

0.1070 0.0000 0.0000 

0.1358 0.0000 0.0000 
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Test 

Comments 

BEGlNTEST 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 022 

Designation: 2S44-6N6-2 

Date of Test: 5/15197 

Concrete Strength: 5890 psi 

Concrete Weight: 150.40 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 36.93 kips 

Applied Load Per Stud: 9.23 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0. 1608 in. 

Pot. AT-2 : 0.1792 in. 

Avg. Side A: 0.1700 in. 

Avg.: 0.0892 in. 

Comments: 10% Normal Load 

60 

50 

~ 40 
i!. 
~ 
-= 30 
.3 
~ 20 

10 

Stud Shearing Failure of Stud AT-I 
Weld Porosity of Two Studs 

Deck Type: 2" USD. 20 gao 

Stud Position. 2S 

Stud Size: 1/2 In x ~ In 

Srud Tensile Strength. RO~9 ksl 

Pot. BT-3: 

Pot. BT-I : 

Avg. Side B: 

-+- AT-I 

-o-AT-2 

-+-BT-3 

-<>-BT-4 

............. Predicted 

0.0006 in. 

0.0159111 

0.0083 in. 

Test 022 
2S44-6N6-2 

0 1--------+-------+-----------+--------------
0.00 0.05 0.10 

SII P (In.) 
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PUSH-OUT TEST LAYO T & CRACKI G SHEET 

1/2"x4" STUDS 
(STANDARD) 

6" x36" x36" SUl8 

• 

SIDE VIEW 

Test. 022 

Deslgnallon- 2S44-SNS-2 

Date 5/ 1.5/97 

SIDE 

SIDE A SURFACE 

Deck oltoched 
to concrete 

/ 
~ 

-.............. 

SIDE A BOTTOM 

STUD SHEARING 

WELD POROSITY 1-' 

180 

-. 
-"1 4 

I . : : , 
A S SIDE B 

I 1 
, . 

~. .. . . . . 

TOP VIEW 

SIDE B SURFACE 
r-

/ 
I~ 

~ 

SIDE B BOTTOM 

STUD REW>JNED 
AnACHED 10 TEE 
AFTER FAILURE 

WElD POROSITY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
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I 
I 
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.~ 

0 
~-' 
~. 

~.) 

I 
-=n 

Test D22 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-1 Pot.AT-2 Pot. BT-3 Pot. BT-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGIN TEST 

I 
10.43 0.0031 0.0073 0.0000 -0.0018 

15.58 0.0080 0.0135 0.0000 -0.0018 

I 
20.85 0.0177 0.0263 0.0000 -0.0006 

25.63 0.0355 0.0477 0.0000 0.0006 

I 
28.77 0.0581 0.0746 0.0000 0.0024 

31.03 0.0826 0.1009 0.0000 0.0055 

33 .29 0.1064 0.1254 0.0006 0.0079 

I 35.30 0.1339 0.1517 0.0006 0.0110 

36.93 0.1608 0.1792 0.0006 0.0159 BANG 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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P SH-O T TEST SUMMARY SHEET 

Test 023 Deck Typc· 2" USD. 20 ga 

Deslgnallon · 2S~~~N6-2 

Date of Test" 5/15197 

Concrete Strength· 5890 psi Stud Position: 2S 

Concrete Weight 150 ~O pcf Stud SiLO: 1/2 In. x ~ In 

Concrete Tluckness 6 In. Stud TensIle Strength: 7~N9 kSI 

Maxllnum Applied Load: 4121 kips 

Applaed Load Per Stud . 10.30 kips 

Concrete Slip at FaIlure: 

Pol. AT-I : 01278 In. 

POI. AT-2 . 0.228210. 

Avg Side A: o 1780 an. 

Avg.: 0 . 121 3 in. 

Comments: 10% Normal Load 

60 

lO 

_ 40 
it 

:i2 -.. 30 
~ .. 
:9 20 

10 

Stud Sheanng Frulure of Stud AT-2 
Weld Failure of Thrce Studs 

POI. BT-3 : 

POI. BT-I . 

Avg. SIde B. 

AT- I 

Predtctcd 

0 . 062~ an 

0.0666 an 

0.0645 an 

Tesa D23 
2S44-<5N6-2 

O !------+------+-----~====~~----~ 
000 o Ol o to Oil 020 o 2l 

Slip (I".) 
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puslI-on TEST L·\YOn & rRACl\l 'G SIIEET 

Test. 

DeSI£1:naliOIl 

1 2 x4 STUDS ~ 
(STANDARD) 

SIDE A 
s. 

6" ,36" x36" SLAB -

I 
I Dale 

- WT6x1 7 5 

SIDE \"lEW 

SIDE A Sl"RF A E 

( 

D23 

i~,HI~6-~ 

S 15 97 

IDE 

r===== .... ;J--WELD fA URE 

,..,... lttcched 
I 

r~t€' 

SIDE A BOTTOM 

183 

n 
~ [LI 

A 
• t 

SIDE B 

rn 
. s 

t 

I' 
"--' 

TOP \' IEII" 

[ 

SIDE B St'RFACE 

I 

./ 

,.' -I 
~:. ..... 

I , 
! I 

SIDE B BOTTOM 

IUD REMAINED 
ATTACHEO TO TEE 
AFTER FAILURE 

rns Iy In weld­
"ELD fAILURE' 

--------~--.- -----



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

11.43 0.0000 

14.95 0.0000 

20.10 0.0000 

25.38 0.0018 

30. I 5 0.0037 

34 .17 0.0073 

37.06 0.0196 

39.45 0.0361 

41.21 0.0532 

40.95 0.0746 

40.95 0.1046 

39.70 0.1278 

Test D23 Data 

Slips (in.) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

0.0000 0.0000 0.0000 

0.0080 0.0000 -00006 

0.0196 0.0000 0.0000 

0.0343 0.0000 0.0000 

0.0520 0.0000 0.0000 

0.0655 0.0000 0.003 I 

0.0820 0.0000 0.0061 

0.1040 0.0000 0.0110 

0.1248 0.0055 0.0159 

0.1480 0.0122 0.0226 

0.173 I 0.0263 0.0336 

0.2025 0.0416 0.0477 

0.2282 0.0624 0.0666 
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Test 

Comments 

BEGIN TEST 

BANG 
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P SH-O T TEST SUMMARY SHEET 

Test : 024 

DesIgnation: 2S44-{jN6-2 

Dale of Test : 5115/97 

Concrete Strength: 5890 psi 

Concrete Weight: 15040 pef 

Concrete Thickness: 610 

MaxImum Applied Load: 45 .85 kips 

Applied Load Per Stud: II 46 kips 

Concrete Slip at Failure: 

Pot. AT-I : 00930 in. 

Pot. AT-2 : o 13 15 in. 

Avg. Side A: 01123 in 

Avg 0 109710 

Comments: 10% Nomlal Load 
Weld FaIlure of Top Stud on SIde A 

60 

50 

Deck Type: 2" USD. 20 ga 

Stud Position' 2 

Stud S,ze. 112 10 x 4 10 

Stud Tensile Strength . 74 049 kSI 

Pot. BT-3 

Pot. BT-4 : 

Avg. Side B' 

-'-AT-I 

-o-AT-2 

-.- BT-3 

-o-BT-4 

Predicted 

0.092410 

0.121710 

0107110 

Test D24 
2S44-6 6-2 

o L-----~----~~~--~ 
0 .00 005 o to 015 

Slip(.n .) 
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1/2'x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRA CKI G SHEET 

Test. 024 

DeslgnaLJon' 2S44- SNS -2 

Date 5/15/97 

, , . . 
l 

SIDE A s SIDE B 

SIDE VIEW 

SIDE A S RFACE 
-

-----Q..C2 

------

SIDE A BOTTOM 

~ WELD FAILURE 
WELD POROSITY 

STUn REI.'AlNEO 
ATIACHED TO TEE 
ArTER FAILURE 
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j 

1· 
. ' 

TOP VIEW 

SIDE B S RFACE 
-

--/ 
00 

SIDE B BOTTOM 

STUns REIAAINEO 
Al1ACHED 10 TEE 
AFTER FAILURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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-.:: 
~-' .. , 
,. 

I 
Test D24 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-1 Pot. AT-2 Pot. ST-3 Pot. ST-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 DEGINTEST 

I 
9.30 0.0006 0.0031 0.0000 0.0037 

15.33 0.0031 0.0080 0.0000 0.0079 

I 
19.85 0.0061 0.0141 0.0000 0.0110 

24.25 0.0067 0.0202 0.0000 0.0159 

29.90 0.0092 0.0275 0.0000 0.0226 

I 34.80 0.0110 0.0361 0.0031 0.0293 

38.44 0.0171 0.0465 0.0116 0.0397 DECK/CONC. SEPARATION SIDE A 

I 41.96 0.0269 0.0599 0.0239 0.0526 

44.72 0.0428 0.0801 0.0416 0.0728 

I 45.73 0.066\ 0.\040 0.0636 0.0948 

45 .85 0.0930 0.13 \ 5 0.0924 0.1217 SOFTPOP 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 025 Deck Type: 2" USD. 20 ga 

Designation: W44-6N6-2 

Date ofTes!: 5/15/97 

Concrete Strength: 5890 psi Stud Position : W 

Concrete Weight: 150.40 pef Stud Size: 112 in. x ~ III 

Concrete Thickness: 6 in. Stud Tensile Strength: 74 .0~9 ksi 

MaxImum Applied Load: 36.68 kips 

Applied Load Per Stud: 9.17 kips 

Concrete Slip at Failure: 

POI. AT-I : 0.5676 in. Pol. BT-3: 0.5994 in. 

POI. AB·2: 0.6477 in. POI. BB-4: 0.5814 in. 

Avg. Side A: 0.6077 in. Avg. Side B: 0 .5904 in. 

Avg.: 0.5990 in. 

Comments: 10% Nonnal Load 

60 

SO 

-;;- 40 
c. a ... 10 a 
-' 
;;; 
;;; 20 .. 

10 

0 
0.00 

Stud Shearing & Stud Rupture Failure of Both Studs on Side A and Top Stud on Side B 
Rib Punchin 

0.10 0 .20 0.10 

Slip (In.) 
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........ AT· I 

-O- A8-2 

-+-BT·l 

-<>-B8-4 

-6-- Predicted 

0 .40 O.SO 

Test 025 
W44.QN6-2 

0.60 0 .70 
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I 
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I 
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1 /2" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test. D25 

DeslgnallOn· W 4- 6 6-2 

Dale : 5/ 15/97 

SIDE B 

SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

~~ 

ECK TEARING -< ~ ---!-

~'v"" 

SIDE A BOTTOM 

STUD SHEARING 
& STUD RUPTURE 
CONCRETE r~LURE & 
CONCR[1[ CRUSHING 

189 

:" , 
.: 

...:.J.. L!.... 

TOP VIEW 

SIDE B SURFACE 
r-

l-
ie. V 

~ 
J..-

0- J..-" 

SIDE B BOTTOM 

STUD SHEARINC 
& STUD RUPTURE 

STUD RE MAINED 
ATTACHED TO TEE 
AFTER r AlLURE 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

11.43 0.0012 

15.33 0.0031 

20.23 0.0086 

24.62 0.0257 

26.88 0.0563 

27.26 0.0752 

28.02 0.0948 

29.15 0.1125 

29.90 0.1321 

30.90 0.1535 

31 .28 0.1737 

31.41 0.1933 

31.53 0.2165 

31.78 0.2385 

32.04 0.2612 

31.78 0.2844 

31.91 0.3070 

32.41 0.3327 

33 .04 0.3566 

33 .67 0.3816 

33 .92 0.4073 

34.42 0.4324 

35 .05 0.4569 

35.68 0.4838 

36.18 0.5113 

36.68 0.5376 

36.68 0.5676 

Test D25 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0031 0.0000 0.0024 

0.0049 0.0012 0.0043 

0.0116 0.0055 0.0073 

0.0300 0.0165 0.0171 

0.0667 0.0355 0.0355 

0.0893 0.0569 0.0581 

0.1113 0.0795 0.0807 

0.1327 0.0991 0.1009 

0.1554 0.1217 0.1235 

0.1798 0.1474 0.1492 

0.2031 0.1706 0.1712 

0.2281 0.1921 0.1938 

0.2538 0.2153 0.2164 

0.2795 0.2404 0.2403 

0.3058 0.2648 0.2653 

0.3327 0.2887 0.2898 

0.3590 0.3138 0.3142 

0.3853 0.3419 0.3417 

0.4 135 0.3700 0.3680 

0.4422 0.4000 0.3962 

0.4704 0.4300 0.4255 

0.4985 0.4587 0.4530 

0.5272 0.4869 0.4793 

0.5572 0.5156 0.5056 

0.5872 0.5438 0.5319 

0.6172 0.5713 0.5563 

0.6477 0.5994 0.5814 
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Test 

Comments 

BEGIN TEST 

SLIGHT DECK BULGING 

NO NOISE WH EN FAILED 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D26 Deck Type: 2" USD. 20 ga 

Designation: W44-6N6-2 

Date of Test: 5/ 16/97 

Concrele Strength: 5890 psi Stud Position: W 

Concrete Weight: 150.40 pef Stud Size: 112 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: R 049 ksi 

Maximum Applied Load: 29.27 kips 

Applied Load Per Stud: 7.32 kips 

Concrete Slip al Failure: 

Pol. AT- I: 0.6520 in. Pol. BT-3: 0.6330 in. 

POI. AB-2 : 0.7098 in. Pot. BB-4: 0.6153 in. 

Avg. Side A: 0.6809 in. Avg. Side B: 0.6242 in. 

Avg.: 0.6525 in. 

Conunents: 10% Normal Load 
Stud Shearing & Stud Rupture Failure of Both Studs on Side A 
Rib Punchin 

60 

50 

';;' 40 
e-
II 
~ 

." 30 • 0 

...l .. l' .. 20 ., 
10 

0 

0 .00 0 .10 0 .20 0 .30 0 .40 0 .50 0 .60 

Slip (In .) 
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__ AT- I 

-O- AB-2 

-+- BT·3 

~BB-4 

--.- Prcwcled 

Tes t D26 
W44-6N6-2 

0.70 0 80 



,-----------------------------------------------------------------------------

P SH-OUT TEST LAYOUT & CRACKING SHEET 

Test. D26 

DesIgnatIOn : W44- 6N6-2 

Dale 5/16/97 
1/2" x4" STUDS ' ; 

(STANDARD) . ! 

SIDE A SIDE B ..-. 
1 

r,-
;. 
, 
, . 

SIDE A 
. :" 

, 
, SIDE B 

6" x36" x36" S~B 

SIDE VIEW 

SIDE A SURFACE 

DECK TEARING ~=====1 
(Bottom 01 rib) 

ECK BULGING 

SIDE A BOTTOM 

STUD SHEARING 
& STUD RUPTURE 
CONCRETE r~LURE & 
CONCRETE CRUSHING 
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:- , -
.. 
~ 

TOP VIEW 

SIDE B SURFACE 
,---

0-

-::: 
' 0-

,.--

SIDE B BOTTOM 

S 
>-A 

TUDS REMAINED 
TIACHED TO TEE 

ArTER rAILURE 
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Axial Load 

(kips) 

0.00 

10.55 

15.20 

20.60 

24.50 

26.88 

27.76 

28.27 

28.77 

29.27 

29.27 

28 .64 

28.77 

28.64 

28.52 

27.14 

25.63 

25.88 

26.01 

25 .88 

25.50 

25 .25 

25 .38 

25 .50 

24 .62 

24.75 

24.25 

23 .74 

Pot. AT-I 

0.0000 

0.0031 

0.0067 

0.0153 

0.0330 

0.0648 

0.0862 

0.1046 

0.1229 

0.1456 

0.1731 

0.2012 

0.2245 

0.2483 

0.2752 

0.3070 

0.3364 

0.3645 

0.3926 

0.4202 

0.4471 

0.4734 

0.5021 

0.5315 

0.5614 

0.5926 

0.6232 

0.6520 

Test D26 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0024 0.0000 0.0000 

0.0049 0.0012 0.0000 

0.0147 0.0055 0.0000 

0.0373 0.0141 0.0031 

0.0759 0.0385 0.0269 

0.1028 0.0593 0.0495 

0.1248 0.0777 0.0685 

0.1481 0.0954 0.0875 

0.1750 0.1180 0.1125 

0.2056 0.1468 0.1425 

0.2405 0.1749 0.1725 

0.2686 0.2000 0.1982 SUGIIT DEC K BULGING 

0.2980 0.2244 0.2232 

0.3286 0.2544 0.2520 

0.3641 0.2831 0.2807 

0.3904 0.3070 0.3040 

0.4198 0.3382 0.3339 

0.4479 0.3669 0.3621 

0.4767 0.3944 0.3884 

0.5030 0.4195 0.4134 

0.5305 0.4458 0.4403 

0.5593 0.4752 0.4679 

0.5880 0.5057 0.4972 

0.6180 0.5412 0.5303 

0.6498 0.5736 0.5596 

0.6804 0.6036 0.5871 

0.7098 0.6330 0.6153 SOFfIlANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 027 

Designation: W44-6N6-2 

Date of Test: 5/16197 

Concrete Strength: 5890 psi 

Concrete Weight: 150.40 per 

Concrete Thickness: 6 in, 

Maximum Applied Load: 27,51 kips 

Applied Load Per Stud: 6.88 kips 

Concrete Slip at Failure: 

Pol. AT-I: 0.4073 in. 

Pol. AB-2: 0.4753 in. 

Avg. Side A: 0.4413 in. 

Avg.: 0.4298 in. 

Comments: 

60 

SO 

i 40 

~ 
." 30 • c 
-' .. 
~ 20 

10 

0 

0.00 

10% Normal Load 
Weld Failure 
Stud Ru lure Failure 

0.05 0.10 0.15 0.20 0.25 

Slip (In,) 
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Deck Type: 2" USD, 20 gao 

Stud Position : W 

Stud Size: 112 in. x 4 in. 

Stud Tensile Strength: 74 .049 ksi 

Pal. BT-3: 

Pal. BB-4: 

Avg. Side B: 

0.30 0.35 

0 .4245 in. 

0.4121 in. 

0 .4183 in. 

0.40 

-*- AT- I 

-Q-A8-2 
__ BT,3 

-<>-B8-4 

-.- Predicted 

Test D27 
W44-{)N6-2 

0.45 0 .50 
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I 
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I 
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PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

1 '2' x4" STUDS 
(STANDARD) \ 

SIDE A 

6" x36" x36" SLAB 

• 

SIDE VIEW 

Tesl. D27 

DesIgnatIOn: W44 -6N6 - 2 

Dale 5/16/ 97 

SIDE B 

SIDE 

SIDE A SURFACE 
r-

----,.,. P 

----,.,. P 

SIDE A BOTTOM 

STUD REMAINED 
ATlACHED TO TEE 
AFTER FAILURE 

l-

I-STUD RUPTURE 
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..-;- -;-, 
~ , 

, " : ' 

A , SIDE B , , 
i" : ' , .. • c.:..:. "-

TOP VIEW 

IDE B SU RFACE 
r-

In. 

--:: ~ WELD FAILURE 

10-

SIDE B BOTTOM 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.43 0.0031 

16.46 0.0098 

20.23 0.0153 

23 .12 0.0367 

24.62 0.0526 

26.13 0.0691 

27.01 0.0832 

27.51 0.\027 

21.61 0.1162 

20.98 0.1376 

21.11 0.1560 

21.36 0.1768 

21.73 0.2006 

21.48 0.2245 

21.36 0.2514 

21.61 0.2801 

21.73 0.3076 

21.98 0.3382 

22.11 0.3719 

21.61 0.4073 

Test D27 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0055 0.0006 0.0018 

0.0128 0.0031 0.0055 

0.0202 0.0061 0.0086 

0.0447 0.0122 0.0165 

0.0612 0.0177 0.0220 

0.0826 0.0245 0.0300 

0.1022 0.0330 0.0397 

0.1278 0.0495 0.0581 

0.1437 0.0881 0.0978 

0.1639 0.1174 0.1357 

0.1866 0.1376 0.1571 

0.2116 0.1609 0.1785 

0.2398 0.1878 0.2048 

0.2673 0.2171 0.2305 

0.2973 0.2496 0.2586 

0.3309 0.2814 0.2861 

0.3633 0.3132 0.3136 

0.3982 0.3486 0.3442 

0.4355 0.3853 0.3754 

0.4753 0.4245 0.4121 
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Test 

Comments 

BEGlNTEST 

BANG 

BANG 
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P SH-O T TE T SUMMARY SHEET 

Test D28 Deck Type: 2" USD. 20 ga 

Designation : S64-7N6-2 

Date of Test : 7/4/97 

Concrete Strength: 7080 psi Stud Position: S 

Concrete Weight : 15126 pef Stud SiLC: 3/4 In x 4 in 

Concrete Thickness: 6111 Stud Tensile Strength 658 13 kSI 

Maximum Applied Load: 8003 kips 

ApplIed Load Per Stud: 20.0 I kips 

Concrete Slip at Failure: 

Po\. AT-I : 0.2416 in. Po\. BT-3 : 0.3585 III 

Po\. AB-2 : 0.3491 in. Po\. BB-4 : 0.2328 in 

Avg. Side A: 0.2954 in. Avg. Side B' 02957111 

Avg 0 2955 in. 

Comments: 10% Nonnal Load 
Stud Shearing Failure of BOl\om Stud on Side B 

120 

100 

~ 
80 

~ 
~ 60 • • 
-;; 
-;; 40 ~ 

20 

0 

000 0.05 0 10 o IS 020 

SII p (In.) 
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AT - I 

-<>- AB-2 

-+- BT-3 

-<>-- DB-4 

i)rcdlctcd 

0.25 0 .30 

lest D28 
S64-7N6-2 

0 35 040 



PU 'II-OUT TEST LA YOliT & CRACI\ING SHEET 

3 • '4" STUDS ~ 
(:,jANOARO) 

SIDE A 

I T"t. 028 

DE"~lgna ll on S6 -7 -2 

0,01 . 7 • 97 

~ SIDE B 
.I b 

l 
, 1 1 ". 

'1 ~j . S' 

IDE A , IDE B 

•. • . 1 A 

6 x36" x36" SLAS --' '- WT6, 175 

SIDE \IEW TOP \'IEW 

SIDE A S{'RFACE SIDE B SURFACE 

I I 
I - - I R[MAlr.EO _~~~~=~ 
I ~ -""ATTA HEO T TEE-

f----=-. ='---<.," ArT R FAL RE 

~H[ARIN 

IDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kips) 

000 

10.55 

15 .83 

20.60 

25 . 13 

30.53 

35.43 

40.45 

45 .23 

50.63 

55.40 

60.55 

65 .08 

69.35 

72.6 1 

75 . 13 

77.0 1 

77. 14 

77.64 

78.39 

78 .77 

79.15 

79.65 

79 .52 

79.65 

80.G3 

7977 

76 .5 1 

Pot. AT-I 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0012 

0.003 1 

0.006 1 

0.0 11 0 

0.0 159 

0.0245 

0.0336 

0.0471 

0.0599 

0.0752 

0.09 11 

0. 1083 

0.1223 

0.1388 

0.1560 

0.1725 

0.1878 

0.2049 

0.2 196 

0.24 16 

Test D28 Data 

Slips (in ) Test 

Pot. AB-2 Pot. 8T-3 POl. 88-4 Comments 

0.0000 00000 0.0000 BEGI" T[ ST 

0.0024 0.0000 0.0000 

0.0031 0.0000 0.0000 

0.003 1 0.0000 0.0000 

0.0043 0.0000 0.0000 

0.0055 0.0000 0.0000 

0.0073 0.0000 0.0000 

0.0098 0.0000 0.0006 

0.0 11 6 0.0000 0.0012 

0.0 165 0.0055 0.0037 

0.0202 0.0 104 0.0055 

0.0275 0.017 1 0.0092 

0.0342 0.0245 0.0 128 SLIGHT DECK SFP TOP SIDE A 

0.0446 0.0349 0.0 196 

0.058 1 0.0483 0.0263 

0.0746 0.0673 0.0373 

0.09 11 0.0875 0.0507 

0.1131 0. 11 38 0.0684 

0. 1345 0.1395 0.0862 

0. 1590 0.1658 0.1033 

0.1804 o 1878 0. 11 79 

0.2030 0.2 104 0.1326 

0.2268 0.2343 0.149 1 

0.2501 0.2575 0.1644 

0.2727 0.2802 0.1802 

0.2972 0.3065 0.1974 

0.3 192 0.3279 02 120 

0.349 1 0.35 85 0.2328 BMG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D29 Deck Type: 2" USD. 20 ga 

Designation: S64-7N6-2 

Date of Test: 7/4/97 

Concrete Strength: 7080 psi Stud Position: S 

Concrete Weight: 151.26 pef Stud Size: 3/4 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 65 .813 ksi 

MaximlUll Applied Load : 74.87 kips 

Applied Load Per Stud: 18.72 kips 

Concrete Slip at Failure: 

Pot. AT- I: 0.3138 in. Pot. BT-3: 0.1743 in. 

Pot. AB-2 : 0.3363 in. Pot. BB-4: 0.0825 in. 

Avg. Side A: 0.3251 in. Avg. Side B: 0.1284 in. 

Avg.: 0.2267 in. 

Comments: 10% Normal Load 
Stud Shearing Failure of Bottom Stud on Side A and Top Stud on Side B 
Weld Failure 

120 

100 

... 80 ... 
~ 
." 60 • = .J .. .. 40 .., 

20 

0 

0.00 0.05 0.10 0.15 0.20 

Slip (In.) 
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-+- AT- I 

-<>- A802 

-+- BT-3 

-<>- B804 

-.- Predicted 

0.25 

Tes t D29 
S64-7N6-2 

0.30 0.35 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test. 029 

Des'gn8llOn S21-7~H~ 

3/4" x4' STUDS 
(STAN DARD) 

SIDE A 

6" x36" x36" SLAB 

Dale 

SIDE 

SIDE VIEW 

SIDE A S RFACE 
r-

----- -----V" 

----- -----V" 

IDE A BOTTOM 

7 t. 4t.97 

B 
".-. 

~ 

. !. 
SIDE A . ~ 

:. 

" ; 
-: . 

IDE B 

" 

~ 

TOP VIEW 

1 

L--_J 
] 

SIDE B SURFACE 

WELD FAILURE 

STUD SHEARING --1'=''''--+-+---\ 

STUD REMAINED 
ATTACHED TO TEE --F'---+-+---\ 
AFTER FAILURE 

SIDE B BOTTOM 
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Axial Load 

(kips) Pot. AT-I 

000 0.0000 

8.67 0.0006 

15.58 0.0006 

20.35 0.00 18 

23 .99 0.0043 

29.77 0.0067 

35 . 18 0.0 11 6 

39.32 0.0 165 

44.60 0.024 5 

5000 0.0343 

54.40 0.0459 

58 .79 0.0679 

6294 0.0936 

66.08 0.1180 

68 .47 0.143 1 

70.48 0.1670 

72.24 0. 1896 

7374 0.2 147 

74.37 0.2392 

74.87 0.2655 

74.75 0.29 11 

7387 0.3 138 

Test D29 Data 

Slips (in ) 

Pot. AB-2 Pot. 8T-3 Pot 88-4 

0.0000 00000 0.0000 

00049 0.0000 0.0006 

0.0073 00000 0.0006 

00092 0.0000 0.0006 

0.0 122 00000 0.0006 

0.0 159 00000 0.0006 

0.0 196 0.0000 0.0006 

0025 1 0.0000 0.0006 

0.0336 0.0000 0.0006 

0.0434 0.0000 0.0006 

0.0544 0.0000 0.00 12 

0.0752 0.0006 0.003 1 

0.1009 0.0055 0.0055 

0.1260 0.0 147 0.0098 

0.1504 0.0245 0.0 147 

o 176 1 0.0385 0.0208 

020 18 0.0544 0.028 1 

0.2287 00746 0.0385 

0.2544 00960 0.0477 

0.28 13 0. 12 11 0.0605 

0.3 11 3 0. 1548 0.072 1 

03363 o 1743 0.0825 
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Test 

Comments 

BEGI:\ TEST 

B:\.\;(l 
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PUSH-OUT TEST UMMARY SHEET 

Test 030 Deck Type 2" USD. 20 ga 

Deslgnauon S6~-7 6-2 

Dale of Test 7/8/97 

Concrete Strength 7080 pSI Stud PosItIon 

Concrete WeIght 151.26 pef Stud SIze 3/~ In x ~ In 

Concrele Thickness. 6 In. Stud TensIle [renglh 65813 kSI 

Maxllnum Applied Load 87 .19 kips 

Applied Load Pcr Stud 2180 kIps 

Concrete Slip at FaIlure 

Pot AT-I 0 2703 In POI BT-3 0407~ In 

POI. AB-2 : 0.3 137 in. POI. BB-4 ' 02628 11\ 

Avg SIde A 02920 In Avg SIde B 0.3351 In 

A\'g 0.3 136 In 

Comments· 

120 

100 

~ 
80 

~ 
" 60 
~ 

" >< ~o -< 

"0 

0 
0 .00 

10"10 Nonnal Load 
Stud Sheanng Fatlure of BOllom tud on SIde B 

0 .05 o 10 o !5 020 025 

SlIp(!".) 

203 

AT·! 

-o-AB-2 

llT -J 

-o-1lB-4 

Precbclcd 

0 30 035 

Tesl030 
S64-7N6-2 

0 40 0 45 



Pl'SII-orr TE T L\YOrT & CRACI\I i\G HEET 

Test. 030 

DeSignation S64 7N6-2 

Dale 7 4 97 

3 4 x4 STUDS 
t,1'ANDARD) 

, 
'l . , SIDE A I SIDE B 

b 

SIDE A SIDE B 

. : ~ .: 

G x36" x36" SLAB ~ WT6xl7 5 

IDE \ lEW TOP VIEW 

~ 
~I L-___ ---' 

IDE i\ Sl'RFACE SIDE B SURFACE 

n 
I 

I E'!AI~,ED 
~AT" ED 1 lEE 

ArT ~ rAlUP~ I 

EAR NG 
L 

I 

SIDE A BOTTOM SIDE B BOTTOM 
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I . 
• ::;> ..... 
~ 

I .0 

Test D30 Data 

I Axial Load Slips (in .) Test 

I 
(kips) Pot. AT· I Pot. AB·2 Pot. BT·3 Pot. BB·4 Comments 

000 00000 0.0000 00000 00000 BEG I~ TIST 

I 
10.43 0.0006 ·0.0006 0.0073 0.0012 

16.08 0.00 12 ·0.0006 0.0 11 0 0.0018 

20.85 0.00 12 ·0.0006 0.0 14 1 0.0037 

I 25 .75 0.00 18 0.0000 0.0 177 0.0049 

30.40 0.003 1 00000 0.02 14 0.006 1 

I 3606 0.003 1 0.0006 0.0257 0.0079 

40.83 0.0037 0.00 12 0.0306 0.0 104 

I 45 .60 0.0049 0.003 1 0.0355 0.0 122 

50.75 0.0055 0.0037 0.041 0 0.0 159 

I 55 .53 0.006 1 0.0049 0.0465 0.0 189 

60.80 0.0080 0.0079 0.0538 0.0226 

I 
65 .20 0.0091 0.0098 0.0606 0.0269 

68 .97 0.0 153 0.0 183 0.0740 0.0342 

I 
76.38 0.0226 0.0263 0.0856 0.0422 

80.28 0.0330 0.0379 0.1052 00550 

I 
83 .29 0.0465 0.0538 0. 1327 0.0709 DECK DEBONDI-':G TOP SIDE B 

8491 0.0648 0.0746 o 1590 0.0886 

84.80 0.0924 0. 1070 0.1884 0. 1088 

I 85 . 18 0. 11 93 0.1358 0.2 184 0.1289 

85 .30 o 1462 0. 1663 0.2483 o 1497 

I 86.3 1 0.17 13 0. 1945 0.2777 0. 1699 

86.81 0.1976 0.2263 0.3089 0.19 19 

I 87 .19 0.2220 0.2556 0.3395 0.2139 

86.68 0.2465 0.2862 0.373 1 0.2383 

I 
86.43 0.2703 0.3 137 0.4074 02628 BA.~G 

I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D31 

Designation: 2S64-7N6-2 

Dale of Test: 7/7/97 

Concrete Strength: 7080 psi 

Concrete Weight: 151.26 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 31.03 kips 

Applied Load Pcr StlJd: 7.76 kips 

Concrele Slip al Failure : 

Pot. AT-I : 0.2122 in. 

Pot. AT-2 : 0.2086 in. 

Avg. Side A: 0 . 210~ in. 

Avg.: 0.1052 in. 

Comments: 10% Normal Load 

120 

100 

"' 80 
Co 

i! 
." 60 • oS .. 
" 40 
"" 

20 

0 

0.00 

Slud Shearing Failure of Slud AT-2 
Weld Failure? 

0 .05 0 .10 

Slip (In.) 
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Deck Type: 2" USD. 20 gao 

Stud Position: 2S 

Stud Size: 3/~ in . x ~ in. 

Stud Tensile Strength: 65.8 13 ksi 

Pot. BT-3 : 

Pot. BT-~ : 

Avg. Side B: 

__ AT- I 

--<>- AT-2 

-+- BT-3 

-<>-BT-4 

-..- Predicled 

0.15 

o in. 

o in. 

o in. 

TeSlD31 
2S64-7N6-2 

0 .20 0 .25 
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Pl"SII-Ol"T TE T L\ yon & CR\CI\I;\G 'IIEET 

3 4, STUDS""\ 
(:'T\ \ DARD) n: 

I Test 

Deslgna licr. 

Date 

~ 

IDE A SIDE B 
'b 

ri1-'-J 
r '. 'I 1 

A ') ~ j B 

6 ,J6 x36 SUB 

SIDE YIEW 

( 

( 
( 

031 

2$64 7N6-~ 

7 7 97 

SIDE A 

r;::; 

r· : t 
:8'-~, s SIDE B 

I 

, . 

TOP YlEW 

, IDE B Sl RFACE 

i 
i 
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I 

, 

1 OS R[IIAJNED 
AT'A HEO 10 'EE 

~ '[R FAJLURE 

I 

__ c_ 

IDE B BOTTml 



Axial Load 

(kips) Pot. AT-I 

000 00000 

10.68 00006 

16.08 00006 

20.35 0.0006 

24 .12 0.00 18 

27.76 0.0086 

30.28 0.0183 

3 1 03 0.0385 

23 .99 0.0973 

2374 0.129 1 

2362 0.1535 

13 .37 0. 1829 

23 .24 0.2 122 

Test D3 I Data 

Slips (in.) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

00000 00000 0.0000 

0.0098 0.0000 0.0000 

0.014 1 00000 0.0000 

0.0 184 0.0000 0.0000 

0.0245 0.0000 0.0000 

0.0385 00000 00000 

0.0520 00000 00000 

0.07 16 0.0000 0.0000 

0.1034 0.0000 0.0000 

0.1303 0.0000 0.0000 

0.1548 0.0000 00000 

0.1823 0.0000 0.0000 

0.2086 0.0000 0.0000 
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Test 

Comments 

BEGI'TEST 

sorr BANG SUPPAGE'! 

\BORTED TEST. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D32 Deck Type : 2" USD. 20 gao 

Designation: 2S64-7N6-2 

Date or Test: 7/8/97 

Concrete Strength: 7080 psi Stud Position: 2S 

Concrete Weight: 151.26 pcr Stud Size: 3/4 III . x 4 in 

Concrete Thickness : 6 in. Stud Tcnsile Strength: 65 .813 ksi 

Maximum Applied Load : 69 .97 kips 

Applied Load Pcr Stud: 17.49 kips 

Concrete Slip at Failure: 

Po\. AT-I : 0.3242 in. Po\. BT-3 : o in. 

Pol. AT-2 : 0.4380 in. Po\. BT-4: 0.0563 in. 

Avg. Side A: 0.38 11 in. A\'g. Side B: 0.0282 in . 

Avg.: 0.2046 in. 

Comments: 10% Normal Load 

t20 

100 

Ii 
80 

~ 
"" 60 ~ 
0 .:; 

40 
"'" 

20 

0 

0 .00 

Stud Shearing Failure or Both Studs on Side A 

0 .0 5 0 .10 0 .15 0 .20 0 .25 

Sli P (In.) 
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~AT.l 

-o-AT-2 

__ BT-3 

-Q-BT-4 

---...-. Predicted 

0 .30 0 .35 

rest D32 
2S64-7N6-2 
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PU H -0 T TEST LAYOUT & CRACl\ING SHEET 

Test. 032 

DeSignatIOn 2S64 - 7 6-2 

Date 7 / 8/ 97 

3 1,4' STUDS "\ Jl 
(STANDARD) • 

SIDE A '" SIDE B 

f~· . ~ 
'r J r 
L.-.. . 'N-~I--1 

G ,36"x36' SlAB ~ - WT6x1 7.5 

SIDE \'IEI\, 

SIDE A SURFACE 

r====::::;;!-. STUD HEARING 
...... 1 

f.-____ -j-W[,D FAil IRE? 

SIDE A BOTTO~I 
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IDE 

:. : . 

. ( : I 
A S SIDE B , 

~. , , 

TOP \'IEll' 

SIDE B SURFACE 
r-

~=t:t:=::l.-- T'JD" RE MAIND 
1-.>." ATTACHED 10 TEE 

,; AFTER FAILURE 
vv 

SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

10.68 

16.08 

21.23 

25 .75 

31.28 

36.3 ) 

40.83 

45 .73 

50.25 

55 .15 

60.55 

63 .57 

59.92 

61.3 1 

62.56 

63.82 

66 .2 1 

67 .84 

6947 

69.97 

66.96 

68.84 

69.97 

68 .84 

Pot. AT- I 

0.0000 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0.00 12 

0.0073 

0.0220 

0.0526 

0.0685 

0.0893 

0.111 9 

0.1340 

0.1578 

0. 18 17 

02092 

0.2349 

0.2624 

0.2893 

0.3242 

Test D32 Data 

Slips (in.) Test 

Pot. AT-2 Pot BT-3 Pot BT-4 Comments 

0.0000 0.0000 0.0000 BEGI~ TI ST 

0.0043 0.0000 -0.00 18 

0.0067 00000 -0.00 18 

0.0 104 00000 0.0000 

0.0135 00000 0.0000 

0.0 177 00000 0.0000 

0.02 14 0.0000 0.0000 

0.025 1 0.0000 0.0006 

0.03 12 0.0000 0.0006 

0.0367 0.0000 0.0006 

0.0502 0.0000 -0.0006 

0.0649 0.0000 -00024 

0.0893 0.0000 -0.0024 

0.1297 00000 -0.0043 pOP 

0.1487 0.0000 -0.0037 

0.173 1 0.0000 -0.0037 

0.1982 0.0000 -0.00 18 

0.225 1 00000 0.00 12 

0.2539 0.0000 0.006 1 

0.2802 0.0000 00 11 6 TRANS"ERSE CRACK SlOE B 

03 11 4 0.0000 0.0 196 

03420 0.0000 0.028 1 pOP 

0.3720 0.0000 0.0342 

OAO 13 0.0000 0.0440 

OA380 0.0000 0.0563 LOl'!) I),\..'\G 
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PUSH-O T TEST SUMMARY SHEET 

Test: D33 Deck Type: 2" USD. 20 ga 

Designation : 2S64-7N6-2 

Date or Test: 7/8/97 

Concrete Strength: 7080 psi Stud Position: 2S 

Concrete Weight: 15126 per Stud Size: 3/4 III x 4 in. 

Concrete Thickness: 6 Ill. Stud Tensile Strength: 658 13 ksi 

MaXImum Applied Load 83.54 kIps 

ApplIed Load Per Stud: 20.89 kips 

Concrete Slip at Failure: 

Pol. AT-I: 0.3493 Ill. PoI. BT-3 : 0.1811 In 

PoI. AT-2 : 0.35 16 in. PoI. BT-4: 0.0941 in 

Avg. Side A: 0.3505 in. A"g. Side B: 0.1376 111 

A\'g. 0.2440 in. 

Comments: 10% ormal Load 

t20 

100 

0;- 80 .. 
~ 
." 60 " ~ 
] 
• 40 .., 

20 

0 

000 

Stud Sheanng Failure or Both Studs on Side A 

0.05 010 0 .15 020 

S lip (tn.) 
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__ AT- I 

-Q-AT-2 

__ BT-3 

-<>- BT-4 

--.- Prcdtcled 

0.25 0 .30 

Test 1)33 

2S64-7N6-2 

035 0.40 
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Pl . II-OUT TEST LAYOUT & CRACKI NG II EET 

Test 033 

DeSIgna tIon 2S64 7Nil.:L-

Oat. 71.8/.97 

I ,.; :::"Tl'DS \ nfr1. I " \ DARO) 

s IDE A SIDE B n ~' 1 
'b r • 

! 1 IDE A :~ ~ SIDE B 
B' 

. j 
• , . 

. , 
-

I\..I&\W S l.~B H 6 17 ~ 

SIDE \ IEII TOr r IEII' 

~ [ 
,--. 

I 

2 

SIDE ,\ Sl"RF.ICE : IDE B Sl RFICE 

~ ' . 

r-- ... 
•••• 1 \-------' -+ 

, .. t"" 

. '10 E .\ BOTTO ~I SIllE B BO'ITO I! 
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Axial Load 

(kips) Pot. AT- I 

0.00 00000 

12.56 000 18 

15.70 0003 1 

2073 00049 

25 .75 00092 

30.53 00 128 

35 .55 0.0 159 

4 1 2 1 00202 

4573 00239 

50.50 00294 

55 15 00349 

60.18 00434 

6344 00557 

6822 00703 

7 1 23 00869 

7399 0 1040 

76.0 1 0 1205 

7663 0 140 1 

79 40 0 162 1 

8 1 16 0 184 1 

81 66 02 153 

82 66 02453 

8354 02759 

83 17 03126 

8078 03492 

Test 0 33 Data 

Slips (in ) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

00000 00000 0.0000 

00000 0.0000 -00043 

00000 00000 -00049 

00000 00000 -00061 

00000 00000 -00079 

0.0006 000 18 -00098 

0.00 12 0.0043 -00098 

0003 1 00086 -00098 

0006 1 00\35 -00 104 

0.0092 00 165 -00 104 

00 147 002 14 -00098 

0.0232 00281 -00098 

0036 1 00355 -00 104 

00526 004 16 -00 104 

00722 00508 -00 104 

00905 00599 -00067 

0 11 0 1 00697 -00043 

0 1358 00826 00024 

0 1590 0088 1 00079 

o 1841 00966 00 147 

02 146 o 1083 0025 1 

02452 0 1230 00379 

02776 o \389 00526 

03 143 01597 007 15 

035 16 o 1811 0094 1 
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Test 

Comments 

BEGl . TEST 

DFCl\ DFIlO'\IJI,\(i ToP SIDI B 

B.\.'Ci TR.\.'\sn RSI CR.-\CJ\ k 

I>I C~ DI IlC"')"(; 0' SIDI Il 
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PUSH-OUT TEST SUMMARY SHEET 

Test 034 Deck Type: 2" USD. 20 ga 

Designation: W6~-7N6-2 

Date of Test : 7/5197 

Concrete Strength: 7080 psi Stud Position: W 

Concrete Weight: 151.26 pef Stud Sile: 3/4 In X 4 in. 

Concrete Tluckness: 6In Stud Tensile Strength 6581 3 ksl 

Maximum Apphed Load: 60 18 kips 

Applied Load Pcr Stud: 15.05 kips 

Concrete Shp at Failure. 

Pot AT-I. 0773 1 In Pot BT-3 

Pot AB-2 ' 0.8763 in Pot BB-4 

Avg. Side A. o 82~7 In Avg. Side B 

Avg 0 .6~64 in 

Comments: 10% Nomla1 Load 
Stud Sheanng Failure of Both Studs on Side A 

120 

100 

t 80 

2 
." 60 • .:l .. .. 40 -< 

20 

0 

000 o 10 0 20 030 0 40 050 060 

Slip (In .) 

2 15 

05285 In 

04076 In 

04681 In 

Test 1)34 
W64-7N6-2 

070 080 090 



P !I-a T TEST LAYOCT & CRACK) G SHEET 

rest 034 

DeslgnallOn W64 - 7NG "? 

D. t. 7,'5/97 

3 • ' 4" STUDS 
(STANDARD) • 

IDE A SIDE B 
. . 

SIDE B 
SIDE A ~J , . 

~ 
G , 36", 36" SLAB lITG, 175 

SIDE \ lEW TOP nEW 

[ 

r 

SIDE ,\ Sl"RF,H'I:: SIDE B Sl'RFACI:: 

~t" ':" .. 

- ~ 
l--. - .... 

I :..,', 'j 

R r~ 

~.:'·~H' "r 
.. ----.l~-- ~. ~ '4 "E 

-=----1 

Sill\:: " BOTTO~I SIllE n BOTTml 
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Axial Load 

(kips) 

000 

1068 

15 .20 

19 97 

~4 12 

~6 26 

270 1 

2764 

2839 

2902 

3003 

3090 

32 16 

34 17 

3555 

3794 

4070 

4322 

45 48 

47.24 

4799 

4862 

4962 

50.25 

5025 

5063 

5 1 63 

5226 

5276 

Pot. AT-I 

0.0000 

0.0037 

0.0086 

0.0 122 

0.0202 

0.0367 

0.0550 

0.0758 

0.0954 

0. 11 38 

0.1352 

0.1590 

o 184 1 

02092 

0.2330 

0.2569 

0.2820 

0.3058 

03297 

0.3529 

0.3774 

0 4006 

0425 1 

0.4489 

0 4740 

04973 

05 193 

05407 

0562 1 

Test D34 Data 

Sl ips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

00055 0.0006 0.0006 

00 11 6 0.0006 00006 

0.0 177 00000 0.0006 

00263 0.0006 00000 

0.0422 0.0006 0.0006 

00636 0.0006 0.0000 

0.0862 0.0006 0.0006 

o 1058 0.00 12 00000 

0 1266 00024 00006 SOFTPOP 

01504 0.003 1 00000 SOFTror 

o 1773 0.0055 00000 

02049 0.0080 00006 CREAKING NOISIS (1 LOAD I'T 

023 11 0.0 122 0003 1 

0.2574 0.0 165 00043 

0.2825 0.02 14 00079 

03094 00275 00 104 DECK DEBOt'DI'C; TOP slDr B 

0335 1 00336 00 147 

03608 004 16 00202 DECK Bt 'LGIS(j (I sn'DS SIDE A 

0.3859 0.0532 00293 

0 411 5 00679 0041 6 

0.4378 0.0875 0058 1 

0 4653 0 1095 00752 

049 16 013 15 00929 

05 198 0 1578 o 11 43 

05467 01847 o 1363 

0.5724 02098 o 1552 

05968 02355 0 1748 

062 13 026 18 o 1949 
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Axial Load 

(kips) Pot. AT- I 

53 .39 0.584 1 

54.65 0.606 1 

5578 0.6288 

56.9 1 0.65 14 

57.9 1 06753 

58 .92 0.6979 

59.80 0.72 11 

6018 0.7468 

59.67 0773 1 

Test D34 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.6470 0.29 12 0.2 182 

0.6739 0.3 199 0.2408 

0.7020 0.3505 0.2646 

0.7295 0.3793 0.2860 

07576 04092 0.3092 

0.7858 0.4374 0.33 12 

0.8 133 0.4667 0.3575 

08426 0.4998 0.3838 

0.8763 0.5285 0.4076 
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Comments 

B .. \J~Ci 
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PUSH-OUT TEST SUMMARY SHEET 

Test 0 35 Deck Type . 2" USD, 20 ga 

Designauon: W64-7N6-2 

Date of Test : 715197 

Concrete Strength · 7080 psi Stud Posluon W 

Concrete Weight" 151 26 pcf Stud Size 31410 x 410 

Concrete Thickness. 6 10 Siud TenSile Strength 6581 3 ksl 

Maximum Applied Load. 4812 kips 

Applted Load Pcr Stud 1203 kips 

Concrele Slip al Failure 

POI AT-I 07676 10 Pot BT-3 

POI AB-2 0 8513 10 Pot BB-4 

A\'g Side A () 8095 10 A\g Side B 

A\'g ' 0 751210 

Comments' \0% Normal Load 

120 

100 

C. 
80 

~ 
." 60 • c .. .. 40 -: 

20 

0 

000 

Siud Sheanng Failure of BOlh Siuds on Side A 

o 10 020 0)0 0 40 050 

Slip (In .) 
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\T ·1 

liT ·3 

-<>-1IB-4 

Predicled 

060 

0 7077 In 

06783 10 

0 693010 

Test Dl5 
W(w·TN6-2 

070 0 80 090 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

rtst. DJ5 

De:!lgnallon W64 -7NS-2 

D.t. 7/5/97 
j -1 \.; ::rUDS • 

t,iANDARD) 

IDE A SIDE B 

SIDE VIEW 

SIDE A SURFACE 

""-

-< ---- --:::: -........ ~7 

SIDE A BOTTOM 

SIDE 

SlUD SHEAR INC '" 
CONCRETE CRUSHING 
SLIGHT WHD POROSITy 
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r-;- :-. :. 1 . . . 
A SIDE B 

:. , . 
" I 
JJ "-

TOP VIEW 

SIDE B SURFACE 
-

0-

-::::::: 
Q-' ..-

I 

SIDE B BOTTOM 

S TUDS RE~A'N[D I 
nACHED 10 lEE 
nER fA,LUI' , 

~. 

A 
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Axial Load 

(kips) 

000 

10 18 

15 .95 

1997 

25 .63 

3003 

3492 

3970 

4372 

4585 

4673 

476 1 

476 1 

476 1 

4749 

4749 

4786 

4799 

48 12 

466 1 

45 48 

45 48 

4523 

44 85 

4485 

4460 

4447 

4397 

4372 

POl. AT- I 

0.0000 

0.0000 

0.00 18 

0.0055 

0.0098 

0.0 153 

0.0226 

0.0336 

0.0508 

0.0703 

0.0887 

0.1076 

0.1278 

0. 1468 

0 1658 

0.1835 

02067 

0.23 12 

02575 

0.2826 

0.3064 

0.33 15 

03548 

0.3804 

0 4049 

0 4306 

0 4563 

0 4820 

05095 

Test D35 Data 

Slips (in .) Test 

Pot AB-2 Pot BT-3 Pol. BB-4 Comments 

00000 00000 0.0000 BEGII' TEST 

0.0049 0.0000 0.0024 

0.0086 00000 0.0037 

00135 00000 0.0055 

00 196 00000 0.0073 

00263 00000 00 104 

00336 00006 00 134 

0.0483 0.0043 00 171 

00685 0.0098 0.0220 

00899 00 159 00269 

o 11 07 002 14 00324 

o 1327 00294 0.0409 

o 154 1 0.0385 00495 

o 1749 00538 00654 

o 1963 0.0722 00837 

02 159 00893 0 1002 

02428 0.111 9 0 1216 

0269 1 0 1340 o 1436 

02966 0.1603 0 1687 

0.3235 0 192 1 o 1980 

03498 02233 02279 DEC~ Dl'LGJ'(fSIDI S..\k Ii 

0.3779 02526 0.2524 

04048 02759 02768 

04324 030 16 0.30 13 

04593 03273 03245 

0 4880 03566 0.3489 

05 155 038 11 03752 

05437 0 4098 03997 

05730 04404 04278 
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Axial Load 

(kips) Pot. AT-I 

43 .09 0.5370 

42 .7 1 0.5597 

42.59 0.5853 

42.96 0.6098 

43 .59 0.6349 

44 .60 0.6600 

45.35 0.6857 

4598 07 107 

46.36 0.7364 

45 .23 07676 

Test D35 Data 

Slips (in .) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

06005 0.4698 0.4540 

0.6256 0.4936 0.4785 

0.6531 0.5242 0.5048 

0.68 13 0.55 11 0.5292 

0.7076 0.5756 0.5537 

0.7345 0.6025 0.5793 

0.7626 0.6276 0.6056 

07877 0.6570 0.6300 

0.8 164 0.6827 0.6520 

08513 07077 0.6783 

222 
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Comments 
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PUSH-OUT TEST SUMMARY SHEET 

Test 0 36 Deck Type 2" USD, 20 ga 

DesIgnation: W64-7N6-2 

Date of Test: 7/6/97 

Concrete Strength: 7080 psi Stud PosItion: W 

Concrete WeIght: 151.26 pef Stud S,ze 3/4 m x 4 m 

Concrete ThIckness: 6m Stud Tensile Strength 65813 ksl 

MaXImum Applied Load 6269lups 

Applied Load Per Stud · 15.67 kIps 

Concrete Slip at FaIlure 

Pot. AT-I 07095 m Pot BT-3 08594 m 

Pot. AB-2 : o 8525 m Pot. BB-4 o 7328 III 

Avg S,de A 07810m Al'g. SIde B 07961 m 

A'g o 7886 m 

Comments 10% Normal Load 

120 

100 

~ 
80 

i!. 
." 60 ~ 
-;; 

" 40 
~ 

20 

0 

000 

Stud Shcanng FaIlure of Bottom tud on S,de A and Both Studs on Ide B 

0 10 0 20 0 30 0 40 050 

S lip (I n.) 
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-*- AT· I 

--<>- \13-2 

-+-- IlT -3 

-<>-111).4 

-6- Predicted 

060 070 

TcSI D16 
W64-7N(>-2 

0 80 090 



PU H-O T TEST LAYO T & CRACKING SHEET 

Test. D36 

Deslgnallon: \l61 - 7~2 ~ 

Dale 7L6L97 

3/4" x4 STUDS 
(STANDARD) 

IDE A SIDE B 
r-;- c;-. :" 1 

" j" 
IDE A SIDE 

" , 16 '16" SlJIB 
i" 

"- WT6x!7 5 

IDE VIEW 

SIDE A St:RFACE 
~ 

--!-
IY' 

It .... 

L -............. 
~ 

SIDE A BOTTOM 

STUD R[ UI.JN[D 
ATTACHED TO TEE 
AfTER rAILURE 

OW, 1[ARINC 
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. ~ 
L , " 

TOP VIEW 

SIDE B SL'RFACE 

SIDE B BOlTO ~( 

B 
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Axial Load 

(kips) 

0.00 

10.93 

16.2 1 

20.35 

25 .25 

30.65 

35 .55 

40.08 

44.85 

48 .37 

51 01 

52.51 

53 .64 

54.52 

55 .53 

564 1 

5766 

57.9 1 

5804 

58.54 

58.92 

59.67 

6055 

61.06 

61 56 

6 1 31 

61 3 1 

6093 

Pot. AT-I 

0.0000 

-0.0006 

-0.0006 

0.0043 

-0.0006 

-0.0006 

-0.0006 

-0.0006 

-0.0006 

0.0 147 

0.0312 

0.0471 

0.0648 

0.0820 

0.1040 

0.1254 

0.1468 

0.17 13 

01976 

0.2269 

0.255 1 

0.2826 

03107 

0.3389 

0.3688 

03982 

0.4294 

04593 

Test D36 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

00000 0.0000 0.0000 BEGIN TEST 

0.0024 -0.0006 0.00 18 

00049 -0.0006 00037 

00073 -00006 00055 

0.0 104 0.0000 0.0079 

00147 0.00 18 0.0 104 

0.0 177 0.006 1 0.0 134 

0.0232 0.0122 0.0177 

00318 0.0202 0.0238 

00483 0.03 18 0.03 12 

00654 00465 00428 

00838 0.0661 0.0581 

0.1052 00893 0.0782 

0.1248 0.11 50 0.0990 

0.1498 0.15 17 o 1283 

01755 0 1872 0 1571 

01994 0.2220 0.1870 

0.2275 02569 02 151 

02581 0.2893 02408 

02917 03254 02707 DECK DE80'1)1'(I TOP SIDE A 

& SLlC,IIT DEC'" Rill ROTATIO" 

0.3235 0.3572 02995 

03547 0.3897 03264 

03883 0.4251 03551 

042 14 04600 0.3850 DEC)" Btl GI'G 

04544 04955 04168 DEC" RIB ROTATIO' TOP s(()r " 

04892 05291 04461 

05241 05640 04749 

05602 0.5995 05060 
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Axial Load 

(kips) Pot. AT- I 

6093 0.4887 

60.93 0.5 187 

6 1.43 0.5480 

6 1.68 0.5749 

62 19 0.6049 

6269 0.6349 

62.44 0.6624 

56 16 0.7095 

Test D36 Data 

Slips (in .) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.5938 0.6343 0.5348 

0.6293 0.663 1 0.5623 

0.66 17 0.6949 0.5885 

0.694 1 0.7267 0.6 160 

0.7290 0.7597 0.6460 

0.7638 0.792 1 0.674 1 

0.798 1 0.8203 0.70 16 

08525 08594 07328 

226 

Test 

Comments 
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PUSH-OUT TEST SUMMARY SHEET 

Test : D37 

DesIgnation: S5~-I . 5N6-2 

Date of Test: 1011 /97 

COliC rete Strength: H IOpsi 

COlIcrele Weight : 1-l~ . 0~ pef 

COllcrele Thickness: 6 in. 

M:l"lllul1l Applied Load: 6UO kips 

AppiJed Load Per Stud: 16.18 kips 

COllcrcle Slip al Failure: 

POI. AT-I : 0.3156 in. 

POI. AB-2 : 0.280 I in. 

A\'g. Side A: 0.2979 in. 

Comments: 

Avg.: 0.2340 in. 

10% ormal Load 
TeslOperalor: MRR 

Deck Type: 2" USD. 20 gao 

Stud Posilion : S 

Siud Size: 5/8 in. x 4 in. 

Siud Tensile Strength: 72.635 ksi 

POI. BT-3 : 0.146-lon. 

POI. BB-4: 0. 19-l0 on. 

Mg. Side B: 0.1702 in. 

Stud Shearing Failure of Both Siuds on Side A 

90 

80 

70 

~ 60 
:i 
; 50 
• • 
- 40 
• 
• 10 -: 

20 

10 

0 

000 o os 0 10 o I S 

Slip (I n .) 
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AT - I 

-<>-A13-2 

--+- UT-J 

-<>-1l13-4 

-.- Predicted 

0 20 0 21 

Tes! 037 
S54-45N6-2 

0 10 o JS 



PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl. 

DeSIgnation" 

Dale 
5/ 8" x4" STUDS • 

(STANDARD) 

SIDE A 

037 

S5H 5NS- 2 

10/ 1/97 

, 
l 
1 . , , 

, , 
l ~ 
, . 

SIDE A , SIDE B 

5" x3S" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

---V STUD SHEARING 

V' 

SIDE A BOTTOM 

228 

~ 
J . : . : 

TOP VIEW 

SIDE B SURFACE 
r-

o· r--
~ 

v-

I I 

SIDE B BOTTOM 

STUDS RE~A ED 
ATTACHED TO TEE 
AnER FAilURE 
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Axial Load 

(kips) 

0.00 

10.43 

15.14 

19.97 

25 .19 

29.02 

35.05 

40.58 

43 .09 

45 .90 

48.37 

50.38 

51.57 

53 .89 

55.40 

56.60 

59.17 

60.62 

61.93 

62.30 

63.40 

64.20 

6460 

64.70 

64.70 

64.20 

62.60 

Pot. AT-I 

0.0000 

0.0034 

0.0050 

0.0059 

0.0078 

0.0098 

0.0137 

0.0221 

0.0298 

0.0343 

0.0415 

0.0509 

0.0558 

0.0685 

0.0807 

0.0908 

0.1046 

0.1192 

0.1411 

0.1626 

0.1802 

0.1994 

0.2199 

0.2420 

0.2663 

0.2887 

0.3156 

Test 037 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGJNTEST 

0.0017 -0.0001 0.0001 

0.0038 -0.0006 0.0017 

0.0048 0.0002 0.0022 

0.0066 -0.0001 0.0026 

0.0076 -0.0001 0.0042 

0.0110 0.0002 0.0051 

0.0184 -0.0002 0.0066 

0.0251 0.0004 0.0079 

0.0297 0.0000 0.0090 

0.0364 0.0004 0.0109 

0.0447 0.0004 0.0123 

0.0481 0.0007 0.0\34 

0.0595 0.0009 0.0159 

0.0691 0.0038 0.0201 

0.0795 0.0043 0.0256 

0.0906 0.0126 0.0348 

0.1033 0.0204 0.0442 

0.1225 0.0276 0.0568 

0.1424 0.0399 0.0704 

0.1581 0.0497 0.0831 

0.1760 0.0634 0.0979 

0.1936 0.0759 0.1154 

0.2133 0.0927 0.1331 

0.2351 0.1073 0.1535 

0.2558 0.1243 0.1726 

0.2801 0.1464 0.1940 BANG STIID SHEARING 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 038 Deck Type: 2" USD. 20 gao 

DesIgnation: S54-4.5N6-2 

Date or Test: 10/3/97 

Concrete Strength: 47 10 psi Stud Position: S 

Concrete Weight: I~~ . O~ pef Stud Size: 5/8 in. x 4 in. 

Concrete 1lIickncss: 6 in. Stud Tensile Strength: 72.635 ksi 

Maxllnum Applied Load: 68.28 kips 

Applied Load Per Stud: 17.07 kips 

Concrete Shp at Failure 

Pot. AT-I : 0 .3095 in. Pot. BT-3: 

Pot. AB-2: 0.3 177 in. Pot. BB-I : 

A\'g. Side A: 0.3 136 in. A\'g. Side B: 

A\'g.: 0. 250~ In. 

Comments: 10% onnal Load 
Test Operator: MRR & BCD 
Stud Shearing Failure of Top Stud on Side A 

90 

80 

70 

i 60 

" ;- so 
• 
~ 40 

• 
• 30 -< 

20 

to 

-+- AT · I 

-o- AIl-2 

-+- BT-3 

~BB-4 

-.- Predicted 

0.1886 in. 

0 .185910 

0.1873 in. 

Test 038 
SS4-451%-2 

O ~-----+------r-----~----~~----~----~------~ 
000 001 0 10 o I I o 20 02$ 030 03 

SII p (In.) 
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5/ff' xf STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

• 
• 

rest 038 

DesIgnation: S54-4,5NS-2 

Date, 10/ 3/ 97 

'7 'T . :" ~ 

1 
, 
, , 

SIDE A SIDE B 

6" x3S" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 
-

-----10' 

-----0-

SIDE A BOTTOM 

STUD SHEARING 

STUD REUAlNED 
AITACHED TO TEE 
AfTER FAILURE 
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, 
:4 
: , . : j 

d "'--

TOP VIEW 

SIDE B SURFACE 
.---

o· r-
7 

0' 

SIDE B BOTTOM 

STUDS RE~AI~ED 
AITACHED TO TEE 
AfTER FA LURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.30 0.0046 

15 .00 0.0055 

19.80 0.0055 

25 .10 0.0082 

29.84 0.0092 

34.61 0.0119 

40.45 0.0201 

44. 16 0.0266 

49.20 0.0375 

51.30 0.0458 

53.45 0 .053 I 

54.27 0.0595 

55 .78 0.0678 

57.04 0.075 I 

57.73 0.0824 

58.29 0.096 I 

59.80 0. 1044 

60.80 O. I 190 

62.50 0.1337 

63 .25 0.1483 

64.57 0.162 I 

65 .26 01804 

66.33 0.1996 

67.09 0.2179 

68.28 0.2362 

67.78 0.26 I 0 

66.80 0.2866 

64.26 0.3095 

Test 038 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0018 0.0000 0.0018 

0.0018 0.0000 0.0018 

0.0018 -0.00 I 8 -0.0009 

0.0018 -0.0009 0.0018 

0.0018 -0.0018 0.00 I 8 

0.0027 -0.0018 0.0027 

0.0101 -0.0009 0.0055 

0.0137 0.0018 0.0064 

0.0348 0.0055 0.0092 

0.0357 0.0055 0.0092 

0.0421 0.0092 0.0128 

0.0494 0.0101 0.0137 

0.0568 0.0128 0.0 I 74 

0.0641 0.0174 0.021 I 

0.0760 0.0201 0.0238 

0.0833 0.0247 0.0284 

0.0971 0.0275 0.03 I I 

O. I I 17 0.0348 0.0357 

0.1264 0.0421 0.0430 

0. 14 I 9 0.0504 0.0504 

O. I 557 0.0604 0.0604 

O. I 749 0.0760 0.0760 

0.1969 0.0897 0.0906 

0.2152 0.1044 0.1016 

0.2372 0.1236 O. I 199 

0.2628 0.1447 0. 14 I 9 

0.2921 O. 1712 0.1666 

0.3 I 77 01886 0.1859 
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Test 

Comments 

BEGIN TEST 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D39 

Designation: S54-4.5N6-2 

Date of Test: 10/3/97 

Concrete Strength: 4710 psi 

Concrete Weight: I~~ .O~ pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 58.10 kips 

Applied Load Per Stud: 1~ . 53 kips 

Concrete Slip at Failure: 

Pol. AT-I: 0.2692 in. 

POI. AB-2 : 0. 2~36 in. 

A\"g. S,de A: 0256~ Ill . 

Comments: 

A\"g.: 0.2136 in. 

10% Normal Load 
Test Operator. BCD 

Deck Type: 2" USD. 20 gao 

Stud Position: S 

Stud Size: 5/8 in. X 4 in. 

Stud Tensile Strength: 72.635 kSI 

POI. BT-3 : 0.1785 Ill . 

POI. BB-I : 0.1630 III 

0.1708 Ill . 

Stud Sheanng Failure of Both Studs on Side A 

90 

80 

70 

a. 60 

" :; so 
• 
~ .0 
• 
~ 30 

20 

AT-I 

Predicted 

Test 039 
S5-1-4 5N6-2 

o i-----~~--~r-----~~===+==~--+_----~ 
0 00 005 010 015 020 o ~5 0 J 

Sllp(ln.) 
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5/8" .4" STUDS 
(STANDARD) 

SIDE A 

6".36".36" SLAB 

PUSH-OUT TEST LAYO T & CRACKING SHEET 

• I 
. 1 

SIDE VIEW 

Test. 039 

Deslgnallon ' S54-45N6-2 

Date 10/3/97 

SIDE A 

-;- -. . 
. 1 

, , . 
: ' , 
, 

r : . 
.. . 

L.i "'-

TOP VIEW 

SIDE B 

SIDE A SURFACE SIDE B SURFACE 
-

r<Y- r:::::: 
~ ----

V 
STUDS REMAINE[ 

SlUO SHEARING AllACHED 10 lEE 
& WELD POROSI1Y ArTER rAILURE 

C? [0' 

SIDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

9.17 

14.38 

19.97 

24.94 

30.46 

34.74 

39.82 

0.06 

14.89 

31.53 

38.82 

43 .09 

44.60 

47.05 

49.37 

51 .63 

53 .83 

55 .90 

57.16 

57.60 

58 .10 

57.85 

57.35 

56.16 

55.09 

53 .08 

Pot. AT-1 

0.0000 

0.0046 

0.0046 

0.0119 

0.0192 

0.0275 

0.0412 

0.0604 

0.0604 

0.0641 

0.0668 

00705 

00751 

0.0778 

0.0852 

0.0897 

0.0971 

0.1108 

0.1254 

0.1364 

0.1483 

0.1666 

O. 1840 

0.2060 

0.2243 

0.2472 

0.2692 

Test D39 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0009 -0.0018 -0.0009 

-0.0009 -0.0018 -0.0018 

-0.0018 -0.0009 -0.0018 

-0.0018 -0.0018 -0.0018 

0.0092 -0.0009 -0.0018 

0.0174 -0.0009 -0.0018 

0.0385 -0.0009 -0.0009 

0.0494 0.0018 0.0027 NORMAL LOAD FELL RESTARTED 

0.0504 0.0018 0.0018 

0.0494 0.0018 0.0027 

0.0494 0.0018 0.0027 

0.0540 0.0027 0.0027 

0.0531 0.0018 0.0064 

0.0604 0.0018 0.0055 

0.0650 0.0055 0.0092 

0.0687 0.0092 0.0101 

0.0870 0.0137 0.0165 

0.0971 0.0275 0.0238 

0.1080 0.0348 0.0320 

0.1227 0.0467 0.0467 

0.1447 0.0650 0.0613 

O. I 602 0.0861 0.0787 

0.1813 0.1090 0.1007 

0.1996 0.1309 0.1190 

0.2216 0.1593 0.1447 

0.2436 0.1785 0.1630 BANG STUD SHEARING 
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PUSH-OUT TEST SUMMARY SHEET 

Test . D~O 

Designation: 2S5~-I . 5N6-2 

Dare of Test : 10/20/97 

Concrete Strength: ~71O psi 

Concrete Weight: I~Npcf 

Concrete Tlliekness: 6 in. 

MaXlIllum Applied Load: 58.80 kips 

Applied Load Pcr Stud: InOkips 

Concrete Slip at Failure: 

Pot. AT-I : 0.2771 in. 

Pot. AT-2: O.2H9 in. 

Avg. Side A: 0.2600 in. 

Comments: 

A\g.: 0.2393 III 

10% Normal Load 
Test Opcralor: BCD 

OcckType: 2" USD. 20 gao 

Stud Position: 2S 

Stud Size: 5/8 in. x 4 in. 

Stud Tensile Strength: 72.635 ksi 

Pot. BT-3: 0.1489 in. 

Pot BT-I. 0.2881 in. 

Avg Side B. 0.2 185 in 

Stud Shearing Failure of Both Studs on Side A? 

90 

80 

70 

s: 60 
:;; 
;' 50 
• 0 - 40 
• 
• 10 

'" 
20 

10 

0 

000 o Ol OtO o t l 

Slip (I n .) 

~36 

0 20 

Tes t DW 
2SS-I-4 5N6-2 

0 25 03 
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5/ 8" x4" STUDS 
(STANDARD) 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl: D40 

Designation: 2S54 - 45NS-2 

Dale: 10/ 20/ 97 

• 

"l! r,-
: : . , , . : ~ , 

: 
SIDE A i~ I 

~ 'f.0 1 
s SIDE B 

6" x3S" x3S" SLAB 

SIDE VIEW 

SIDE A SURFACE 

~ 
~ 

~ STUD SHEARING 

SIDE A BOTTOM 
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1. :. .. , . 
~ 

, , 
:..:..... 

TOP VIEW 

SIDE B SURFACE 
-

~ 
00 

SIDE B BOTTOM 

STUDS REMAIN ED 
AITACHED TO TEE 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

9.80 0.0037 

15.30 0.0073 

1970 0.0098 

24 .00 0.0122 

2980 0.0159 

3440 0.0208 

3840 0.0281 

41.60 0.0330 

46.60 0.0420 

49.10 0.0488 

52.50 0.0708 

55.00 0.0940 

56.00 0.1038 

57.00 0.1147 

57.70 0.1288 

58.00 0.1416 

58.20 0.1550 

58.40 0.1672 

58.40 0.1782 

58 .40 0.1898 

58.80 0.1996 

58.80 0.2118 

58.40 0.2301 

50.30 0.2557 

4910 0.2771 

Test 040 Data 

Slips (in.) 

Pot.AT-2 Pot. ST-3 Pot. ST-4 

0.0000 0.0000 0.0000 

0.0012 0.0000 0.0024 

0.0012 0.0000 0.0024 

0.0012 0.0000 0.0024 

0.0012 0.0000 0.0024 

0.0012 0.0000 0.0024 

0.0012 0.0000 0.0024 

0.0006 0.0000 0.0006 

0.0031 0.0000 0.0037 

0.0098 0.0000 0.0122 

0.0140 0.0000 0.0189 

0.0220 0.0000 0.0427 

0.0366 0.0000 0.0690 

0.0464 0.0000 0.0806 

0.0568 0.0006 0.0922 

0.0732 0.0006 0.1062 

0.0885 0.0006 0.1202 

0.1050 0.0006 0.1355 

0.1215 0.0006 0.1489 

0.1398 0.0006 0.1624 

0.1520 0.0183 0.1733 

0.1611 0.0305 0.1843 

0.1746 0.0439 0.1978 

0.1910 0.0641 0.2167 

0.2216 0.1245 0.2643 

0.2429 0.1489 0.2881 
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Test 

Comments 

BEOlNTEST 

1/4- DECKICONC. SEPARATION - A 

S/I" DECK/CONC. SEPARATION· A 

TIlL'D 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D41 Deck Type: 2" USD, 20 gao 

Designation: 2S54-4.5N6-2 

Date orTest : 10/24/97 

Concrete Strength: 4710 psi Stud Position: 2S 

Concrete Weight: 144.04 per Stud Size: 5/8 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 72.635 ksi 

Maximum Applied Load: 67.80 kips 

Applied Load Per Stud: 16.95 kips 

Concrete Slip at Failure: 

Pot . AT-I : 0 1666 in. Pot. BT-3 : 0.2081 in 

Pot.AT-2: 0.1837 in. Pot. BT-4: 02014 in. 

Avg. Side A: 0.1752 in. Avg. Side B: 0.2048 In. 

Avg .. O. I900tn 

Comments: 10% Normal Load 
Test Operator: BCD 
Stud Shcanng Failure? 

90 

80 

70 

is. 60 

" ;- SO 
• 
~ 

40 AT -I 
~ 
" JO AT-2 

"" 
10 Test D41 

25>1-1 5N6-2 
10 

0 

000 005 010 o 15 020 01 

Slip (In.) 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl: 041 

Designalion: 2S54 - 45N6- 2 

10/24/ 97 

5/ ff' x4" STUDS 
(STANDARD) 

SIDE A 

Dale: 

SIDE VIEW 

SIDE A SURFACE 

00 

SIDE A BOTTOM 

SIDE A 

NO OBSERVATIONS 
NADE 
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TOP VIEW 

SIDE B SURFACE 

00 

SIDE B BOTTOM 
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Axial Load 

(laos) 

0.00 

9.70 

14.10 

19.30 

24.10 

29.00 

33.80 

38.40 

42.80 

0.00 

10.30 

18.80 

29.00 

40.10 

44.20 

48.90 

53 .10 

57.20 

58.70 

59.90 

61.10 

62.10 

62.70 

6340 

64 70 

6680 

66.00 

6680 

67.30 

Pot. AT-l 

0.0000 

0.0000 

0.0006 

0.0012 

0.0012 

0.0031 

0.0031 

0.0055 

0.0075 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0024 

0.0067 

0.0134 

0.0238 

0.0269 

0.0311 

0.0372 

0.0439 

0.0519 

0.0641 

0.0732 

0.0787 

0.0958 

0.1129 

0.1282 

Test D41 Data 

Slips (in.) Test 

Pot. AT-2 Pot. ST-3 Pot. ST-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0000 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0006 0.0000 0.0000 

0.0012 0.0000 0.0024 

0.0018 0.0000 0.0037 

0.0024 0.0000 0.0061 

0.0037 0.0043 0.0098 

0.0055 0.0067 0.0134 SYSTEM CRASHED RESTARTED TEST 

0.0000 0.0000 0.0000 

0.0037 0.0000 0.0000 

0.0049 0.0000 0.0000 

0.0055 0.0000 0.0000 

0.0061 0.0000 0.0018 

0.0085 0.0037 0.0024 

0.0146 0.0067 0.0061 

0.0208 0.0134 0.0128 

0.0311 0.0244 0.0275 

0.0360 0.0311 0.0330 

0.0409 0.0366 0.0372 

0.0464 0.0525 0.0525 

0.0531 0.0586 0.0610 

0.0610 0.0712 0.0708 1111" DECK/CONC. SEPARATION · A 

0.0739 0.0854 0.0836 

0.0830 0.0964 0.0940 I'." DECKICONC SEPARATION · A 

0.0891 0.1025 0.0995 

0.1068 0.1233 0.1184 TRANSVERSE CRACK. MID SIDE A 

0.1239 0.1410 0.1349 

0.1410 0.1587 0.1538 
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Axial Load 

(kips) Pot. AT-I 

67.80 0.1416 

67.70 0.1526 

67.70 0.1648 

62.70 0.1666 

42.80 0.1245 

Test D41 Data 

Slips (in.) 

Pot. AT-2 Pot. BT-3 Pot. BT-4 

0.1550 0.1746 0.1691 

0.1685 0.1868 0.1813 

0.1794 0.2014 0.1935 

0.1837 0.2081 0.2014 

0.1044 0.2295 0.2167 
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Test 

Comments 

112" DECK/CONC. SEPARATION 

NORMAL LOAD RELEASED 

THUD SPECIMEN ROTATED 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D42 

Designation: 2S54-4.5N6-2 

Dale of Tesl : 10/24/97 

Concrele Strength: 4710 psi 

Concrele Weight: 144.04 per 

Conerele Thickness: 6 in. 

Maximum Applied Load: 69.70 kips 

Applied Load Per Slud: I 7A3 kips 

Concrete Slip at Failure: 

Po\. AT-I : 0.3271 in. 

POI . AT-2 : 0.3436 in. 

Avg. Side A: 0.3354 in. 

Avg.: 0.2826 in. 

Comments: 10% Nonna1 Load 
Test Opera lor: BCD 

90 

80 

• 
" JO -.: 

20 

10 

Slud Shearing Failure on Side B 

Deck Type: 2" USD, 20 gao 

Slud Position: 2S 

&~S~: ~8 in . x4i~ 

Slud Tensile Strength: 72.635 ksi 

Po\. BT-3 : 

Po\. BT-I : 

Mg. Side B: 

~AT·I 

-O--AT-2 

-+-BT-J 

-o-BT-4 

-.- Predicted 

0.1501 in. 

0.3094 in 

0.2298 in. 

TeS1042 
2S54-4 5N6-2 

O ~----r-----~--~----~====~~---+----~ 
0.00 005 o 10 o 15 0.20 0.25 o JO OJ 

SII p (In.) 
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5/8"x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Test. D42 

Designalion: 2S54 - 4 5N6- 2 

Dale 10/24/ 97 

r-;! :;-
, : . . : 

i .~. 
" A" 

SIDE A 

. : , 
I~ k I, ~. .. 

1:. 

t SIDE B 

SIDE VIEW 

SIDE A SURFACE 
-

./ 
00 

SIDE A BOTTOM 

STUDS REMAlN(O 
mACHED TO TEE 
AFTER FAILURE 
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1 
I!...l. .L. 

TOP VIEW 

SIDE B SURFACE 

STUD SHEARING 

SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

9.90 

14.90 

19.60 

23 10 

28 30 

33 40 

38.30 

42.60 

47.20 

52.00 

52.90 

57.40 

59.70 

6 1.30 

62.70 

63 .70 

64.40 

65 .70 

66.80 

67.60 

68.30 

69.10 

69.60 

69.70 

68.70 

57.50 

5460 

Pot. AT-I 

0.0000 

0.0018 

0.0031 

0.0043 

0.0067 

0.0098 

0.0165 

0.0275 

0.0360 

0.0519 

0.0696 

0.0769 

0.0842 

0.0989 

0.1147 

0.1227 

0.1373 

0.1465 

0.1593 

0.1697 

0.1843 

0.1947 

0.2124 

0.2246 

0.2423 

0.2612 

0.2930 

0.3271 

Test D42 Data 

Slips (in.) Test 

Pot.AT-2 Pot. BT-3 Pot. BT-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0037 0.0000 0.0000 

0.0049 0.0000 0.0018 

0.0067 0.0000 0.0031 

0.0098 0.0000 0.0037 

0.0134 0.0000 0.0061 

0.0214 0.0000 0.0079 

0.0323 0.0000 0.0140 

0.0433 0.0000 0.0171 

0.0616 0.0000 0.0226 

0.0806 0.0000 Om05 pop TRANSVERSE CRACK SIDE A 

0.0909 0.0000 0.0409 

0.0964 0.0000 0.0476 

0.1105 0.0000 0.0623 

0.1263 0.0000 0.0757 1/4" DECKICONC. SEPARATIO)l - A 

0.1343 0.0000 0.0842 

0.1495 0.0000 0.0983 3/8" DECKICONC. SEPARATION - A 

0.1593 0.0000 0.1062 

0.1721 0.0000 0.1190 

0.1837 0.0000 0.1300 5/8" DECKICONC. SEPARATIO~ - A 

0.1978 0.0000 0.1440 

0.2087 0.0000 0.1556 

0.2277 0.0061 0.1746 

0.2393 0.0171 0.1862 

0.2570 0.0348 0.2015 

0.2771 0.0519 0.2234 LOAD DROPPED 1<0 NOISES 

0.3094 0.1215 0.2826 

0.3436 0.150 I 0.3094 TIIt'D 
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PUSH-OUT TEST SUMMARY SHEET 

Test" D~3 Deek Type: 2" USD. 20 gao 

Designation: W5~4.5N6-2 

Date of Test: 12123197 

Concrete Strength: ~710psi Stud Position: W 

Concrete Weight : I~~ .O~ pef Stud Size: 5/8 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 72.635 ksi 

Maximum Applied Load: 36.49 kips 

Applied Load Per Stud. 9.12 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0 .685~ in. 

Pot. AB-2 : 0.70H in. 

A\'g. S.de A 0.6952 in. 

Comll1cl1ls: 

Avg.: 0 .6~06 III 

10% Nonnal Load 
TeslOperalor: BCD 

Pot BT-3: 0.5708 in. 

Pot. BB-4: 0 .601~ in. 

Avg Side B: 0.5861 Ill. 

Siud Shcanng Failure of Top Siud on Side A and BOllom Stud on Side B 
Weld Porosit)' on Remallling Studs 

90 

80 

70 

i 60 

'" :; SO 
• 
.5 40 
.!! 
• ,0 ., 

20 

.0 

0 
000 010 020 030 
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____ AT-I 

--<>-AB-2 

-+-DT-3 

-0-- DB-4 

-6- Predlcfed 

040 o lO 

SII P ('n.) 

Tesl ~3 
W 5-l-4 5N6-2 

060 070 
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5/ S' x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl 1143 

Deslgn,Lton: '1154 - 1 5NS- 2 

D'le 12/ 23/ 97 

• 

SIDE B 
. , , 

r;-, 
:. , , 

SIDE A SIDE B 

s" x3S" .36" SlAB 

SIDE VIEW 

SIDE A SURFACE 

~ STUD SHEARING 
,.,--

~ WELD POROSITY 

n--

SIDE A BOTTOM 
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. , , 
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..:l 

TOP VIEW 

] 

SIDE B SURFACE 

---. 
I-

,.,--
I-

-,;--

SIDE B BOTTOM 

) 
I 

WELD POROSITY 

STUD SHEARING 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.80 0.0048 

16.39 0.0075 

006 0.0042 

9.36 0.0099 

1646 0.0123 

2016 0.0126 

2450 0.0 I 56 

28 .52 0.0214 

31.78 0.0295 

33 .17 0.0368 

34.30 0.0579 

34.92 0.0751 

35. 11 0.0950 

35 .05 0.1168 

34.42 0.1403 

34 .36 0.1604 

33 .79 0.1897 

3329 0.2274 

33 .35 0.2500 

32.41 0.2831 

32.35 0.3122 

324 1 0.3401 

32.54 0.3860 

32 29 0.4155 

32 41 0.4505 

32 73 0.4835 

32.98 0.5 I 59 

33.42 0.5410 

Test D43 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0123 0.0075 0.0055 

0.0154 0.0092 0.0075 

0.0086 0.0044 0.005 I 

0.0190 0.0101 0.0101 

0.0203 0.0114 0.0108 

0.0220 0.0119 0.0125 

0.0240 0.0130 0.0145 

0.0271 0.0161 0.0190 

0.0337 0.0201 0.025 I 

0.0399 0.0245 0.0319 

0.0568 0.0372 0.0502 

0.0734 0.0505 0.0659 

0.0945 0.0665 0.0835 

0.1167 0.0841 0.1037 

0.1410 0.1026 0.1249 

0.1595 0.1165 0.1427 

0.1892 0.1406 0.1676 

0.2271 0.1692 0.1991 

0.2513 0.1883 0.2185 

0.2873 0.2161 0.2474 

0.3181 0.2392 0.2712 

0.3496 0.2628 0.2969 

0.4000 0.3033 0.3364 

0.4307 0.3278 0.3604 

0.4673 0.3597 0.3921 

0.5010 0.3884 0.4206 

0.5347 0.4177 0.4507 

0.5606 0.4401 0.4730 
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Test 

Comments 

BEGIN TEST 

LOAD CELL MALFUNCTION. 

RESTARTED TEST 
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Axial Load 

(kips) 

33 .67 

34.67 

35 .74 

36.49 

Pot. AT-I 

0.5631 

0.6094 

0.6571 

0.6854 

Test D43 Data 

Slips (in) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.5825 0.4600 0.4922 

0.6311 0.5042 0.5336 

0.6768 0.5455 0.5758 

0.7049 0.5708 0.6014 BANG. BANG. BANG BA.'1G 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D44 Deck Type: 2" USD, 20 gao 

Designation: W54-4.5N6-2 

Date of Test: 12/30/97 

Concrete Strength: 4710 psi Stud Position: W 

Concrete Weight: 144.04 per Stud Size: 5/8 in. x 4 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 72.635 ksi 

Maximum Applied Load: 44.54 kips 

Applied Load Per Stud: Il.l~ kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.8131 in. Pot. BT-3: 0.6763 in. 

Pot. AB-2 : 0.6721 in. Po\. BB-4: 0.7539 in. 

Avg. Side A: 0.7426 in. Avg. Side B. 0.7151 in. 

Avg.: 0.7289 in. 

Comments: 

90 

80 

70 

i 60 
:;0 
~ SO 
• 
.5 40 

~ .!! 
.; 30 

20 

10 

0 

000 

10% Normal Load 
Test Operator: BCD 
Stud Sheanng & Stud Rupture of Both Studs on Side A and Bottom Stud on SIde B 
Weld Porosity on Bottom Stud on Side B 

0 .10 020 

I---AT-I 

-<>- AB-2 

I--BT-J 
~BB-4 

-.- Predlcled 

0.30 040 o SO 

Slip (In.) 
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060 0 .70 

Test D44 
W54-45N6-2 

0 80 0.9 
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PUSH-OUT TEST LAYOUT & CRACKING SHEET 

5/8" x4' STUDS 
(STANDARD) 

SIDE A 

Test. 044 

Deslgnallon- W54 - 4.5N6 -2 

Dale 12/30/97 

SIDE B i T 
1 , 

. , , 
SIDE A 

, 
SIDE B 

6" x36" x36' SlJ.B 

IDE VIEW 

SIDE A S RFACE 

n.. 

~ I>- STUD SH[ARING 
&: STUD RUPTURE 

0"'"' 

I 

SIDE A BOTTOM 

251 

:. 
, 

" • Ll -'--

TOP VIEW 

SIDE B S RFACE 
r-

---In-V 

----o-V-

SIDE B BOTTOM 

C N"AI. rAL ~ 

hOt' rOff lQ1 u'f 
~ 

STUD ~H[A· '. 
'hElD ;. -''y 
~ 

, 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

9.48 0.0103 

16.46 0.0147 

20.10 0.0170 

24.37 0.0236 

29.15 0.0341 

34. 11 0.0482 

32.10 0.0482 

35 .87 0.0601 

36.56 0.0745 

37.25 0.0863 

38.13 0.0978 

38.19 0.1159 

38.19 0.1293 

38.32 0.1434 

38.57 0.1586 

3800 0.1811 

38 \3 0.2055 

37.81 0.2278 

36.37 0.2534 

36.31 0.2789 

3675 0.2990 

36.06 0.3274 

3580 0.3522 

36.06 0.3862 

3668 0.4148 

3693 0.4450 

38.00 0.4811 

39.32 0.5142 

Test 044 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0070 0.0004 -0.0029 

0.0103 0.0005 -0.0026 

0.0\32 0.0009 -0.0026 

0.0181 0.0053 0.0070 

0.0271 0.0130 0.0071 

0.0388 0.0225 0.0071 

0.0392 0.0227 0.0071 

0.0480 0.0291 0.0081 

0.0601 0.0394 0.0201 

0.0700 0.0498 0.0297 

0.0797 0.0577 0.0399 

0.0930 0.0711 0.0548 

0.1042 0.0819 0.0672 

0.1163 0.0956 0.0842 

0.1293 0.1099 0.0980 

0.1478 0.1302 0.1227 

0.1672 0.1498 0.1469 

0.1868 0.1687 0.1703 

0.2073 0.1941 0.2049 

0.2285 0.2161 0.2318 

0.2456 0.2362 0.2538 

0.2692 0.2637 0.2882 

0.2895 0.2875 0.3157 

0.3179 0.3207 0.3540 

0.3423 0.3476 0.3849 

0.3664 0.3728 0.4148 

0.3972 0.4056 0.4477 

0.4239 0.4342 0.4818 
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Test 

Comments 

BEGIN TEST 

BANG 
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Axial Load 

(kips) 

40.52 

41.71 

42.78 

43 .91 

44.54 

44.10 

Pot. AT-1 

0.5600 

0.6001 

0.6397 

0.6748 

0.7133 

0.8131 

Test 044 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.4624 0.4725 0.5250 

0.4952 0.5049 0.5615 

0.5276 0.5355 0.5996 

0.5576 0.5651 0.6294 

0.5908 0.5952 0.6629 

0.6721 0.6763 0.7539 BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 045 

Designation: W54-4.5N6-2 

Date of Test: 12130/97 

Concrete Strength: 4710 psi 

Concrete Weight: 144.04 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 44 .28 kips 

Applied Load Per Stud: 11 .07 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.5911 in. 

Pot. AB-2: 0.5150 in. 

Avg. Side A: 0.5531 in. 

Avg.: 0.5692 in. 

Comments: 10% Normal Load 
Tesl Operator: BCD 

Deck Type: 2" USD, 20 ga 

Stud Position: W 

Stud Size: 5/8 in. x 4 in. 

Stud Tensile Strength: 72.635 ksi 

Pot. BT-3: 0.5794 in. 

Pot. BB-4 : 0.59 13 in. 

Avg. Side B: 0.5854 in. 

Stud Shearing & Stud Rupture Failure of Bottom Stud on Side B? 

90 

80 ~ I-4- AT- 1 

70 -<>- AB-2 

i 60 -+- BT·3 

:i -<>- BB-4 
:; lO 
• --...- Predicted .s 40 ~ ~--=-~ • -;; 

30 y -< 
20 TeSI 045 

W54-45~2 
10 

0 

000 o 10 0.20 0.30 0 40 010 060 

SUp (In .) 
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PUSH-O T TEST LAYO T & CRACKING SHEET 

Test. 045 

DeSign. lIon ' 1I54 - 4 5N6-? 

Dale. 12/30/ 97 

5 8" x.; STUDS 
w rANOARO) 

'IDE A SIDE B 

IDE 

6' ,36" x36" SLAB 

SIDE VIEW 

SIDE A S RFACE 
r-

Io. --~ 
0- V 

SIDE A BOTTOM 

~ 
SlUOS RE t.lAINED 
ATIA(.HEO TO TEE 
AnER fAILURE 
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--r r;-

1 , . , : . 
A 

, 
SIDE B 

'. , ' 

. : 

. ' 
L....!. L.:.... 

TOP VIE\\' 

I 

....2J 

SIDE B S RFACE 
r-

STUD PE"A .to 
~ 

10-Ie"" 

AlTA"HEO ' l[E 
AnER rA.lIRE 

,.....-f-

10-
STUD SHEA .. 
& S' uD RUPTURE 

IDE B BOTTOM 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

11 .68 0.0064 

17.96 0.0099 

23 .30 0.0145 

25.69 0.0172 

30.21 0.0240 

34.17 0.0348 

36.87 0.0509 

37.94 0.0700 

38.88 0.0934 

39. \3 0.1170 

39.51 0.1452 

39.70 0.1785 

39. \3 0.2110 

39.01 0.2421 

39.57 0.2756 

3982 0.3111 

40.64 0.3450 

41.46 0.3824 

42.15 0.3935 

42.15 0.4258 

42.96 0.4602 

43 .66 0.4992 

44.28 0.5455 

34 .61 0.5911 

Test 045 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0002 0.0007 0.0057 

0.00\3 0.0035 0.0090 

0.0059 0.0068 0.0121 

0.0082 0.0090 0.0\37 

0.0\36 0.0\39 0.0200 

0.0222 0.0211 0.0289 

0.0372 0.0335 0.0414 

0.0535 0.0461 0.0546 

0.0745 0.0665 0.0729 

0.0928 0.0864 0.0921 

0.1185 0.1 150 0.1165 

0.1476 0.1450 0.1478 

o. I 751 0.1758 o. I 795 

0.2044 0.2064 0.2102 

0.2333 0.2393 0.2430 

0.2643 0.2752 0.2760 

0.2945 0.3029 0.3084 

0.3271 0.3373 0.3445 

0.3368 0.3483 0.3553 

0.3655 0.3767 0.3842 

0.3961 0.4 I I I 0.4166 

0.4311 0.4448 0.4553 

0.4734 0.490 I 0.5036 

0.5150 0.5794 0.59\3 
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Test 

Comments 

BEGIN TEST 

NORM Al. LOAD DROPPED TO s·. 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test : 046 Deck Type: 2" USD. 20 gao 

Designation: S34-1N6-2 

Date of Test: 12130/97 

Concrete Strength: 3930 psi Stud Position: S 

Concrete Weight: 146.45 pef Stud SIlC:: 3/8 in x 4 m. 

Concrete Thickness: 6 In. Stud Tensile Strength· 79192 ksl 

MaxlInum Applied Load' 23.56 kips 

Applied Load Per Stud: 5.89 kips 

Concrete Slip at Failure: 

POl. AT-I : 0.1460 m 

Pot. AB-2 : 0.1416 in. 

A \'g. Side A: 01438111 

Avg.. 0 1220 in. 

Comments: 10% Nonnal Lo.1d 
Test Operator BCD 

Pot BT-3: 

Pot. BB-4: 

Avg. SIde B. 

Stud Sheanng FaIlure of Both Studs on Side A 
Weld Failure on Side B 

30 

25 

i 20 

." 3 I S 

• 
~ 10 

5 

AT-I 

-<>-AB-2 

OT -3 

Predicted 

01016m 

0.0987 In 

0.1002 In 

o ~---+----+---~----~~~====~----~--~ 
000 002 004 006 008 o 10 0 12 o '4 0 1 

Slip (In.) 

257 



3/ 8' x4' STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl: P46 

Deslgnallon: _S""3,,,4-:.:l4ll.1N6c- .... 2_ 

Dale 12/30/ 97 

• 
1 
: . : 

SIDE A 
, 
, 
' . 

SIDE B 

6" x36' x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

----
V'" STUD SHEARING 

v 

SIDE A BOTTOM 
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. , 
Ll 

j , . 
TOP VIEW 

SIDE B SURFACE 
..-

1 0 . r-

1 0 . r-

SIDE B BOTTOM 

WElD rAJLURE 

STUD RE~A1~ED 
AITACHED TO TEE 
AFTER FAILURE 
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Axial Load 

(kips) 

0.00 

11 .37 

16.02 

20.23 

23 .56 

20.35 

Pot. AT-I 

0.0000 

0.0095 

0.0216 

0.0460 

0.0919 

0.1460 

Test D46 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGlNTEST 

0.0095 -0.0007 0.0000 

0.0203 0.0013 0.0035 

0.0430 0.0\04 0.0125 

0.0857 0.0379 0.0418 pop 

0.1416 0.1016 0.0987 BANG. 
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PUSH-OUT TEST SUMMARY SHEET 

Te I' DH Deck Type: 2" USD, 20 gao 

Designation: S34-4N6-2 

Date of Test: 12/31197 

Concrele Strength: 3930 psi Siud Position: S 

Concrele Weight: 1~6 . 45 per Siud Size: 3/8 in. " 4 in. 

Concrele Thickness: 6 m. Siud Tensile Sirength: 79. 192 ksi 

MaXimum Applied Load. 2070 kips 

Applied Lo.1d Pcr Slud: 5.18 kips 

Concrele Slip al Failure 

POI AT-I ' 0.0330 in POI BT-3 : 

PoI. AB-2 : 0.0791 10 POI. BB-4: 

A \'g. Side A: 0.0561 In A\'g. Side B: 

A\'g.: 0 . O~51 In 

Coml1lents: 

30 

25 

s: 20 
:;; 

'" • II • 
• - 10 

'" 
5 

0 
000 

10% Nonnal Lo.1d 
TeslOpcralOr. BCD 
Siud Shearing Failure of BOlh Siuds on Side A 

00 1 002 003 004 005 

Slip (In.) 
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_____ AT_I 

~AB-2 

-+- lll-3 

-<>-B9-4 

......- Predlch:d 

006 

0 .023~ in 

0 .0~49 m. 

0.0342 in. 

TCSI D47 
S34-4N6-2 

007 008 00 
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PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

3/1i x4" STUDS 
(STANDARD) 

SIDE A 

6" x3S" x36" Sl.A.8 

SIDE VIEW 

Tesl. 047 

Deslgnalion: S34-4NS-2 

Date 12/31/ 97 

SIDE 

SIDE A SURFACE 

----
l-? STUD SHEARI G 

--0-

SIDE A BOTTOM 
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r- r,-. :" 1 • , .. . , j • 
A 

, 
SIDE B : 

:- : . 
: : . , 

i 
~ l!.-

TOP VIEW 

SIDE B SURFACE 
..-

1 0 . 1'---
~ 

u-

SIDE B BOTTOM 

STUDS R UA'tD 
ATIACH[O TO I[r 
An[R f AllURt 
(ho~ rom fa uft'" 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

9.23 0.0000 

13 .32 0.0004 

16.46 0.0059 

20.70 0.0330 

Test D47 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0070 0.0002 0.0020 

0.0167 0.0011 0.0062 

0.0342 0.0044 0.0132 

0.0791 0.0234 0.0449 
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Test 

Comments 

BEGIN TEST 

BANG. 
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PUSH-OUT TEST SUMMARY SHEET 

Test" D48 Deck Type: 2" USD. 20 gao 

Designation: S34-4N6-2 

Date of Test : 12/3 1/97 

Concrete Strength: 3930 psi Stud Position: S 

Concrete Weight : 146.45 pef Stud Size: 3/8 in. x 4 in. 

Concrete Thickness: 6 in. 

Maximum Applied Load: 21.42 kips 

Apphed Load Per Stud: 5.36 kips 

Concrete Slip at Failure: 

Pol. AT-I : 0.1630 in. 

Pal. AB-2 : 0. 1546 in. 

Avg. Side A: 0.1588 in. 

A\'g: 0.1496 in. 

Comments: 10% Nonnal Load 
Test Operator: BCD 

Stud Tensile Strength: 79.192 ksi 

Pal. BT-3: 0.1403 111 

Pal. BB-I : 0. 1406 111 

A \'g. Side B: 0.1405 III 

Stud Sheanng Failure of Both Studs on Side A and BOllom Stud on Side B 
Weld Failure of Top Stud on Side B 

30 

21 

is. 20 
:;; 
~ 

." 

.5 15 

~ 
" 10 .. 

1 

Test D48 
S14-1N6-2 

o ~--~---+--~----+---~===i==--~--+---~ 
000 002 0 16 0 1 

Slip (In .) 
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PUSH-OUT TEST LAYOUT & CRACK! G SHEET 

3/ ff x4" STUDS 
(STANDARD) 

Test: 048 

Designation: S34 - 4NS- 2 

Date 12/ 31 / 97 

SIDE A 

SIDE VIEW 

SIDE A SURFACE 

........- ---0-

........- ---0-

SIDE A BOTTOM 

SIDE 

STUD SHEARING 

STUD SHEARING? 
(weld pull-oul) 
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r;- c;-, , • l" ~ 
, . , .. 

A SIDE B .. , , , ; . ' 
d -'---

TOP VIEW 

SIDE B SURFACE 

~ 
o· 

~ 
0-' 

SIDE B BOTTOM 

WELD r AlLURE 

STUD SHEARING 
(undercut weld) 
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Axial Load 

(kips) 

0.00 

9.30 

13 .82 

17.53 

20.10 

21.42 

20.54 

Pot. AT-I 

0.0000 

-0.0011 

0.0073 

0.0258 

0.0516 

0.1011 

0.1630 

Test 048 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGlNTEST 

0.0033 -0.0049 0.0051 

0.0114 -0.0005 0.0099 

0.0258 0.0137 0.0229 

0.0474 0.0379 0.0443 

0.0905 0.0874 0.0877 

0.1546 0.1403 0.1406 BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test" D49 Deck Type: 2" USD, 20 gao 

Designation: S74-1N6-2 

Date or Test : 12/31 /97 

Concrete Strength: 3930 psi Stud Position: S 

Concrete Weight: 146.45 pef Stud Size: 7/8 in. x 4 in. 

Conerele Thickness: 6 in. Stud Tensile Strength : 64.451 ksi 

M:I\II1IUI1l Applied Load: 75.69 kips 

Applied Load Per Stud: 18.92 kips 

Concrete Slip at Failure: 

Pot AT-I : 0 .8761 in. Pot. BT-3 · 0 .8473 in. 

Pot. AB-2 : 0.8235 in. Pot. BB-I : 0.8525 in. 

Avg. Side A: 0.8498 in. Avg. Side B: 0.8499 in. 

A,-g.: 0 .8499 in 

Comlllents: 

160 

140 

110 

i 
~ 100 

~ 
• 80 oS 
.! 60 
• 
~ 

40 

20 

0 

000 

10% Nonnal Lo.1d 
Test Operator: BCD 
Weld Porosity of All Studs 

o 10 0 20 o JO 0 40 050 

SII P (In .) 
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~AT- I 

-<>- AB-2 
__ ST-) 

-o-BB-4 

--.- Prcdlcled 

Tes t 1).19 

S74-4N6-2 

060 0 70 0 80 0 9 
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7/ff x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

TesL 049 

Designalion: S71-4N6-2 

Dale 12/31/97 

" 'T" , 

SIDE B SIDE A 

• 

i" 1 . 
I , , :. : . 
, , , 

i . : 
d '-'-

SIDE VIEW TOP VIEW 

SIDE A SURFACE SIDE B SURFACE 

~ WELD POROSITY I 
f--7U".,.,....,,==---I 

v ___ 

.....-~ 
0-

WELD POROSITY 

SIDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kips) Pot. AT-J 

0.00 0.0000 

9.17 -0.0004 

17.40 0.0071 

21.98 0.0075 

27.14 0.0075 

30.46 0.0073 

34.30 0.0071 

39.45 0.0071 

44.35 0.0075 

49.12 0.0071 

53 .39 0.0128 

56.90 0.0130 

59.61 0.0128 

62.44 0.0249 

67.34 0.0295 

71.17 0.0436 

74.18 0.0553 

75 .69 0.0846 

75 .25 0.1033 

75 .00 0.1333 

73 .62 0.1582 

72.40 0.1967 

72.20 0.2203 

71.55 0.2604 

70.80 0.2945 

68.09 0.3397 

67.09 0.3853 

66.33 0.4228 

6501 0.4617 

Test D49 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0018 0.0013 -0.0002 

0.0029 0.0024 0.0079 

0.0042 0.0031 0.0077 

0.0057 0.0044 0.0071 

0.0070 0.0049 0.0073 

0.0084 0.0059 0.0075 

0.0115 0.0062 0.0075 

0.0141 0.0088 0.0073 

0.0174 0.0104 0.0077 

0.0201 0.0123 0.0084 

0.0245 0.0147 0.0088 

0.0253 0.0150 0.0086 

0.0317 0.0185 0.0090 

0.0421 0.0236 0.0170 

0.0555 0.0344 0.0262 

0.0698 0.0463 0.0379 

0.0978 0.0767 0.0674 

0.1150 0.0956 0.0848 

0.1390 0.1188 0.1084 

0.1623 0.1427 0.1313 

0.1970 0.1773 0.1639 

0.2212 0.2062 0.1886 

0.2549 0.2456 0.2249 

0.2881 0.2848 0.2630 

0.3278 0.3260 0.3033 

0.3666 0.3635 0.3428 

0.4020 0.3996 0.3783 

0.4402 0.4413 04168 
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Test 

Comments 

BEGlN TEST 
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Axial Load 

(kips) 

63 . \3 

61.87 

60.49 

59.42 

56.60 

51.01 

44.80 

29.90 

Pot. AT-1 

0.5036 

0.5474 

0.5873 

0.6309 

0.6812 

0.7316 

0.7926 

0.8761 

Test D49 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.4800 0.4772 0.4525 

0.5204 0.5153 0.4928 

0.5571 0.5501 0.5287 

0.5948 0.5860 0.5677 111 6" DECK SEPARATION SIDE A 

0.6428 0.6318 0.6164 

0.6878 0.6911 0.6785 

0.7472 0.7490 0.7426 

0.8235 0.8473 0.8525 NO BANG 

269 



PUSH-OUT TEST SUMMARY SHEET 

Test: 050 

Designation: S7~-IN6-2 

Date of Test : 112/98 

Concrete Strength: 3930 psi 

Concrete Weight: 146,45 per 

Concrete Thickness: 6 in. 

Ma"lllum Applied Load: 38.H kips 

Applied Load Per Stud: 9.61 kips 

Concrete Slip at Failure: 

Pot AT-I : ON50 In. 

Pot. AB-2 : 0.0524 in. 

A vg. Side A: O.O~87 in. 

Avg.: 0.0275 In 

Comments: 

140 

120 

100 
~ 
:i 

KO 
-; 

" 60 
• -~ 40 

~ o 

0 

000 

10% Normal Load 
Test Operator. BCD 
Weld Failure of Top Stud on Side A 

001 002 00] 

Silp (I n .) 
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Deck Type: 2" USD, 20 gao 

Stud Position: S 

Stud Size: 7/8 in. x 4 in. 

Stud Tensile Strength: 64.451 ksi 

Pol. BT-3: 0.0037 in. 

Pot. BB-4: 0.0088 in . 

Avg. Side B: 0.0063 in. 

--- AT·I 

--<>-AB-2 
__ 9T·3 

-<>-9B-4 

-.- PredIcted 

0 04 o os 

Test 050 
574-4N6-2 

006 00 

I 
I 
I 
I 
I 
I 
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I 
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I I 
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I 
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7 I f!' x4" srUDS 
(srANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. D50 

Deslgnalion: S74 - 4N6- 2 

V.te 1/ 2/98 

SIDE A SIDE B 

6" x36" x36" SLAB WT6x 17 5 

SIDE VIEW 

SIDE A SURFACE 
.--

I~ 

---
p 

0 

SIDE A BOTTOM 

weld failure? 

STUOS REMAINED 
ATIACHED TO TEE 
AfTER FAILURE 

27 1 

;' 

TOP VIEW 

SIDE B SURFACE 
r-

IO t-. 
..--/ 

1° 

SIDE B BOTTOM 

STU~S REI.IA"ED I 
ATIACHED TO TE, 
AnER FA .. uRi' 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.24 0.0002 

15 .89 0.0000 

21.98 0.0022 

28.89 0.0051 

28.33 0.0049 

30.97 0.0066 

33.48 0.0117 

36.56 0.0256 

38.44 0.0450 

Test D50 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.0000 0.0000 0.0000 

0.0040 0.0016 0.0002 

0.0053 0.0024 0.0000 

0.0082 0.0024 -0.0002 

0.0150 0.0031 -0.0022 

0.0148 0.0033 -00024 

0.0172 0.0035 0.0090 

0.0220 0.0033 0.0090 

0.0350 0.0038 0.0090 

0.0524 0.0037 0.0088 
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Test 

Comments 

BEGIN TEST 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test 051 

DesIgnation: S7~-IN6-2 

Date orTest: 113/98 

ConcrCIC Slrength: 3930 psi 

Concrele WeIght: 146.45 per 

Concrele Thickness: 6 in. 

Ma\lll\ull\ Applied Load: 52.39 kips 

Applted Load Per Stud' 13.10 kips 

Concrele Slip at Failure. 

POI. AT-I : 0.639310 

POI. AB-2: 0.1829 in. 

Mg. Side A: 0.4 111 in. 

A,·g.: 0 ~297 in 

COll\ll\ents: 10% Nomlal Load 
TeslOperalor' BCD 

Deck Type: 2" USD. 20 ga 

Stud Position: S 

Stud Size: 7/8 in x 4 10. 

Stud Tensile Strength: ~A51 ksi 

Pol. BT-3 : o 1670 tn 

Pot BB-4 ' 0.729~ in. 

Avg SIde B' OA~82 tn . 

Weld Failure or Top Stud on Side A and Bonom Slud on SIde B 

160 

140 

I~O 

:5-
:x 100 

." • 80 ~ 

• 60 -~ 
40 

"0 

0 

000 o 10 020 030 040 

Sll p (In.) 
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AT-I 

-<>-AD-2 

DT·3 

Prcdfcfed 

o so 060 

TeS! 051 
S74-4N6-2 

070 



7/ff x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

• 
• 

Test. 051 

DeslgnalIon: S74-4N6-2 

Dale: 1/3/98 

r,-
l 

1 

r;--
• t· 
· · · . · · • 
, 
: SIDE B SIDE A 

6" x36" x36" SlJ.8 WT6x17 5 

SIDE VIEW 

SIDE A SURFACE 
-

~ 

---.-? 

,0-

SIDE A BOTTOM 

weld failure? 

STUDS REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 
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:. 
, . : i 

. ' ....!. .!.-

TOP VIEW 

SIDE B SURFACE 
-

u ----~ 
" 

'-....., 

SIDE B BOTTOM 

STUDS RE~AI~ED 
ATTACHED TO TEE 
ArTER FAILURE? 
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Axial Load 

(kiDS) 

0.00 

10. 11 

17.40 

20.67 

24.06 

29.71 

32.66 

34.30 

36.56 

37.88 

39.76 

42.71 

41.58 

41.39 

42.71 

44.79 

46.73 

47.05 

48 .68 

49.87 

49.56 

50.44 

51 .76 

52.07 

52.39 

51 .63 

52.01 

52.14 

46.73 

Pot. AT-1 

0.0000 

-0.0005 

-0.0002 

0.0101 

0.0097 

0.0101 

0.0103 

0.0103 

0.0103 

0.0273 

0.0954 

0.1099 

0.1188 

0.1340 

0.1591 

0.1835 

0.2176 

0.2342 

0.2564 

0.2875 

0.2831 

0.3338 

0.3776 

0.4020 

0.4437 

0.4708 

0.4983 

0.5404 

0.6393 

Test 051 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0004 0.0009 0.0000 

-0.0005 0.0018 0.0002 

-0.0005 0.0002 0.0015 

0.0004 -0.0002 0.0011 

0.0004 -0.0002 0.0011 

0.0049 0.0011 0.0000 

0.0057 0.0011 -0.0002 

0.0104 0.0011 0.0002 

0.0333 0.0071 0.0115 

0.0328 0.0108 0.0205 

0.0328 0.0101 0.0207 

0.0386 0.0013 0.0233 

0.0476 0.0211 0.0337 

0.0518 0.0198 0.1295 

0.0515 0.0209 0.1383 

0.0593 0.0306 0.2040 I 4- DECK SEPARATION SIDE A 

0.0604 0.0306 0.2062 

0.0667 0.0302 0.2287 

0.0733 0.0333 0.2533 

0.0754 0.0352 0.2855 

0.0919 0.0551 0.3487 lfll- DECK SEPARATION 

0.1069 0.0718 0.3842 

0.1146 0.0830 0.4133 LOAD NOT ClI'TERED 

0.1258 0.0945 0.4432 

0.1326 0.1046 04796 

0.1456 0.1212 0.5587 

o 1575 01315 0.6008 

0.1829 01670 07294 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 052 

Designation: W34-4N6-2 

Date of Test: In198 

Concrete Strength: 3930 psi 

Concrete Weight: 146.45 pef 

Concrete Thickness: 6 in. 

MaxImum Applied Load: 16.21 kips 

Applted Load Pcr Stud: 4.05 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.7221 in. 

Pot. AB-2 : 0.6604 in. 

Avg. Side A: 0.6913 in. 

Avg.: 0.6320 in. 

Comments: 10% Normal Load 
Test Operator: BCD 

Deck Type: 2" USD, 20 gao 

Stud Position: W 

Stud Size: 3/8 in. x 4 in. 

Stud Tensile Strength: 79.192 ksi 

Pot. BT-3: 0.5298 in. 

Pot. BB-4: 0.6 157 in. 

Avg. Side B: 0.5728 in. 

Stud Shearing Failure of Top Stud on Side A and Both Studs on Side B 
Weld Failure of Bottom Stud on Side A 

30 

21 

i 20 

~ ... • tl .3 
• 
• to 
" 

j 

0 

000 o. tO 0.20 0.30 0.40 

Slip (tn.) 
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_______ AT - 1 

-o-AB-2 

-+- BT -3 

-<>-B8-4 

-.- Predicted 

O.jO 0.60 

rest 052 
WJ.I-4N6-2 

0.10 

I 
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I 
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I 
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I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3/ B" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl D52 

DeSignation: W34 - 4N6- 2 

Dale 1/ 7/ 98 

SIDE B 

SIDE A 

SIDE VIEW 

r;­
j 
~ , . , 

;. , , , . , 
d 

'i :. 
, , , . 

TOP VIEW 

SIDE B 

SIDE A SURFACE SIDE B SURFACE 

~ 

<>-' 
~ 

0---

SIDE A BOTTOM 

STUD SHEARING 

WEill FAILURE 
. hght deck 
bulging 

STUD SHEARING I 0.. 

~ ----~ - 0---

SIDE B BOTIOM 
L--__________________________________________ ___ 
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Axial Load 

(kips) Pol. AT-1 

0.00 0.0000 

8.54 0.0238 

13.13 0.0527 

15.52 0.0925 

16.21 0.1245 

11.81 0.1956 

12.69 0.2685 

12.50 03141 

12.88 03655 

12.75 0.4106 

9.17 0.4593 

9. 11 0.5188 

9.23 0.5838 

9.42 0.6580 

9.55 0.7221 

Test D52 Data 

Slips (in.) 

Pol. AB-2 Pol. BT-3 Pol. BB-4 

0.0000 0.0000 0.0000 

0.0260 0.0026 0.0004 

0.0551 0.0064 0.0066 

0.0945 0.0293 0.0331 

0.1265 0.0551 0.0590 

0.1948 0.0980 0.1051 

0.2639 0.1513 0.1623 

03053 0.1807 0.1954 

0.3540 0.2221 0.2448 

0.3959 0.2624 0.2912 

0.4368 0.3197 03575 

0.4853 0.3663 0.4 135 

0.5415 0.4153 0.4752 

0.6043 0.4745 0.5476 

0.6604 0.5298 0.6157 
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Test 

Comments 

BEGIN TEST 

1116" DECK SEPARATION SIDE B 

POPPING. 

BANG. 

BANG. 
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PUSH-OUT TEST SUMMARY SHEET 

Test · 053 Deck Type: 2" USD. 20 ga. 

DesignatIOn: W34-1N6-2 

Dale of Tesl: 1/9/98 

Conerele Strength: 3930 psi SlUd Position: W 

Concrclc Weighl : 14645 pef Slud SiLC: 3/8 10 x 4 10. 

Concrete Thickness: 610 

MaXimum Applied Load: 18 15 kips 

Applied Load Per Slud' 4.54 kips 

Concrcle Slip at Failure: 

POI. AT-I : OAOOI in. 

POI. AB-2 : 0.2983 in. 

Avg. Side A. 0.3492 in 

Comments: 

Mg.' 0.3347 in 

10'l-. omlal Load 
Test Operator BCD 

SlUd Tensile Strength 79192 ksi 

POI. BT-3: 0.2767 in 

Pot BB-I: 0.3635 In 

A\'g. Side B 0.320 I 10 

Stud Shearing Failure of Top Stud on Side A and Top Stud on Side B 
Weld Failure of Boltom Stud on Side B? 

JO 

25 

i 20 

~ ... • IS .s 
~ 
" 10 ~ 

< 

0 

000 005 0 10 015 0 20 

Slip (In .) 
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0 25 o J O 

Test 0 53 
W:\.I-4 6-2 

o J 5 O. 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/8" .4" STUDS 
(STANDARD) 

SIDE A 

Tesl. 053 

Designation: W34 - 4NS-2 

Dale: 1/ 9/ 98 

SIDE B 
-;- -;-, 

• ( 1 , , , : 
SIDE B SIDE A 

, 
, , 

S" .3S" .3S" SLAB 

SIDE VIEW 

SIDE A SURFACE 
-

~ --fY 

--~ ,.,. --
SIDE A BOTTOM 

STUD SHEARING 

STUD REMAINED 
ATIACHED TO TEE 
AflER FAILURE 
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r , . , 
: : . : j 

.:L .!... 

TOP VIEW 

SIDE B SURFACE 

---~ 

---~ 

SIDE B BOTI'OM 

-' STUD SHEARING 

ROUGH SURFACE 
weld fa ilure?) -i 
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I 
I 
I 
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I 
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Axial Load 

(kiDS) 

0.00 

13 .07 

14.32 

15.95 

16.83 

17.78 

18.15 

17.96 

12.25 

12.31 

11.68 

Pot. AT-I 

0.0000 

0.0698 

0.0727 

0.0985 

0.1176 

0.1438 

0.1809 

0.2335 

0.2923 

0.3527 

0.400 I 

Test 053 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0513 0.0253 0.0342 

0.0537 0.0266 0.0359 

0.0764 0.0447 0.0588 

0.0908 0.0571 0.0764 

0.1121 0.0789 0.1005 

0.1408 0.1075 0.1386 

0.1817 0.1524 0.1943 BANG 

0.2201 0.1927 0.2502 

0.2654 0.2392 0.3119 

0.2983 0.2767 0.3635 BANG 
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PUSH-OUT TEST SUMMARy SHEET 

Test D54 Deck Type: 2" USD. 20 gao 

Designation: W34-4N6-2 

Date of Test: Int98 

Concrete Strength: 3930 psi Stud Position: W 

Concrete Weight: 14645 pef Stud Size: 3/8 in. x 4 in 

Concrete Thickness: 6 in. Stud Tensile Strength: 79 .192ksi 

MaxImum Applied Load: 1922 kips 

Applied Load Per Stud: 4.81 kips 

Concrete Slop at Failure: 

Pot. AT-I : o 3294 in. 

Pot. AB-2 . 0 3190 in 

Avg. Side A: 0.3242 in. 

Comments: 

A\'g 0.3103 in 

10% Normal Load 
Tesl Operalor: BCD 

Pot. BT-3 : 0.2970 in. 

Pot BB-4: 0.2956 in 

Mg. Side B. 0.2963 in. 

Siud SheMoog Failure of BOllom Siud on Side A and BOllom Siud on S,de B 
Weld FaIlure of Top Siud on SIde A? 

10 

i 20 

... 
• 15 
j 

• 
~ 10 

AT-I 

-<>-A802 
__ BT-3 

-o-B804 

PredIcted 

Tesl D54 
W3-I-4 6-2 

o ~----~------~------~-----+------~----~------~ 
000 005 o 10 0 15 020 025 010 0 1_ 

Sli P (In.) 
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PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

3/8" x4" STUDS 
(STANDARD) 

SIDE A 

• 
• 

Tesl 054 

Deslgnallon: '34 - 4NS- 2 

Dale 1/ 7/ 98 

SIDE B 
rT ~ 

J , 
1 1· 

" , , , , 

SIDE A SIDE B : : 

S" x3S" x36" SLAB !TSx 175 

SIDE VIEW 

SIDE A SURFACE 

..--~ 
rr-

..--~ 
~ 

SIDE A BOTTOM 

WELD FAILURE 
(no poros,ty­
pull-ou!') 

STUD SHEARING? 
(small amI. of 
. eld poroSity) 
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," , " 
! , , 

" : ! 
~ -'-

TOP VIEW 

SIDE 8 SURFACE 
-

..--
0- ..--

..--
0---

SIDE 8 BOTTOM 

STUD REl/A'~ED 
ATIACHED TO lEE 
AflER FA. URE 

~, 

~: STUD SHEARI~G I 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

8.54 0.0000 

11.93 0.0027 

15.26 0.0167 

17.78 0.0504 

18.84 0.0897 

18.97 0.1366 

19.22 0.1914 

19.22 0.2404 

16.27 0.2818 

15 .89 0.3294 

Test 054 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0053 0.0048 0.0042 

0.0114 0.0097 0.0077 

0.0275 0.0293 0.0249 

0.0606 0.0604 0.0553 

0.0985 0.0974 0.0923 

0.1443 0.1381 0.1342 

0.1976 0.1881 0.1831 

0.2425 0.2304 0.2256 

0.2760 0.2555 0.2513 

0.3190 0.2970 0.2956 
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Test 

Comments 

BEGIN TEST 

BANG 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test 055 Deck Type: 2" USD, 20 ga 

Designation: W74-4N6-2 

Date of Test: 119/98 

Concrete Strength: 3930 psi 

Concrete Weight : 146 45 pef 

Concrete Thickness: 6 10. 

Maxlillum Applied Load: 5860 kips 

Applied Load Per Stud 14 .65 kips 

Concrete Slip at Failure : 

Pot. AT-I: 1.0844 in, 

Pot. AB-2 : 10795 in 

Avg. Side A: 1.0820 in. 

Avg . 1.01 78 in 

Comments' 10% ormal Load 
Test Operator. BCD 
RIb Punclilng Failure 

. 60 

.<0 

. 20 

s: 
- 100 
~ .,. 
§ so 
• 60 .. 
; ::r 

Ended Test Due to bcessl\'e Slips 

Stud Position: W 

Stud Size: 7/8 10 x 4 in. 

Stud Tensile Strength 64451 ks. 

Pol. BT-3: 

PoI. BB-4 ' 

A"g S.de B: 

-"""'- AT-\ 

-o-AB-2 
__ DT-J 

-<>-D1l-4 

--..- Predlc:tcd 

0.9704 in 

0.9369.n 

0.9537 10 

Tesl D55 
W74-4N6-2 

() ~--~----~----+---~----~----~--~----4-----~--~----~ 
000 0 10 020 030 0 40 o so 060 070 0 80 090 . 00 I I 

Sli p (I n. ) 
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7/ 8" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl: 055 

Designallon: W74-4NS-2 

Dale 1/ 9/98 

• 

SIDE B 
~ 

J 
1 , . , 

SIDE A , , SIDE B 

SIDE VIEW 

SIDE A SURFACE 
-

n.. -./ >--

n-

SIDE A BOTTOM 

STUDS RE~AJN£D 
ATTACH£D TO TEE 
AFTER FAILURE 

& 
RIB PUNCHING 
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:4 
: 

- : i 
...:l ~ 

TOP VIEW 

SIDE B SURFACE 
-

n.. 

~ -
0- ---

SIDE B BOTIOM 

STUDS REMA:~£D 
ATTACH£D TO TEE 
AfiER FAILURE 

& 
RIB PUNCHING 
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Axial Load 

(kips) 

0.00 

10.18 

22.42 

25.75 

30.21 

33.79 

37.44 

41.71 

43 .97 

46.86 

49.75 

51.07 

51 76 

53 .27 

5440 

55.20 

51.88 

54 .96 

5503 

55.34 

55 .53 

55 .72 

56.03 

5496 

55.40 

5550 

55.90 

5630 

5628 

Pot. AT-I 

0.0000 

0.0004 

0.0090 

0.0108 

0.0161 

0.0209 

0.0260 

0.0348 

0.0410 

0.0531 

0.0624 

0.0830 

0.1099 

0.1326 

0.1602 

0.1912 

0.2284 

0.2632 

0.2983 

0.3359 

0.3661 

0.4029 

0.4681 

0.5021 

0.5373 

0.5690 

0.6146 

0.6589 

0.6889 

Test D55 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0013 0.0035 -0.0002 

0.0097 0.0117 0.0053 

0.0117 0.0132 0.0060 

0.0168 0.0174 0.0092 

0.0209 0.0200 0.0106 

0.0258 0.0227 0.0128 

0.0344 0.0266 0.0168 

0.0397 0.0298 0.0189 

0.0494 0.0359 0.0229 

0.0581 0.0396 0.0269 

0.0764 0.0482 0.0346 

0.0985 0.0575 0.0434 

0.1181 0.0685 0.0542 

0.1421 0.0837 0.0681 

0.1688 0.1016 0.0866 

0.1996 0.1190 0.1049 

0.2306 0.1472 0.1320 

0.2622 0.1833 0.1661 

0.2974 0.2218 0.2000 

0.3258 0.2529 0.2278 

0.3602 0.2879 0.2632 

0.4217 0.3507 0.3236 

0.4538 0.3849 0.3569 

0.4864 0.4206 0.3901 

0.5166 04514 0.4210 

0.5595 04952 0.4644 

0.6019 0.5380 0.5073 

06320 0.5690 0.5375 
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Axial Load 

(kips) Pot. AT-I 

56.34 0.7239 

56.16 0.7662 

55 .97 0.8094 

55.97 0.8402 

56.41 0.8664 

56.40 0.8728 

57.16 0.9008 

57.98 0.9292 

58.20 0.9682 

58.60 1.0028 

58.40 1.0475 

58.48 1.0844 

Test D55 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.6664 0.6052 0.5723 

0.7105 0.6503 0.6168 

0.7550 0.6941 0.6622 

0.7924 0.7294 0.6955 

0.8351 0.7702 0.7369 

0.8770 0.8032 0.7695 

0.9089 0.8316 0.7981 

0.9365 0.8554 0.8215 

0.9741 0.8871 0.8532 

1.0057 0.9136 0.8787 

1.0473 0.9455 0.9122 

1.0795 0.9704 0.9369 
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Test 

Comments 

311 6" DECK SEPARATION 

114" DECK SEPARATION 
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PUSH-OUT TEST SUMMARY SHEET 

Test" D56 

Designation: W74-lN6-2 

Date of Test : 118/98 

Concrete Strength: 3930 psi 

Concrete Weight: 14645 pef 

Concrete Thickness: 6 in. 

MaxImum Applied Load. 4742 kIps 

Applied Load Per Stud: II 86 kips 

Concrete Slip at Failure . 

Pot. AT-I 0 .9770 In 

Pot. AB-2 : 0.9673 In . 

A\'g. Side A: 0 .9722 in. 

A\g . 0.9206 on 

Comments 

160 

140 

120 

i 
:; 100 

... 
• 80 

" • 60 
• .., 

40 

~o 

0 

000 

10% ormal Load 
Test Opcralor BCD 
Rlb Punchong FaIlure 
Weld Poroslt~ 

010 020 0)0 040 0 SO 

SII P (In.) 
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Deck Type: 2" USD, 20 ga 

Stud Position: W 

Stud Size: 7/8 on. x 4 on 

Stud Tensile Strength. 64A51 ksi 

Pot. BT-3. 

POl. BB-4: 

A\'g. Side B· 

~AT·I 

-o--AB-2 

OT·) 

~BB-4 

Predicted 

060 070 

09008 on 

0 .8371 on 

08690 In 

Tesl D56 
W74-l 6-2 

080 090 10 



7/f{' .4' STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl: D56 

Designallon: W74- 4N6-2 

Dale. I/B/ 9B 

• 

SIDE B " -;-, , 
• :. 
~ • 
, , . , , , , , 
, , SIDE B SIDE A 

6" . 36' .36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

--f---
,.,--

---f---
(y""'" 

SIDE A BOTTOM 

STUD SHEARING 
WELD POROSITY 

WELD POROSiTY 

RIB PUNCHING 
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, 
i~ 

, , . 
: , . : l ..:l !-

TOP VIEW 

SIDE B SURFACE 
-

---
I-

.0- ..--
..--/ --I-

SIDE B BOTTOM 

WE LD POROSITY 

STUD REW,INEO I 
ATTACHED TO TEE 
AFTER FAILURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

0.00 

9.48 

15.89 

22.93 

27.14 

32.16 

36.10 

39.32 

42.90 

45 .04 

46.80 

46.73 

46.55 

46.42 

47.20 

47.42 

46.29 

45 .60 

44.79 

44 .30 

43 .66 

43 .28 

42.34 

42.20 

41.83 

41.52 

41.60 

41.21 

41.08 

Pot. AT-I 

0.0000 

0.0026 

0.0070 

0.0172 

0.0170 

0.0181 

0.0218 

0.0295 

0.0370 

0.0476 

0.0663 

0.0861 

0.1095 

0.1339 

0.1632 

0.1925 

0.2267 

0.2622 

0.2954 

0.3300 

0.3653 

0.4000 

0.4397 

0.4655 

0.4992 

0.5324 

0.5659 

0.6003 

0.6347 

Test D56 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0044 0.0064 -0.0004 

0.0051 0.0084 0.0013 

0.0141 0.0141 0.0016 

0.0150 0.0165 0.0020 

0.0209 0.0211 0.0024 

0.0256 0.0245 0.0117 

0.0361 0.0300 0.0207 

0.0410 0.0352 0.0209 

0.0520 0.0408 0.0216 

0.0700 0.0507 0.0247 

0.0897 0.0610 0.0317 

0.1121 0.0747 0.0430 

0.1366 0.0912 0.0689 pop 

0.1626 0.1135 0.0802 

0.1910 0.1375 0.0987 

0.2236 0.1714 0.1271 

0.2600 0.2089 0.1608 

0.2919 0.2412 0.1930 

0.3260 0.2736 0.2210 

0.3608 0.3078 0.2573 

0.3937 0.3441 0.2888 

0.4320 0.3851 0.3294 

0.4580 0.4126 0.3589 

0.4908 0.4465 0.3890 

0.5237 0.4794 04227 

0.5574 0.5117 0.4543 

0.5915 0.5461 0.4873 

06261 0.5812 0.5210 
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Axial Load 

{kips) Pot. AT-I 

40.89 0.6706 

41.02 0 .7036 

41.02 0.7347 

40.64 0.7684 

40.83 0.8048 

41 .27 0.8369 

41.90 0.8664 

42.27 0.9114 

39.57 0.9466 

39.38 0.9770 

Test 056 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.6611 0.6153 0.5600 

0.6946 0.6492 0.5906 

0.7241 0.6800 0.6193 

0.7587 0.7144 0.6560 

0.7946 0.7505 0.6902 

0.8268 0.7821 0.7221 

0.8570 0.8109 0.7503 

0.9017 0.8519 0.7876 

0.9378 0.8759 0.8120 

0.9673 0.9008 0.8371 
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Test 

Comments 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test" D57 Deck Type: 2" USD. 20 gao 

Designation: W7~-I 6-2 

Dale or Test: 1/8/98 

Concrete Strength 3930 psi Stud Position: W 

Concrete Weight: 1~6A5 per Stud Size: 718 In x 4 In . 

Concrete TItickness: 6 In . Stud Tensile Strength. 6~ 451 kSI 

MaXII11Um Applied Lo.1d: 51.13 kips 

Applied Load Pcr SlUd 12 78 kips 

Concrete Slip at Failure 

POl. AT·I 0.965 1 In Pot BT-3 . 08927 In 

POl. AB·2 07851 in. POl. BB-I ' I 0~2~ In 

A\'g. Side A 08751 In 0.9676 In 

A\'g .. 0.9213 In 

Comments I (j0/. onnal Load 
Test Operator BCD 
Rib Punching Failure 
Weld Porosu~ 

160 

140 

120 AT·I 

i -O--AIl-2 
~ 100 

." BT .J 
• 80 ~ 

~ 60 Predicted • -:: 
40 

20 
Te,1 D57 
W7~-IN(~2 

0 

000 020 040 060 080 I 00 

Slip (In.) 
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7/8" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACK! G SHEET 

Tesl. 057 

Deslgnalion: W74 - 4NS-2 

Dale. 1/8/98 

SIDE B 
-;­

l 

SIDE B ·1 
SIDE A . 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 
-

"- - >---""' 

SIDE A BOTTOM 

STUD REMAINED 
ATIACHED TO TEE 
AllER fAILURE 

'" RIB PUNCHING 
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:. , 
I . : 

TOP VIEW 

SIDE B SURFACE 

0.. 

-:;: -
~ 

SIDE B BOTIOM 

WELD POROSITY 
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I 
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I 
I 
I 
I 
I 
I 
I 
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I 
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Axial Load 

(kips) 

0.00 

9.48 

17.27 

21.20 

25 .25 

29.71 

33 .73 

37.00 

40.00 

43 .15 

45.79 

47.17 

48.99 

50.06 

50.44 

50.94 

51.13 

50.25 

49.12 

47.80 

46.67 

46.36 

45 .85 

45 .54 

44.97 

4410 

4372 

42.71 

4209 

Pot. AT-1 

0.0000 

0.0000 

0.0035 

0.0037 

0.0037 

0.0031 

0.0038 

0.0035 

0.0037 

0.0037 

0.0038 

0.0330 

0.0331 

0.0476 

0.0489 

0.0489 

0.0613 

0.0879 

0.1174 

0.1516 

0.1742 

0.2079 

0.2372 

0.2795 

0.3033 

0.3456 

0.3756 

0.4157 

04573 

Test D57 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0002 0.0016 0.0009 

0.0073 0.0104 0.0082 

0.0075 0.0125 0.0112 

0.0084 0.0152 0.0139 

0.0103 0.0203 0.0190 

0.0132 0.0238 0.0244 

0.0152 0.0282 0.0275 

0.0189 0.0337 0.0349 

0.0227 0.0399 0.0418 

0.0297 0.0502 0.0520 

0.Q355 0.0617 0.0646 

0.0447 0.0765 0.0798 

0.0573 0.0967 0.1016 

0.0663 0.1090 0.1139 

0.0839 0.1317 0.1406 

0.0980 0. 1472 0. 1577 

0.1229 0.1731 0.1866 

0.1447 0.1970 0.2143 

0.1661 0.2203 0.2415 pop 

0.1868 0.2388 0.2630 

0.2077 0.2606 0.2882 

0.2285 0.2833 0.3166 

0.2580 0.3166 0.3562 

0.2760 0.3364 0.3813 

03034 0.3648 04166 

0.3247 0.3855 04430 

03547 0.4177 0.4814 

0.3848 04499 0.5210 
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Axial Load 

(kiDS) Pot. AT-I 

41.90 0.4926 

41.77 0.5247 

41.58 0.5604 

41.58 0.5941 

40.50 0.6340 

40.60 0.6691 

40.08 0.7093 

40.01 0.7462 

39.20 0.7735 

39.20 0.8254 

39.70 0.8702 

38.30 0.9264 

37.60 0.9651 

Test D57 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.4117 0.4780 0.5547 

0.4360 0.5025 0.5840 

0.4622 0.5296 0.6181 

0.4875 0.5547 0.6496 

0.5161 0.5889 0.6900 

0.5430 0.6182 0.7250 

0.5728 0.6518 0.7638 

0.6029 0.6845 0.8030 

0.6250 0.7129 0.8347 

0.6668 0.7563 0.8852 

0.7039 0.7946 0.9296 

0.7510 0.8547 0.9990 

0.7851 0.8927 10424 
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Test 

Comments 

POP. 

BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D58 

Designation: S35-5.0N6-3 

Date of Test: 3/30/98 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 24.12 kips 

Applied Load Per Stud: 6.03 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.0635 in. 

Pot. AB-2 : 0.1606 in. 

Avg. Side A: 0.1121 in. 

Avg. : 0.1044 in. 

Comments: 10% Normal Load 
Test Operator: SCC 
Weld Failure 

35 

30 

_ 25 

is. 
~ 20 ... 
• j 
;; 15 .. 
.. 10 

5 

Deck Type: 3" USD. 20 gao 

Stud Position : S 

Stud Size: 3/8 in. x 5 in. 

Stud Tensile Strength: 77.238 ksi 

Pot. BT-3: 

Pot. BB-4: 

Avg. Side B: 

0.1937 in. 

-.0002 in. 

0.0968 in. 

___ AT·I 

-o-AB·2 

BT ·3 

Predicted 

Test D58 
S35·5.0N6-3 

o ~--~----~----+---~----~----+---~----~----+---~ 
000 002 004 006 008 010 012 014 016018 02 

Slip (iD.) 
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PUSH-OUT TEST LAYO T & CRACK! G SHEET 

3:8- x5' STIlDS 
(STANDARD) 

SIDE A 

G x3S- x36" SU B 

Test. 058 

Deslgnallon S35-50NS-3 

Dale 3/30/98 

• 

IDE 

"-- WTSx 17 5 

SIDE VIEW 

SIDE A RfACE 

--:=:::.:.. 
..---V WELD f AI,UR[ 

; 

IDE A IlOHOM 
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r,- r-: . 
~ i 

- , : , , 

A SIDE B 
' -

..:.... 
' ; 

c:..:... 

TOP VIEW 

SIDE B S RfACE 

v ___ 

f-----=~'-'-WELD fAILURE 

SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

9.48 

14.70 

18.97 

24.12 

21 .29 

23 .68 

20.35 

14.89 

7.79 

Pot. AT-I 

0.0000 

0.0002 

-0.0002 

-0.0002 

0.0002 

0.0002 

-0.0002 

0.0004 

0.0592 

0.0635 

Test 058 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGlNTEST 

0.0015 -0.0002 -0.0005 

0.0035 0.0016 0.0000 

0.0079 0.0066 0.0000 

0.0216 0.0183 -0.0002 

0.0401 0.0304 -0.0004 pop 

0.0734 0.0335 0.0000 

0.1179 0.0407 0.0000 

0.1505 0.0859 0.0000 

0.1606 0.1937 -0.0002 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D59 Deck Type: 3" USD, 20 gao 

Designation: S35-5.0N6-3 

Date of Test: 3/29/98 

Concrete Strength: 5240 psi Stud Position : S 

Concrete Weight: 141.81 pcf Stud Size: 3/8 in. x 5 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 77.238 ksi 

Maximum Applied Load: 32.41 kips 

Applied Load Per Stud: 8.10 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.4358 in. Pot. BT-3: 

Pot. AB-2 : 0.4569 in. Pot. BB-4: 

Avg. Side A: 0.4464 in. Avg. Side B: 

Avg.: 0.4073 in. 

Comments: 

)S 

_ 2S 

a 
~ 20 ... 
• oS 

tS ;; 
• ... 10 

S 

0 

000 

10% Normal Load 
Test Operator: SCC 
Weld Failure 

010 020 

~AT-l 

--<>-- AS·2 

-+-ST·) 

-o-BIJ..4 

-+- Predicted 

030 

Slip (in.) 
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0.2238 in. 

0.5126 in. 

0.3682 in. 

Test 059 
S35-5.0N6-3 

040 o SO 
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'J ~ ,i :ITUDS 
t.1'ANDARD) 

' IDE A 

I 

PUSH-O T TEST LAYOUT & CRACKING SHEET 

Test. 059 

Designation 505 50N6-3 

Date 3/29/96 

IDE A IDE B 
, , 

, 
L.:.!... 

SIDE \'IEW TOP VIEW 

IDE A S RFACE IDE B S RFACE 

c_ 

----
.-? 

..- "'[l~ fA UR( 

-~ -

SIDE A BOTTOM SIDE B BOTTO~I 
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Axial Load 

(kiDS) Pot. AT-I 

0.00 0.0000 

9.80 0.0002 

14.20 0.0004 

19.54 0.0005 

22.99 0.0020 

28.71 0.0145 

32.41 0.0388 

21.55 0.1693 

17.78 0.3263 

18.97 0.3637 

21.23 0.4100 

13. 13 0.4276 

660 0.4358 

Test D59 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0033 -0.0002 0.0002 

0.0060 0.0002 0.0004 

0.0099 0.0005 0.0000 

0.0140 0.0005 0.0002 

0.0300 0.0079 0.0007 

0.0520 0.0288 0.4071 

0.1723 0.0450 0.4161 

0.3448 0.0450 0.4159 

0.3853 0.0450 0.4161 

0.4322 0.0450 0.4161 

0.4523 0.1373 0.4802 

0.4569 0.2238 0.5126 
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Test 

Comments 

BEGIN TEST 

NOISE. 

FAST LOAD DROP NO OISE. 

RAM IS LEANING. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 060 

Designation: S35-5.0N6-3 

Date of Test: 4/6/98 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81 pef 

Concrete Thickness: 6 in . 

Maximum Applied Load: 38.00 kips 

Applied Load Per Stud: 9.50 kips 

Concrete Slip at Failure: 

Pol. AT-I : 0.2245 in. 

Pot. AB-2: 0.3082 in. 

Avg. Side A: 0.2664 in. 

Avg.: 0.2324 in. 

Comments: 

40 

35 

30 

! 25 
:!. ... 
• 20 oS .. 15 
" < 

10 

5 

0 

000 

10"/0 Normal Load 
Test Operator: SCC 
Weld Failure 

~AB-2 

-+- BT·3 

-<>-BB·4 

-6-- Predicted 

005 010 o 15 

Slip (iD.) 
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Deck Type: 3" USD, 20 gao 

Stud Position: S 

Stud Size: 3/8 in. x 5 in. 

Stud Tensile Strength: 77.238 ksi 

POI. BT-3: 

Pol. BB4: 

Avg. Side B: 

020 025 

0.1985 in. 

No Reading 

0.1985 in. 

Test D60 

S35·5.0N6-3 

030 03 



1 H \ ';' STUDS 
IciANDARD) 

' IDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. D60 

Deslgnallon: S35-50N6-3 

Dale: 3/29/98 

IDE B 
'"T r; 

" i ~ : 
:. 

SIDE A SIDE B 
: . ." , , 

LL 
.: 

c:.!... 

C. \36" x36" SLAB 

SIDE VIEII' TOP VIEW 

SIDE A S 'RFACE IDE B S RFACE 

I 
0 _ _ 

---,;::? 

c 

WELD r AILUPE 
v-........." I 

~ 
0 ' 

I\ELD r AlLURE 

SIDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

10.43 

14J8 

19.60 

23 .30 

28.71 

29.96 

33 .29 

35.43 

37 19 

3800 

33 .67 

21.23 

7 16 

Pot. AT-1 

0.0000 

0.0004 

0.0000 

0.0002 

0.0002 

0.0040 

0.0042 

0.0128 

0.0253 

0.0436 

0.0657 

0.0874 

0.1635 

0.2245 

Test D60 Data 

Slips (in.) Test 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0038 0.0000 -0.0002 

0.0057 -0.0004 -0.0002 

0.0095 -0.0005 -0.0002 

0.0126 -0.0002 -0.0002 

0.0271 -0.0002 --
0.0458 0.0000 --
0.0648 -0.0004 --
0.0852 -0.0004 --
0.1075 0.0093 --
0.1320 0.0245 -- DECK DEBONDING 

0.1573 0.0577 --
0.2425 0.0824 -- pop pop 

OJ082 0.1985 -- BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D61 

Designation: S75-5.0N6-3 

Date of Test: 4/3/98 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81 per 

Concrete Thickness: 6 in. 

Maximum Applied Load: 52.89 kips 

Applied Load Per Stud: 13.22 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.3608 in. 

Pot. AB-2 : 0.6730 in. 

Avg. Side A: 0.5169 in. 

Avg.: 

Comments: 10% Nonnal Load 
Test Operator: see 
Weld Failure 

180 

160 

140 

i 120 
:li 
:;- 100 
• 
oS 80 
• .. 60 < 

40 

20 

0 

0.4441 in. 

Deck Type: 3" USD, 20 gao 

Stud Position: S 

Stud Size: 7/8 in. x 5 in. 

Stud Tensile Strength: 63.767 ksi 

Pot. BT-3: 

Pot. BB-4: 

Avg. Side B: 

-+-AT· I 

-<>-AII-2 

-+-OT·) 

-<>-011-4 

.........- Predicted 

0.3712 in. 

No Reading 

0.3712 in. 

Test D61 
S7S-50N6-3 

000 010 0 .20 0)0 0.40 o SO 060 0 7 

Slip (In .) 
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I 
I 
I 
I 
I 
I 
I 
I 
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I 

7/8" .5" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test. D6! 

Deslgnallon ' S75-50N6-3 

Dale 4/3/98 

• 

r;- r: , I 
, 

": 
SIDE A , SIDE B 

6" .36" .36" SLAB 

SIDE VIEW 

SIDE A SU RFACE 

;::>- W[LD POROSITY 

-----u-

IDE A BOTTOM 

307 

: . , 
" . .: 

.' 
-'-- ""--

TOP VIEW 

SIDE B SU RFACE 
r--

~.-
o · 

,-""--
V ' 

SIDE B BOTTOM 

T JD R[ ~AINED 
A"ACHEO TO T[E 
AriEl; FAILURE 

', [LD r A,LURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.43 0.0000 

14.95 -0.0002 

20.04 0.0002 

2475 0.0000 

29.77 -0.0004 

34.92 -0.0002 

39.82 0.0000 

44 10 0.0000 

4937 -0.0002 

5251 0.0000 

52 .70 0.0005 

5289 0.0227 

51 63 0.0333 

4962 0.0564 

4378 0.0972 

4485 0.1077 

4535 0.1212 

4541 O. J482 

4567 0.1626 

46 II 0.1892 

45 10 0.2024 

4460 0.2346 

44 .03 0.2500 

4309 0.2776 

4259 0.29J5 

4227 0.3055 

3580 0.3481 

35 1 J 0.3608 

Test 061 Data 

Slips (in) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.0000 0.0000 0.0000 

0.0037 -0.0005 -0.0004 

0.0053 -0.0009 0.0000 

0.0075 -0.0004 -0.0002 

0.0095 -0.0007 0.0000 

0.0130 -0.0007 -0.0004 

0.0181 -0.0007 0.0000 

0.0236 -0.0005 0.0000 

0.0313 -0.0004 -0.0002 

0.0476 -0.0005 -0.0002 

0.0782 -0.0007 0.0000 

0.1172 0.0038 -0.0004 

0.1644 0.0260 --
0.2069 0.0467 --
0.2406 0.0624 --
02871 o 1159 --
0.3190 0.1300 --
0.3485 0.1498 --
0.3787 O. J677 --
04075 O. J 862 --
04377 0.205 I --
04666 0.2329 --
0.4963 0.2503 --
0.5267 0.27 J 0 --
0.5565 0.2972 --
0.5787 0.3188 --
0.5994 0.3370 --
0.6547 0.3679 --
06730 0.37 J 2 --
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Test 

Comments 

BEGIN TEST 

pops WHEN ADD NORMAL LOAD 

BIG pop 

CRACKING ALONG BOTTOM OF B 

pop 

SNAP. CRACKLE. pop 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 062 

Designation: S75-5.0N6-3 

Date of Test: 4/10198 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81pcf 

Concrete Thickness: 6 in. 

Maximum Applied Load : 47.86 kips 

Applied Load Per Stud: 11.97 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.0238 in. 

Pot. AB-2: 0.0156 in. 

Avg. Side A: 0.5169 in. 

Avg.: 0.0442 in. 

Comments: 

180 

160 

140 

i 120 
:;; 

10"10 Normal Load 
Test Operator: SCC 
Weld Failure 

-+-AT-I 

-o-AB-2 

-+-BT-3 

-<>-BB-4 

-.\-- Predicted 
:;; 100 

~ 
• j 80 
;; 
M 60 < 

40 (IV- a ~ 

20 tp 

0 

000 001 002 003 

Slip (in.) 
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Deck Type: 3" USD. 20 gao 

Stud Position : S 

Stud Size: 7/8 in. x 5 in. 

Stud Tensile Strength: 63.767 ksi 

Pot. BT-3: 0.0687 in. 

Pot. BB-4: No Reading 

Avg. Side B: 0.0687 in. 

Test 062 
575-5.0 ~3 

... 

004 005 006 00 



PUSH-OUT TEST LAYO T & CRACK) G SHEET 

7/6·· x5" STUDS 
(STANDARD) 

SIDE A 

Test 062 

DeSIgnation $15-50N6-3 

Date 4. 10/96 

r;-. 
: 

" .. . 

I: 
I 

: . 
SPACE BETWEEN 
DECK AND TEE 

SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE \'IEW 

IDE A SURFACE 

n 
..___f-?" 

SIDE A BOTTOM 

STUDS REMAINED 
AlTA HEO TO TEE 
An(P fMl'P( 

3 10 

TOP VIEW 

SIDE B S RFACE 
r-

.~ 
1 0 ' 

. ...........-, 
v 

' IDE B BOTTOM 

'uo REVAlNEG 
_ A lor ",CHED 0 TEE 

A. -[R fAILURE 

,·.LLD POROSI!> 

I 
I 
I 
I 
I 
I 
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Axial Load 

(kips) 

0.00 

10.36 

14.89 

20.35 

24.62 

29.27 

34.86 

39.45 

44.22 

44.16 

47.86 

46.67 

37.75 

Pot. AT-1 

0.0000 

0.0000 

0.0002 

0.0004 

0.0002 

0.0002 

0.0000 

0.0000 

0.0002 

0.0000 

0.0004 

0.0238 

0.0238 

Test D62 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 -- BEGIN TEST 

0.0004 -0.0004 --
0.0015 -0.0004 --
0.0027 -0.0002 --
0.0038 0.0018 -- pop 

0.0040 0.0020 --
0.0059 0.0037 --
0.0084 0.0042 --
0.0\03 0.0053 -- BIG pop 

0.0159 0.0242 --
0.0161 0.0430 -- pop 

0.0167 0.0588 -- AXIAL LOAD COMING m IT IN NL. 

0.0156 0.0687 -- CRACKS ON BOTTOM OF SLAB 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 063 Deck Type: 3" USD, 20 gao 

Designation: S75-5 .0N6-3 

Date of Test : 4113/98 

Concrete Suength: 5240 PSI Stud Position: S 

Concrete Weight: 141.81 pef Stud Size: 7/8 in. x 5 in. 

Concrete Thickness: 6 in. Stud Tensile Suength: 63.767 ksi 

Maximum Applied Load: 62.44 kips 

Applied Load Per Stud: 15.61 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.0945 in. Pot. BT-3: 0.4000 in. 

Pot. AB-2 : -0.0663 in. Pot. BB-4: No Reading 

Avg. Side A: 0.0141 in. Avg. Side B: 0.4000 in. 

Avg.: 0.2071 in. 

Comments: 

180 

160 

140 

i 120 
:;c 
:; 100 
• .:! 80 
• 
• 60 ~ < 

40 

20 

0 
000 

10010 ormal Load 
Test Operator: SCC 
Weld Failure 

I 

o.os 0.10 0.15 

---AT-I 

-<>-AB-2 

-+-BT-3 TeSI063 

~BB-4 
S75-5.0N6-3 

~Predicted 

020 0.25 030 0.35 04 

Slip (In.) 
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7'8"x5" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LI\YOUT & CRACKING SHEET 

Test. 063 

Deslgnallon' S75-50N6-3 

Dale 4/ 13/98 

r7'"" :-
" .r 

, , , . :. 
SIDE A 

, 
SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SU RFACE 
-

'-
-----------0-

SIDE A BOTTOM 

STUDS REMAINED 
ATlACHED TO TEE 
AFTER FAILURE 

313 

: . 
" , , . 'i LL- .:l... 

TOP VIEW 

" ~ \ 
\ 

i -' 

SIDE B SURFACE 
r-

~ 
U' 

~ 
o· 

SIDE B BOTTOM 

STUD REMAINED 
ATTACHED TO TEE 
AnER FAILURE 

WELD FAILURE 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

11.37 -0.0004 

14.51 -0.0005 

20.16 -0.0004 

24.56 -0.0002 

29.40 -0.0002 

34.42 -0.0002 

39.38 0.0000 

44.47 0.0000 

49.69 0.0046 

54.08 0.0049 

54.21 0.0103 

56.97 0.0291 

59.99 0.0396 

6 1.56 0.0590 

62.44 0.0734 

61.68 0.0883 

58.10 0.0945 

53 .71 0.0947 

50.31 0.0945 

51.01 0.0945 

47.68 0.0945 

47.30 0.0943 

44.10 0.0945 

41.08 0.0943 

42.34 0.0945 

40.14 0.0941 

38 .88 0.0943 

37.81 0.0945 

Test 063 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0000 -0.0004 --
0.0000 -0.0002 --
0.0000 0.0007 --
0.0004 0.0011 --
0.0002 0.0007 --
0.0002 0.0011 --
0.0004 0.0013 --
0.0018 0.0018 --
0.0064 0.0053 --
0.0136 0.0055 --
0.0183 0.0093 --
0.0183 0.0126 --
0.0179 0.0130 --
0.0147 0.0157 --
0.0055 0.0187 --
-0.0007 0.0244 --
-0.0326 0.0465 --
-0.0419 0.0868 --
-0.0471 0.1300 --
-0.0494 0.1584 --
-0.0518 0.1864 --
-0.0535 0.2126 --
-0.0557 0.2491 --
-0.0602 0.2756 --
-0.0602 0.2893 --
-0.0637 0.3234 --
-0.0657 0.3622 --
-0.0663 0.4000 --
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Test 

Comments 

BEGIN TEST 

BIG POP. 

CRACKING OF BOTTOM RIB SIDE A 

CRACKING NOISES. 

DECK DEBONDING SIDE A. 

CRACK IN BOTIOM OF SIDE B. 

POPPING SOUNDS. 

DECK DEBONDING SIDE B. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D64 Deck Type: 3" USD. 20 gao 

Designation: W35-5.0N6-3 

Date of Test: 3/28/98 

Concrete Strength: 5240 psi Stud Position: W 

Concrete Weight: 141.81 pef Stud Size: 3/8 in. x 5 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 77.238 kSI 

Maximum Applied Load: 21.61 kips 

Applied Load Per Stud: 5.40 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.4192 in. 

Pot. AB-2 : 0.5375 in. 

Avg. Side A: 0.4784 in. 

Avg.: 0.4934 in. 

Comments: 10% Normal Load 

35 

Test Operator: SCC & MRR 
Stud Shearing 
Weld Failure 

Pot. BT-3 : 

Pot. BB-4: 

Avg. Side B: 

30 
~_r-..... __ ~""'--.I'-""""""~*I~ AT ·1 

---o-AB-2 

__ BT-3 

~BB-4 

'" 

0.5043 in. 

0.5124 in. 

0.5084 in. 

Test D64 
W35-5.0N6-3 

~ 20 
." 

--+- Predicted 
• 
oS t5 
• 
• 
< 10 

5 

O ~--------+---------r---------r-------~~------~-----
0.00 0 .10 0.20 0.30 0 .40 0.50 

511 P (In.) 
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PUSH-OUT TEST L-\YOUT & CRACKl IG SHEET 

Test. D64 

DesignatIOn W3~-~.Q~§-J 

3 8" xS" STUDS 
(STANDARD) 

SIDE A 

6" x36" x36" SLAB 

Dale 

SIDE 

SIDE VIEW 

SIDE A SURFACE 

r· 

::>-
~ 

SIDE A BOTTOM 

3 128[98 

B 

SIDE 

STUD SHEARING 

316 

- -
r , . , . 
: 

A SIDE B 
, . 

. -

TOP VIEW 

SIDE B S RFACE 

"-

'/ ~ WELD fAILURE 

,.,;/ 

SIDE B BOTTOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Axial Load 

(kiDS) 

0.00 

9.80 

14.07 

17.02 

18.72 

19.91 

20.79 

21.61 

21.23 

15 .70 

16.02 

16.77 

15 .77 

15 .58 

15 .26 

15 .33 

15.20 

14.51 

1394 

999 

Pot. AT-I 

0.0000 

0.0000 

0.0004 

0.0005 

0.0004 

0.0009 

0.0013 

0.0136 

0.0383 

0.0670 

0.1240 

0.1602 

0.2024 

0.2024 

0.2342 

0.2624 

0.3018 

0.3375 

0.3750 

0.4192 

Test D64 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0714 0.0168 0.0201 

0.0762 0.0229 0.0266 

0.0901 0.0430 0.0489 

o 1132 0.0648 0.0723 

0.1337 0.0808 0.0894 PQPPII<G NOISE 

0.1520 0.0985 0.1051 

0.1729 0.1170 0.1236 

0.1996 0.1434 0.1492 

0.2232 0.1639 0.1718 

0.2751 0.2100 0.2192 

0.3060 0.2397 0.2459 

0.3406 0.2787 0.2672 

0.3410 0.2787 0.2884 

0.3690 0.3100 0.3439 

0.3956 0.3375 0.39 10 

0.4333 0.3774 0.4556 

0.4684 0.4131 0.4745 

0.5029 0.4510 0.4935 

05375 0.5043 0.5124 BANG 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 065 

Designation: W35-5.0N6-3 

Date of Tes!: 4114/98 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 26.70 kips 

Applied Load Per Stud: 6.68 kips 

Concrete Slip at Failure: 

Pot. AT-I: -0.0002 in. 

Pot. AB-2: 0.6012 in. 

Avg. Side A: 0.3005 in. 

Avg. : 0.2617 in. 

Comments: 10% Normal Load 
Test Operator: SCC 
Rib Punching 

35 

30 

_ 25 
S. 
:;; 
- 20 .., 
• j 
.. 15 
M 

< 10 

5 

Weld Failure 

Deck Type: 3" USD. 20 gao 

Stud Position: w 

Stud Size: 3/8 in. x 5 in. 

Stud Tensile Strength: 77.238 ksi 

Pot. BT-3: 

Pot. BB-4: 

Avg. Side B: 

__ AT-I 

-<>-A8-2 
__ BT-3 

-O-B8-4 

--.- Premcted 

0.1773 in. 

0.2685 in. 

0.2229 in. 

Test 065 
W35-5.0N6-3 

O .-------~--------_r--------+_------~--------;_--------~---
0.00 0. 10 0.20 030 0.40 0.50 060 

Slip (i n.) 
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.. , 
.... , 

3 8" x5" STUDS 
(STANDARD) " 

SIDE A 

PCSH -OUT TEST LA YOPT & CRACKING SHEET 

Test 065 

DeslgnallOn ' W35-5.0N6-3 

Da l e 4 14/98 

r:- r: , 
1 

SIDE B 

' . 

SIDE A SIDE B 

6 x36" x36' SLAB ~ WT6x 17.5 

SIDE VIEW 

SIDE A SURFACE 

~ -

p- WELD FAILURE 

~--

SIDE A BOTTOM 

3 19 

. ~ . "'-L... 

TOP VIEW 

SIDE B RFACE 
r-

Io. 
-;:; ..... 

10; .-
I 

SIDE B BOTTOM 

l' OS REMAINED 
AllACHEO TO TEE 
AFTER FAILURE 



Axial Load 

(kips) Pot. AT-I 

000 0.0000 

9.86 0.0002 

14.57 -0.0004 

17.96 0.0000 

20.16 -0.0004 

23.43 0.0000 

23 .93 0.0000 

24.94 -0.0004 

25 .88 0.0000 

26.01 -0.0002 

26.70 -0.0002 

20.29 -0.0004 

11.68 0.0002 

11.62 -0.0002 

13 .63 0.0000 

13 .82 -0.0002 

Test D65 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0051 -0.0004 0.0009 

0.0157 -0.0004 0.0174 

0.0306 -0.0004 0.0328 

0.0418 -0.0004 0.0584 

0.0604 -0.0004 0.0908 

00833 0.0110 0.1110 

O. 1031 0.0282 0.1308 

0.1293 0.0535 0.1547 

0.1502 0.0804 0.1791 

0.1727 0.1073 0.2047 

0.2502 0.1348 0.2320 

0.3573 0.1463 0.2469 

0.4430 0.1478 0.2472 

0.5085 0.1569 0.2513 

0.6012 0.1773 0.2685 
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Test 

Comments 

BEGlNTEST 

SUGHT DECI( BULGI"G. 

BIG pop 

BIG pop 

CRACK ON BOTTOM OF SIDE B. 
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PUSH-OUT TEST SUMMARY SHEET 

Test : 066 

Designation: W35-5.0N6-3 

Date or Test: 3/27/98 

Concrete Strength: 5240 psi 

Concrete Weight : 141.81 per 

Concrete Thickness: 6 in. 

Maximum Applied Load: 25.82 kips 

Applied Load Per Stud: 6.46 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.6204 in. 

Pot. AB-2 : 0.5499 in. 

Avg. Side A: 0.5852 in. 

Avg.: 0.5735 in. 

Comments: 10% Normal Load 

35 

30 

5 

Test Operator: SCC & MRR 
Rib Punching 
Weld Failure 

--""""-AT-l 

--<>-AB-2 

--+-BT-3 

--<>-BB-4 

Deck Type: 3" USD. 20 gao 

Stud Position: W 

Stud Size: 3/8 in. x 5 in. 

Stud Tensile Strength: 77.238 ksi 

Pot. BT-3 : 

Pot. BB-4: 

A'·g. Side B: 

0.5955 in. 

0.5281 in. 

0.5618 in. 

Test D66 
W35-S.0N6-3 ...........- Prcditted 

0 L-----~====~----+_----+_----~----~-
0.00 O.tO 0.20 0.30 0.40 0.50 0.60 

Sit p (In.) 
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3 8 x5" STUDS 
(STANDARD) 

SIDE A 

PLSH-OCT TEST LA YO T & CRACl\ING HEET 

Tesl. 066 

De .. gnalton· W355.0N6-3 

Date 3 /27/98 

IDE B 

SIDE A SIDE B 

"- WT6x1 7 5 

SIDE \IEIY 

SIDE A URFACE 

I 

, 
r.J. 

I >-
c"'; "'-

I 

SIDE A BOTTOM 

STUDS REMAINED 
AnACHED 10 lEE 
APER FAILURE 
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" 

TOP VIEW 

SIDE B S RFACE 

0-

::::=: -wHO FAILURE 

o~ 

IDE B BOTTOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 



" 

I -) 
,,-' 
•• 

I 
-.j 

Test D66 Data 

I Axial Load Slips (in ) Test 

I 
(kips) Pot. AT-l Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGlN TEST 

I 
9.48 0.0035 0.0082 0.0002 0.0000 

14.26 0.02 14 0.0227 0.0009 0.00 18 

20.41 0.1018 0.0886 0.0434 -00038 

I 23 .87 0.1474 0.1205 0.0767 -0.0038 

24.31 0.1615 0.1317 0.09 19 0.0005 

I 24.87 0.1864 0.1503 0.11 21 0.0137 

25 .38 0.2075 0.1665 0.1306 0.0234 

I 25 .06 0.2284 0.1835 0.1443 0.0335 SLIGHT DECK BULGING 

25 .50 0.2487 0.2007 0.1630 0.0458 

I 25 .82 0.2688 0.2183 0.1782 0.0606 

25 .13 0.2947 0.2393 0.20 18 0.0808 pop 

I 
18.09 0.3 175 0.2600 0.2544 0.1577 

18.09 OJ386 0.2793 0.2743 0.1785 

I 
18.09 OJ642 OJ040 0.3005 0.2055 

17.84 OJ890 OJ276 OJ256 0.2306 

17.78 0.4 104 0.3459 0.3437 0.25 18 

I 14.51 0.4362 OJ743 0.4045 OJ 163 

14.01 0.4648 0.40 18 0.4454 OJ686 

I 13.88 0.4908 0.4250 0.4778 0.4027 

13 .94 0.5184 0.45 16 0.5126 0.4375 

I 14.20 0.5433 0.4765 0.5378 0.4679 

14.13 0.5730 0.5054 0.567 1 0.4966 

I 9.92 0.6204 0.5499 0.5955 0.528 1 

I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D67 Deck Type: 3" USD, 20 gao 

Designation: W75-5.0N6-3 

Date of Test: 5/22/98 

Concrete Strength: 5240 psi Stud Position: W 

Concrete Weight: 141.81 pef Stud Size: 7/8 in. x 5 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 63 .767 ksi 

Maximum Applied Load: 45.16 kips 

Applied Load Per Stud: 11 .29 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.7772 in. Pot. BT-3: 0 .7166 in. 

Pot. AB-2: No Reading Pot. BB-4: 0.5479 in. 

Avg. Side A: 0 .7772 in. Avg. Side B: 0.6323 in. 

Avg.: 0.7047 in. 

Comments: 

180 

160 

140 

i 120 
:i 
." 100 
• j 80 .. .. 60 < 

40 [ 
20 

0 

0.00 

10% Normal Load 
Test Operator: MRR 
Rib Punching 
Weld Failure 

0.10 0.20 0.30 

324 

0.40 

__ AT_I 

-o-AB-2 

-+-BT-3 

~BB-4 

--6-- Predicted 

0 .50 

Slip (In.) 

0 .60 

Test D67 
W7S-S.0N6-3 

0.70 O.S( 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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7/8" x5' STUDS 
(STANDARD) \ 

SIDE A 

P SH-OUT TEST W 'OUT & CRACKING SHEET 

Test. D67 

Deslgnallon- W75-50N6 -3 

Dale 5/22/98 

• 

SIDE B .. , 
" . 

:­
t , 
:. 

----------

SIDE A SIDE B 

6',36" x36" SLAB - WT6xI7.5 

SIDE VIEW 

SIDE A SURFACE 
r-

--V--
r:r-

V 
:~ 

SIDE A BOTTOM 

WELD POROSITY 

STUD RE MAINED 
ATTACHED TO TEE 
ArTER rAiLURE 

325 

TOP VIEW 

SIDE B S RFACE 
c-

o. 
:;::; I-

0 "''--

SIDE B BOTTOM 

.TUDS REMAINED 
AnACHED TO TEE 
AnER rAILURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.68 0.0073 

14.95 0.0104 

20.23 0.0152 

24.25 0.0190 

29.33 0.0244 

0.00 0.0088 

10.93 0.0203 

16.90 0.0260 

20.35 0.0271 

23 .99 0.0295 

30.28 0.0328 

34 .92 0.0405 

39.51 0.0537 

44.03 0.0769 

45 .16 0.1276 

44 .66 0.1659 

43 .66 0. 1956 

41.96 0.2375 

40.89 0.2692 

40.52 0.2994 

39.07 0.3329 

39.01 0.3675 

39.07 0.3992 

38 .94 0.4322 

39.20 0.4648 

39.45 0.4968 

39.51 0.5300 

39.82 0.5620 

Test 067 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

-- 0.0000 0.0000 

-- -0.0004 -0.0002 

-- -0.0002 0.0005 

-- -0.0002 0.0026 

-- 0.0000 0.0075 

-- 0.0024 -0.0196 

-- 0.0081 -0.0214 

-- 0.0084 -0.0244 

-- 0.0084 -0.0284 

-- 0.0082 -0.0297 

-- 0.0086 -0.0004 

-- 0.0088 00000 

-- 0.0090 -0.0005 

-- 0.0150 -0.0007 

-- 0.0295 -0.0031 

-- 0.0593 -0.0209 

-- 0.0921 -0.0218 

-- 0.1190 -0.0090 

-- 0.1573 0.0297 

-- 0.1912 0.0581 

-- 0.2205 0.0835 

-- 0.2632 0.1139 

-- 0.2965 0.1427 

-- 0.3243 0.1699 

-- 0.3589 0.2024 

-- 0.3987 0.2329 

-- 0.4258 0.2652 

-- 0.4609 0.2992 

-- 0.4944 0.3335 

326 

Test 

Comments 

BEGIN TEST 

UNLOADED. RESET RAM 8< LOAD PL 

RESET & ZEROED POT BB-4 

OECK BULGING. (RIB PUNCHING). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

39.95 

40.64 

41.08 

41 58 

4246 

43 .84 

44 .54 

Pot. AT-I 

0.5921 

0.6210 

0.6512 

0.6796 

0.7127 

0.7464 

0.7772 

Test D67 Data 

Slips (in) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

-- 0.5325 0.3650 

-- 0.5563 0.3945 

-- 0.5882 0.4241 

-- 0.6204 0.453 I 

-- 0.6538 0.4847 

-- 0.6864 0.5 181 

-- 0.7166 0.5479 TERMINATED TEST TOO \IL'CII SUP 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 068 Deck Type: 3" USD, 20 ga 

Designation: W75-5.0N6-3 

Date ofTes\: 4/ 1/98 

Concrete Strength: 5240 psi Stud Position: W 

Concrete Weight : 141.81 pef Stud Size: 7/8 in. x 5 in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 63 .767 ksi 

Maximum Applied Load : 75.50 kips 

Applied Load Per Stud: 18.88 kips 

Concrete Slip at Failure: 

Pol. AT-I : 1.6455 in. Pol. BT-3: 1.5459 in. 

POI. AB-2 : 1.5725 in. PoI. BB-4: No Reading 

Avg. Side A: 1.6090 in. Avg. Side B: 1.5459 in. 

Avg.: 1.5775 in. 

Comments: 

180 

160 

140 

i 120 
:; f 
:; 100 
• j 80 
• ;:; 60 .. 

40 

20 

0 

0.00 

10% Normal Load 
Test Operator: SCC 
Rib Punching 

0.20 0.40 

---AT- I 

-0--- AB-2 

-+-BT-J 

-~ 
~Predictcd 

Test D68 
W7S-S.0N6-3 

0.60 0.80 1.00 1.20 1.40 1.60 

Slip (In .) 
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I 
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7 8 x5' STUDS 
(STANDARD) 

SIDE A 

Pl H-Ol'T TEST UYOn & CRKI\I\G BEET 

Tesl 068 

D.,.gn.llOn 11'75 5 Q~6 3 

Dale 4 1/98 

SIDE 8 
, .. , 

IDE A SIDE B 

- WT6x17 5 

SIDE \'IEW 

IDE A SliRFACE 
r-

I 
0 ... 

I I ;::::=-
I r_-

I 

IDE A BOTTOM 

SII OS RE~AINED 
AnA HEO 10 TEE 
ArTER rAJl~R( 
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I 

~ 

TOP VIEW 

r If 

' IDE B SURFACE 
-

:;: .-
p 

r 
• 

IDE B BOITOM 

l' OS REMAINED 
ATIACHEO TO lEE 
AfTER rAJlURE 



Axial Load 

(kips) Pot. AT- I 

0.00 0.0000 

10.43 00000 

14.57 00000 

19.47 -0.0002 

23 .87 0.0000 

28 .96 -0.0002 

34.36 0.0002 

39.26 0.0000 

43 .72 0.0002 

48.43 -00002 

53.45 0.0000 

55.03 0.0253 

54 .27 0.0392 

53 .64 0.0544 

53.39 0.0769 

53 .14 0.0993 

53 .58 0.1346 

54.21 0.17 12 

54.27 0.2106 

54.52 0.2309 

54.40 0.2692 

54.46 0.3007 

55.40 0.33 13 

55 .72 0.36 13 

55 .53 0.3902 

55 .34 0.4325 

55.46 0.4560 

55 .90 0.4990 

57.22 0.5393 

Test D68 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-00004 -0.0002 --

-0.0005 -0.0004 --

-0.0004 0.0000 --
-0.0004 0.0000 --

-0.0002 0.0000 --

-0.0002 -0.0002 --

0.0000 -0.0004 --
0.0002 -00002 --
-0.0002 -0.0004 --

-0.0002 -0.0004 --
0.0725 0.0322 --
0.1013 0.0579 --
0.1295 0.0844 --
0.1557 0.11 23 --

0.1734 0.1304 --
0.2036 0.160 1 --
0.2359 0.1930 --

0.2736 0.2353 --

0.2987 0.2604 --
0.3278 0.2881 --
0.3578 0.3 174 --

0.3855 0.3472 --
0.4 14 1 0.3776 --
0.4423 0.4 124 --
0.4754 0.4426 --
0.5009 0.4673 --

0.5454 0.5150 --
0.5748 0.5455 --
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Test 

Comments 

BEGlNTEST 

poP. 

SNAP. CRACKLE. POP. 

DECK BULGn-;G AT ALL STUDS. 

I 
I 
I I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Axial Load 

(kips) 

58.54 

59.6 1 

61.3 1 

62.63 

64.13 

65 .95 

67.2 1 

69.22 

7 l.l 7 

73.43 

75 .50 

71.92 

71.67 

67 .96 

62.25 

55 .15 

53 .83 

52.0 1 

5 1.l 3 

49.62 

49.43 

49.06 

Pot. AT- I 

0.570 I 

0.6008 

0.6360 

0.6723 

0.711 3 

0.7468 

0.7658 

0.8063 

0.848 1 

0.8832 

0.9 182 

0.9737 

1.0236 

1.0753 

1. 2253 

1.3835 

1.4408 

1.470 1 

1.5 153 

1.5684 

1. 6060 

1.6455 

Test D68 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.6027 0.5732 --
0.6345 0.6084 --

0.6673 0.641 7 --
0.6959 0.6789 --

0.7279 0.71 62 --
0.759 1 0.7539 --
0.7757 0.7724 -- DECK DEBONDlNG ON SIDE B 

0.8 105 0.81 00 --

0.8407 0.8437 --
0.8732 0.8829 --
0.902 1 0.9204 --
0.941 8 0.9442 --

0.9768 0.9750 -- DECK TEARlNG 

1.0081 1. 0304 --
1.l41 6 1.1 747 --
1.3022 1.2998 -- DECK DEBONDING ON SIDE A 

1.3492 1.3441 --
1.3795 1.3789 --
1.4382 1.4245 --

1.4862 1.4739 --

1.5355 1. 5073 --
1.5725 1.5459 --
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PUSH-OUT TEST SUMMARY SHEET 

Test: 069 

Designation: W75-5.0N6-3 

Date of Test: 4115198 

Concrete Strength: 5240 psi 

Concrete Weight: 141.81 per 

Concrete Thickness: 6 in. 

Maximum Applied Load: 69.10 kips 

Applied Load Per Stud: 17.28 kips 

Concrete Slip at Failure: 

POl. AT-I : 0.7061 in. 

POI. AB-2 : 1.2185 in. 

Avg. Side A: 0.9623 in. 

Avg.: 1.0705 in. 

Comments: 10% Normal Load 
Test Operator: SCC 
Stud Shearing 

180 

160 

140 

i 120 
:;c 
::; 100 
• .s ~o 

Weld Failure of Bottom Stud Side B 

Deck Type: 3" USD. 20 gao 

Stud Position: W 

Stud Size: 7/8 in. x 5 in. 

Stud Tensile Strength: 63 .767 ksi 

Pol. BT-3: 1.0689 in. 

POI. BB-4: 1.2884 

Avg. Side B: 1.1787 in. 

-+- AT-I 

--0-- AB-2 

-+- BT-3 

~ 60 ~~~~~~~~~-~;:-~~~~~~~~~~~~~~S:::~ 

~BB-4 

---.- Predicted 

40 

20 
Test 069 

W75-5.0N6-3 

O ~------~--------~------~~------~--------~-------T----
0.00 0.20 0.40 0.60 0.80 1.00 1.20 

Slip (In.) 
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PUSH-O T TEST L.\YOUT & CRA CI\I ~G HEET 

Test 069 

OeSignalion W7550NS -3 -
Da le 4 15i 98 

7 8' x5" STUDS 
(STANDARD ) 

SIDE A SIDE B . , 
, 

"' " , 
SIDE A IDE B 

G' . 36" x36" SLAB ./ ~ WT6xt7.5 

SIDE VIEW TOP VIEW 

LJ I 

IDE A S RFACE . IDE B S RFA E 

I 

r 

i ,~ ....-

SIDE A BOTTOM 

~ 
~lUD> RE I.OAJNED 
ATTACHED 10 lEE 
AFTER FAJLURE 
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r-

/' 
0 ' 

,....-
.... 

I 

IDE B BOTTOM 

I-

-

SlUD RE MAINED 
ATIACHED TO TEE 
ArTER FAILURE 

STUD SHEAR INC 
WElD POROSITY 



Axial Load 

(kips) Pot. AT-1 

0.00 0.0000 

9A8 0.0002 

14.64 0.0002 

20.16 0.0004 

24.81 0.0004 

29.71 0.0004 

34.30 0.0009 

39A5 0.0009 

44.72 0.0007 

50.13 0.0007 

54.08 0.0007 

55 .59 0.0005 

56.16 0.00 11 

54.96 0.0007 

55.21 0.0007 

53 .08 0.00 11 

52.26 0.0009 

51.44 0.0009 

51.1 9 0.0007 

51.5 1 0.00 11 

51.76 0.0009 

52J2 0.0057 

52 .51 0.0247 

51.95 0.0527 

52.14 0.0809 

52.20 0.1075 

52.95 0.1383 

53 .96 0.1751 

55.03 0.1958 

Test 0 69 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0002 -0.0004 0.0000 

0.0033 -0.0004 -0.0002 

0.0033 -0.0002 0.0002 

0.0035 -0.0002 0.0004 

0.0033 0.0000 0.0002 

0.003 5 -0.0002 0.0000 

0.0033 -0.0002 0.0002 

0.0035 0.0000 0.0002 

0.0126 -0.0004 0.0005 

0.0335 -0.0002 0.0027 

0.05 88 -0.0005 0.0284 

0.0800 -0.0002 0.0549 

0.096 1 0.0000 0.0872 

0.1220 0.0000 0.1317 

0.1549 0.0533 0.1967 

0.1824 0.0560 0.2040 

0.2174 0.0679 0.2 128 

0.2448 0.0939 0.2373 

0.275 1 0.1247 0.2648 

0.3088 0.1692 0.2979 

OJ364 0.2068 0.3289 

0.3668 0.2401 0.3578 

OA020 0.2747 0.3866 

OA338 OJ044 OA 137 

OA672 0.3399 OA437 

0.5025 OJ7 17 OA728 

0.5346 OA 065 0.5007 

0.5637 OA 344 0.5276 
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Test 

Comments 

BEGIN TEST 

SUGHT DEC K BULGING. 

DECK BULGING AT ALL STUDS. 

I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
,~~) 

. ..:> 

,-

I 
Test D69 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT- I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

55 .59 0.2256 0.5926 0.4613 0.5532 

•• 
56.03 0.2624 0.63 14 0.4957 0.5847 

56,22 0.2928 0.6662 0.5274 0.6124 

I 
57,73 0.3 199 0.70 I ° 0.56 13 0.6413 

59.36 0.350 I 0.73 16 0.5906 0.6686 

I 
60.99 0.3752 0.7675 0.6276 0.7019 

62.25 0.4038 0.7924 0.6563 0.7246 

63 .32 0.4278 0.82 19 0.6845 0.7503 DECK IS TEARING 

I 65 .01 0.4527 0.8602 0.720 I 0.7854 

66,27 0.4814 0.8906 0.75 12 0.81 05 

I 67,90 0,50 I ° 0,9 199 0,78 18 0,8384 

69,10 0.5305 0.95 13 0.8111 0.8653 

I 67.2 1 0.5490 0.980 I 0. 8563 0.9012 

55 .59 0.6062 1.0659 0.9 149 0.95 13 

I 55.Q3 0.6340 1.1 046 0.95 19 0.9843 

55.Q3 0.6560 1.1 357 0.9838 1.0260 

I 53.45 0.6822 1.1 787 1. 0277 1.0984 

52.20 0.706 1 1. 2 185 1.0689 1.2884 

I 
I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test D70 

DesIgnation: M66-S .0N7-1.5 

Dale or Test: 5/26/98 

Concrete Suength: 50()0 psi 

Concrete Weight : 1~2 .32 per 

Concrete Thickness: 6 1,1.,. in. 

Maximwn Applied Load: 3~ . 2 3 kips 

Applied Load Per Stud: 8.56 kips 

Concrete Slip aI Failure : 

POl. AT-I : (U)()02 in. 

POI. AB-2 : 0.0782 in. 

Avg. Side A: 0.0392 in. 

Avg.. (U)J~~ in. 

Comments: 10% Normal Load 
Test Operator. MRR 

Deck Type: ~ y," USD. 16 ga 

Stud Position: M 

Stud Size: ';' Ill. x 6 in. 

Stud Tensile Strength: 62 .500 ksi 

POI. BT-3 : -0.0209 in. 

PoI. BB-4: 0.0002 in. 

Avg. Side B: -O . OIO~ in. 

Holes pre-dnlled III deck ror studs: deck was welded to tee nange 
Rib Cracklllg 

." • j 

.n.SI 

Tc," D70 
M66-5.0N7-4 5 

.0 45 ·0 15 

___ AT_! 

-<>- AB-2 

-+- BT -3 

-0- BB-4 

.-.- Predicted 

.0.25 

Slip (In.) 
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~ o 

l ' 

25 

·0 IS · 0.05 0.05 
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3/ 4" x6" STUDS 
(STANDARD) 

IDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl 

DesIgnation: 

Dale 

• 

SIDE B 

070 

M66- 5.0N7- 4,5 

5/ 26/ 98 

, . : . 
: 
, , 

, 
.: 

- ...... 

SIDE A IDE B , 
: . 
i 

6 3/ 4" x36" .36" SLAB 

SIDE VIEW TOP VIEW 

I i 

SIDE A SURfACE 
r-

--p 

SIDE A BOTTOM 

SUDS REMAINED 
ATIACHED TO TEE 
ArTER FAILURE 
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SIDE B RfACE 
r-

/ l>-

--J 
SIDE B BOITOM 

STUDS R("'AI~~ 
ATTACHED TO TEE 
ArTER FAIlURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

6.28 0.0000 

14.0 I 0.0000 

16.71 -0.0002 

19.35 0.0002 

20.92 0.0002 

22.99 0.0002 

26.32 0.0004 

28.20 -0.0002 

29.84 0.0002 

32.41 0.0002 

32.73 0.0000 

33 .54 0.0004 

34.23 0.0002 

31 41 0.0000 

30.65 0.0000 

30.84 -0.0002 

3034 0.0002 

30.53 0.0000 

30.28 -0.0002 

29.96 00000 

29.84 0.0002 

29.71 0.0002 

Test D70 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0181 -0.00 II 0.0002 

0.0037 -0.0011 -0.0002 

0.0048 -0.0013 0.0004 

0.0059 -0.0009 0.0002 

0.0071 -0.0009 -0.0002 

0.0097 -0.0011 -0.0004 

0.0106 -0.0009 -0.00 II 

0.0125 -0.0013 -0.1317 

0.0145 -0.0009 -0.3075 

0.0189 -0.00 II -0.0489 

0.0233 -0.00 II -0.4336 

0.0266 -0.00 II -0.5274 

0.0331 -0.0009 -0.0090 

0.0397 -0.0062 -0 .1480 

0.0452 -0.0090 -0.0051 

0.0513 -0.0117 0.0002 

0.0573 -0.0141 0.0002 

0.0593 -0.0167 0.0002 

0.0599 -0.0181 0.0004 

0.0659 -0.0200 -0.0002 

0.0742 -0.0203 0.0002 

0.0782 -0.0209 0.0002 
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Test 

Comments 

BEGIl' TEST 

RIB CRACKING. SIDE A TOP 

AXIAL LOAD COMII'iG OlIT 1'1 'I L 

SLAB CRACKING PERP TO BEMI 

DECK DEBONDII'iG 

I.D'D or CI.ACJ(J IN 10' OP atA8 ~lU) n'.IT 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PUSH-OUT TEST SUMMARY SHEET 

Test' 0 71 Deck Type: ~ y,' USD, 16 ga 

Designation: M66-5 .0N7-~ . 5 

Date or Test: ~/2 3/98 

Concrete Strength: 5000 psi 

Concrete Weight: 1~2.3 2 per 

Concrete Thickness: 6 ¥.. in. 

Maximum Applied Load: 30.21 kips 

Applied Load Per Stud: 7. 55 kips 

Concrete Slip at Failure: 

POl. AT-I: 0.0005 in. 

Pal. AB-2: 0.0286 in. 

Avg. Side A: 0 . 0 1~6 in. 

A'·g.: 0.0067 in. 

Comments: 10% Normal Load 
Test Operator: SCC 

Stud Position: M 

Stud Size: Y. in. x 6 in. 

Stud Tensi le Strength: 62.500 ksi 

Pal. BT-3: -0.0020 in. 

Pal. BB-~ : -0 .0002 in. 

Avg. Side B: -0 .00 11 in . 

Holes pre-drilled in deck ror studs: deck was welded to tee nange 
RIb Cracking 

35 

.10 ~ 

.-.. 25 
i£. 

" ::; 20 
• .s 

IS 

,-----, 
______ AT-I 

-o- AB-2 

-+- BT-3 

-o-BB-4 

-.- Predict ed 

0.005 

-
0.0 10 0.0 15 

S lip (In. ) 
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0.020 

Test 0 71 
M66-S0N7-1.5 

0.025 0.03 



3/4" x6" STUDS 
(STANDARD) 

SIDE A 

6 3/4"x36"x36" S 

P SH-O T TEST LAYOUT & CRACKI G SHEET 

SIDE VIEW 

Tesl 071 

Deslgn.lion. M66 ·S ON7-4 S 

Dale 4/23/ 98 

I; n 
I . 

SIDE A I' . I IDE B 

TOP VIEW 

SIDE A SURFACE SIDE B SURFACE 
r-

----
SIDE A BOTTOM 

p-
STUDS REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 
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,..-

;/ 

SIDE B BOTTOM 

h 
STUDS REMAINED 
ATTACHED TO TEE 
AnER FAILURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I, '-
J",) 

- --------------------------------------------------

.;;> 

I 
.'1 

Test 071 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGIN TEST 

I 
9.30 0.0002 -0.0002 -0.0004 -0.0002 CRACKING OF BOTTOM RJ B SIDE A. 

15.14 0.0002 -0.0004 -0.0002 -0.0002 

21. 11 0.0004 0.0002 -0.0002 -0.0002 CRACKING OF BOTTOM RJB SIDE B 

I 23 .30 0.0004 0.0000 -0.0002 0.0000 

28.89 0.0000 0.0000 -0.0002 -0.0002 CRACKING OF SECOND RJB SIDE A. 

I 30.21 0.0005 -0.0002 0.0000 0.0000 

29.90 0.0004 0.0060 -0.0009 -0.0002 AXIAL LOA.D COMING OlIT IN NL 

I 29.21 0.0005 0.0130 -00009 0.0002 

29.52 0.0005 0.0183 -0.0016 0.0002 CRACKING OF TIPS OF RJBS 

I 30.09 0.0005 0.0200 -0.0016 0.0002 

29.33 0.0007 0.0227 -00018 0.0000 

I 
28 .71 0.0005 0.0286 -0.0020 -0.0002 TERMINATED TEST DL'E TO CRACKS 

I 
I 

I I 
,I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test : D72 

Designation: M66-5.0 7-1.5 

Date of Test: 4/22/98 

Concrete Strengtl>: 5000 psi 

Concrete Weight: 142.32 pef 

Concrete Thickness: 6 ¥. in. 

Maximum Applied Load: 29 .08 kips 

Applied Load Per Stud: 7.27 kips 

Concrete Slip at Failure: 

Pot. AT-I: -0.0002 In . 

Pot. AB-2: -0.0925 in. 

Avg. Side A: -0.0464 in. 

Mg.: -0 .02~3 in. 

Comments: 10% Normal Load 
Test Operator: SCC 

Deck Type: 4 y," USD. 16 ga o 

Stud Position: M 

Stud Size: Y. ill . x 6 in. 

Stud Tensile Strength: 62 .500 ksi 

Pot. BT-3: 0.0009 in. 

Pot. BB--l: -0.0055 in. 

Avg. Side B: -0.0023 in . 

Holes pre-dnlled III deck for studs: deck was \\elded to tee flange 
Rib Cracklllg 

, 
c. .. .. 
~ -. 

·0 .100 ·OOKO 

.-IT . t 

---0--- :\ B-: 
BT·) 

-o- BB-4 

Predicted 

·0060 

Test D72 
M66-50N7-4.5 

·0.040 

Sli P (In .) 
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·0020 

35 

)0 

20 

t5 

10 

5 

0.000 

I 
I 
I 
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I 

3/4" x6" STUDS 
(STANDARD) 

IDE A 

PUSH- OUT TEST LAYO T & CRACKI NG SHEET 

Tesl. D72 

Deslgnallon ' M66- 5.0N7 - 45 

Dale 4/ 22/ 98 

.' 

. ' 
'. . : 

SIDE A SIDE B 

SIDE VIEW 

SIDE A S RFACE 
r-

---
~ 

I 

SIDE A BOTTOM 

STUDS REfJAINED 
AnACHED TO TEE 
AFTER FAILURE 
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, 
:' , 

TOP VIEW 

SIDE B SURFACE 
-

/--

SIDE B BOTTOM 

STUDS REfJA,m 
ATTACHED TO TEE 
AFTER FAILURE 

1-, 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.24 0.0002 

14.32 -0.0002 

19.97 -0.0002 

24 .56 0.0000 

28.02 -0.0002 

28.58 -0.0002 

29.08 -0.0004 

24.31 -0.0002 

24.62 0.0000 

2462 -0.0002 

Test D72 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 00000 

-0.0005 -0.0002 -0.0004 

-0.0002 -0.0004 00000 

-0.0002 -0.0004 -0.0004 

-0.0002 -0.0004 -0.0004 

-0.0137 -0.0007 -0.0004 

-0.0300 -0.0002 -0.0004 

-0.0460 0.0020 -0.0004 

-0.0617 0.0005 -0.0009 

-0.0784 0.0007 -0.0057 

-0.0925 0.0009 -0.0055 
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Test 

Comments 

BEGlNTEST 

A.X1AL LOAD COMING om IN I\L 

pop 

TER.\IINATED TEST DL'E TO CRACKS 

I 
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I 
I 
I 
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PUSH·OUT TEST SUMMARY SHEET 

Test: D7} Deck Type: 6" USD. 16 ga, 

Designation : M68-5 ,ON9-6 

Date of Test : ~/22/98 

Concrete Strength: 5000 psi Stud Position: M 

Concrete Weight: 1~2 , 32 pef Stud Size: lj. In . x 7 .y. in. 

Concrete Thickness: 8 .y. in. Stud Tensile Strength: 65 ,61 ~ kst 

Maximum Applied Load : 27 , 6~ kips 

Applied Load Per Stud: 6,91 kips 

Concrete Slip at Failure: 

Pot. AT-I: ~,OI~1 in, 

Pot. AB·2 : ~, 1037 in, 

A"g, Side A: ~.0589 in, 

A\'g.: ~,O~OI in. 

Comments: 10% Normal Load 
Test Operator: SCC 

Pot. BT·} : ~,OOO~ in, 

Pot. BB·~ : -() , 0~2} in , 

Mg, Side B: ~,021~ in, 

Holes pre-drilled in deck for studs: deck was welded to tee Oange 
Rib Cracking 

" Co 

~ 

·0 . t20 .0, 100 

--AT·I 

~AB .. 2 

-+- BT-) 

-O- BB-4 

-&- PredIcted 

·o,oxo ·0060 

T"SI 073 
M68-5,ON9-6 

·0.040 

Sli P ( in. ) 
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·0 ,020 

JO 

10 

5 

0 ,000 



P H-O T TEST LAYOUT & CRACKI 'G SHEET 

3/ 4"x7 3/ 4" STUDS 
(STANDARD) 

SIDE A . 

8 3;4"x36"x36" SLAB 

SIDE VIEW 

Tesl 073 

Deslgn.lIon· M68-5.0N9 6 

Dale. 4/22/ 98 

SIDE 

SIDE A SURFACE 
-

---
SIDE A BOTTOM 

:::::>-
STUDS REMAIN£D 
AITACH£D TO TEE 
AFTER FAILURE 
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'i' • 
: . : ' • 

'.: ., 
" 

A 
~ .. 

SIDE B ,. : ,. 

l ' '. 
; ., 

.t· .: 

TOP VIEW 

I 

SIDE B SURFACE 
r-

/ -

SIDE B BOTTOM 

STUDS REMAlN£O 
ATTACHED TO TEE 
AFTER FAILURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
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.. 

Axial Load 

(kips) 

0.00 

6.53 

1 1.3 1 

15 .33 

12.00 

14.13 

15 .64 

17.21 

19.85 

21.67 

23 .56 

25 .50 

22.49 

24.87 

26.63 

27.64 

26.26 

Pot. AT- 1 

0.0000 

0.0004 

0.0002 

-0.0009 

-0.00 13 

-0.0009 

-0.0009 

-0.001 1 

-0.00 11 

-0.0009 

-0.0005 

-0.00 11 

-0.00 11 

-0.0053 

-0.0095 

-0.0 141 

-0.0 141 

Test 0 73 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.00 ]1 -0.0004 0.0013 

0.00 18 -00002 0.0022 UNLOADED TO TIGHTEN A BOLT 

0.0020 -0.0002 -0.0005 SLIPS WENT NEGATIVE. 

-0.0053 -0.0002 -0.00 11 

-0.0093 -0.0004 -0.0013 CRACK IN BOTTOM OF SIDE B 

-0.0128 -0.0002 -0.00 15 SIDE A CRACKED IN MIDDLE RIBS 

-0.0183 -00002 -0.00 11 

-0.0251 -0.0004 -0.0009 

-0.0300 -0.0005 -0.0004 BOTTOM llB OF SIDE II. HAS ... .,.CkACKED 

-0.0368 0.0000 -0.0002 

-00430 -0.0004 -0.0002 

-0.0509 -0.0002 -0.0 106 

-0.060 1 -0.0004 -0.0139 

-0.0694 -0.0004 -00 174 

-0.0767 -0.0004 -0.0200 

-0.1037 -0.0004 -0.0423 TERM INATED TEST DUE TO CRACKS 
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PUSH-OUT TEST SUMMARY SHEET 

Tesl. D7~ Deck Type: 6" USD. 16 gao 

Designauon: M68-5 .0N9-6 

Dale of Test : 4120/98 

Concrete StrengU" 5000 psi Stud Position: M 

Concrete Weight: 142.32 pef Stud Size: '/.0 Ill . x 7 '/.0 in. 

Concrete Thickness: 8 0/.. in. Stud Tensile Strength: 65 .634 ksi 

MaXimum Applied Load: 2H9 kips 

Applied Load Per Stud: 6.17 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.0000 in. Pot. BT-3 : -0 .0002 in. 

Pot. AB-2 : -O .0~5~ in. Pot. BB-~ : -0.0253 in. 

Avg. Side A: -0.0227 in. Avg. Side B: -0.0128 in . 

A\'g.: -0.0177 in. 

Comments: 

-; 
.s 

-0050 

10% Normal Load 
Test Operator: SCC & MRR 
Holes pre-drilled in deck for studs. deck was welded to tee nangc 
Rib Cracking 

-0.040 

AT-I 

____ BT-1 

-<>-BB-4 

---6- Pred1cted 

-0.030 -0020 

TeSID74 
M68-5.0N9-6 

-O.O t O 

S lip (In .) 
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30 

25 

IS 

10 

0.000 0 .010 
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I 3/4" x7 3/4" STUDS 
(STANDARD) 

SIDE A . 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. 

Designation: 

Oale 

074 

MS8 - S.0N9 - S 

4/ 20/ 98 

T 
. L " 
:: "; 

r-;c · .: . . , · .. :' 
· . ~ 

SIDE A Ioi~";';· ·;!r---li==:Io1 SIDE B 
~ . : 

SIDE VIEW 

SIDE A SURFACE 
r-

----
~ 

SIDE A BOTTOM 

STUDS REMAINED 
ATIACHED TO TEE 
AFTER FAILURE 

349 

, . ." :: 
l ' . , .; i· 

L ~ 

TOP VIEW 

SIDE B SURFACE 
r-

./ -

SIDE B BOTTOM 

STUDS REMAINED 
ATIACHED TO TEE 
AFTER FAILURE 



Axial Load 

(kips) Pol. AT-I 

0.00 0.0000 

5.72 -0.0004 

10.18 -0.0002 

1445 0.0000 

19.47 -0.0002 

24.69 -0.0002 

20.41 -0.0004 

21.04 -0.0004 

22.61 -0.0004 

18.78 0.0000 

20.73 -0.0002 

22 . 11 -0.0002 

22.61 0.0000 

20.48 0.0000 

Test D74 Data 

Slips (in.) 

Pol. AB-2 Pol. BT-3 Pol. BB-4 

0.0000 0.0000 00000 

-0.0031 -0.0005 -0.0018 

-0.0035 0.0000 -0.0042 

-0.0035 -0.0002 -00042 

-0.0035 -0.0002 -0.0040 

-00035 -0.0002 -0.0042 

-0.0121 -0.0002 -0.0018 

-0.0238 -0.0002 -0.00 II 

-0.0266 0.0000 -0.0013 

-0.0315 -0.0002 -0.0060 

-0.0346 0.0000 -0.0097 

-0.0405 -0.0002 -0.0130 

-0.0421 -0.0002 -0.0157 

-0.0454 -0.0002 -0.0253 
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Test 

Comments 

BEGIN TEST 

BOTTOM RIB CRACKED pop 

pop 

RIB CRACKING SIDE A 

AXIAL LOAD COMING OlIT IN NI.. 

pop 

DECK DEBONDING RIB ROTATIO!'l 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D75 Deck Type: 6" USD. 16 gao 

Designation: M68-5 .0N9-6 

Dale ofTesl : ~!I9/98 

Concrete Strength : 5000 psi Slud Posilion: M 

Concrele Weighl : 142.32 pef Stud Size: :y. in. x 7 V. in. 

Concrele Thickness: Slud Tensile Strenglh : G5 .63~ kSI 

Maximum Applied Load: 22.30 kips 

Applied Load Per Stud: 5.58 kips 

Concrete Slip al Failure: 

Po\. AT-I: 0.0002 in. 

Po\. AB-2: -0.0797 in. 

A\'g. Side A: -0.0398 in. 

A\'g.: -0.0550 in. 

Comments: 10% Normal Load 
Tesl Operator: SCC 

Po\. BT-3 : -0.1322 in. 

-O .008~ in. 

A\'g. Side B: -0.070) 111 . 

Holes pre-drilled in deck for sluds: deck was welded 10 Ice nange 
Rib Crocking 

---4- :\T-1 

-O-AB·2 

-+- BT·3 

~BB-4 

---t- Predlcled 

· 0 14 ·0.12 -0.10 

Tesl075 
M68-5.0N9-6 

·0.06 -004 

Slip (I n. ) 
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·002 

25 

0 .00 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

3/4" x7 3/4" STUDS 
(STANDARD) 

SIDE A . 

SIDE VIEW 

Tesl. D75 

Deslgnallon: MS8-5.0N9- S 

Dale 4/ 19/ 98 

SIDE 

] 
SIDE A SURFACE 

-

...---

SIDE A BOTTOM 

~ 
STUDS RE MAINED 
ATTACHED TO TEE 
AFTER r AllURE 
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',' " 
I • " ' 

.' . 
i .. 

A ~. : SIDE B .. '. , . I·· '., 

lJ ' . l • , 
LJ 

TOP VIEW 

L 
SIDE B SURFACE 

-

/ ~ 

SIDE B BOTIOM 

STUDS REMAINED 
ATTACHED TO TEE 
ArTER f AILURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I I '" 
IV 
... ~ .. 

I Test D75 Data 

I I Axial Load Slips (in.) Test 

(kips) POt. AT-1 Pot. AB-2 Pol. BT-3 Pot. BB-4 Comments 

il 0.00 0.0000 0.0000 0.0000 0.0000 BEGI~TEST 

9.61 -0.0002 -0.0027 -0.0005 -0.0002 pop POP. 

i

l 
14.82 -0.0002 -0.0027 -0.0002 -0.0002 CRACKING IN BOTTO\I RIB 

19.66 0.0000 -0.0026 -0.0007 -0.0002 POPPING CONCRETE RI BS CRACKING 

22.30 -0.0004 -0.0139 -0.0007 -0.0002 

I 18.97 -0.0002 -0.02 14 -0.0137 -0.0165 

22.24 -0.0004 -0.0320 -0.0297 -0.0165 SLAB A IS CRACKING. 

I 17.96 -0.0002 -0.0385 -0.0645 -0.0346 DECK RIBS ROTATING 

18.34 -0.0002 -0.0454 -0.0826 -0.0353 A,X1AL LOAD COMING OUT IN NL 

I 19.22 -0.0002 -0.0538 -0.096 1 -0.02 18 

19.72 0.0002 -0.0657 -0.11 34 -0.0007 DECK DEBONDING BOTH SIDES 

I I 
21.04 0.0002 -0.0797 -0.1322 -0.0084 N.L WILL NOT RELEASE 

TERM TEST BECAUSE OF N L LOAD CEll 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 076 Deck Type: 2" USD, 20 gao 

Designation: S6~,S .ON6·2 .S% 

Dale ofTesl : S/2/98 

Concrete Strength : SOOO psi Stud Position: S 

Concrete Weight: 1~2 . 32 pef Stud Size: 3~ in. x -I in. 

Concrete Thickness: 5 ~ in . Stud Tensile Strength: 6S .813 ksi 

Ma,,;mum Applied Load: 39.07 kips 

Applied Load Per Stud: 9.77 kips 

Concrete Slip at Failure: 

Pot. AT-I : O . 3~S~ in. 

POI . AB·2 : No Reading 

Avg. Side A: () . 3 ~ S~ in. 

A\·g.: 0.3 225 in. 

Comments: S% Normal Load 
Tesl Operator: SCC 
Stud Shearing of Both Studs on Side B 

14 0 

120 

100 . 
Co 

'" ~O 

~ 
..:; 

60 , 
~ 

"" 40 

20 

0 

Pot. BT-3: 

Pot. BB-4: 

Avg. Side B: 

_____ AT_l 

~AB-2 

-+- BT·3 

--<>- BB-4 

-.- Predlcled 

0.00 0.05 o 10 0. 15 020 0.25 0.30 0.35 

Sli P (i n. ) 

354 

0.2807 in. 

0.3 186 in . 

0.2997 in. 

TeslD76 
S64·5.0N6-2,5% 

0.40 0.45 0.5 
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I 
-:;) 
'''> , . .. ~ 

I 
I PUSH-OUT TEST LAYOUT & CRACKING SHEET 

I Tesl: 076 

I 
Designalion ' S64 - 50N6-2.5i' 

Dale: 5/ 2/ 96 

I 
3/4" x4" STUDS 

(STANDARD) • 

SIDE A 'l T 
~ :-, , , 

I SIDE A 

, , , , , , , , 
, , 
1-

, , , 
SIDE B 

; , , 

I 
-: i 

Ll 
, 

-'-
5 3/ 4"x36"x36" SLAB 

I SIDE VIEW TOP VIEW 

I 
I 
I 
I 

SIDE A SURFACE SIDE B SURFACE 

I -

'I 
:, ---P 

i
V 

"---
~ 

p-
V" 

STUDS REMAINED 
ATTACHED 10 TEE STUD SHEARING 
AFTER FAILURE 

I SIDE A BOTTOM SIDE B BOTTOM 

I 
355 

I 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.68 0.0000 

15 .26 0.0004 

19.72 0.0007 

25 .00 0.0005 

29.71 0.0011 

33 .86 0.0002 

39.07 0.0222 

34.61 0.0222 

35 .62 0.0216 

34.92 0.0538 

33.92 0.0529 

33 .67 0.0537 

33 . 17 0.0928 

33 .35 0.0917 

34 17 0.1553 

33 .92 0.1972 

34.48 0.2203 

35 .05 0.2287 

35.05 0.2860 

34.30 0.2860 

35 .55 0.3005 

34.74 0.3236 

33 .61 0.3454 

Test D76 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

0.0009 0.0002 -0.0004 

0.0042 -0.0009 -00002 

0.0071 -0.0011 0.0004 

0.0134 -0.0004 0.0011 

0.0240 -0.0009 0.0015 

0.D381 -0.0002 0.0020 

0.0767 -0.0002 0.0022 

0.1445 0.0005 0.0101 

0.1698 0.0011 0.0174 

0.2082 0.0029 0.0262 

0.2404 0.0068 0.0355 

0.2754 0.0154 0.0467 

0.3203 0.0289 0.0626 

0.3545 0.0476 0.0798 

0.3829 0.0575 0.0956 

0.4184 0.0743 0.1139 

0.4483 0.0921 0.1309 

0.4683 0.1099 0.1505 

-- 0.1340 0.1738 

-- 0.1597 0.1959 

-- 0.1866 0.2285 

-- 0.2328 0.2683 

-- 0.2807 0.3186 
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Test 

Comments 

BEGIN TEST 

SLAB IS SHIfTING TO SIDE B 

POPPING 

POP 

DECK OEBONDING SIDE A 

DECK IS RIDING OVER POT 2 

BIG BANG 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test 077 

Designation: S64-5 .0N6-2 .5% 

Date of Test 4/29/98 

Concrete Strength: 5000 psi 

Concrete Weight: 142.32 pcf 

Concrete Thickness: 5 3/4 in. 

MaxI/Hum Applied Load: 90. 14 kips 

Applied Load Per Stud: 22.54 kips 

Concrete Slip at Failure: 

POl. AT-\: 0.3637 in. 

POI. AB-2 : 0.46 11 in. 

Avg. Side A: 0.41 2 1 in. 

A\'g.: 0.3375 in. 

COlllments: 

t40 

t20 

t OO · =-
2- _0 
." • .s 

60 
• 
~ 

'" 40 

"0 

0 

0.00 

5% Normal Load 
Test Operator: SCC 
Stud Shearing of Both Studs on Side A 

'-- AT-I 

-O- AB-2 

-+- BT-3 

-<>- BB-4 

-6- PredIcted 

005 O. tO O. t 5 0.20 0.25 

Sli P (In .) 

357 

Deck Type: 2" USD. 20 gao 

Stud Position : S 

Stud Size: ¥.. Ill . X 4. in. 

Stud Tensile Strength: 65.8 \3 ksi 

POI. BT-3 : 

POI. BB-4 : 

Ayg. Side B: 

0.30 0.35 

0.3404 in. 

0. 1846 in . 

0.2625 in. 

Test 077 
S64-5. ON6-2,5"10 

0 .40 0.45 0 .5 



3/4" x4" STUDS 
(STANDARD) 

SIDE A 

5 3/4" x3S" x36" SLAB 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. 077 

Designalion: SS4 - 5 ONS-2 57, 

Dale 4/ 29/ 98 

SIDE A 

SIDE VIEW 
Surfaces Not Level 

. 
. i , , 

I 
I' 
i :; 

-.J 

:-
' . 
, . 
, , , . 

TOP VIEW 

SIDE B 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,--____ ::=:::----, CONCRETE CRUSHING 

~--~I I 
SIDE A S RFACE SIDE B SURFACE 

--? STUD SHEARING 

..,. 

SIDE A BOTTOM 

358 

-

0. -----V" 

SIDE B BOTTOM 

S 
~. 

TUDS REMAINED 
TIACHEO TO TEE 
FTER FAILURE 

I 
I 
I 
I 
I 
I 



I 
'::;. . 
'-' 
'.' ..... 

I 
l>-

Test D77 Data 

I Axial Load Slips (in ,) Test 

I 
(kips) Pot. AT-I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0,00 0,0000 0,0000 0,0000 0.0000 BEGIN TEST 

I 
9.42 0,0000 0,0000 -0,0004 0,0081 

14,57 -0,0004 00000 0,0000 0,0145 

19.35 -0,0002 -0,0002 0,0002 0,0231 BANG WH EN ADDED NORMAL LOAD 

I 24,50 0,0004 -0,0002 0,0005 0,0298 

29,71 0,0002 0,0002 0,0009 0,0331 

I 34,05 0,0000 0,0007 0,0038 0,0335 

39,82 0.0000 0,0015 0,0037 0,0341 

I 44,03 0,0000 0,0022 0,0057 0,0344 

50,06 0,0002 0,0035 0,0081 0,0346 

I 5609 -0,0002 0,0064 0,0 I 06 0,0344 pop, 

60,55 0.0000 0,0088 0,0132 0,0363 

I 
64 ,89 -0,0002 0,0121 0,0157 0,0364 

68.72 00000 0,0161 0,0189 0,0363 

I 
74,06 0,0161 0,0229 0,0245 0,0339 BIG pop, 

77.83 0,0161 0,0315 0,0355 0,0328 NO DECK BULGING 

82,98 0,0161 0,0480 0,0461 0,0348 

I 86,37 0,0500 0.0685 0,0595 0,0234 

87.75 0.0502 0.0844 0,0716 0,0822 DECK DEBONDING SIDE A 

I I 89,07 0,0599 0.1055 0.0901 0,0919 

90,14 0,0764 0,1238 0,1135 0, I 064 POP. 

I 81.22 0,0925 0,1454 0,1623 0,1236 

79,33 0,1154 0,1796 0,1835 0,1234 

I 79,71 0,1456 0,2132 0,2025 0,1234 

79,33 0,1655 0,2382 0,2176 0,1238 

I 79.02 0,1866 0,2578 0,2331 0,1295 

78 ,58 0,2110 0,2844 0,2498 0,1379 

I 
76,88 0,2350 0,3110 0,2701 0,1485 POP. 

73.49 0,2582 0,3412 0,3020 0,1650 

I 
359 

I 



Axial Load 

(kips) Pot. AT-I 

58.79 0.3437 

57.60 0.3637 

Test 077 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.4366 0.3201 0.1745 

0.4611 0.3404 01846 
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Test 

Comments 

BIG BANG. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUSH·OUT TEST SUMMARY SHEET 

Test : D78 

Designation: S64·5 .0N6·2.5% 

Date of Test : 5/2/98 

Concrete Strength: 5000 psi 

Concrete Weight: 142.32 pef 

Concrete Thickness: 5 .y. in. 

MaxImum Applied Load: 50.94 kips 

Applied Load Per Stud: 12.74 kips 

Concrete Slip at Failure: 

Pot . AT·I : 0.5250 in. 

Pot. AB·2 : 0.5737 in. 

A\'g. Side A: 0.5494 in. 

Avg.: 0.3879 in. 

Comments: 5% Nonnal Load 
Test Operator: SCC 

Deck Type: T USD. 20 gao 

Stud Position: S 

Stud Size: Y. in. x 4 in. 

Stud Tensile Strength: 65.813 ksi 

Pot. BT·3: 0.2317 in. 

Pot. BB·4: 0.2210 in. 

Avg. Side B: 0.2264 in. 

Stud Shearing of Top Stud on Side A and Both Studs 011 Side B 

140 

120 I--AT. I 
~ 

-<>- AB-2 
100 

~ -+-BT·3 

" HO -0- BB·4 
'" ~ -.- PredLcted 
~ 

60 
.~ 
~ 

<: 40 .L>-

V 
"V'O' ~ 

To' t D78 
10 S6+50N6-2,5% 

0 

0.00 o 10 0 20 030 040 050 

Sli p (In .) 
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3/4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH- OUT TEST LA YO T & CRACKING HEET 

Test: P78 

DeSignation: SS4 -5 0NS- 25j1 

Dale: 5/ 2/ 98 

'T -
0 , 

1 
:' 
0 
0 , 
0 
0 

: 0 

, . 
1 

. , , , 

SIDE A SIDE B 

. : • . ' -.!. --'-

SIDE VIEW TOP VIEW 

SIDE A SURFACE SIDE B SURFACE 

t=~:::;;;;~~ STUD SHEARING 

SIDE A BOTTOM 

362 

STUDS REMAINED 
1---+-+--==-+-. ... nACHED TO TEo 

AFTER FAILURE 

SIDE B BOTTOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I .:':J 

.... 

I 
-;, 

Test D78 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-1 Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.00 0.0000 0.0000 0.0000 0.0000 BEGII' TEST 

I 
9.74 0.0000 0.0005 -0.0007 0.0002 

15.08 -0.0007 0.0013 -0.0002 0.0004 

20.10 -0.0009 0.0049 0.0000 -0.0002 CRACKING NOISEs 

I 25 .19 0.0000 0.0099 -00004 0.0004 

30.40 -0.0002 0.02 14 0.0000 0.0009 CRACKING NOISES 

I 36.06 -0.00 13 0.0390 0.0075 0.0009 

39.51 0.0046 0.0588 0.0097 0.00 18 

I 41.52 0.0284 0.086 1 0.0163 0.0077 

43 .53 0.0487 0.1069 0.0207 0.0123 

• 47.30 0.0760 0. 131 9 0.0284 0.0181 

46.42 0.1130 0.1643 0.0348 0.0258 

I 
47.24 0.135 1 0.1872 0.0429 0.03 13 

47.86 0.1562 0.207 1 0.0493 0.041 9 

• 48.37 0.1787 0.2295 0.06 15 0.0533 

50.3 1 0.2128 0.26 11 0.0786 0.0676 

50.31 0.2397 0.2862 0.0954 0.0874 

I 50.88 0.2745 0.3 181 0.1 150 0.1066 

50.94 0.3 137 0.3571 0.1430 0. 1317 

• 41.52 0.4423 0.4877 0.1802 0.1665 pop 

40.95 0.4455 0.4908 0.1806 0.1655 

II 
I 

4 1.77 0.4851 0.5298 0. 1994 0.190 1 DECK DEBONDING SIDE A & B 

39.64 0.5250 0.573 7 0.23 17 0.22 10 BIG BANG 

I ,. 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test. 079 

Designation: S64-5.0N6-2,20% 

Date of Test: 4129/98 

Concrete Strength: 5000 psi 

Concrete Weight: 142.32 pef 

Concrete Thickness: 5 :y. in. 

Maximum Applied Load: 92 .46 kips 

Applied Load Per Stud: 23 .12 kips 

Concrete Slip at Failure: 

Pol. AT-I: 0.0643 in. 

Pol. AB-2: 0.2738 in. 

Avg. Side A: 0.1691 in. 

Comments: 

i40 

i20 

Avg.: 0.2931 in. 

20% Nonnal Load 
Test Operator: SCC 

~iOO ~ 

~80~ -." >.!LI' 

. r; oS 
60 

• M 

I-4-AT. i 

< 40 
--+-BT·3 

20 -o-B8-4 

----.- Predicted 

Deck Type: 2" USD. 20 gao 

Stud Position: S 

Stud Size : Yo in. x ~ in. 

Stud Tensile Strength: 65.813 ksi 

Pol. BT-3 : 

POI. BB-4: 

Avg. Side B: 

0.5085 in. 

0.3258 in. 

0.4172 in. 

Test 079 
S64·5.0N6-2,20% 

0 L-----~====~----~--~~------~--~ 
000 O. i O 0.20 
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0.30 

Slip (in.) 

0.40 0.50 0 .60 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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3/4" x4" STUDS 
(STANDARD) 

SIDE A 

5 3/4" x36" x36" SLAB 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl: 079 

DesJgnalJon- S64 5 ON6-2 207-

Dale. 4/29/ 98 

-- I 

SIDE A 

SIDE VIEW 

CONCRETE CRUSHING 

r-;­
l 

1 . , 
: , 
, 
'. , , , . , 

d 

TOP VIEW 

SIDE B 

SIDE A SURFACE SIDE B SURFACE 
-

----v-

SIDE A BOTTOM 

.-.:?" 
STUDS REMAINED 
ATIACHED TO TEE 
AnER FAILURE 

365 

-

0- ........ 

--v-

SIDE B BOTTOM 

STUDS REMAINED 
AnACHED TO TEE 
AFTER FAILURE 

>-, 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

9.48 0.0000 

14.26 -0.0002 

18.72 -0.0004 

23 .99 0.0000 

2933 -0.0004 

35.49 -0.0004 

37.75 0.0002 

43.47 -0.0002 

50.00 0.0000 

54.90 0.0000 

59.99 0.0000 

63 .88 0.0000 

69.28 0.0000 

73 .87 0.0000 

79.59 0.0000 

84.30 -0.0002 

88.57 0.0004 

92.46 0.0000 

85 .05 -0.0002 

82.73 0.0000 

78.96 0.0000 

74.94 0.0383 

73.05 0.0383 

72.36 0.0383 

72.42 0.0385 

71.61 0.Q381 

69.79 0.0385 

69.47 0.0386 

Test D79 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0004 -0.0002 -0.0013 

0.0002 -0.0002 -0.0015 

0.0000 0.0000 -0.0016 

0.0000 -0.0002 -0.0015 

0.0000 -0.0004 -0.0016 

0.0000 0.0002 -0.0013 

0.0000 0.0002 -0.00 II 

0.0002 0.0004 -0.0009 

0.0004 0.0002 -0.0007 

0.0002 0.0002 -0.0005 

0.0005 0.0002 -0.0007 

0.0015 0.0024 -0.0005 

0.0062 0.0033 -0.0002 

0.0084 0.0081 -0.0004 

0.0136 0.0139 0.0000 

0.0205 0.0236 0.0004 

0.0311 0.0405 0.0009 

0.0456 0.0626 00009 

0.0623 0.1253 0.0231 

0.0745 0.1557 0.0524 

0.0914 0.2046 0.0863 

0.1079 0.2478 0.1174 

0.1249 0.2840 0.1482 

0.1428 03194 0.1742 

0.1580 0.3426 0.1906 

0.2005 0.4 133 0.2514 

0.2258 0.4569 0.2809 

0.2430 0.4767 0.2990 

366 

Test 

Comments 

BEGIN TEST 

pop 

CRACKING 015ES 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
Test D79 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-l Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

68.97 0.0643 0.2738 0.5085 0.3258 

I 
I 
I 

I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PUSH-OUT TEST SUMMARY SHEET 

Test. 080 

Designation: S64-5 .0N6-2.20% 

Date of Test: 5122/98 

Concrete Stren!,'th: 5000 psi 

Concrete Weight: 142.3 2 pef 

Concrete Thickness: 5 lj.. in. 

MaXimum Applied Load: 77.39 kips 

Applied Load Per Stud: 19.35 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.2439 in. 

Pot. AB-2 : 0.2765 in. 

Avg. Side A: 0.2602 in. 

Mg.: 0.3732 in. 

Comments: 20% Normal Load 
Test Operator: MRR 

140 

120 

_ 100 
a 
~ xo 
." • .5 

60 
• 
• .., 

40 

20 

0 

0.00 0. 10 0.20 O. lO 

Slip (In .) 

368 

Deck Type: 2" USD. 20 gao 

Stud Posi tion : S 

Stud Size: \I. in. x 4 in. 

Stud Tensile Strength: 65.813 ksi 

Pot. BT-3 : 

Pot. BB-l : 

Avg. Side B: 

___ AT·I 

-<>- AB-2 

-+- BT-3 

-o- BB-4 

Predicted 

0.40 

0.5336 in. 

0.4386 in. 

0.4861 in. 

Tes t 080 
S64-5.0N6-2,YI. 

0 .50 060 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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3/4'x4' STUDS 
(STANDARD) 

SIDE A 

5 3/4'x36"x36' SLAB 

P SH-O T TEST LAYOUT & CRACKI G SHEET 

Tesl 080 

DeslgnallOn: S64 -5 ON6- 2 20% 

Dale 5/22/98 

SIDE A 

SIDE VIEW 

! 

, 
:. 
, , . : 

. : 

'. 

TOP VIEW 

IDE B 

SIDE A SURFACE SIDE B SURFACE 
-

----0-

SIDE A BOTTOM 

..-? 
STUDS REMAINED 
ATIACHED TO TEE 
AfTER FAILURE 

369 

-

-0-

-0-

SIDE B BOTTOM 

STUD REMAINED 
ATIACHED TO TEE 
AFTER FAILURE -' 

STUD FAILURE -: 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

9.17 -0.0002 

14.95 -0.0002 

19.22 0.0000 

24.37 -0.0002 

29.02 0.0002 

33 .92 0.0002 

37.69 0.0020 

42.71 0.0038 

47.42 0.0048 

51.19 0.0090 

54.90 0.0090 

58.67 0.0108 

61.62 0.0132 

63 .69 0.0156 

65.58 0.0196 

67.96 0.0240 

70.10 0.0315 

72.42 0.0429 

74.37 0.0579 

75 .19 0.0758 

69.10 0.0866 

75 .50 0.0912 

77.39 0.1038 

69.22 0.1251 

76.51 0.1498 

76.19 0.1727 

75 .75 0.1895 

74.87 0.2102 

Test 080 Data 

Slips (in.) 

Pot AB-2 Pot. BT-3 Pot. BB-4 

0.0000 0.0000 0.0000 

-0.0002 0.0002 0.0002 

0.0002 0.0000 0.0000 

0.0002 0.0002 0.0000 

0.0011 0.0004 -0.0002 

0.0020 0.0002 0.0000 

0.0042 0.0044 0.0004 

0.0057 0.0044 0.0004 

0.0068 0.0044 0.0009 

0.0090 0.0081 0.0029 

0.0112 0.0130 0.0055 

0.0130 0.0176 0.0086 

0.0154 0.0271 0.0150 

0.0178 0.0346 0.0225 

0.0207 0.0460 0.0284 

0.0245 0.0634 0.0472 

0.0297 0.0881 0.0679 

0.0363 0.1058 0.0883 

0.0483 0.1452 0.1 187 

0.0650 0.1809 0.1502 

0.0844 0.2187 0.1760 

0.1009 0.2467 0.2042 

0.1075 0.2589 0.2126 

0.1196 0.2787 0.2342 

0.1450 0.3272 0.2719 

0.1725 0.3657 0.3044 

0.1976 0.4062 0.3305 

0.2163 0.4307 0.3560 

0.2381 0.4684 0.3877 

370 

Test 

Comments 

BEGli'/TEST 

pop 

UNLOADED N L. & RELOADED 

(YOKE WAS OT LEVEL) 

UNLOADED N.L. DID REST OF 

TEST WI CONSTANT N.L. - Ilk 

I 
I 
I 
I 
I 
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I 
Test 080 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

73 .12 0.2282 0.2580 0.5021 0.4173 RAM LEANING SUGHTLY. 

I 
74.43 0.2439 0.2765 0.5336 0.4386 POP. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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P SH-OUT TEST SUMMARY SHEET 

Test : 081 

Designation: S64-5 .0N6-2.20% 

DOle of Test: 5/23 /98 

Concrete Strength: 5000 psi 

Concrete Weight: 142.32 pef 

Concrete Thickness: 5'~ in. 

Maximum Applied Load: 97.55 kips 

Applied Load Per Stud: 24.39 kips 

Concrete Slip at Failure: 

Pol. AT-I: 0.2426 in . 

Pol. AB-2 : 0.2637 in. 

Avg. Side A: 0.2532 in. 

A\'g.: 0.2058 in. 

Comments: 

I~O 

120 

.-.. 100 

20% Normal Load 
Test Operator: MRR 

~ 

~ :i 
XO .. 

• .5 
60 V ~ -~ ~O 

20 

0 

000 0.05 o 10 

.... 

0 15 

Slip (In .) 

372 

Deck Type: 2" USD. 20 gao 

Stud Position: S 

Stud Size: '/. Ill. x 4 in. 

Stud Tensile Strength: 65.813 ksi 

Pol. BT-3: 0.1428 in. 

Pot . BB-4: 0.1742 in. 

A\'g. Side B: 0.1585 in. 

-<> ~ 
___ AT_I 

~AB-2 

-+- BT-3 
Test 081 

~BB-4 S64-50N6-2.20% 
--.- PredIcted 

0.20 0.25 030 

I 
I 
I 
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3/ 4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Test: D8! 

Deslgnallon: S64 - 50N6-2 201-

Dale: 5/ 23/ 98 

--,- r: 
1 , 
, , , 

SIDE A 
, 

, , SIDE B 

5 3/4" x36" x36" SLAB 

SIDE VIEW 

I 

SIDE A SURFACE 
-

---~ <>'" 

SIDE A BOTTOM 

STUDS REMAINED 
An ACHED TO TEE 
AFTER FAILURE 

373 

, , 
:~ : : , . : I 

..:.l '-'---

TOP VIEW 

I 

SIDE B S RFACE 
-

0- ----->-
<>'" 

SIDE B BOTTOM 

STUDS REMAINED 
AnACHED TO TEE 
AnER FAILURE 



Axial Load 

(kips) Pot. AT-I 

0.00 0.0000 

10.36 0.0000 

14.01 0.0000 

19.35 0.0000 

24.31 0.0000 

29.21 0.0000 

34.30 0.0000 

39.51 -0.0002 

44.28 -0.0002 

49.50 -0.0002 

54.52 0.0000 

59.30 0.0002 

64.51 0.0000 

68 .84 0.0035 

73.30 0.0103 

76.19 0.0179 

79.46 0.0238 

83 .61 0.0357 

86.56 0.0469 

89.38 0.0624 

91.39 0.0806 

93 .91 0.1084 

95.79 0.1350 

97.55 0.1580 

97.05 0.1848 

89.32 0.2100 

77.45 0.2426 

Test D81 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.0000 0.0000 0.0000 

-0.0002 0.0000 0.0013 

-0.0013 0.0000 0.0020 

-0.0009 -0.0002 0.0022 

-0.0011 -0.0002 0.0024 

-0.0011 -0.0002 0.0035 

-0.00 II -0.0002 0.0038 

0.0004 -0.0004 0.0042 

0.0007 -0.0002 0.0057 

0.0024 0.0000 0.0071 

0.0040 0.0000 0.0079 

0.0053 0.0004 0.0093 

0.0073 0.0004 0.0101 

0.0115 0.0005 0.0119 

0.0189 0.0011 0.0139 

0.0260 0.0035 0.0163 

0.0330 0.0038 0.0189 

0.0447 0.0035 0.0236 

0.0571 0.0077 0.0289 

0.0725 0.0148 0.0359 

0.0917 0.0222 0.0461 

0.1210 0.0370 0.0592 

0.1491 0.0531 0.0776 

0.1731 0.0731 0.0934 

0.2013 0.0811 0.1093 

0.2276 0.0813 0.1106 

0.2637 0.1428 0.1742 
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Test 

Comments 

BEGll' TEST 

CRACKINO NOISES 

SOfT CRACKING NOISE. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D82 

Designation : W64-UN6-2.5% 

Date of Test : 5125/98 

Concrete Strength: 4690 psi 

Concrete Weight : 144.73 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load : 55 .59 kips 

Applied Load Pcr Stud: 13.90 kips 

Concrete Slip at Failure: 

Pot. AT-I: 0.8 15 1 in. 

Pot. AB-2 : 0.772 1 in. 

Avg. Side A: 0.7936 in. 

Avg.: 0.6000 in. 

Comments: 5% Normal Load 
Test Operator: MRR 
Rib Pu nching 
Stud Shearing of BOllom Stud on Side A 

140 

Deck Type: 2" USD. 20 gao 

Stud Position : W 

Stud Size: 'I. Ill . x 4 in. 

Stud Tensile Strength: 65 .813 kst 

Pot. BT-3 : 0.3820 in . 

Pot. BB-4: OA307 in 

A\"g. Side B: OA064 Ill . 
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~~'-'-~~~~~~~~~~-'~~A~" 

~ 
100 

"-

"" ~o 
-; 
.5 

60 
" --: 40 

"0 

0 

000 o to 020 0.30 040 0 .10 

S lip ( i n .) 
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-<>-BB-4 
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Test D82 
W64-4.5N6-2.5% 

0 70 080 



I 3/4"x4" STUDS 
(STANDARD) 

SIDE A 

6" x36" x36" SLAB 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl: 082 

DesignallOn: W64-4,5N6-25% 

Dale: 5/25/98 

~ r;-, 
~ 

i" 
, 
: , , 

SIDE B 

SIDE A 
, 
: , SIDE B 
'" , 

" , 
: , , 

" : • Ll , 
-'---

SIDE VIEW TOP VIEW 

SIDE A SURFACE SIDE B SURFACE 
-

(). -
().. -

SIDE A BOTTOM 

r--

r-

STUD REMAINED 
ATIACHED TO TEE 
AFTER FAILURE 

STUD SHEARING 
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SIDE B BOTTOM 

-1 TUDS REMAINED 
TIACHED TO TEE 
FTER FAILURE A 
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I 
Test D82 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT- I Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.00 0.0000 00000 0.0000 0.0000 BEGll'TEST 

I 
9.36 0.0042 0.0295 0.0000 -0.0002 

14.13 0.0086 0.0335 -0.0002 -0.0004 

17.84 0.0143 0.0383 -0.0002 -0.0002 

I 20.60 0.0 192 0.0427 -0.0002 0.0000 

23 .74 0.0222 0.0456 -0.0002 -0.0002 

I 27.83 0.03 11 0.05 18 -0.0002 0.0000 

31.53 0.0421 0.06 12 0.0000 0.0000 

I 34.48 0.0588 0.0760 -0.0004 -0.0002 UNLOADED TO RESET RAM 

0.00 0.0346 0.0694 0.0000 -0.0002 

I 12.44 0.0447 0.0698 0.0000 -0.0004 

23 .56 0.0544 0.0762 -0.0002 -0.0002 

I 
31.60 0.0635 0.0842 -0.0002 0.0002 

33 .73 0.0793 0.0956 -0.0002 0.0000 

I 
35 .80 0. 1009 0. 11 39 -0.0002 0.0002 

38.13 0.123 1 0.1333 -0.0002 0.0002 

40.70 0.1474 0.1533 0.0002 0.0002 

I 42.40 0 1679 0.1732 -0.0002 0.0002 

45 .35 0.1916 0.1989 -0.0002 0.0044 

I 44.91 0.2340 0.23 82 0.0000 0.0042 RIB PUNC HING SIDE A. 

II 
46.36 0.2668 0.2659 -0.0002 0.0101 

48 .05 0.296 1 0.29 15 -0.0002 0.0101 

50.19 0.3249 0.3175 0.0000 0.0 178 

I 
II 

51.82 0.3498 0.3403 0.0081 0.0245 

53 .52 0.3738 0.3626 0.0 134 0.0320 

54.90 0.3994 0.3855 0.0251 0.0460 RIB PUNCHING SIDE B. 

55 .59 0.4296 0.4133 0.0405 0.0685 

I 55 .40 0.4606 0.441 9 0.0643 0.1013 

55 .09 0.4928 0.47 17 0.0972 0.1256 

I 
377 

I 



Axial Load 

(kips) Pot. AT-1 

54.02 0.5283 

53 .58 0.5631 

53 .33 0.6012 

53 .71 0.6353 

53 .83 0.6774 

53 .96 0.7157 

49.31 0.7744 

48 .24 0.8151 

Test D82 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.5052 0.1317 0.1681 

0.5362 0.1677 0.1970 

0.5715 0.2020 0.2395 

0.6041 0.2307 0.2740 

06433 0.2738 0.3124 

0.6798 0.3056 0.3516 

0.7342 0.3437 0.3941 

0.7721 0.3820 0.4307 
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Test 

Comments 

SOfTPOP 

ENDED T£ST DUE TO WAD LOSS ol RP 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D83 

Designation: W64-1.5N6-Z.5% 

Date of Test : 5/7/98 

Concrete Strength: 4690 psi 

Concrete Weight: 14~ . 73 pcf 

Concrete Thickness: 6 in. 

Maximum Applied Load : 75 .38 kips 

Applied Load Per Stud: 18.85 kips 

Concrete Slip at Failure : 

POl. AT-I: 0.9079 in. 

Pal. AB-Z: 0.8537 in. 

Avg. Side A: 0.8808 in. 

Avg. : 0.8105 in. 

Comments: 5% Nonnal Load 
Test Operator: SCC 
Rib Punching 
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Stud Shearing of BOlh Studs on Side A 

0 .10 

""""-'- AT-I 

. ~ ... _ ... ....,..-.. ..... ~ -0- AB-2 
-+- BT,3 

-o-BB-4 

Prediclcd 

0.20 0 .30 040 0 .50 

Slip (in .) 
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Deck Type: Z" USD. ZO gao 

Stud Position : W 

Stud Size: Yo in. x ~ in. 

Stud Tensile Strength: 65.813 ksi 

Pal. BT,3 : 

POI. BB-4 : 

A'·g. Side B: 

060 0 .70 

0.7592 in. 

0.7213 111 . 

0 .7403 in. 

Test D83 
W6-l-l5N6-Z,5% 

O.HO 0.90 1.0 



PUSH-OUT TEST LAYO T & CRACK! G SHEET 

Tesl. DB3 

DeslgnallOn: W64-4.5N6-251\ 

Dale 5/7 / 9B 

3/4" x4" STUDS 
(STANDARD) • 

SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

STUD SHEARING 

SIDE A BOTTOM 

380 

SIDE 
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A : SIDE B 'f 
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TOP VIEW 

SIDE B SURFACE 
-

().. 

~ 
0- ,..-

SIDE B BOTTOM 

-11 TUDS REMAINED 
TIACHED TO TEE 

AfTER FAILURE 
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, .. , . 

Axial Load 

(kips) 

0.00 

10.36 

14.13 

19.72 

24.43 

28.83 

34.86 

39.82 

44.28 

48.43 

54.15 

56.34 

57.91 

60.49 

62.69 

63 .63 

63 .63 

63 .32 

63 .76 

62.63 

62.25 

61.06 

59.99 

59.42 

58 .92 

58 .98 

59.23 

60.49 

61 .31 

Pot. AT-I 

00000 

-0.0002 

00000 

0.0000 

0.0009 

0.0016 

0.0086 

0.0099 

0.0178 

0.0297 

0.0630 

0.0866 

0.1099 

0.1328 

0.1544 

0.179 1 

0.2038 

0.24 15 

0.2740 

0.3110 

0.3443 

0.3774 

0.4084 

0.4373 

0.4728 

0.5073 

0.5443 

0.58 12 

0.6 166 

Test 0 83 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0002 -0.0002 -0.0005 

-0.0002 0.0000 -0.0004 

0.0002 -0.0002 -0.0002 

0.0090 0.0046 -0.0004 

0.0093 0.0046 -0.0004 

0.0288 0.0126 0.0002 

0.0289 0.0134 0.0002 

0.0322 0.0 152 0.0002 

0.0436 0.0200 0.0007 POPPING. 

0.0720 0.0390 0.0088 

0.0939 0.0526 0.0258 

0.1167 0.0747 0.0456 

0.1377 0.0943 0.0641 

0.1573 0.1135 0.08 11 

0.1782 0.1322 0.1013 

0.2000 0.1472 0. 1168 DECK DEBONDING SIDE A 

0.2324 0.17 16 0.1370 

0.2619 0.1883 0.1560 DECK BULGING 

0.2952 0.2229 0.1881 

0.3260 0.255 1 0.2185 

0.3573 0.2906 0.2533 

0.3869 0.3249 0.2873 

0.414 1 0.3565 0.3 181 

0.4474 0.3945 0.3567 

0.4789 0.4294 0.3895 

0.5144 0.4675 0.4260 

0.5477 0.5032 0.46 15 

0.5798 0.5360 0.494 1 

38 1 



Axial Load 

(kips) Pot. AT-I 

61.93 0.6530 

64.76 0.7310 

69.22 0.7701 

68 .66 0.8012 

70.79 0.8321 

75 .38 0.8732 

72.61 0.9079 

Test 083 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.6137 0.5673 0.5261 

0.6884 0.6327 0.5933 

0.7250 0.6659 0.6270 

0.7552 0.6919 0.6538 

0.7838 0.7168 0.6779 

0.8213 0.7420 0.7036 

0.8537 0.7592 0.7213 
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Test 

Comments 

BIG pop 30' . LOAD LOSS 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D8-1 Deck Type: 2" USD. 20 gao 

Designation: W6-1--1.5N6-2.5% 

Date orTest : 5/5/98 

Concrete Strength: -1690 psi Stud Position: W 

Concrete Weight : 1-14 .73 per Stud Size: Y. 111 . x -I in. 

Concrete Thickness: 6 in. Stud Tensile Strength: 65.813 ksi 

Maximum Applied Load: -10.39 kips 

Applied Load Per Stud: 10. 10 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.8039 in. Pot. BT-3: 1.0678 in. 

Pot. AB-2 : 1.11 90 in. Pot. BB--I : 0.8616 in. 

A vg. Side A: 0.96 15 in. Avg. Side B: 0.96-17 in. 

Avg.: 0.9631 in. 

Comments: 5% Normal Load 
Test Operator: SCC 
Rib Punching 
Stud Shearing or Both Studs on Side A and Bottom Stud on Side B 
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000 0.20 0.40 
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~AT-l 

-O- AB-2 

--+-- BT-3 

-O-BB-4 

-.- PredJcted 

0.60 

SII p (In .) 

v 

0.80 

Test D8-I 
W64-4.5N6-2,5% 

1.00 1.2 



3, 4" .4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING HEET 

Tesl DB4 

Deslgnallon W64- 4 5N6- 2 5% 

Dale 5/ 5/ 98 

• 

SIDE B 
, . , 

SIDE A SIDE B 

6" .36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

0. 

~ l>- STUD SHEARING 

n---

SIDE A BOTTOM 
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TOP VIEW 

SIDE B SURFACE 
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SIDE B BOTTOM 

STUD REMAINED I 
ATIACHED TO TEE 
AfTER fAILURE 

STUD SHEARI~G 
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Test 0 84 Data 

I Axial Load Slips (in.) Test 

I 
(kips) Pot. AT-I Pot. AB-2 Pot. 8 T-3 Pot. 88-4 Comments 

000 0.0000 0.0000 0.0000 0.0000 BEGIN TEST 

I 
10. 11 -0.0002 0.0051 0.0007 -0.0005 CRACKING ~OISES 

15.14 0.0000 0.0152 0.0042 -0.0002 

19.60 -0.0005 0.0264 0.0097 0.0000 

I 25 .06 0.0004 0.0407 0.0157 0.0002 

28.96 -0.0007 0.0674 0.0234 0.0004 OOPS. NL WAS 100,.0. CHANGED TO ,S°o. 

I 32.73 0.0000 0.1188 0.0392 0.0005 POPPING. 

34.86 -0.0004 0.1428 0.0570 0.0033 

I 36.43 -0.0005 0.1743 0.0895 0.0 11 7 

37.19 0.021 1 0.2086 O. I 183 0.0315 

I 38.19 0.0440 0.2362 0.1348 0.0438 

38 .57 0.0793 0.2785 0.1635 0.0692 

I 
37.63 0.1086 0.3135 0.1965 0.0947 RI B PUNCHING. 

36.12 0.1348 0.3421 0.2307 0.1264 

I 
36.62 0.1626 0.3743 0.2665 0.1558 

36.43 0.1901 0.4047 0.3000 o 1853 

36.62 0.2245 0.4441 0.3434 0.2209 

I 37.06 0.2536 0.4758 0.3732 0.2496 

36.87 0.2833 0.5095 0.4056 0.28 13 

I 36.87 0.3208 0.55 19 0.4468 0.3 137 

37.69 0.3565 0.5935 0.4864 0.3498 

I 38.13 0.3926 0.6340 0.5283 0.3893 

38 .51 0.4362 0.6832 0.5807 0.4355 

I 38.5 1 0.4692 0.7199 0.6223 0.4739 

39.07 0.4996 0.7554 0.6587 0.5074 

I 
39.07 0.5349 0.7966 0.70 14 0.5443 

39.07 0.5673 0.8340 0.7408 0.5816 

I 
39.20 0.600 1 0.8746 0.7860 0.6212 

39.20 0.6353 0.9120 0.8288 0.6583 

I 
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Axial Load 

(kips) Pot. AT-l 

40.08 0.6704 

40.39 0.7168 

35 .62 0.7560 

32.66 0.8039 

Test D84 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.9557 0.8797 0.6999 

1.0125 0.9405 0.7501 

1.0597 1.0229 0.8224 

1.1190 1.0678 0.8616 
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Test 

Comments 
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PUSH-O T TEST SUMMARY SHEET 

Test 085 

DesignatIOn: W64-1.5 6-2.20·. 

Date of Test: 5/5/98 

oncrete Strength: 469() psi 

Concrete Weight : 144 73 pef 

Concrete Thickness: 6 III 

MaXImum Applied Load' H 15 kips 

Applied Load Per Stud 10.79 kips 

Concrete Slip at FaIlure 

Pot. AT-I. o 6622 III 

Pot. AB-2 : O.S113 Ill. 

Avg. Side A: 0.7368 in. 

Avg. : 0 .8707 in. 

COlllments: 

t40 

t20 

-;; t OO 
Co 

" KO .. 
~ 
~ 

60 
• -~ 

40 

"0 

0 

000 

20% omlal Load 
Test Operator CC 
RIb Punching 
Stud Sheanng of Both Studs on Side B 

020 

AT·t 

~AB-2 

BT • .\ 

~BS.4 

PredIcted 

0 40 060 

Slip (In .) 
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Deck Type 2" USD. 20 gao 

Stud Position: W 

Stud Sile: 

Stud Tensile Strength 65813 kSI 

Pot BT-3 

Pot BB-I 

A'g. Side B: 

0 80 

I 1244 In 

O.88H In 

I 0047 In 

Test 085 
W64-1.5N6·2,20% 

t OO t 2 



3/ 4" x4" STUDS 
(STANDARD) 

SIDE A 

PU H-OUT TEST LAYOUT & CRACK! G SHEET 

Tesl. 085 

DeSignallon W64 - 4 5N6 - 2 207-

Dale 5/ 5/ 98 

1 c;-, SIDE B 
~ 

fl"· 
r;-SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

, 

SIDE A SURFACE 
-

0.. 

--:::: -
0'" ---

SIDE A BOTTOM 

STUDS RE MAINED 
ATIACHED TO TEE 
AnER FAILURE 
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TOP VIEW 

SIDE B SURFACE 

0-. -->-
---

SruD SHEARI~G 0-
SIDE B BOTTOM 
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Axial Load 

(kips) Pot . AT-I 

0.00 0.0000 

9.67 0.0000 

14.57 0.0005 

19.79 0.0005 

24.62 0.0004 

29.71 0.0004 

34.05 -0.0005 

38 .13 0.0004 

39.32 0.0005 

39.51 0.0005 

39.70 0.0049 

39.0 1 0.036 1 

40.83 0.0645 

38 .57 0.0950 

38.63 0. 1245 

38.25 0.1509 

38.13 0.1784 

38 .82 0.2040 

39.20 0.2252 

40.64 0.2602 

42.02 0.288 1 

40.26 0.3205 

40.58 0.3549 

4108 0.3771 

4127 0.4043 

4158 0.4309 

42.96 0.4571 

42.15 0.4809 

42.59 0.5078 

Test 0 85 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0002 -0.0004 -0.0004 

0.0004 0.0004 -0.0004 

-0.0005 0.0037 0.0002 

-0.0007 0.0088 0.0000 

0.001 1 0.0 168 -0.0004 

0.0009 0.0258 -0.0002 

0.0626 0.0703 0.0002 

0.0848 0.0947 -0.0002 

0.1084 0.1199 0.0000 

0.1324 0.1456 0.0002 

0.1707 0.1846 0.0004 

0.2009 0.2 113 0.0004 

0.2346 0.2450 0.0 11 4 

0.2644 0.2776 0.0341 

0.290 I 0.3020 0.058 1 

0.3177 0.3282 0.0848 

0.3421 0.3555 0 1086 

0.3620 0.3860 0.1350 

0.3968 0.4 111 0.168 1 

0.4254 0.439 1 0.1873 

0.4578 0.47 16 0.2203 

0.4943 0.51 18 0.2679 

0.5151 0.539 1 0.2899 

0.5441 0.5699 0.3183 POPPING. 

0.57 14 0.605 1 0.3573 RIB PUNCHI NG 

0.5997 0.6402 0.3904 

0.6230 0.6653 0.42 19 

0.65 19 0.6946 0.45 16 

389 



Axial Load 

(kips) Pot. AT-I 

43 . 15 0.5356 

41.77 0.5758 

39.57 0.6144 

19.79 0.6622 

Test D85 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.6816 0.7274 0.4802 

0.7226 0.7569 0.5098 

0.7638 0.7928 0.5496 

0.8113 1.1244 0.8849 

390 

Test 

Comments 

POP. 

POP 
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PUSH-OUT TEST SUMMARY HEET 

Test D86 Deck Type. 2" USD. 20 gao 

Designation: W64-1 .SN6-2.20% 

Date of Test : 5123198 

Concrete Strength: 4690 psi Stud Posilion: w 

Concrete Weight : 144.73 pef Stud Size: 34 in x 4 in. 

Concrete Thickness : 6 in. Stud Tensile Stren!,1h. 65 .813 ksi 

Maximum ApplIed Load: 82.85 kips 

Applied Load Per Stud: 20.71 kips 

Concrete Slip at FaIlure: 

POI AT-I ' 0 .9241 in. 

POI. AS-2 : 0.9887 in. 

A"g. Side A: 0.9564 in. 

A\'g.: 0.8585 in. 

Comments: 20% Norma l Load 
Test Operator: MRR 
Rib Punclung 
Stud Sheanng of Bottom Stud on Side A 

140 

l:!O 

~ 100 • Co 

" 
-: 

~O 

~ 
~ 

GO 
• 
• .., 

40 

20 

0 

PoI. BT-3: 

POI. BB-I : 

A"g. Side B: 

AT-I 

---0--- ;\ B-2 

IlT -3 

PredIcted 

0.00 o 10 0.20 010 040 0.50 060 0 .70 

Slip (In .) 
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0.7206 In 

0.8005 in 

0 .7606 111 

Test D86 
WIH-4SN6-2.20% 

o KO 090 10 



3/ 4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl: D86 

DeSlgnalion: W64-4 ,5N6- 2207-

Dal e: 5/ 23/ 98 

• 
:- 'T . :. 

1 , 
SIDE B 

, . , , 
SIDE A 

: SIDE B , 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 
-

--- -cr 

-
----0- ---

SIDE A BOTTOM 

STUD REMAINED 
ATTACHED TO TEE 
AFTER FAILURE 

STUD SHEARING 

392 

:. 

• ! i 
-=-L ~ 

TOP VIEW 

SIDE B SURFACE 
-

()... 

-::: >-

0- ---

SIDE B BOTTOM 

STUDS RE MAINED 
ATTACHED TO TEE 
AFTER FAILURE 
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I 
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I 
I 
I 
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I 
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Axial Load 

(kips) 

0.00 

9.61 

14.26 

19.10 

24.12 

29.27 

34.48 

39.32 

44.22 

49.56 

54.40 

58 .67 

63 .13 

64.82 

67.02 

68.59 

69.54 

71.73 

73 .87 

75 .57 

74.37 

74.62 

71.86 

70.60 

70.16 

70.10 

69.97 

70.35 

70.85 

Pot. AT- I 

0.0000 

0.0000 

-0.0002 

-0.0004 

-0.0002 

0.0000 

0.0000 

0.0000 

0.0004 

0.005 1 

0.0095 

0.0147 

0.0262 

0.0467 

0.0634 

0.0824 

0.1037 

0.1260 

0.1553 

0.1817 

0.2229 

0.25 16 

0.2840 

0.3252 

0.359 1 

0.4029 

0.4355 

0.465 1 

0.4976 

Test 0 86 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. 8B-4 Comments 

0.0000 0.0000 0.0000 BEG IN TEST 

0.0027 -0.0004 0.0002 

0.0055 -0.0004 0.0002 

0.0081 -0.0004 -0.0004 

0.0 11 9 -0.0002 0.0007 

0.0161 0.0000 0.00 15 

0.020 1 -0.0002 0.0027 

0.0236 0.0000 0.005 1 

0.0282 -0.0004 0.0079 

0.0337 0.0000 0.0099 

0.0405 -0.0004 0.0128 

0.0485 0.0000 0.0163 

0.0635 0.0066 0.02 12 POPPING NOISES. 

0.0833 0.0082 0.0309 

0.1022 0.020 1 0.0443 

0.1210 0.0328 0.058 1 

0.1406 0.0471 0.0773 POP 

0.1663 0.0967 0.1040 

0.1892 0.105 1 0.1253 

0.2249 0.1082 0.1494 RIB PUNC HING 

0.2643 0.1492 0.1764 

0.3062 0.1544 0.2022 

0.3395 0.1868 0.24 10 

0.3734 0.2481 0.2780 

0.4 130 0.2573 0.3186 

0.4567 0.3137 0.3685 

0.4893 0.3576 0.4036 

0.5236 0.3 738 0.4382 

0.5552 0.4067 0.4728 

393 



Axial Load 

(kips) Pot. AT-I 

71.11 0.5270 

71.48 0.5580 

71.98 0.5895 

72 61 0.6210 

73 .68 0.6529 

75 .63 0.6822 

77.07 0.7085 

79.15 0.7364 

80.72 0.7651 

8160 0.7973 

82.54 0.8312 

82.85 0.8591 

73 .74 0.9241 

Test D86 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.5858 0.4399 0.5042 

0.6164 0.4721 0.5342 

0.6474 0.5003 0.5648 

06794 0.5208 0.5939 

o 7116 0.5503 0.6248 

0.7397 0.5811 0.6541 

0.7679 0.6111 0.6811 

0.7975 0.6316 0.7076 

0.8265 0.6523 0.7323 

0.8598 0.6735 07554 

0.8937 0.7012 0.7774 

0.9204 0.7111 0.7898 

0.9887 0.7206 0.8005 

394 

Test 

Comments 

LOAD DROPPED NO NOISE. 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D87 

Designation: W64 ... UN6-2.20% 

Date of Test: 5/26/98 

Concrete Strength : 4690 psi 

Concrete Weight: 144.73 pef 

Concrete Thickness: 6 in. 

Maximum Applied Load: 79.65 kips 

Applied Load Per Stud: 19.9 1 kips 

Concrete Slip 31 FaIlure: 

POl. AT-I : 1.084 1 in. 

PoI. AB-2 : 1.0729 in. 

A\'g. Side A: 1.0785 in. 

A\'g.: 0.8023 in. 

Comments: 20% Normal Load 
Test Operator: MRR 
Rib Punchi ng 
Stud Sheari ng of Both Studs on Side A 

t~O 

t20 

~ tOO 
• Co 

:i 
." 

HO 
~ 

oJ 
60 

" • .., 
~ O 

20 

0 
0.00 0.20 0.40 0.60 

Slip (i n.) 

395 

Deck Type: 2"' USD. 20 gao 

Stud Position: W 

Stud Size : Y. Ill . x 4 in. 

Stud Tensile Strength: 65 S 13 ksi 

PoI. BT-3 : 

POI. BB-4: 

A\'g. Side B: 

~AT- I 

-O-A8-2 

1.0520 in. 

0.0000 in. 

0.5260 III . 

-+- ST.) 

-0- 88-4 

Test D87 
W64-15N6-2,20% 

............. 

o Xo 1 00 t 2 



3/4" x4" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl DB? 

Designalion: W64 - 4 5ti6- 2 20::r, 

Dale 5/ 26/ 9B 

SIDE B 
- -;-. 
·1 , 

: . 
SIDE A 

, 
SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A SURFACE 

~ 

DECK TEARING ~ --:::: >--
STUD SHEARING 
& CONCRETE CRUSHING 

'- ..-

SIDE A BOTTOM 

396 

, , ;- l . 
. : j 

..:J.. -'-

TOP VIEW 

SIDE B SURFACE 
,----

n. 

-::: P-
o- ---

SIDE B BOTTOM 

STUDS REMAINED 
ATIACHED TO TE;: 
AnER FAILURE 
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Axial Load 

(kips) 

0.00 

10.55 

15.0 I 

19.35 

24.69 

29.33 

34.55 

39.01 

43 .34 

47.24 

50.00 

53 .14 

54.77 

56.85 

58.17 

59.99 

62.75 

64.76 

65 .70 

65 .14 

64.13 

63.44 

62.75 

61.87 

60.80 

60.55 

60.80 

60.87 

61.12 

Pot. AT-I 

0.0000 

0.0005 

0.0004 

0.0004 

0.0004 

0.0004 

0.0005 

0.0070 

0.0128 

0.0201 

0.0196 

0.0353 

0.0482 

0.0643 

0.0842 

0.1002 

0.1260 

0.1474 

0.1716 

0.2064 

0.2445 

0.2815 

0.3179 

0.3514 

0.390 I 

0.4228 

0.4617 

0.4994 

0.5355 

Test D87 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Co=ents 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0004 -0.0002 0.0002 

0.0009 -0.0002 0.0002 

0.0040 0.0000 0.0002 

0.0070 -0.0002 0.0002 

0.0110 -0.0004 0.0002 

0.0161 -0.0005 0.0002 

0.0214 -0.0004 0.0000 

0.0266 -0.0002 0.0004 

0.0324 0.0002 -0.0002 

0.0386 0.0031 0.0000 

0.0489 0.0073 0.0000 

0.0648 0.0185 0.0002 

0.0782 0.0271 0.0000 

0.0917 0.0396 0.0000 POPPING NOISES. 

0.1062 0.0584 0.0002 

0.1304 0.0852 0.0002 

0.1507 0.1066 0.0000 

0.1738 0.1247 0.0002 

0.2024 0.1478 0.0000 RIB PUNCHING BOTH SIDES 

0.2381 0.1802 0.0002 

0.2762 0.2166 0.0002 

0.3088 0.2514 0.0000 DECK DEBONDING 

0.3423 0.2840 0.0002 

0.3793 0.3203 0.0000 

0.4141 0.3556 0.0000 

0.4525 0.3945 0.0002 

0.4838 0.4300 0.0002 

0.5197 0.4626 0.0000 
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Axial Load 

(kips) Pot. AT-1 

6162 0.5639 

62 .69 0.6016 

63 .94 0.6360 

65.95 0.6770 

6784 0.7149 

70.54 0.7607 

73 .62 0.7972 

75 .50 0.8296 

77.14 0.8598 

78 .20 0.8948 

79.02 0.9261 

79.65 0.9627 

79.40 0.9964 

71 .29 1.0355 

70.67 1.0841 

Test D87 Data 

Slips (in) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.5479 0.4917 0.0000 

0.5860 0.5296 0.0000 

0.6217 0.5618 0.0004 

0.6631 0.5988 0.0002 

0.7006 0.6333 0.0000 

0.7451 0.6750 0.0002 

0.7821 0.7109 0.0004 

0.8129 0.7415 0.0000 

0.8398 0.7688 0.0000 

0.8735 0.8037 0.0000 

0.9092 0.8380 0.0000 

0.9504 0.8759 0.0000 

0.9806 0.9129 0.0000 

1.0253 0.9958 0.0000 

1.0729 1.0520 0.0000 

398 

Test 

Comments 

CRACKING NOISES 

LOAD DROPPED TO 43 ~ ESDED TES1 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D88 Deck Type: 2" USD. 20 ga 

DcsIgnauon: S63-1.5 6-2.NH 

Dale of Test: 5124/98 

Concrele Strength: 4690 psi Slud Position: S 

Concrele Weight: 144.73 pcf Slud Size: 

Concrele Thickness: 6 lll . Iud TensIle Strength 

¥. lll . " 3 3/8 in 
(no head) 
65 .811 ksi 

Maximum ApplIed Load: 69.22 kips 

Applied Load Per Slud: 17.3 1 kips 

Concrele Slip at FaIlure: 

POI . AT-I : 08506 In . PoI. BT-3' 

POI. AB-2 : 0 .8484 in. POI BB-I ' 

Avg. Side A: 0 .8495 in. Avg. Side B: 

A,·g.: 0.6459 in. 

Commenls: 

I~O 

120 

100 . 
:. ,. 

00 
." 
~ , 

60 
• 
~ 

.: 
~O 

20 

0 

0 .00 

10% Normal Load 
TeslOperator: MRR 
He.1d CUI oIT of Stud & Slud Shank Greased 
Slud Shearing of Top Slud on Side B 

__ AT_ I 

-O-AB-2 

BT -3 

-<>-86-4 

Prc(licted 

0.10 020 0.)0 0 .40 O.SO 060 

Slip (In.) 
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0.4239 In 

0.4606 In . 

04423 in. 

Tesl D88 
S63-l 5N6-2,NH 

070 0 .0 0 .9 



3/4" x3 3/ B" STUDS 
(STANDARD) 

SIDE A 

6" x36" x36" SLAB 

r 

PUSH-O 'T TE T LAYO T & CRACKING SHEET 

Tesl. DBB 

DeSignallOn: S63- 4.5N6- 2 NH 

Dale 5/ 24 / 9B 

SIDE A 

SIDE VIEW 

r 

, , . 
~ 

:' 
: . : . : 

TOP VIEW 

SIDE B 

J 

SIDE A SURFACE SIDE B SURFACE 
- -

'----hcoi--..:-~- STUD SHEARING 

0- STUD REMAINED 
____ ATIACHED TO TEF 

I---+,d.o---"""~ AnER FAILURE 

SIDE A BOTTOM SIDE B BOTTOM 
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I 
I 
I 
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Axial Load 

(kips) 

0.00 

1030 

15.08 

19.47 

23 .74 

26.38 

30.53 

33 .79 

37.31 

41 08 

44.22 

47.17 

48 .56 

49.06 

51.44 

53 .64 

55.15 

57 .16 

58.61 

59.99 

6219 

63 .51 

64.70 

66.58 

68.22 

69.22 

69.22 

6847 

6727 

Pot. AT-1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0024 

00059 

0.008 I 

0.0139 

0.0203 

0.0291 

0.0383 

0.0529 

0.0789 

0.1225 

0.1514 

0.1787 

0.2066 

0.2375 

0.2692 

0.3049 

0.3392 

0.3694 

0.3996 

0.4298 

0.4629 

0.4963 

0.5307 

0.568 I 

06018 

Test D88 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0104 0.0000 -0.0002 

-0.0231 0.0000 0.0004 

-0.0150 0.0000 -0.0005 

-0.0101 0.0000 0.0000 

-0.0057 0.0002 0.0002 

-0.0057 0.0000 0.0002 

0.0031 0.0005 0.0004 

0.0092 0.0004 0.0004 

0.0 I 85 0.0004 0.0002 

0.0288 0.0002 0.0002 

0.0443 0.0007 0.0005 

0.0720 0.0015 0.0004 AXIAL LOAD COMI:-IG Ol'T IN "[ 

0.1179 0.0024 0.0015 

01476 0.0037 0.0035 

0.1764 0.0053 0.0049 

0.2232 0.0071 0.0070 

0.2560 0.0093 0.0095 OEC!; DEBON DI:>:G SIDE A. 

0.288 I 0.0112 0.0114 

0.3190 0.0128 0.0134 

0.3582 0.0168 0.0187 

0.3882 0.0192 0.0214 SPEC IM EN VERTICAL' 

04192 0.0245 0.0282 POPPII'G I'OISES 

0.4498 0.0300 0.0350 

04829 0.0383 00445 

0.5164 0.0529 00610 

0.5505 0.0767 0.0875 

0.5877 0.1093 0.1236 DECK DEBO"D~G SIDF B 

06215 0.1425 0.1595 
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Axial Load 

(kips) Pot. AT-I 

66.21 0.6375 

64.20 0.6792 

62.63 0.7094 

60.87 0.7424 

59.23 0.7776 

57.29 0.8116 

5389 08506 

Test D88 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.6563 0.1764 0.1985 

0.6843 0.2218 0.2469 

0.7140 0.2520 0.2804 

0.7475 0.2882 0.3185 

0.7810 0.3285 0.36 \3 

0.8180 0.3696 0.4040 

0.8484 0.4239 0.4606 

402 

Test 

Comments 

ENDED TEST DUE TO LOAD LOSS 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 089 

DeSignation: S63-4.5 6·2.NH 

Date of Test: 5/24/98 

Concrete Strength 4690 pSI 

Concrete Weight: 144.13 pef 

Concrete Thickness: 6 in. 

MaXimum Applied Load: 69.41 kips 

Applied Load Per Stud · 17.35 kips 

Concrete Slip at Failure 

Pot. AT·I o 5792 In 

Pot. AB-2 o 8907 in. 

A\'g. Side A Il 7150 111. 

A\'g. 0.50 14 In 

Comments. 10% ormal Load 
Tesl Operator MRR 

140 

120 

Head Cut ofT or Stud & Stud Shank Greased 
Stud heanng or BOlh Studs on Side A 

"ootc: '" - KO 
." 
• 
"-
: 60 \.~ • "'0 ...... • 

40~ 
~ 

"0 

0 

Deck Type: 2"' USD, 20 gao 

Stud Posillon 

Stud Size. '1, In X 3 3/8 In 

(no head) 
Stud Tensile Strength' 65 .813 ksl 

Pot BT-3 . o 288 1 In 

Pot BB-I 02476111 

02679 III 

__ .H·I .... 
-O-AB-~ 

__ ST·J 

-<>- 8J3.4 

~Prcdlc1cd 

-..... 
-. 

Test D ) 

S61-l5N6·2.NII 

(100 o 10 o:!o o JO U 40 o lO 0.0 070 o KU 090 

"lip (In.) 

403 



3/4" x3 3/ff' STUDS 
(STANDARD) 

SIDE A 

6" x36" x36" SLAB 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. D89 

DesignallOn: S63- 4.5N6- 2 NH 

Dale 5/ 24/ 98 

SIDE A 

WT6x17.5 

SIDE VIEW 

1 
1 . , , , , 
:. , , , . : 

.: 

. , 
lo 
: 
i · 
, , : . 
i , 

TOP VIEW 

SIDE B 

SIDE A SURFACE SIDE B SURFACE 

t==~::::;;;j.--,.....!STUD SHEARING STUDS REMA,NEQ 
I< CONCRETE CRUSHING nACHED TO Tle 

AnER FAILURE 

SIDE A BOTTOM SIDE B BOTTOM 
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Axial Load 

(kips) 

0.00 

9.42 

13 .82 

18.09 

21 .73 

24.62 

28 .14 

32.41 

35 .87 

39.07 

42.09 

44.79 

46.92 

48.74 

51.07 

52.95 

54.46 

56.60 

58.98 

60.99 

63 .00 

64.20 

65.64 

67.09 

67.90 

69.16 

69.16 

69.41 

68.66 

Pot. AT-I 

0.0000 

0.0004 

0.0002 

0.0004 

0.0002 

0.0005 

0.0002 

0.0004 

0.0004 

0.0002 

0.0004 

0.0007 

0.0004 

0.0009 

0.0005 

0.0007 

0.0007 

0.0005 

0.0005 

0.0007 

0.0200 

0.0341 

0.0639 

0.0923 

0.1271 

0.1560 

0.1839 

0.2132 

02474 

Test D89 Data 

Slips (in) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0000 -0.0002 -0.0004 

0.0020 -0.0004 -0.0002 

0.005 I -0.0005 -0.0004 

0.0110 0.0027 0.0031 

0.0117 0.0027 0.0033 

0.0161 0.0029 0.0037 

0.0222 0.0022 0.0038 

0.0282 0.0022 0.0037 

0.0377 0.0022 0.0042 

0.0509 0.0022 0.0040 pop 

0.0690 0.0053 0.0071 

0.0877 0.0049 0.0070 

0.1168 0.0049 0.0073 

0.1454 0.0051 0.0075 AXIAL LOAD COMING Ol"f IN Nt 

0.1754 0.0055 0.0075 LEANING SUGIiTl \' TO SID, B 

0.2033 0.0068 0.0073 

0.2328 0.0071 0.0086 

0.2600 0.0084 0.0090 

0.2912 0.0125 0.0112 DECK DEBOSDISG SIDE ~ 

0.3207 0.0161 0.0137 

0.3525 0.0196 0.0168 

0.3833 0.0240 0.0198 

04177 0.0291 0.0234 

0.4505 0.0341 0.0280 SPECIM EN IS HRTICAL 

0.4814 0.0418 0.0344 

0.5117 0.0529 0.0434 

0.5472 0.0701 0.0566 

05807 0.0917 00758 POPPI"G NOISES 
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Axial Load 

(kips) Pot. AT-I 

66.83 0.2782 

65.64 0.3122 

64.57 0.3584 

62.88 0.3859 

56 16 04360 

5559 04758 

54.65 0.5113 

4975 05792 

Test D89 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.6164 0.1247 0.1033 

0.6501 0.1496 0.1253 

0.6860 0.1778 0.1498 

0.7186 0.2022 0.1727 

0.7671 0.2130 0.1815 

0.8025 0.2322 0.1987 

0.8417 0.2617 0.2238 

0.8907 0.2881 0.2476 

406 

Test 

Comments 

DECK DEBONDING SIDE B. 

LOAD DROPPED WHEN LOADED 

LOAD DROPPED ESDED TEST 
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PUSH-OUT TE T UMMARY SHEET 

Test: 090 

DesIgnation: S63-4 .5N6-2.NH 

Date of Test: 5123/98 

Concrete Strength: 4690 psi 

Concrete WeIght: 144.73 pef 

Concrete Thickness: 6 in. 

MaxImum Applied Load: 74.06 kIps 

Applied Load Per Stud 18.52 lops 

Concrete Slip at FaIlure : 

Pal. AT-I 04532 in 

Pot AB-2 : 0.5439 in . 

A'g. SIde A: 0,49K6 III. 

Comments 10% onmll Load 
TeslOperalor 1RR 

';' 
Co 

:i .. 
~ .:: 
• 
• -: 

140 

110 

100 

gO 

60 

40 

20 

0 

Head CUI 01T of Slud & Stud Shan~ Greased 
Slud Sheanng of BOlh Iuds on SIde A 

Deck Type: 2" USD. 20 gao 

Stud Position : S 

Stud Size Yo III x 3 3/8 III 
(no head) 

Stud TensIle Strength : 65 .813 kSI 

Pot BT-l 

POI BB-4: 

02240 III 

02276 In 

0 2258 In 

l es lD'Xl 
S61-l 5N6-;!.NH 

000 010 020 010 0 40 o ~O 

'lip (In.) 
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PUSH-OUT TEST LAYO T & CRACKI G SHEET 

Tesl: 090 

Deslgnallon' 583- 4 5N6-? NH 

Dale 5/23/ 98 
3/4".3 3/ri' STUDS • 

(STANDARD) 
r7 r-: l 

1 ;. SIDE A 
, , , , , , 
, SIDE A SIDE B , :. , . 

, 
. ' ~ 

L.l "-
6" x36" x36" SLAB 

SIDE VIEW TOP VIEW 

I 
~ 

SIDE A SURFACE SIDE B S RFACE 

----
? 

STUD SHEARING 
& CONCRETE CRUSHI~G 

U" 

SIDE A BOTTOM 

408 

~ 

I 

I 
'0- t--
, 

---I"" 

SIDE B BOTTOM 

~ 
A 

TUDS REVA ~,D 
nACHEQ TO ":.r 
nER FA,lURE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Axial Load 

(kips) 

0.00 

7.79 

12.63 

15 .52 

18.28 

21.86 

26.01 

297 1 

3386 

3668 

39.64 

42.78 

45 16 

48.62 

51.70 

55 .09 

58.73 

62.50 

65 .77 

6840 

70 .98 

72 99 

7406 

73 .37 

71 73 

70.73 

69.22 

6790 

6545 

Pot. AT-I 

0.0000 

-0.0005 

0.0002 

-00002 

0.0000 

-0.0005 

-00005 

0.0000 

0.0000 

0.0000 

0.0004 

00004 

00005 

0.0002 

00035 

0.0163 

0.0346 

0.0562 

0.0776 

0.1000 

0.1236 

0.168 1 

0.1758 

0.2 199 

0.2443 

0.2745 

0.3023 

0.3326 

0.3635 

Test D90 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0007 0.0020 0.0040 

0.0016 0.0035 0.005 1 

0.0057 0.0031 0.0057 

0.0057 0.0037 0.0055 

0.0077 0.0033 0.0084 

0.0119 0.0038 0.0093 

0.0 159 0.0062 0.007 1 

0.0198 0.0059 0.0071 

0.0104 0.007 1 0.0060 

0.0352 0.0070 0.0073 

0.0328 0.0084 0.0077 

0.0522 0.0082 0.008 1 POPPII'G I'OISES 

0.0740 0.0084 0.008 1 

0.1033 0.0104 0.0 110 

0.1218 0.0104 0.0 110 

0.1408 0.0104 0.0 11 0 

0.1608 0.0 108 0.0 11 2 

0.1796 0.0130 0.0114 POPPII'G I'OISES DECK DEBO"DI"O 

0.20 11 0.0 145 0.011 7 

0.2256 0.0 187 0.0 132 

0.2589 0.0429 0.0293 

0.2886 0.057 1 0.0637 

0.3205 0.0709 0.0830 

0.3595 0.08 17 0.084 1 

0.3864 0.1077 0 1057 A.'JAL LOAD COMING OlT II' NL 

0.4005 0.1293 0.135 1 

0.4342 0.1577 0.1557 DECK ROTATIO" 

04463 0.1807 0.1837 
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Axial Load 

(kips) Pot. AT-I 

63.44 0.3976 

55 .34 0.4532 

Test D90 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.4935 0.1974 0.2002 

0.5439 0.2240 0.2276 

410 

Test 

Comments 

SOFTPOPS LOAD DROPPED ENDED TEST 
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PUSH-OUT TEST SUMMARY SHEET 

Test: D91 Deck Type: 2" USD. 20 gao 

Designation: W63-4.5N6-2,NH 

Date of Test: 5/2~/98 

Concrete Strength: ~690 psi Stud Position : W 

Concrete Weight: I~U3 pef SlUd Size: Yo in x 3 3/8 in 
(no hc.,d) 

Concrete Thickness: 6 in Stud Tensile Strength: 65.81 3 ksi 

MaxImum Applied Load : 43.28 kips 

Applied Load Per Stud. 1082 kips 

Concrete Slip al Failure: 

POl. AT-I ' I 0 1O~ III 

PoI. AB-2 09 107111 

Avg. Side A: 0.9606 III 

Avg.: 0.7519 III 

Comments: 

'"0 

120 

-;;; , 00 
c. 
:i 
." 

KO 
• 

oS 
60 

• -:; ., 
" 0 p> 

~o ~ 
0 

10% Normal Load 
Test Operalor: MRR 
Head Cut off of Slud & Slud Shank Greased 
Rib Punching 

_4__ AT·1 

-<>- AB·2 

1-+-IlT.3 

-<>- BIJ.. 

POI. BT-3: 

POI BB-4 

A\g. S,de B. 

000 020 040 (I bO 

~1I P (I n .) 

411 

0.5371 in 

0.5492 III 

0 . 5~32 III 

Tes, D91 
W6J-l5N('·2.NH 

000 100 



PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl. 091 

Designalion: WS3- 4 5NS- 2 NH 

Dale 5/24/98 

/ 4" x3 3/ 8" STUDS 
(STANDARD) 

• 

SIDE A SIDE B 

6" .3S" .36" SLAB 

SIDE VIEW 

I" 

SIDE 

L--____ .JI CONCRETE CRUSHING 

SIDE A SURFACE 
-

0. 

-:::: 
". ...--

SIDE A BOTTOM 

STUDS REUAlNED 
ATIACHEO TO TEE 
AFTER FAILURE 

>-. 

412 

- r: · 1 l" 
· . . . : . · · , 

A 
, , 

SIDE B . , , :. , 
' . , 

: . : 
.:L .!.... 

TOP VIEW 

-

SIDE B SURFACE 
-

n. 

:: 
0- ----

SIDE B BOTTOM 

STUDS R' VA \E~ 
ATIACHED TO 'Ef 
AFTER ,AlLURE 

>-. 
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I 
I 
I 
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Axial Load 

(kips) 

0.00 

10.36 

14.38 

1803 

19.91 

2192 

23 .56 

25 .69 

2789 

3003 

31 85 

33 17 

34 .55 

36 12 

37.37 

3857 

3995 

4077 

41 33 

4202 

4296 

4328 

4259 

4227 

4196 

4121 

4052 

3976 

3894 

Pot. AT-I 

0.0000 

0.0125 

0.0266 

0.0593 

0.0809 

0.1101 

0.1308 

01557 

0.1848 

0.2141 

0.2463 

0.2793 

0.3128 

0.3472 

0.3798 

0.4157 

04457 

0.4798 

0.5128 

05452 

0.5774 

06105 

06455 

06763 

0.7072 

07428 

07748 

08081 

08429 

Test D91 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

0.0095 -0.0005 0.0027 

0.0220 -0.0005 0.0037 

0.0526 -0.0002 0.0070 

0.0723 -0.0004 0.0077 

0.0987 -0.0002 0.0081 

0.1148 -0.0004 0.0079 

0.1370 -0.0004 00084 

0.1595 -0.0002 0.0081 POPPING 1'0lSES 

0.1818 -0.0002 00086 

0.2079 0.0016 0.0112 DECK DEIlONDING SIDF A 

0.2357 0.0046 0.0128 

0.2633 0.0082 0.0163 RIB PllNCIlING SIDE A 

0.2914 0.0126 0.0207 

OJ 194 0.0218 0.0306 

0.3514 0.0330 00414 

03787 00454 00546 AXIAL LOAD CO~JJ"G 01,. I' 'I 

04089 0.0641 0.0711 POPPII'G NOISES 

04371 0.0833 00921 

0.4673 0.1031 01154 

04972 0.1227 0.1340 

0.5272 0.1474 0.1582 RIB PUNCIln-G SIDl B 

0.5618 0.1813 0.1927 DECK D[IlONDING SIDE B 

0.5913 0.2106 0.2210 

0.6193 0.2401 02502 

06538 0.2752 02844 

0.6801 0.3056 0.3166 

07118 0.3399 0.3507 

07450 03745 03844 
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Axial Load 

(kips) Pot. AT-1 

37.50 0.8785 

36.43 0.9107 

35.74 0.9435 

34.67 0.9777 

33 .86 1.0104 

Test 091 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.7787 0.4069 0.4192 

0.8102 0.4395 0.4516 

0.8440 0.4714 0.4818 

0.8766 0.5042 0.5161 

0.9107 0.5371 0.5492 

414 

Test 

Comments 

ENDED TEST DUE TO DEC IN LOAD 
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PUSH-OUT TEST SUMMARY SHEET 

Test: 092 Deck Type: 2" USD. 20 ga 

Designation: W63-4.5N6-2,NH 

Date of Test: 5/25/98 

Concrete Strength: 4690 psi Stud Position: W 

Concrete Weight: 144.73 per Stud Size: Y, m x 13/8 10 
(no head) 

Concrete Thickness: 6 in. Stud Tensile Strength' 65813 ks. 

Ma.Xlmum Applied Load: 45.41 kips 

Applied Load Per Stud' 11.35 kips 

Concrete Slip at Failure: 

Pot. AT-I : 0.779210 

Pot. AB-2 : 0.6915 in. 

Avg. Side A: 0.7354 in. 

Avg.. 0.7092 in 

Comments· 

140 

120 

_ 100 
a 
~ 80 ... 
• 

10% Normal Load 
Test Operator MRR 
Head Cut off of Stud & Stud Shank Greased 
Rib Punchlllg 

AT-1 

BT -3 

-o-B8-4 

Pot. BT-3 

Pot. BB-4: 

Avg. Side B: 

oS 60 
.!! -.- PreciJc1ed 
• 
< 40 

20 

07102 III 

0.6560 in 

0.6831 10. 

Test 092 
W63-45N6-2.NH 

O '------r----~------+-----~----_+------~----~----~ 
0 .00 0 .10 020 030 040 010 060 070 o ~ 

Slip (In .) 
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/ 4"x3 3/6" STUDS 
(STANDARD) 

SIDE A 

PUSH-OUT TEST LAYOUT & CRACKI G SHEET 

Tesl: 092 

DeSIgnation' WS3- 4 5NS-2 NH 

Dale. 5/25/96 

SIDE B 
rT r-

· · :. 
1 

SIDE A · . SIDE B 

S" x3S" x3S" SLAB 

SIDE VIEW 

SIDE A SURFACE 
~ 

"" --=;; ~ 
I,.,. 

SIDE A BOTTOM 

I-"Ii-' -1 / 2" 

STUDS REMAINED 
ATIACHEO TO TEE 
AFTER ,AlLURE 

· , :. , 

! 
: . 

. , • LJ.. '-'--

TOP VIEW 

SIDE B SURFACE 
r---

0.: 
~ -::: 

! ~ , 

SIDE B BOTTOM 

STuDS R,VA \cu 
Af'TAO"fED TO Tr-r 
ArER rA U!f!, 

L-__________________________________________________ ~ 
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Axial Load 

(kips) 

0.00 

11 .24 

14.20 

19.10 

23 .68 

27.26 

31.09 

34.48 

37.19 

39.70 

41.83 

43 .28 

44 .85 

44.54 

44.97 

45.41 

44.60 

43 .34 

42.84 

42.15 

41.65 

41.02 

39.76 

38.13 

37.19 

3662 

35 .99 

35.43 

3480 

Pot. AT-I 

0.0000 

0.0088 

0.0137 

0.0233 

0.0324 

0.0423 

0.0557 

0.0734 

0.0890 

0.1038 

0.1227 

0.1416 

0.1580 

0. 1712 

0.1948 

0.2225 

0.2538 

0.2884 

0.3175 

0.3474 

0.3815 

0.4194 

0.4595 

0.5052 

0.5391 

0.5759 

0.6148 

0.6525 

06913 

Test D92 Data 

Slips (In.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGIN TEST 

-0.0007 -0.0005 0.0002 

-0.0004 -0.0004 0.0002 

0.0000 0.0011 -0.0002 

-0.0002 0.0020 0.0016 

0.0004 0.0071 0.0059 

0.0009 0.0125 0.0 II 0 

0.0123 0.0200 0.0178 

0.0260 0.0288 0.0260 

0.0392 0.0438 0.0410 

0.0570 0.0592 0.0555 

0.0734 0.0780 0.0714 pop 

0.0894 0.0985 0.0894 

0. 1026 0.1132 0.1029 SUGIIT RIB PUNCHING 

0.1260 0.1425 0.1273 

0.1540 0.1731 0.1535 

0.1822 0.1978 0.1767 

0.2137 0.2274 0.2035 

0.2403 0.2584 0.2287 

0.2677 0.2879 0.2560 

0.3022 0.3223 0.2897 

0.3370 0.3600 0.3230 

0.3760 0.3956 0.3580 

04183 0.4393 0.3989 DECK DEBOSDIl'G SIDl A. 

0.4531 0.4708 0.4302 

0.4906 0.5074 0.4644 

0.5283 0.5463 0.4990 

0.5657 0.5838 0.5336 

0.6030 06215 05714 

417 



Axial Load 

(kips) Pot. AT-l 

34.36 0.7342 

33 .79 0.7792 

Test D92 Data 

Slips (in.) 

Pot. AB-2 Pot. BT-3 Pot. BB-4 

0.6463 0.6640 0.6127 

0.6915 0.7102 0.6560 

418 

Test 

Comments 

ENDEa TEST DUE TO LOSS OF LOAD 
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PUSH-O T TEST SUMMARY SHEET 

Test 093 

DesIgnatIOn: W63-4.5N6-2 .NH 

Date ofTes!: 5125198 

Concrete Strength: 4690 psi 

Concrete WeIght: 14473 per 

oncrete Tluckness. 6111 

Ma\llllulll Applied Load ' 42 .90 kIps 

Applied Load Per Stud: 1073 kIps 

Concrete Slip at Failure: 

Pot AT-I : U9418 III 

Pot AB-2 : I U40 I III 

A\g. Side A: () 9920 ill . 

Comlllents 10% onnal Load 
Test Operator MRR 
Head Cut ofT of Stud & Stud Shank Greased 
Rib Punclllng 

, 
Co ... .. 
~ 

.! -~ 

,.0 

I~ O 

100 

' 0 

6" 

." 
~o 

r 
~ D' 

~ 

I __ BT-J 

-o-1lIJ-4 

Deck Type: 

Stud PosItion: 

Stud S,ze' 

2" USD. 20 ga 

W 

'/. III X 3 3/8 to 
(no head) 

Stud TensIle Strength 65 813 kSI 

Pot BT-3 

Pot BB-I 

Avg. Side B 

0 .5446 III 

U.5340 In 

0.5393 III 

1e" D93 
W6J-I SN6-2.NH 

0 1---~----~--~----~--~----~--~----4----4----~----
000 0 10 o ~o o 10 0 40 o ~ o 060 070 0'0 o ~O I 00 I I 

Slip ttn .) 
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/ 4"x3 3/ 8" STUDS 
(STANDARD) 

PUSH-OUT TEST LAYOUT & CRACKING SHEET 

Tesl 093 

DeSign. lion: W63- 4 5N6- 2 NH 

Dale 5( 25( 98 

IDE A SIDE B 

SIDE A SIDE B 

6" x36" x36" SLAB 

SIDE VIEW 

SIDE A S RFACE 
r-

(). 

-:::: 
0- ....--

I I 

SIDE A BOTTOM 

STUDS RE~ftJNED 
ATIACHED TO TEE 
AllER f AILURE 

>-, 

420 

, ,: 
..:l.. 

TOP VIEW 

SIDE B SURFACE 
r-

(). 

---::: >-

0- ---
I I 

SIDE B BOTTOM 

STUDS RE~A \: u 
AnACHED TO 
AfTER fA.eRE 

I 
I 
I 
I 
I 
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I 
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I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Axial Load 

(kips) 

0.00 

7.79 

12.3 1 

15 .26 

1784 

:!O 48 

2280 

22 .99 

24 12 

25 .50 

26.88 

28.96 

31.09 

33 .10 

35 .05 

36.43 

37.69 

38 .94 

39.38 

41.33 

4209 

42.90 

42 .21 

40.52 

40.39 

40.08 

39.64 

39. I 3 

38.63 

Pot. AT-1 

0.0000 

0.0035 

0.0267 

0.0348 

0.0452 

0.0482 

0.0551 

0.0875 

0.1159 

0.1419 

0.1687 

0.1996 

0.2267 

0.2556 

0.2897 

0.3203 

0.3542 

0.3886 

0.4241 

0.4532 

0.4864 

0.5210 

0.5554 

0.5963 

0.6312 

0.6697 

0.7067 

0.7486 

0.7876 

Test 093 Data 

Slips (in.) Test 

Pot. AB-2 Pot. BT-3 Pot. BB-4 Comments 

0.0000 0.0000 0.0000 BEGI TEST 

0.0136 -0.0002 0.0005 

0.0516 -0.0002 0.0004 

0.0711 -0.0004 0.0005 

0.0961 -0.0002 0.0004 

0.1123 0.0000 0.0004 

0.1458 -0.0002 0.0009 

0.2020 -0.0004 0.0011 POPPING NOISES. 

0.2362 -0.0002 0.0009 

0.2654 -0.0002 0.0013 

0.2947 0.0027 0.0013 

0.3309 0.0079 0.0071 RIB PUNCHI G SIDE A. 

0.3560 0.0123 0.0075 

0.3855 0.0187 0.0168 DECK DEBONDING SIDE A. 

0.4166 0.0280 0.0236 

0.4457 0.0364 0.0337 

0.4756 0.0511 0.0491 

0.5069 0.0657 0.0643 

0.5397 0.0846 0.0842 CRACKING NOISES 

0.5714 0.1029 0.0994 

0.6036 0.1249 0.1232 POPPING NOISES 

0.6375 0.1500 0.1461 

0.6726 0.1815 O. I 762 RIB PUNCHING SIDE B 

0.7120 0.2223 0.2258 

0.7426 0.2533 0.2454 

0.7783 0.2866 0.2855 

0.8129 0.3199 0.3157 

0.8506 0.3573 0.3545 

0.8884 0.3901 0.38 I 5 
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Axial Load 

(kips) Pot. AT-J 

37.81 0.8255 

36.93 0.8682 

36.12 0.9063 

35 .24 0.9438 

Test D93 Data 

Slips (in.) 

Pot. AB-2 Pot. 8T-3 Pot. 88-4 

0.9244 0.4234 0.4208 

0.9644 0.4640 0.4639 

1.0031 0.5058 0.4939 

1.040 I 0.5446 0.5340 

422 

Test 

Comments 

ENDED TEST DUE TO LARGE SLIP 

& DROP IN LOAD. 
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APPENDIXE 

COMPOSITE BEAM TEST RESULT 

E.l General 

The test parameters and results for the three composite beam tests are reported 
herein. The summary sheets given in Tables E.l, E.16, and E.30 contain the test 
parameters, material properties, predicted moment of inertia, AI C predicted moment 
capacity, the predicted moment capacity using the new method, and the test results. The 
remaining tables contain the information that supports these predictions and test result . 
Tables E.9 through E.15, E.24 through E.30, and E.39 through E.45 contain the measured 
loads and deformations during testing. Figs. E.l through E.36 contain load-deformation 
plots. 
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E.2 Beam Test 1 Results 
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Table E.I Beam Test 1 Summary 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 1 

TEST SUMMARY 
Test Parameters 

Span: 30 ft 
Slab: 81 in. x 32 ft 

Steel Beam: WI6 x 31 A572Gr50 

Shear Stud Size: 3/4 in. x 3 1/2 in. (after welding) 
No. Studs Per Beam: 28 (12 Per Shear Span) 
Shear Stud Position: S 

Deck: 2in.20gage 
Material Properties 

Concrete: f < = 4.995 ksi Steel Beam 

w = 141.3 pef Flanges: Fyf= 54.25 ksi 

Deck: F = y ksi Fur = 72.6 ksi 

F = u ksi Web: F = yw 58.2 ksi 

Studs: Fu = 66.81 ksi Fuw = 72.4 ksi 

Predicted Momellt of Inertia 

I, = 1349 in
4 1<= 1061in4 

AISC Predicted Results New Predicted Results 

MAJSC = 469.2 k-ft M< = 424.3 k-ft 

QAJSC = 29.5 klstud Q< = 20.07 klstud 

% composite = 69.2% % composite = 47.1% 

Test Results 

Ie = 1139 in 
4 

Me = 412.1 k-ft 

Qbc = 17.65k 

% composite = 41.4% 
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Table E.2 Beam Test 1 Predicted Moment of Inertia 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 1 

Predicted Moment of Inertia Calculations: 

81" 

!"=.! ~ I 4" = ave. depth 

E, 7 

~"m' vt d = IS.88" A = 9.12 in' 

Ie = I, +0.8Spo.'5(I,-I,) 

where p = 0.471 (47.1% composite) 

Is = 375 in 4 (Mom. ofinertia of W 16x31) 

Calculate leone tr (Transformed Mom. of Inertia of Slab): 

leonetr = = (8 117)(4)j/ l 2 = 61.7 in
4 

Aeone tr = (81)(4)/7 = 46.3 in 
4 

Calculate I, (Transformed Mom. of Inertia): 

Y = LA~ - (9.12)(15.88/2) + (46.3)(15.88 + 1 + 2) 
LA 9.12 + 46.3 

Y = 17.08 in. 

I, = 61.7 + 375 + (9.12)(17.08 - 15.88/2l 

+ (46.3)(15.88 + I + 2 - 17.08)' 

I, = 1349 in
4 

Calculate Ie (Predicted Mom. of Inertia): 

Ie = 375 + 0.85(0.471)""(1349 - 375) 

Ie = 1061 in4 
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Table E.3 Beam Test 1 Experimental Moment of Inertia 

Test Program: Rambo-Roddenberry (1999) 
Beam Test I 

Experimental Moment of Inertia Calculations: 
The experimental moment of inertia in the elastic region can be 
found by calculating the slope of the load vs. deflection plot. 
The slope between data points 7 and II is calculated below. 

Data Pt. 7: p = 22.57 k Data Pt. 11: P = 59.92 k 
t. = 0.721 in. t. = 1.469 in. 

OP = 59.92 - 22.57 = 37.35 k 
M = 1.469 - 0.721 = 0.748 in. 

The equation for the deflection of a beam with four 
concentrated loads, two of which are positioned 4.5 ft from 
each support, and the other two positioned 11.5 ft from 
each support, is below: 

t. = 382.8 P ft3 
EI 

thus, I = 382.8 P ft3 
Et. 

Calculate Ie (Experimental Mom. of Inertia): 

Substituting P = 37.35 k, E = 29000 ksi , and t. = 0.748 in. , 
I, = 1139 in4 
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Table E.4 Beam Test 1 AISC Predicted 1\I0ment Capacity 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (1999) 

Beam Test 1 Beam Test 1 

ISlab Studs AISC Predicted Moment Capacity Calculations: I 

Span = 30.0 ft No. Studs in Pairs· -

Depth = 5.0 10. No. Single Studs·· = 12 S CI = A.Fy= 511.6 k 

Width = 81.0 10. No. Single Studs··· = C2 = 0.85f oA. = 1031.7 k 

Concrete Stud Dia. = 0.75 10. C3 = l:QAlSC = 354.2 k 

f , = 4.995 ksi Stud Length = 3.5 10 . C = min(CI ,C2,C3) = 354.2 k 

w = 141.3 pef A",= 0.4418 
. 2 

'" " Composite: 69.2" 
~teel Beam Fu = 66.81 ksi a = 1.030 10. Depth of Cone. Camp. Block 

Section: WI6x31 Position = S Cr = 131.9 k Camp. Force in Flange 

A.= 9.12 
· 2 

T rans\'erse Spacing = 10 10. C, - Cr = 379.7 k 

d = 15 .88 10. e = 4.5 10 Cr+ C = 486.1 k > 379.7 k P.N.A. in flange 
br = 5.525 10. QAlSC (Stud, in POlrs)· = k Py=CI = 511.6 k 

lr = 0.44 10. QAlSC (Single Sluds)·· = 29.5 k Ty = (Py + C)/2 = 432.9 k Tension Force in Steel 
lw = 0.275 In. QAlSC (Songle Sluds)··· = k T,w = 247.8 k Tension Force in Web 

A.r = 2431 
· 2 
10 Deck T,-n = 131.9 k Tension Force in Bol Flange 

Fyf= 54.25 ksi Type = T,l1 = 53 .2 k Tension Force in Top Flange 
Fur = 72.6 ksi Height = 2 In . s = 0.18 in. Portion of Flange in Tension 

A,., = 4 258 • 2 10 Ave. Rib W,dth = 6 10 p = 0.26 10. Portion of Flange in Camp. 
F,,. = 582 ksi Gage = 20 Cr = 78.7 k Camp. Force in Top Flange 
F"" = 72.4 ksi F = y ksi MAI SC - 469.2 k-ft Predicted Moment Capacity 

F = u ksi 

-------------------
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Table E.S Beam Test 1 New Predicted Moment Capacity with Q,=0.68A,F. 

Tcst Program: Rambo-Roddenberry (1999) Test Program : Rambo-Roddenberry (1999) 
Beam Test 1 Beam Test 1 

ISlab Studs New Predicted Moment C~aci!y Calculations: 
Span = 30.0 ft No. Studs in Pairs' -

Depth = 5.0 In . No Single Studs" = 12 S CI = A,Fy= 511.6 k 

Width = 81.0 In No. Single Studs'" = C2 = 0.85 r .A, = 1031.7 k 

Concr~t~ Stud Dia. = 0.75 In C3 = rQ, = 240.8 k 

r, = 4.995 ksi Stud Length = 3.5 In C = min(C I ,C2,C3) = 240.8 k 

w = 141 3 pef AK = 0.4418 
. 2 
In % Composit/!: 47.1% 

\'ted Beam F. = 6681 ksi a = 0.700 In . Depth of Conc. Compo Block 

Section: WI 6x3 1 Position = S Cr = 131.9 k Compo Force in Flange 

A, = 9 12 
· 2 
In Trlllls\'erse Spacing = In CI - Cr = 379.7 k 

d = 15.88 In . e = 4.5 In . Cr+C = 372.7 k < 379.7 k P.N.A. in web 
br = 5.525 In. Q, (Studs in Pairs)' = k Py= CI = 511.6 k 

tr = 044 In Q, (Single Studs)" = 20.07 k Ty =(Py+ C)/2 = 376.2 k Tension Force in Steel 
I,. = 0275 In Q, (Single Studs)' " = k x = 7.52 in. Disl. From PNA to c.g. 

A,r= 2431 • 2 In Deck p = 0.42 tn . Disl. from Top FIllIlge to PNA 
F)f = 5425 kSI Type = q = -002 tn. Portion of Web in Compo 
Fur = 72.6 kSI HeIght = 2 In C", = Ty - C - Cr = 3.5 k Compo Force in Web 

A~= 4258 • 2 In Ave RIb WIdth = (, In Tyt = 131.9 k Tension Force in Flange 
F),. = 58 2 kSI Gage = 20 T)w = T, - T'f = 244.3 k Tension Force in Web 
Fuw= 724 kSI F = , kSI M, - 424.3 k-ft Predicted Moment Capacity 

F -• kSI 

! 

I 

I 
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Table E.6 Beam Test 1 Experimental Moment Capacity 

Test Program: Rambo-Roddenberry (1999) 
Beam Test 1 

Experimental Moment Calculations: 
The Total Load given in the data sheets consists of both 
distributed loads and concentrated loads. These must be 
separated in order to calculate the moment. 
Ultimate Total Load = 102.31 k 
Theoretical Self Wt. of Beam, Deck, and Concrete: 

w = 11.59 kl32 ft = 0.362 klft 
Applied Load from Rams + Wt. of Load Beams and Plates: 

P = 104.46 - 11.59 = 92.87 k 

Reactions = 0.5(0.362)(32) + 0.5(92.87) = 52.23 k 
M, = 412.1 k-ft (Experimental Ultimate Moment Capacity) 
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Table E.7 Beam Test I Back-Calculated Stud Strength 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (1999) 

Beam Test I Beam Test I 

is/ab Studs Back-Calculated (Qbc) Moment Capacity Calculations: 

Span = 30.0 ft No. Studs in Pairs' = M,= 412.1 k-ft 

Depth = 5.0 m. No. Single Studs" = 12 S CI =A,Fy= 511.6 k 

Width = 81.0 In. No. Single Studs '" = C2 = 0.85f,A, = 1031.7 k 

Concrete Stud Dia. = 0.75 m. C3 = EQbc = 211.8 k 

f, = 4.995 ksi Stud Length = 3.5 m . C = min(CI ,C2,C3) = 211.8 k 

w= 141.3 pcf A",= 0.4418 
• 2 
In % Composite: 41.4% 

'>tee/Beam Fu=66.81 ksi a = 0.616 tn . Depth of Conc. Compo Block 

Section: W 16x3 I Position = S Cr= 131.9 k Compo Force in Flange 

A, = 9 12 · 2 m Transverse Spacing = m. C, - Cr = 379.7 k 

d = 15.88 In. e = 4.5 m. C,+C= 343.7 k < 379.7 k P.N.A. in web 

br= 5.525 m. P =CI = y 511.6 k 

Lr = 0.44 m. Q", (Single Studs)" = 17.65 k Ty= (Py+C)/2 = 361.7 k Tension Force in Steel 

t,. = 0.275 m. x= 6.62 m. Disl. From PNA to e.g. 

A,r = 2.431 
· 2 m Deck p= 1.32 m. Disl. from Top Flange to PNA 

F,.. = 54.25 ksi Type = q= 0.88 m. Portion of Web in Compo 

Fur = 72 6 kSI HeIght = 2 m Cw = Ty - C - C,= 18.0 k Compo Force in Web 

A,w = 4.258 
· 2 m Ave RJb Width = 6 m T,f = 131.9 k Tension Force in Flange 

F,w = 582 I,.SI Gage = 20 Tyw= Ty-T,..= 2298 k Tension Force in Web 
Fuw= 724 kSI F = y ksi M,= 411.7 k-ft Predicted Moment Capacity 

F = u kSI M,IM,= 1.00 



Table E.S Beam Test 1 Load Effects Not Measured 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 1 

Interpolations for Load Effects Not Measured: 
Non-Composite Loads (Not Measured): 

Self Wt. of W 16x31 = (31 )(32) = 992 Ib 

Wt. ofDeck = (1.97)(32)(81/12) = 4261b 
Total = 992 + 426 = 141S Ib 

Total Load of Concrete = 8020 Ib (Measured) 

1418 =0.177 

8020 

- MUltiply the load effects from concrete placement 
by 0.177 to obtain the load effects due to the self 

WI. of beam and deck 
(Load effects = strains and deflections) 

Composite Loads (Not Measured): 

Self Wt. of Load Beams [W12x65] = 2(65)(9) = 1170 Ib 
Wt. of Load Plates = 180 Ib (estimated) 

Total = 1170 + 180 = 1350 Ib 

Load from Composite Test = 9620 Ib (Data Pt. #7) 

-Data Pt. #7 was chosen because the beam was still elastic 

1350 = 0.140 
9620 

- Multiply the load effects from Data Pt. #7 by 0. 140 

to obtain the load effects due to the self WI. ofload 
beams and plates 
(Load effects = strains and deflections) 
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Data 

Point 

NI 

N2 

N3 

IA 

IB 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Total 

Load Total 
(1<) (k) 

0.00 0 .00 

1.42 1.42 

11.59 11.59 

11.59 11.59 

12.94 12.94 

22.81 22 .81 

12.94 12.94 

12.94 12.94 

23 .14 23 .14 

12.94 12.94 

22.57 22.57 

32.52 32 .52 

41.82 41.82 

51.60 51.60 

59.92 59.92 

67 .18 67 .18 

72.81 72 .81 

51.36 51.36 

34.07 34 .07 

12.94 12.94 

32.52 32.52 

12.94 12.94 

32 .68 32.68 

52.58 52.58 

69.55 69.55 

75 .83 75 .83 

79.34 79.34 

81.86 81.86 

85.05 85.05 

87.82 87.82 

90.18 90.18 

67.35 67.35 

54. 13 54. 13 

32 .84 32 .84 

12.94 12.94 

32 .76 32.76 

52.58 52 .58 

Table E.9 Beam Test 1 Data (Loads and Denections) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) (1<) (in.) 

0.00 0.00 0.000 0.000 0.000 BEGIN 

0.71 0.71 0 .062 0.077 0.054 BEAM & DECK wr 
5.80 5.80 0.415 0.510 0.361 BEAM. DECK & CDNC wr 
5.80 5.80 0.415 0.510 0.361 BEG OF COMPOSITE TEST 

6.46 6.48 0.435 0.536 0.379 wr OF LOAD BEAMS & PLATES 

11.27 11.54 0.576 0.723 0.509 FtRST INCR OF APPL LOAD 

6.46 6.48 0.442 0.548 0.388 

6.46 6.48 0.435 0.536 0.379 Zeroed 

11.51 11.62 0.576 0.718 0.504 

6.46 6.48 0.435 0.536 0.379 Zeroed 

11.19 11.38 0.579 0.721 0.513 

15.92 16.60 0.727 0.900 0.643 

20.48 21.34 0.868 1.075 0.769 

25.70 25 .91 1.031 1.276 0.902 

29 .77 30. 15 1.175 1.469 1.036 

33.28 33 .90 1.316 1.659 1.158 

36.05 36 .76 1.449 1.833 1.274 Bottom Flange Yielding 

25 .62 25.74 1.147 1.451 1.009 

17.14 16.93 0.888 1.119 0.789 

6.46 6.48 0.543 0.686 0.480 

15.83 16.68 0 .853 1.069 0.748 

6.46 6.48 0.543 0.686 0.476 

16.16 16.52 0.864 1.084 0 .762 

26.02 26.56 1.158 1.466 1.024 

34.50 35 .05 1.418 1.804 1.254 

37 .60 38.23 1.561 1.993 1.375 Noises 

39.31 40.02 1.701 2.192 1.506 

40.62 41.25 1.833 2.392 1.625 Yielding on Top of Bot. Flange 

42 .08 42.96 1.969 2.587 1.757 

43 .39 44.43 2.115 2.806 1.895 

44.53 45.66 2.273 3.021 2.033 

33.20 34. 15 1.982 2.655 1.764 Reset Load Beams 

26.76 27.37 1.798 2.393 1.582 

16.32 16.52 1.462 1.964 1.277 

6.46 6.48 1.088 1.495 0.952 

16.16 16.60 1.420 1.898 1.226 

25 .94 26.64 1.730 2.286 1498 
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TOlal 

Data Load Total 

Point (k) (k) 

34 72.32 72.32 

35 82.52 82.52 

36 90.18 90. 18 

37 93 .28 93 .28 

38 95 .32 95.32 

39 97.36 97.36 

40 99.56 99.56 

41 101.36 101.36 

42 102.66 102 .66 

43 102.91 102.9 1 

44 103. 15 103 . 15 

45 74.61 74 .6 1 

46 54 .87 54.87 

47 3 1.2 1 3 1.2 1 

48 12.94 12.94 

49 53 .07 53 .07 

50 93.04 93 .04 

51 97 .53 97.53 

52 102.26 102 .26 

53 103.97 103.97 

54 104.46 104.46 

55 104 .13 104.13 

56 93 .69 93 .69 

57 98.18 98.18 

58 64 .00 64 .00 

59 33.66 33 .66 

60 12.94 12.94 

Table E.9 Beam Tesl I Dala (Loads and Dencclions) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) 0<) (in,) 

35 .72 36.60 2.025 2.674 1.775 

40.70 41.82 2. 180 2 .883 1.92 1 

44.53 45 .66 2.38 1 3.146 2.1 04 Yield Lines on Web 

46.00 47.29 2.563 3.4 10 2 .260 

46.97 48.35 2.726 3.653 2.407 

47.95 49.4 1 2.909 3.909 2.559 

48.93 50.63 3.257 4.405 2.856 

49.75 51.61 3.605 4 .897 3.162 

50.32 52 .35 3.959 5.393 3.462 Noises 

50.32 52.59 4 .277 5.866 3.755 Significant Web Yielding. Pop 

50.40 52.76 4.624 6.388 4.067 

36.38 38.23 4.283 5.945 3.763 Reset Ram 

26.92 27.95 3.99 1 5.555 3.489 

15.5 1 15.70 3 .58 1 5.037 3.1 27 

6.46 6.48 3.221 4.599 2.8 16 

26.35 26.72 3.876 5.412 3.398 

46.08 46.96 4 .504 6.252 3.985 

48 .36 49.16 4.589 6.374 4.072 

50.56 51.69 4.941 6.879 4.392 

51.29 52.67 5.278 7.379 4 .697 

51.46 53 .00 5.592 7.877 4 .988 

5 1.2 1 52.92 5.909 8.363 5.280 Cracking 

46.08 47.61 5.944 8.440 5.306 Long. Crack Down CL of Beam 

48 .28 49.90 6.176 8.746 5.5 14 

31.57 32.43 5.64 1 8.072 5.034 

16.73 16.93 5.109 7.363 4 .547 

6.46 6.48 4.622 6.757 4 .146 
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Total 

Data Load 

Point (k) 

NI 0.00 

N2 1.42 

N3 lU9 

IA lU9 

lB 12.94 

2 22.81 

3 12.94 

4 12.94 

5 23 .14 

6 12.94 

7 22.57 

8 32 .52 

9 41.82 

10 51.60 

I I 59.92 

12 67.18 

13 72.81 

14 51.36 

15 34.07 

16 12.94 

17 32.52 

18 12.94 

19 32.68 

20 52.58 

21 69.55 

22 75 .83 

23 79.34 

24 81.86 

25 85 .05 

26 87.82 

27 90.18 

28 67.35 

29 54. 13 

30 32.84 

31 12.94 

32 32.76 

33 52.58 

Tabl. E.10 Beam Ttsl I Data (Slrains al Midspan) 

STRAINS AT MIDSPAN 

SGI SG2 SG3 SG4 SG5 SG6 SG7 SG8 

(ue) 

0 0 0 0 0 0 0 0 

-42 2 43 45 45 42 I -41 

-279 I I 287 300 298 280 3 -271 

-279 I I 287 300 298 280 3 -271 

-276 27 315 329 326 309 18 -269 

-259 149 527 545 538 522 123 -252 

-277 31 319 331 329 311 18 -271 

-276 27 315 329 326 309 18 -269 

-259 148 530 549 543 527 125 -25 I 

-276 27 315 329 326 309 18 -269 

-259 142 517 536 530 514 120 -251 

-245 257 718 744 734 720 221 -237 

-233 365 910 944 931 918 317 -226 

-224 480 I I 15 1156 1141 1130 420 -217 

-218 587 1308 1353 1339 1335 516 -212 

-215 699 1511 1574 1552 1686 617 -208 

-207 812 1741 1671 1648 2812 721 -201 

-246 576 1323 1242 1223 2421 502 -241 

-271 378 963 875 861 2051 320 -265 

-288 139 516 417 412 1583 102 -282 

-266 352 915 825 813 1990 299 -259 

-288 133 516 415 410 1582 102 -281 

-263 357 932 840 827 2003 306 -257 

-238 588 1350 1267 1246 2429 515 -232 

-216 787 1713 1635 1607 2809 696 -210 

-199 923 1664 2236 2870 4027 822 -193 

-182 1093 1584 2200 8224 7779 977 - 178 

-163 1232 1581 2 199 9300 8868 1107 -160 

- 144 1373 1599 2215 10161 10073 1237 - 143 

- 124 1523 1592 2212 10805 11294 1379 - 122 

-110 1693 1599 221 I I I I 18 12024 1537 - 108 

-157 1446 1132 1736 10650 11573 1298 -155 

-1 80 1294 852 1449 10342 11 265 1151 -175 

-2 I I 1048 401 988 9822 10746 914 -205 

-229 820 -28 543 9296 10221 692 -222 

-200 1026 385 960 9713 10638 904 -192 

-175 1250 794 1381 10169 11094 I I 15 -169 
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Table £.10 Beam Test I Data (Strains at Midspan) 

Total STRAINS AT MIDSPAN 
Data Load SGI SG2 SG3 SG4 SG5 SG6 
Point (k) (lie) 

34 72.32 -149 1479 1204 1804 10648 11574 
35 82.52 -136 1601 1418 2027 10919 11845 
36 90.18 -132 1760 1587 2210 11277 12273 
37 93 .28 -107 1963 1593 2205 11292 12283 
38 95 .32 -90 2124 1602 2209 11348 12357 
39 97.36 -71 2303 1609 2213 11464 12733 
40 99.56 -49 2473 1594 2221 12155 13933 
41 101.36 -45 2478 1576 2242 12984 14929 
42 102.66 -42 2477 1557 2247 13958 -
43 102.91 -58 2470 1529 2252 14654 -
44 103.15 -72 2475 1498 2264 15142 -
45 74.61 -126 2147 923 1680 14564 -
46 54.87 -159 1909 525 1268 14095 -
47 31.21 -196 1618 49 772 13498 --
48 12.94 -210 1393 -314 387 13005 14972 
49 53 .07 -153 1858 511 1229 13891 -
50 93.04 -98 2349 1335 2083 14890 --
51 97.53 -98 2412 1431 2183 15034 -
52 102.26 -105 2483 1500 2288 15484 --
53 103.97 -78 2512 1505 2307 15701 -
54 104.46 -71 2519 1498 2300 15911 -
55 104.13 -80 2514 1509 2307 16062 -
56 93.69 -386 2298 1410 2213 15997 -
57 98.18 -492 2410 1538 2328 16145 -
58 64.00 -542 2006 825 1603 15374 -
59 33.66 -556 1637 183 936 14615 -
60 12.94 -513 1393 -256 471 14052 -
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SG7 

1333 
1447 
1598 
1792 
1950 
2137 
2341 
2328 
2332 
2332 
2330 
2021 
1798 
1529 
1321 
1751 
2210 
2269 
2346 
2377 
2396 
2405 
2209 
2312 
1940 
1603 
1381 

SG8 

-144 
-131 
-129 
-105 
-90 
-72 
-52 
-50 
-50 
-67 
-82 

-128 
-153 
-186 
-200 
-142 
-95 
-96 

-105 
-81 
-76 
-86 

-405 
-508 
-542 
-541 
-495 
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Data 

Point 

NI 

N2 

N3 

IA 

IB 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Total 

Load 

(k) 

0.00 

1.42 

11 .59 

11.59 

12.94 

22.8 1 

12.94 

12.94 

23.14 

12.94 

22.57 

32.52 

41.82 

51.60 

59.92 

67.18 

72.81 

51.36 

34.07 

12.94 

32.52 

12.94 

32.68 

52 .58 

69.55 

75 .83 

79.34 

81.86 

85 .05 

87.82 

90.18 

67.35 

54 .13 

32.84 

12.94 

32.76 

52 .58 

Table E.II Beam Test I Data (Strains at East Quarter Point) 

STRAINS AT EAST QUARTER PT. 

SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 SGI6 

(~e) 

0 0 0 0 0 0 0 0 

-27 I 31 32 33 3 1 0 -33 

-183 8 204 216 216 205 I -221 

-183 8 204 216 216 205 I -221 

-181 19 225 238 237 226 13 -220 

-172 103 38 1 397 392 377 96 -209 

-182 19 226 239 238 227 13 -220 

-181 19 225 238 237 226 13 -220 

-172 105 385 401 396 381 99 -209 

-181 19 225 238 237 226 13 -220 

-173 101 377 393 387 372 94 -211 

-170 178 529 547 536 5 15 172 -207 

-173 252 68 1 700 681 657 247 -209 

-180 329 845 865 838 809 324 -217 

-192 393 984 1008 974 941 389 -229 

-204 452 1111 1138 1095 1059 447 -241 

-21 1 498 12 10 1239 1187 1147 493 -250 

-236 325 885 908 87 1 839 318 -275 

-245 184 616 630 611 583 177 -284 

-2 14 25 269 270 268 249 16 ·252 

-238 170 575 585 575 548 162 -276 

-213 25 267 269 267 249 16 -251 

-237 175 585 596 586 559 168 -275 

-228 336 900 918 895 858 330 ·267 

-221 473 11 73 1196 11 55 1111 469 -262 

·225 526 1286 1310 1257 1209 521 -267 

-224 560 1361 1392 1313 1264 557 ·267 

-229 588 1418 1450 1368 1316 585 ·273 

-231 622 1483 1523 1433 1376 620 -276 

-230 653 1548 1585 1490 1434 653 ·277 

-236 684 1607 1645 1541 1481 683 -283 

-262 500 1263 1293 1208 1155 497 -309 

·272 389 1050 1074 1005 958 386 ·317 

-274 217 703 718 671 634 212 -318 

-227 73 361 364 338 312 66 -269 

-255 221 665 680 668 633 2 15 -295 

-256 375 973 995 982 938 373 ·297 
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Table E.II Beam Test I Data (Strains at East Quarter Point) 

Total STRAINS AT EAST QUARTER PT. 
Data Load SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 
Point (k ) (ue) 

34 72.32 -251 534 1279 1310 1296 1241 532 
35 82.52 -252 617 1440 1475 1460 1400 614 
36 90.18 -264 687 1587 1631 1599 1538 683 
37 93.28 -262 726 1633 1731 1655 1592 721 
38 95.32 -26 1 760 1640 1886 1699 1641 755 
39 97.36 -267 793 1647 1977 1745 1688 787 
40 99.56 -277 861 1604 2070 1764 1680 856 
41 101.36 -310 925 1575 2156 1776 1688 925 
41 102.66 -344 962 1605 2252 1782 1686 958 
43 102.91 -372 990 1636 2470 1733 1638 982 
44 103.15 -389 1018 1858 2715 1712 1617 1008 
45 74.61 -42 1 786 1449 2299 1271 1188 773 
46 54.87 -423 626 1144 1982 954 88 1 610 
47 31.2 I -406 439 769 1585 564 503 421 
48 12.94 -333 316 465 126 1 247 197 296 
49 53.07 -377 622 1106 1928 90 1 829 608 
50 93.04 -39 1 945 1758 2607 1537 1446 933 
51 97.53 -397 982 1840 2697 1612 1519 971 
52 102.26 -4 I I 1044 2200 2972 1699 1602 1031 
53 103.97 -400 1076 2314 3103 1722 1624 1062 
54 104.46 -402 1092 2410 3189 1724 1626 1079 
55 104.13 -410 1101 2516 3285 1713 1617 1088 
56 93.69 -460 1004 2389 3154 1578 1484 988 
57 98.18 -538 1016 2488 3261 1685 1586 1000 
58 64.00 -55 1 738 1952 2706 1140 1056 720 
59 33.66 ·5 12 501 1439 2167 630 563 478 
60 12.94 -387 37 1 1058 1763 255 202 348 

438 

SGI6 

-292 
-293 
-309 
-308 
-308 
-310 
-320 
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-379 
-402 
-414 
-449 
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-423 
-429 
-443 
-432 
-43 I 
-436 
-495 
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·592 
-547 
-4 18 
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Total 
Data Load 
Poinl (1<) 

NI 0.00 
N2 1.42 
N3 11.59 
IA 11.59 
IB 12.94 
2 22.81 
3 12.94 
4 12.94 
5 23.14 
6 12.94 
7 22.57 
8 32.52 
9 41.82 
10 51.60 
11 59.92 
12 67.18 
13 72.81 
14 51.36 
15 34.07 
16 12.94 
17 32.52 
18 12.94 
19 32.68 
20 52.58 
21 69.55 
22 75.83 
23 79.34 
24 81.86 
25 85.05 
26 87.82 
27 90.18 
28 67.35 
29 54.13 
30 32.84 
31 12.94 
32 32.76 
33 52.58 

Table E. 12 Beam Tesl I Oala (Strains al Support) 

STRAINS AT I FT. FROM SUPPORT 
SGI7 SGI8 SGI9 SG20 SG21 SG22 SG23 SG24 

(ue) 

0 0 0 0 0 0 0 0 
·8 2 5 5 6 5 I -2 

-50 12 33 33 37 33 3 ·15 
-50 12 33 33 37 33 3 -15 
·51 14 35 35 42 38 4 ·14 
·54 29 50 54 80 76 II -II 
-52 15 36 36 41 38 4 -14 
-51 14 35 35 42 38 4 -14 
-53 29 50 55 81 77 12 -10 
-51 14 35 35 42 38 4 -14 
-53 28 49 54 80 76 II -12 
-48 43 76 85 98 95 17 -4 
-36 59 101 112 118 117 24 14 
·15 75 124 137 140 143 33 44 

4 91 143 159 158 165 43 61 
10 103 162 182 176 186 47 67 
16 113 175 199 189 204 49 71 
-6 75 139 154 138 143 33 33 

-24 47 94 103 102 103 21 8 
-25 16 33 34 45 41 8 3 
-26 41 77 82 103 97 22 10 
-24 16 33 33 45 40 8 3 
-25 41 80 85 101 94 22 12 
-4 74 128 138 149 147 37 39 
14 104 163 181 191 197 51 68 
22 117 175 199 206 218 54 80 
24 134 180 221 204 237 43 84 
28 140 186 228 211 244 45 88 
33 147 193 237 220 255 47 95 
36 155 195 245 225 267 45 98 
37 163 199 254 231 278 42 98 
10 118 176 219 165 203 27 51 
-4 91 143 177 139 168 19 24 
-22 49 95 114 87 100 8 -7 
-22 19 35 38 40 39 3 -7 
-21 36 85 84 100 86 21 3 
-4 64 139 140 149 134 40 29 
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Table E.12 Beam Test I Data (Strains at Support) 

Total STRAINS AT I FT. FROM SUPPORT 
Data Load SGI7 SGI8 SGI9 SG20 SG21 SG22 
Point (k) (~e) 

34 72.32 20 94 193 194 199 182 
35 82.52 32 110 221 221 225 207 
36 90.18 26 120 251 252 248 227 
37 93.28 26 124 259 260 258 238 
38 95.32 31 127 266 268 266 244 
39 97.36 35 131 271 273 272 249 
40 99.56 40 137 276 278 278 256 
41 101.36 50 141 283 280 282 254 
42 102.66 59 141 287 281 284 256 
43 102.91 63 139 290 282 286 255 
44 103.15 65 135 293 285 289 254 
45 74.61 21 91 210 205 230 204 
46 54.87 -8 60 152 148 179 156 
47 31.21 -36 26 83 81 111 93 
48 12.94 -37 9 21 22 61 51 
49 53.07 -10 65 140 144 169 155 
50 93 .04 45 138 242 254 283 277 
51 97.53 49 147 252 267 299 295 
52 102.26 54 158 258 275 320 318 
53 103.97 62 157 255 269 335 327 
54 104.46 64 158 258 272 333 325 
55 104.13 65 159 259 273 328 320 
56 93.69 46 140 245 258 288 282 
57 98.18 17 134 263 274 312 300 
58 64.00 -24 76 165 173 230 220 
59 33.66 -46 26 88 89 126 112 
60 12.94 -38 8 29 29 63 56 
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SG23 

62 
75 
79 
82 
85 
88 
92 
100 
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109 
112 
78 
52 
23 
7 

44 
89 
93 
98 
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110 
110 
92 

87 
50 
18 
10 

SG24 

65 
86 
87 
87 
87 
93 
105 
116 
127 
133 
139 
75 
33 
-3 
-3 
32 
111 
116 
125 
137 
139 
140 
112 
86 
33 
-4 
-2 
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Table E.13 Beam Test I Data (Concrete Strains) 

Total CONCRETE STRAINS 

Load ES EQ CL 
(1<) ()ie) 

0.00 - -- -
1.42 - - --

11 .59 - - -
11.59 0 0 0 

12.94 I -4 -6 

22.81 6 -37 -48 

12.94 I -5 -6 

12.94 I -4 -6 

23 .14 5 -37 -50 

12.94 I -4 -6 

22.5 7 5 -35 -47 

32.52 9 -66 -89 

41.82 5 -97 -129 

51.60 -5 -129 -172 

59.92 -10 -15 1 -212 

67.18 -10 -170 -250 

72.8 1 -9 -184 -285 

51.36 -8 -120 - 196 

34.07 0 -68 -121 

12.94 - I -3 -27 

32.52 I -64 - 109 

12.94 - I -3 -26 

32.68 0 -66 -III 

52.58 -8 -124 -199 

69.55 -13 -174 -273 

75 .83 - 14 -187 -3 13 

79.34 - 14 - 195 -352 

81.86 - 13 -201 -383 

85 .05 -14 -209 -416 

87.82 - 15 -2 19 -449 

90.18 -15 -228 -482 

67.35 -\3 -164 -39 1 

54.13 -8 -124 -333 

32.84 2 -63 -236 

12.94 3 -4 -141 

32.76 ·2 -65 ·222 

52 .58 ·7 ·12 1 ·309 
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Table E.\3 Beam Test \ Data (Concrete Strains) 

Total CONCRETE STRAINS 

Data Load ES EQ CL 

Point (k) (lle) 

34 72.32 -14 -176 -397 

35 82.52 - 17 -211 -44 1 

36 90.18 -16 -240 -489 

37 93.28 -15 -251 -527 

38 95.32 -II -261 -567 

39 97.36 - 10 -272 -602 

40 99.56 -8 -293 -664 

41 101.36 -6 -316 -731 

42 102.66 -10 -333 -790 

43 102.9 1 -10 -345 -839 

44 103 .15 -19 -354 -888 

45 74.61 - II -276 -780 

46 54.87 I -217 -69 1 

47 3 1.2 1 9 - 142 -56 1 

48 12.94 5 -80 -445 

49 53 .07 - I I -204 -650 

50 93 .04 -28 -326 -845 

51 97.53 -28 -341 -870 

52 102.26 -23 -361 -924 

53 103.97 -24 -367 -965 

54 104.46 -23 -369 -1007 

55 104. 13 -22 -372 -1049 

56 93 .69 -277 -329 -1161 

57 98.18 -303 -332 -1223 

58 64.00 -239 -215 -996 

59 33.66 - 155 -110 -771 

60 12.94 -99 -37 -590 
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Table E.14 Beam Test I Data (East End Slips) 

Total EAST END SLIPS 

Load EI E2 E3 E4 E5 E6 
(k) (in.) 

0.00 -- -- -- -- -- --
1.42 - -- - - - -

11.59 - -- - - - -
11.59 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
12.94 0.0000 0.0000 0.000 I 0.0001 0.0000 0.0000 

22 .81 0.0000 0.0000 0.0007 0.000 I 0.0000 0.0000 
12.94 0.0000 0.0000 0.000 I 0.0001 0.0000 0.0000 
12.94 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 
23 .14 0.0000 0.0000 0.0001 0.0007 0.0000 0.0000 
12.94 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 
22.57 0.0000 0.0000 0.0007 0.0007 0.0000 0.0000 
32.52 0.0000 0.0000 0.0019 0.0007 0.0000 0.0000 
41.82 0.0006 0.0024 0.0044 0.0019 0.0000 0.0000 
51.60 0.0024 0.0055 0.0086 0.0062 0.0000 0.0000 

59.92 0.0055 0.0098 0.0129 0.0105 0.0000 0.0000 
67.18 0.0092 0.0146 0.0178 0.0153 0.0000 0.0000 
72.81 0.0140 0.0189 0.0227 0.0196 0.0000 0.0006 

51.36 0.0140 0.0195 0.0221 0.0196 0.0000 0.0006 
34.07 0.0140 0.0195 0.0184 0.0190 0.0000 0.0006 
12.94 0.0092 0.0 I 53 0.0062 0.0080 0.0000 0.0006 
32.52 0.0092 0.0 I 53 0.0129 0.0111 0.0000 0.0006 
12.94 0.0092 0.0153 0.0050 0.0074 0.0000 0.0006 
32.68 0.0092 0.0153 0.0129 0.0117 0.0000 0.0006 
52.58 0.0128 0.0195 0.0184 0.0160 0.0000 0.0000 
69.55 0.0 I 59 0.0226 0.0227 0.0202 0.0000 0.0006 
75 .83 0.0195 0.0262 0.0269 0.0239 0.0000 0.0024 
79.34 0.0220 0.0299 0.0294 0.0276 0.0122 0.0043 
81.86 0.0256 0.0336 0.0337 0.0312 0.0140 0.0073 

85 .05 0.0293 0.0378 0.0373 0.0355 -- 0.0098 
87.82 0.0336 0.0427 0.0416 0.0404 - 0.0134 

90.18 0.0385 0.0476 0.0459 0.0453 -- 0.0177 

67.35 0.0403 0.0482 0.0453 0.0459 -- 0.0183 
54.13 0.0403 0.0482 0.0440 0.0459 - 0.0183 

32.84 0.0385 0.0482 0.0379 0.0404 -- 0.0183 
12.94 0.0262 0.0342 0.0239 0.0257 - 0.0183 

32.76 0.0281 0.0354 0.0318 0.0306 - 0.0177 
52.58 0.0336 0.0409 0.0385 0.0367 -- 0.0177 
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Table E.14 Beam Test 1 Data (East End Slips) 

Total EAST END SLIPS 

Data Load EI E2 E3 E4 E5 

Point (k) (in.) 

34 72.32 0.0372 0.0458 0.0440 0.0416 --
35 82.52 0.0397 0,0482 0.0465 0.0446 --
36 90,18 0.0476 0.0568 0.0544 0.0526 -
37 93 .28 0.0525 0,0623 0.0605 0.0581 -
38 95.32 0.0592 0.0684 0.0666 0,0642 -
39 97.36 0,0653 0.0751 0.0739 0,0709 --
40 99.56 0.0781 0.0879 0,0868 0.0849 -
41 101.36 0.0940 0.1031 0.1026 0.1002 -
42 102.66 0.1111 0.1196 0,1203 0.1179 -
43 102.91 0.1270 0.1337 0.1368 0,1337 --
44 103.15 0.1410 0.1483 0,1533 0.1508 --
45 74.61 0.1440 0.1526 0.1545 0.1539 -
46 54.87 0,1440 0.1526 0,1496 0.1527 -
47 31.21 0.1422 0.1508 0.1405 0.1429 --
48 12.94 0.1270 0.1355 0.1234 0.1264 --
49 53 .07 0.1349 0.1416 0.1405 0.1386 --
50 93 .04 0.1453 0.1538 0.1539 0.1533 --
51 97.53 0.1489 0.1562 0.1576 0.1557 ---
52 102.26 0.1660 0.1727 0.1710 0.1704 --
53 103.97 0.1752 0.1831 0,1807 0.1801 -
54 104.46 0.1855 0.1947 0,1917 0,1917 --
55 104,13 0,1978 0.2069 0.2033 0.2045 --
56 93 .69 0.2142 0,2240 0,2180 0,2216 --
57 98.18 0.2319 0.2460 0,2314 0,2430 -
58 64 ,00 0.2319 0.2460 0,2259 0.2430 --
59 33.66 0.2228 0,2362 0.2125 0.2290 -
60 12,94 0.1996 0,2124 0.1899 0.2039 -
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Table E.IS Beam Test t Data (West End Slips) 

Total WEST END SLIPS 

Load WI W2 W3 W4 W5 W6 

(k) (in.) 

0.00 -- -- -- -- - --
1.42 -- -- -- -- -- --

11.59 - -- - - - --
11.59 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

12.94 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

22.81 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

12.94 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

12.94 -0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 

23 .14 -0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 

12.94 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

22.57 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

32.52 0.0000 0.0012 0.0000 0.0006 0.0006 0.0018 

41.82 0.0000 0.0037 0.0000 0.0037 0.0031 0.0037 

51.60 0.0006 0.0079 0.0006 0.0073 0.0067 0.0067 

59.92 0.0024 0.0110 0.0012 0.0122 0.0104 0.0098 

67.18 0.0043 0.0153 0.0024 0.0171 0.0153 0.01 34 

72.81 0.0061 0.0177 0.0055 0.0214 0.0189 0.01 53 

51.36 0.0067 0.0177 0.0049 0.0214 0.0195 0.0153 

34.07 0.0067 0.0153 0.0049 0.0177 0.0165 0.0153 

12.94 0.0031 0.0043 0.0024 0.006 1 0.0061 0.0092 

32.52 0.0031 0.0110 0.0037 0.0128 0.0116 0.0110 

12.94 0.0031 0.0043 0.0024 0.0055 0.0061 0.0092 

32.68 0.0031 0.0116 0.0043 0.0128 0.0116 0.0110 

52.58 0.0049 0.0153 0.0049 0.0177 0.0159 0.0146 

69.55 0.0073 0.0189 0.0061 0.0220 0.0195 0.0165 

75 .83 0.0098 0.0220 0.0085 0.0250 0.0226 0.0189 

79.34 0.0116 0.0244 0.0110 0.0281 0.0250 0.0214 

81.86 0.0140 0.0275 0.0140 0.0311 0.0281 0.0250 

85 .05 0.0165 0.0317 0.0171 0.0342 0.Q311 0.0281 

87.82 0.0195 0.0354 0.0201 0.0378 0.0348 0.0323 

90.18 0.0220 0.0397 0.0238 0.0415 0.0378 0.0360 

67.35 0.0232 0.0397 0.0238 0.0421 0.0391 0.0366 

54 .13 0.0232 0.0391 0.0238 0.0403 0.0378 0.0366 

32.84 0.0232 0.0330 0.0238 0.0342 0.0330 0.0348 

12.94 0.0171 0.0189 0.0183 0.0208 0.0208 0.0250 

32.76 0.0159 0.0262 0.0183 0.0287 0.0262 0.0275 

52.58 0.0177 0.0330 0.0189 0.0342 0.0317 0.0317 
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Table E. \S Beam Test I Data (West End Slips) 

Total WEST END SLIPS 

Data Load WI W2 W3 W4 W5 

Point (k) (in.) 

34 72.32 0.020 1 0.0372 0.0232 0.0397 0.0354 

35 82.52 0.0250 0.0403 0.0250 0.042 1 0.0372 

36 90.18 0.0317 0.0458 0.0305 0.0470 0.0415 

37 93.28 0.0354 0.0500 0.0336 0.0507 0.0439 

38 95.32 0.039 1 0.0537 0.0372 0.0549 0.0476 

39 97.36 0.0433 0.0580 0.0421 0.0598 0.0513 

40 99.56 0.0537 0.0696 0.0525 0.0720 0.0598 

41 101.36 0.0684 0.0861 0.0708 0.0885 0.0665 

42 102.66 0.0830 0.1007 0.0842 0.1031 0.0671 

43 102.91 0.1001 0.1160 0.1007 0.1184 0.0726 

44 103.15 0.1166 0.1331 0.1166 0.1355 0.0824 

45 74.61 0.1202 0. \349 0.1208 0.1379 0.0879 

46 54 .87 0.1202 0.1300 0.1202 0.1343 0.0916 

47 31.2 I 0.1178 0.1215 0.1178 0.1251 0.0940 

48 12.94 0.1050 0.1074 0.1068 O. II II 0.0903 

49 53 .07 0.1123 0.1208 0.1074 0.1251 0.0897 

SO 93 .04 0.125 1 0.1343 0.1184 0. 1385 0.0897 

51 97.53 0.1282 0.1373 0.1215 0.1410 0.0897 

52 102.26 0.1459 0.1544 0.1392 0.1587 0.0964 

53 103.97 0.1593 0.1672 0.1532 0.1721 0. 11 17 

54 104.46 0.1752 0.1825 0.1672 0.1874 0.1306 

55 104.13 0.1917 0.1996 0.1855 0.2045 0.1593 

56 93 .69 0.2075 0.2161 0.2039 0.2203 0.1855 

57 98.18 0.2258 0.2368 0.2252 0.2399 0.2057 

58 64 .00 0.2264 0.2332 0.2264 0.2374 0.2075 

59 33.66 0.2209 0.2209 0.2209 0.2258 0.1978 

60 12.94 0. 1984 0.1990 0.1984 0.2026 0.1770 
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Fig. E.1 Beam Test 1 - Total Load vs. Deflection 
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Fig. E.3 Beam Test I - Total Load vs. Strains (SG5 - SG8) 
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Table E.16 Beam Test 2 Summary 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 2 
TEST SUMMARY 

Test Parameters 
Span: 30 ft 
Slab: 81 in. x 32 ft 

Steel Beam: W 16 x 31 A572Gr50 
Shear Stud Size: 3/4 in. x 3 112 in. (after welding) 

No. Studs Per Beam: 28 
Shear Stud Position: W 

Deck: 2in.20gage 

Material Properties 

Concrete: f c = 4.840 ksi Steel Beam 

w= 141.1 pcl Flanges: F)r = 54.25 ksi 

Deck: F = y ksi Fur = 72.6 ksi 

F = u ksi Web: F = Y" 58.2 ksi 

Studs: Fu = 66.81 ksi Fuw = 72.4 ksi 

Predicted Momellt of Illertia 
I = 1349 in" 
I Ie = 1003 in

4 

AISC Predicted Reslilts New Predicted Reslilts 
MAlsc = 468 .7 k-ft Me = 389.2 k-ft 

QAlSC = 29.5 klstud Qe = 14.17 klstud 

% composite = 69.2% % composite = 33.2% 
Test Resliits 

le = 10l3in4 

Me = 379.0 k-ft 

Qbc = 12.78k 

% composite = 30.0% 
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Table E.17 Beam Test 2 Predicted Moment of Inerti:I 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 2 

Predicted Moment of Inertia Calculations: 

81'1 

~-.!~ I 4" = ave. depth 

E, 7 

d = 15.88" 
I, = 375 in' 

vt A = 9.12 in' 

Ie = 1,+0.8Spo.Z\I,_I,) 

where p = 0.332 (33.2 % composite) 

I, = 375 in 4 (Mom. oflnertia of W16x31) 

Calculate leone II (Transformed Mom. oflnertia of Slab): 

leone II = = (8 1/7)(4)J/ I 2 = 61.7 in
4 

AeonelI = (81)(4)/7 = 46.3 in4 

Calculate I, (Transformed Mom. of Inertia): 
y = LAy - (9.12)(15 .88/2) + (46.3)(15.88 + 1 + 2) 

LA 9.12 + 46.3 
Y = 17.08 in. 

I, = 61.7 + 375 + (9.12)(17.08 - 15.88/2)2 

+ (46.3)(15.88 + 1 + 2 - 17.08)2 

I, = 1349 in
4 

Calculate Ie (Predicted Mom. of Inertia): 

Ie = 375 + 0.85(0.332)" "'(1349 - 375) 

Ie = 1003 in
4 
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Table E.1S Beam Test 2 Experimental Moment of Inertia 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 2 

Experimental Moment of Inertia Calculations: 
The experimental moment of inertia in the elastic region can be 
found by calculating the slope of the load vs. deflection plot. 
The slope between data points 4 and 7 is calculated below. 

Data Pt. 4: P = 23 .12k Data PI. 7: P = 52.40 k 
tJ. = 0.786 in. tJ. = 1.445 in. 

BP = 52.40 - 23.12 = 29.28 k 
M = 1.445 - 0.786 = 0.659 in. 

The equation for the deflection of a beam with four 
concentrated loads, two of which are positioned 4.5 ft from 
each support, and the other two positioned 11.5 ft from 
each support, is below: 

tJ. = 382.8 P ft3 
EI 

thus, I = 382.8 P ft3 
EtJ. 

Calculate I, (Experimental Mom. of Inertia): 

Substituting P - 29.28 k, E = 29000 ksi , and tJ. = 0.659 in. , 
I, = 1013 in4 
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Table E.19 Beam Test 2 AISC Predicted Moment Capacity 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (1999) 
Beam Test 2 Beam Test 2 

'Ilab Studs AISC Predicted Moment Capacity Calculations: 
Span = 30.0 n No. Studs in Pairs' -

Depth = 5.0 m. No. Single Studs" = 12 W CI =A,Fy= 511.6 k 

Width = SI.O m. No Single Studs'" = C2 = 0.S5f,", = 999.7 k 

ConcreJ~ Stud Di • . = 0.75 In C3 = 1:QAlSC = 354.2 k 

f , = 4.S40 ksi Stud Length = 3.5 m C = min(C 1,C2,C3) = 354.2 k 

w= 141.1 pef A",= 0.441S 
• 2 
m ~ Composite: 69.2~ 

'Iteel Beam F.=66.SI ksi a= 1.063 m. Depth of Conc. Compo Block 

Section' W 16x3 I Position = W Cr = 131.9 k Compo Force in Flange 

A, =9. 12 
· 2 m Transverse Spacing = In . C. - Cr = 379.7 k 

d = 15.S8 m e = 1.5 m Cr+ C = 486.1 k > 379.7 k P.N.A. in flange 
br = 5.525 m. QAlSC (S'ud, in Pairs)' = k Py=CI= 511.6 k I 

lr = 0.44 m QAlSC (Single SlUd,)" = 29.5 k Ty = (Py + C)12 = 432.9 k Tension Force in Steel 

t.. = 0.275 m. QAlSC (Single SlUd,)' " = k T = yw 247.8 k Tension Force in Web 

A,r = 2.431 
· 2 m Deck T)f2 = 131.9 k Tension Force in Bot. Flange 

Fyf = 54.25 ksi Type- T)l1 = 53.2 k Tension Force in Top Flange 
Fuf = 72.6 ks. Height = 2 m s= 0.18 m. Portion of Flange in Tension 

Aow = 4.258 
• 2 m Ave. Rib Width = 6 m p = 0.26 m. Portion of Flange in Compo 

Fyw = 58.2 ksi Gage = 20 Cr = 78.7 k Compo Force in Top Flange 
F.w = 724 ksi F = y ks. MA•sc - 468.7 k-ft Predicted Moment Capacity 

F = • ks • 
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Table E.20 Beam Test 2 New Predicted Moment Capacity with Q,=O.48A,F. 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (1999) 
Beam Test 2 Beam Test 2 

~/ab Studs New Predicted Moment C~acity Calculations: 
Span = 30.0 fi No. Studs in Pairs· -

Depth = 5.0 In. No. Single Studs·· = 12 W CI = A F = , y 511.6 k 

W,dth = SI.O In. No. Single Studs··· = C2 = 0.S5fA = 999.7 k 

Concrne Stud Dia. = 0.75 m. C3 = l:Q, = 170.0 k 

f , = 4.S40 ksi Stud Length = 3.5 m . C = min(C I,C2,C3) = 170.0 k 

w = 141.1 pef AK = 0.44IS 
. 2 
In "Composite: 33.2" 

fS'teel Beam F. = 66.S1 ksi a = 0.510 In. Depth of Conc. Camp. Block 

Section: W 16x3 I Position ~ W Cr = 131.9 k Camp. Force in Flange 

A,= 9.12 
· 2 In Transverse Spacing = in. C, - Cr = 379.7 k 

d = 15.88 In. e = 1.5 in. Cr + C = 301.9 k < 379.7 k P.N.A. in web 
br = 5.525 In. Q, (Studs in Pairs)· = k P = CI = y 511.6 k 

tr = 0.44 In Q, (Single Studs)·· = 14.17 k Ty= (Py+ C)/2 = 340.S k Tension Force in Steel 
l" = 0 275 In. Q, (Single Studs)··· = k x = 5.31 In. Dist. From PNA to C.g. 

A.r =2 431 
· 2 In Deck p = 2.63 In. Dist. from Top Flange to PNA 

Fyf= 5425 ks, Type: = q = 2.19 In Portion of Web in Camp. 
Fur = 72 6 ks, He'ght = 2 In. C .. - Ty-C-Cr = 38.9 k Camp. Force in Web 

A ... = 4 258 • 2 
In Ave R,b W,dth = 6 In T,f= 13 1.9 k Tension Force in Flange 

FY"=58 2 ks, Gage = 20 T,.,. = Ty - T)f= 208 9 k Tension Force in Web 
F",,=72 4 ks, F = y ksi M,- 389,2 k-ft Predicted Moment Capacity 

F ~ • ks, 



Table E.21 Beam Test 2 Experimental Moment Capacity 

Test Program: Rambo-Roddenberry (1999) 
Beam Test 2 

Experimental Moment Calculations: 
The Total Load given in the data sheets consists of both 
distributed loads and concentrated loads. These must be 
separated in order to calculate the moment. 
Ultimate Total Load = 96.20 k 
Theoretical Self Wt. of Beam, Deck, and Concrete: 

w = 11 .58 kl32 ft = 0.362 klft 
Applied Load from Rams + Wt. of Load Beams and Plates: 

P = 96.20 - 11.58 = 84.62 k 

Reactions = 0.5(0.362)(32) + 0.5(84.62) = 48.10 k 
M, = 379.0 k-ft (Experimental Ultimate Moment Capacity) 
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Table E.22 Beam Test 2 Back-Calculated Stud Strength 

Test Program: Rambo-Roddenberry (\999) Test Program: Rambo-Roddenberry (\999) 

Beam Test 2 Beam Test 2 

\'/ah Studs Back-Ca lculated (Q",) Moment Capacity Calculations: 

Span = 30.0 ft No. Studs in P8lrs' = M. = 379.0 k-ft 

Depth = 5.0 m. No. Single Studs" = 12 W CI=A,Fy= 511.6 k 

Width = 81.0 In. No. Single Studs'" = C2 = 0.85 r A = 999.7 k 

Concr~t~ Stud 0,8. = 0.75 In C3 = 1:Q", = 153.4 k 

r , = 4.840 ksi Stud Length = 3.5 In . C = min(C I,C2,C3) = 153.4 k 

w= 141.1 pef A" = 0.4418 
• 2 
In "Composite: 30.0% 

\'teel Beam Fu= 66.81 ksi a = 0.460 m . Depth of Conc. Compo Block 

Section WI6x31 PositIon = W Cr = 131.9 k Compo Force in Flange 

A,=9. 12 
· 2 In Transverse Spacing = In. C, - Cr = 379.7 k 

d = 15.88 In. e = 1.5 In Cr + C = 285.3 k < 379.7 k P.N.A. in web 

b(= 5.525 In. Q", (Sluds on PaIrs) ' = k Py =C I = 511.6 k 

Ie = 0.44 In. Q", (Songle Sluds)"" = 12 78 k Ty = (Py + C)12 = 332.5 k Tension Force in Steel 

I,. = 0.275 In. Q", (Songle Sluds)""" = k x= 4.79 In. Dis!. From PNA to C.g. 

A,(= 2431 
· 2 m Deck p = 3. 15 In. Dis!. from Top Flange to PNA 

Fyr = 5425 ksi T)pe = q= 2.71 m. Portion of Web in Compo 

Fur - 72 6 ksi HeIght = 2 In Cw ~ Ty - C - Cr = 47 .2 k Compo Force in Web 

A.., = 4 258 
· 2 In Ave. Rob W,dth = 6 In Tyr= 131.9 k Tension Force in Flange 

F)~ = 582 kSI Gage = 20 ~-~-T)f= 2006 k Tension Force in Web 
F .... = 724 ~Sl F = y kSI M, - 379.0 k-ft PredIcted Moment Capaci!) 

F = u kSI M,fM,= 1.00 

I 
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Table E.23 Beam Test 2 Load Effects Not Measured 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 2 
Interpolations for Load EffcctsNot Measured: 

Non-Composite Loads (Not Measured): 
Self WI. of W 16x31 = (31 )(32) = 992 lb 
WI. ofDeck = (1.97)(32)(8 1/ 12) = 426 lb 

Total = 992 + 426 = 14181b 

Total Load of Concrete = 7610 Ib (Measured) 

1418 = 0.186 
7610 

- Multiply the load effects from concrete placement 
by 0.186 to obtain the load effects due to the sel f 
WI. of beam and deck 
(Load effects = strains and deflections) 

Composite Loads (Not Measured): 
Self WI. of Load Beams [WI2x65) = 2(65)(9) = 1170 lb 
WI. of Load Plates = 180 lb (estimated) 

Total = 1170 + 180 = 1350 Ib 

Load from Composite Test = 10200 Ib (Data PI. #4) 
• Data PI. #4 was chosen because the beam was still elastic 

1350 = 0.132 
10200 

- Multiply the load effects from Data PI. #4 by 0.132 
to obtain the load effects due to the self WI. of load 
beams and plates 
(Load effects = strains and deflections) 
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Data 

Point 

NI 

N2 

N3 

IA 

IS 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Total 

Load Total 

(1<) (k) 
0.00 0.00 

1.42 1.42 

11.58 11.58 

11.58 11.58 

12.93 12.93 

22.80 22.80 

12.93 12.93 

23.12 23 .12 

32.75 32.75 

42.61 42 .61 

52.40 52.40 

61.70 61.70 

68 .63 68.63 

73.69 73 .69 

55 .67 55.67 

32.50 32.50 

12.93 12.93 

32.83 32.83 

54 .93 54.93 

71.90 71.90 

78.18 78.18 

80.95 80.95 

84.30 84.30 

87 .23 87.23 

89.52 89.52 

91.07 91.07 

73 .61 73 .61 

54.03 54 .03 

33.72 33 .72 

13.01 13.01 

42 .21 42.21 

72 .79 72.79 

89.19 89.19 

92.45 92.45 

93 .19 93 .19 

94.00 94 .00 

94.57 94 .57 

Table [.24 Beam Test 2 Data (Loads and Denections) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) (k) (in.) 

0.00 0.00 0.000 0.000 0.000 BEGIN 

0.70 0.71 0.073 0.089 0.062 BEAM &: DECK wr 
5.78 5.79 0.463 0.567 0.397 BEAM. DECK &: CONe. wr 
5.78 5.79 0.463 0.572 0.397 BEG OF COMPOSITE TEST 

6.45 6.47 0.482 0.597 0.414 Wr OF LOAD BEAMS 8< PLATES 

11.34 11.45 0.603 0.731 0.474 WIRST INCR OF APPL LOAD 

6.45 6.47 0.482 0.597 0.414 iunloaded ..,d Zeroed 

11.50 11.61 0.621 0.786 0.546 

16.31 16.43 0.761 0.964 0.681 

21.28 21.32 0.958 1.202 0.850 

26.18 26.22 1.160 1.445 1.023 

30.82 30.87 1.352 1.686 1.197 

34.33 34.30 1.571 1.971 1.393 

36.69 36.99 1.732 2.202 1.548 hghl Bottom Flange Yleldln& 

27.64 28.01 1.473 1.880 1.318 

16.15 16.34 1.089 1.401 0.984 

6.45 6.47 0.689 0.902 0.617 

16.31 16.51 1.060 1.367 0.954 

27.32 27.61 1.436 1.829 1.285 

35.79 36.09 1.732 2.203 1.549 

38.89 39.28 1.997 2.577 1.777 

40.20 40.74 2. 171 2.824 1.936 

41.83 42.46 2.479 3.250 2.202 twcb and Bouom Flange YlcldlR& 

43 .21 44 .01 2.752 3.645 2.464 ~OlstS 
44 .27 45 .23 3.027 4.028 2.705 

45.01 46.05 3.307 4.438 2.951 

36.45 37.15 3.044 4.094 2.721 

26.75 27 .28 2.729 3.691 2.432 

16.64 17.08 2.344 3.197 2.076 

6.45 6.55 1.850 2.592 1.654 

20.96 21.24 2.438 3.318 2.165 

36.20 36.58 2.985 4.015 2.657 

44 .35 44.82 3.318 4.444 2.953 ~rlCklRg noiseS 

45.82 46.62 3.616 4.861 3.227 

46.23 46.95 3.890 5.275 3.490 

46.56 47.44 4. /50 5.666 3.743 

46.80 47.76 4.415 6.067 4.001 
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Total 
Data Load Total 
Point (1<) (k) 

34 94.65 94.65 

35 95.31 95 .31 

36 95.47 95.47 

37 95.80 95 .80 

38 96.20 96.20 

39 95.80 95.80 

40 95.63 95.63 

41 96.20 96.20 

42 96.04 96.04 

43 96.04 96.04 

44 95.47 95.47 

45 68.3 1 68 .31 

46 40.82 40.82 

47 12.68 12.68 

Table E.24 Beam Test 2 Data (Loads and Deflections) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) (k) (in.) 

46.80 47.84 4.646 6.438 4.245 Yielding Across 1/3 or Beam 

47.04 48.25 4.880 6.798 4.472 

47.04 48.42 5. 124 7.198 4.724 SIogh! Deck BUlgmg 

47.13 48.66 5.309 7.477 4.907 

47 .2 1 48.99 5.568 7.882 5.169 

46.88 48.91 5.809 8.267 5.402 

46.72 48.91 6 .053 8.657 5.640 

46.88 49.31 6 .292 9.020 5.873 

46.72 49.31 6.466 9.276 6.028 

46.64 49.40 6.666 9.568 6.204 

46.39 49.07 6.666 9.572 6.209 

33.43 34.87 6.205 9.004 5.808 

20.06 20.75 5.641 8.285 5.311 

6.28 6.39 4.894 7.338 4.677 rrennmated Test Due to Dc:neclion 
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Total 
Data Load 
Point (k) 

NI 0.00 
N2 1.42 
N3 11.58 
IA 11.58 
IB 12.93 
2 22.80 
3 12.93 
4 23.12 
5 32.75 
6 42.61 
7 52.40 
8 61.70 
9 68.63 
10 73 .69 
11 55.67 
12 32.50 
13 12.93 
14 32.83 
15 54.93 
16 71.90 
17 78.18 
18 80.95 
19 84.30 
20 87.23 
21 89.52 
22 91.07 
23 73.61 
24 54.03 
25 33.72 
26 13.01 
27 42 .21 
28 72 .79 
29 89.19 
30 92.45 
31 93 .19 
32 94 .00 
33 94 .57 

Table E.2S Beam Test 2 Data (Strains at Midspan) 

STRAINS AT MIDSPAN 
SGI SG2 SG3 SG4 SG5 SG6 SG7 SG8 

(ue) 

0 0 0 0 0 0 0 0 
47 0 49 51 51 53 3 46 
-300 I 31 I 328 322 340 20 -295 
-300 I 311 328 322 339 20 -295 
-297 15 338 355 350 367 35 -292 
-281 114 540 561 561 570 149 -272 
-297 15 338 356 350 367 35 -292 
-280 117 544 566 565 575 152 -271 
-268 213 738 764 769 771 261 -256 
-289 302 951 979 989 979 359 -275 
-319 393 1197 1212 1220 1199 458 -301 
-348 487 1551 1493 1465 1430 561 -327 
-398 598 4601 2891 1720 1553 682 -380 
421 734 6952 4735 1699 1415 832 407 
447 553 6616 4393 1327 1051 637 438 
451 324 6104 3881 830 577 387 -445 
-391 149 5622 3403 381 155 193 -388 
422 332 6046 3837 818 572 395 418 
433 545 6536 4327 1296 1032 627 4 24 
442 715 6996 4772 1668 1389 811 426 
470 880 8108 6076 1740 1430 982 428 
499 1030 8509 6603 1759 1412 1137 470 
-550 1232 8950 7230 1793 1388 1346 -518 
-596 1458 9295 7792 1816 1376 1584 -571 
-633 1641 9645 8402 1842 1358 1775 -607 
-675 1875 9767 8805 1837 1337 2024 -653 
-696 1689 9395 8428 1468 977 1831 -683 
-702 1485 8957 7984 1053 577 1619 -698 
-681 1277 8465 7484 608 149 1401 -682 
-593 1086 7922 6931 134 -297 1199 -595 
-650 1358 8559 7580 777 320 1486 -651 
-675 1668 9272 8306 1441 963 1811 ·669 
-702 1855 9750 8807 1807 1312 2004 -690 
-738 2084 9978 9234 1805 1351 2240 -730 
-801 2248 10093 9546 1790 1345 2407 -789 
-852 2327 10266 9880 1789 1360 2481 -835 
-935 2370 10496 10214 1795 1407 2514 -909 
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Table E.2S Beam Test 2 Data (Strains at Midspan) 

Total STRAINS AT MIDSPAN 
Data Load SGI SG2 SG3 SG4 SG5 SG6 
Point (k) (UE) 

34 94.65 -990 2392 10770 10527 1835 1458 
35 95.31 -1031 2398 11140 10884 2121 1547 
36 95.47 -1066 2386 11889 11600 3317 1598 
37 95.80 -1088 2389 12507 12258 4523 1815 
38 96.20 -1115 2396 13308 13099 5982 2666 
39 95.80 -1146 2388 13866 13692 7346 4653 
40 95.63 -1171 2397 14175 14089 8793 6439 
41 96.20 -1198 2390 14300 14254 10018 7852 
42 96.04 -1220 2390 14334 14306 10813 -
43 96.04 -1241 2400 14359 14337 11480 -
44 95.47 -1245 2391 14351 14330 11493 --
45 68.31 -1251 2089 13731 13697 10868 -
46 40.82 -1211 1784 13048 12995 10177 -
47 12.68 -1007 1525 12289 12212 9397 -
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SG7 SG8 

2524 -962 
2500 -1007 
2451 -1041 
2435 -1061 
2413 -1089 
2385 -1125 
2377 -1153 
2365 -1182 
2362 -1208 
2370 -1236 
2362 -1240 
2065 -1273 
1766 -1241 
1514 -1039 
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Total 
Data Load 

Point (1<) 

NI 0.00 
N2 1.42 
N3 11.58 
IA 11.58 
IB 12.93 
2 22.80 
3 12.93 
4 23.12 
5 32.75 
6 42 .61 
7 52.40 
8 61.70 
9 68.63 
10 73 .69 
II 55.67 
12 32.50 
13 12.93 
14 32.83 
15 54.93 
16 71.90 
17 78 .18 
18 80.95 
19 84.30 
20 87.23 
21 89.52 
22 91.07 
23 73.61 
24 54.03 
25 33.72 
26 13.01 
27 42.21 
28 72.79 
29 89.19 
30 92.45 
31 93 .19 
32 94.00 
33 94.57 

Table E.26 Beam Test 2 Data (Strains at East Quarter Point) 

STRAINS AT EAST QUARTER PT. 
SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 SGI6 

(UE) 

0 0 0 0 0 0 0 0 
·34 0 34 39 32 30 ·2 ·35 

·219 0 216 252 207 193 ·13 ·224 
·220 0 216 252 207 193 ·13 ·224 
·218 II 236 272 228 214 ·2 ·222 
·201 91 384 422 384 369 75 ·204 
·218 II 236 272 229 214 ·2 ·223 
·200 93 386 425 388 372 77 ·204 
·200 167 534 576 540 524 146 ·205 
·236 229 694 742 708 690 205 ·240 
·267 291 857 910 878 857 265 ·271 
·302 351 1012 1072 1041 1018 321 ·309 
·354 393 1144 1214 1186 1161 360 ·364 
·377 425 1232 1308 1280 1252 391 ·390 
·391 287 964 1034 1003 978 258 -402 
·377 118 604 665 629 607 99 ·385 
·290 0 274 325 279 262 ·12 ·294 
·354 127 594 654 619 599 107 ·362 
·376 285 941 1011 979 954 256 ·386 
·393 407 1212 1288 1259 1232 375 -407 
-419 453 1332 1417 1383 1352 417 -440 
-437 478 1397 1490 1448 1412 441 -461 
-478 512 1508 1613 1545 1505 472 ·505 
·519 548 1640 1755 1626 1644 506 ·544 
·559 587 1777 1900 1632 1919 539 ·585 
·595 624 1980 2190 1622 2112 574 ·619 
-610 489 1715 1917 1344 1837 443 ·629 
·605 344 1408 1603 1025 1519 303 ·619 
·556 206 1070 1256 673 1168 171 ·567 
-406 99 701 873 281 778 72 -420 
·529 274 1182 1369 795 1286 238 ·544 
·581 489 1681 1880 1313 1801 444 ·600 
-615 607 1981 2183 1603 2099 557 ·643 
-640 662 206 1 2282 1673 2412 617 ·676 
·659 690 2057 2277 1715 3186 645 ·699 
·682 723 2063 2280 1782 3454 675 ·722 
·702 738 2073 2288 1832 3613 689 ·742 
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Table E.26 Beam Te. t 2 Data (Strain. a t Ea. t Quarter Point) 

Total STRA INS AT EAST QUARTER PT. 

Data Load SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 

Point (k) (liE) 

34 94.65 -723 747 2077 2290 1920 3778 698 

35 95.3 1 -74 1 759 2091 2305 2337 3964 709 

36 95.47 -753 77 1 2092 2304 2533 4 183 72 1 

37 95.80 -765 781 2 100 231 I 2640 4371 731 

38 96.20 -780 793 2108 2317 2806 4668 742 

39 95.80 -793 801 2103 2310 3014 5058 749 

40 95.63 -818 809 2103 2308 3149 54 12 758 

41 96.20 -847 822 2113 2314 3401 5949 770 

42 96.04 -868 839 2108 2307 3650 6343 787 

43 96.04 -879 85 1 2103 2300 3870 6627 798 

44 95.47 -879 848 2092 2289 3875 6639 795 

45 68 .31 -880 638 1653 1840 3414 6179 591 

46 40.82 -805 445 1175 1348 2901 5656 408 
47 12.68 -56 1 318 654 808 233 1 5065 290 

468 

SGI6 

-760 

-78 1 

-793 

-804 

-820 

-830 

-854 

-883 

-903 

-913 

-912 

-905 

-822 

-573 
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Total 

Data Load 

Point (1<) 

NI 0.00 

N2 1.42 

N3 11.58 

IA 11.58 

IB 12.93 

2 22.80 

3 12.93 

4 23.12 

5 32.75 

6 42.61 

7 52.40 

8 61.70 

9 68 .63 

10 73 .69 

II 55.67 

12 32.50 

13 12.93 

14 32.83 

15 54 .93 

16 71.90 

17 78.18 

18 80.95 

19 84.30 

20 87.23 

21 89.52 

22 91.07 

23 73.61 

24 54.03 

25 33.72 
26 13.01 

27 42.21 

28 72.79 

29 89.19 

30 92.45 

31 93 .19 

32 94 .00 

33 94.57 

Table E.27 Beam Test 2 Data (Strains at Support) 

STRAINS AT I FT. FROM SUPPORT 

SGI7 SGI8 SGI9 SG20 SG21 SG22 SG23 SG24 

(w:) 

0 0 0 0 0 0 0 0 

4 0 7 7 5 5 -I -7 

-24 -I 47 45 33 30 -9 47 

-25 -I 47 45 33 30 -9 47 

-28 0 50 48 38 34 -8 -50 

-51 9 76 72 72 64 2 -69 

-28 I 50 48 38 34 -8 -50 

-51 9 76 74 73 65 3 -68 

-64 19 105 104 98 86 12 -83 

-78 28 139 137 120 106 22 -96 

-88 39 176 174 141 123 30 -112 

-91 44 204 202 162 142 33 -120 

-105 44 229 227 181 160 33 -136 

-112 47 244 242 194 171 35 -141 

-105 28 193 191 161 140 18 -126 

-83 9 119 117 107 92 2 -99 

40 -2 47 45 43 39 -12 -62 

-79 7 110 108 105 91 I -97 

-100 26 183 181 154 135 17 - 124 

-114 44 235 232 196 172 33 -139 

-126 47 256 253 212 185 37 -142 

-130 50 265 260 219 190 39 -144 

-140 51 275 270 229 198 40 -142 

-144 54 283 278 237 204 43 -145 

-144 55 289 284 243 210 44 -153 

-140 59 290 288 247 218 43 -156 

-139 38 241 239 212 188 23 -146 

-128 16 181 181 171 151 4 -131 

-94 -I 113 III 113 98 -II -107 

-38 -10 40 39 41 35 -20 -74 

-97 6 135 134 124 108 -5 -123 

-131 38 237 237 206 182 22 -151 

-144 56 292 292 251 224 40 -166 

-145 59 304 303 261 231 43 -168 

-144 62 297 302 268 248 38 -\7\ 

-\44 6\ 305 309 268 245 37 -\72 
-\50 59 308 311 270 246 37 -\76 
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Table E.27 Beam Test 2 Data (Strains at Support) 

Total STRAINS AT I FT. FROM SUPPORT 
Data Load SGI7 SGI8 SGI9 SG20 SG21 SG22 
Point (k) (~£) 

34 94.65 -151 57 307 311 271 246 
35 95.31 -159 54 312 314 275 248 
36 95.47 ·162 52 312 314 277 248 
37 95.80 -166 51 313 314 280 250 
38 96.20 -168 50 313 314 282 252 
39 95.80 -172 49 308 31 1 284 257 
40 95.63 -173 50 306 309 285 259 
41 96.20 -176 51 307 312 286 261 
42 96.04 -177 50 309 313 286 261 
43 96.04 -176 50 310 314 287 262 
44 95.47 ·176 50 307 311 286 261 
45 68.31 -160 17 216 220 223 204 
46 40.82 -118 -8 126 130 136 124 
47 12.68 -52 -16 42 40 49 44 
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SG23 SG24 

38 -180 
38 -188 
37 -192 
37 -194 
38 -195 
36 ·192 
35 -191 
35 -192 
35 -194 
35 -195 
35 -194 
4 -165 

-19 -127 
-22 -73 
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Data 

Point 

NI 

N2 

N3 

1A 

1B 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1 

32 
33 

Table E.28 Beam Test 2 Data (Concrete Strains) 

Total CONCRETE STRAINS 

Load ES EQ CL 

(k) (11&) 

0.00 - - -
1.42 - - --

11.58 - - -
11.58 0 0 0 

12.93 - 1 -3 -6 

22 .80 -1 1 -27 -53 

12.93 -2 -3 -6 

23.1 2 - 11 -27 -53 

32.75 -9 -51 -98 

42 .61 -9 -81 -149 

52.40 -23 -108 -199 

61.70 -43 -130 -249 

68.63 -60 - 149 -304 

73 .69 -69 - 158 -352 

55 .67 -53 -119 -272 

32.50 -30 -62 -159 

12.93 -29 0 -58 

32.83 -30 -64 -153 

54 .93 -49 -116 -262 

71.90 -71 -154 -346 

78.18 -87 - 163 -410 

80.95 -95 -171 -455 

84.30 -107 -185 -524 

87.23 -120 -191 -592 

89.52 - 136 -197 -660 

91.07 -143 -205 -729 

73.61 -124 -167 -642 

54 .03 -93 -126 -542 

33.72 -61 -76 -424 

13.0 1 -54 -29 -28 1 

42.21 -62 -102 -436 

72 .79 -102 -170 -6 11 

89.19 -126 -208 -708 

92.45 -13 1 -220 -775 

93 .19 -132 -225 -837 

94 .00 -134 -230 -888 

94 .57 -135 -232 -937 
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Table E.28 Beam Test 2 Data (Concrete Strains) 

Total CONCRETE STRAINS 

Data Load ES EQ CL 

Point lie) (11£) 

34 94.65 - 137 -232 ·992 

35 95 .3 1 ·140 -235 ·1044 

36 95.47 ·142 ·237 ·1103 

37 95 .80 -145 ·239 -1142 

38 96.20 ·150 -241 -1195 

39 95.80 ·155 -242 -1245 

40 95 .63 -159 -245 ·1297 

4 1 96.20 -167 ·249 · 1351 

42 96.04 ·172 ·254 -1383 

43 96.04 -179 -253 -1424 

44 95.47 -178 -252 ·1423 

45 68.3 1 · 139 -190 -1222 

46 40.82 -85 ·125 -966 

47 12.68 ·74 ·62 ·569 
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Table E.29 Beam Test 2 Data (East End Slips) 

Total EAST END SLIPS 

Load EI E2 E3 E4 E5 E6 

(k) (in.) 

0.00 -- -- -- -- -- --
1.42 - -- - - - --

11.58 -- -- -- -- - --
11.58 -0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 

12.93 -0.0006 0.000 I 0.0000 0.0000 0.0000 0.0000 

22.80 -0.0006 0.00 13 0.0000 0.0000 0.0000 0.0000 

12.93 -0.0006 0.0001 0.0000 0.0000 0.0000 0.0000 

23 .12 -0.0006 0.0007 0.0000 0.0000 0.0000 0.0000 

32.75 0.0024 0.0050 0.0000 0.0024 0.0000 0.0006 
42.61 0.0104 0.0129 0.0073 0.0116 0.0049 0.0055 

52.40 0.0201 0.0227 0.0159 0.0226 0.0116 0.0122 

61.70 0.0305 0.0336 0.0171 0.0317 0.0122 0.0177 

68.63 0.0439 0.0477 0.0220 0.0452 0.0177 0.0232 

73 .69 0.0513 0.0556 0.0256 0.0519 0.0226 0.0275 

55.67 0.0519 0.0507 0.0256 0.0525 0.0238 0.0275 

32.50 0.0513 0.0398 0.0232 0.0482 0.0232 0.0275 

12.93 0.Q305 0.0153 0.0098 0.0256 0.0140 0.0189 

32.83 0.0366 0.0336 0.0140 0.0330 0.0140 0.0195 

54.93 0.0488 0.0477 0.0189 0.0470 0.0189 0.0244 

71.90 0.0586 0.0587 0.0238 0.0574 0.0244 0.0287 

78.18 0.0708 0.0697 0.0311 0.0684 0.0342 00360 

80.95 0.0800 0.0788 0.0366 0.0769 0.0397 0.0415 
84.30 0.0964 0.0953 0.0507 0.0928 0.0519 0.0531 

87.23 0.1129 0.1106 0.0671 0.1086 0.0659 0.0659 

89.52 0.1282 0.1258 0.0824 0.1251 0.0800 0.0806 

91.07 0.14400.1411 0.0977 0.1404 0.0946 0.0958 

73 .61 0.1440 0.1368 0.0970 0.1398 0.0964 0.0958 

54.03 0.1422 0.1270 0.0934 0.1349 0.0964 0.0952 

33.72 0.1257 0.1099 0.0867 0.1178 0.0958 0.0928 

13.0 1 0.0897 0.0758 0.0696 0.0854 0.0702 0.0726 

42 .2 1 0.1123 01081 0.0824 0.1068 0.0769 00812 

72.79 0.1337 0 1307 00909 0.1294 00885 00909 

89.1 9 0.1489 0.1466 0.1025 0.1453 0.0977 0.1007 

92.45 0.1617 0.1600 0.1147 0.1587 0.1093 0.1123 

93.19 0.1739 0.1710 0.1251 0.1691 0.1190 0.1227 

94 .00 0.1849 0.1832 0.1367 0.1813 0.1306 0.1324 
94.57 0.1935 0.1905 0.1440 0.1892 0.1373 01404 
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Table E.29 Beam Test 2 Data (East End Slips) 

Total EAST END SLIPS 

Data Load EI E2 E3 E4 E5 E6 

Point (k) (in.) 

34 94.65 0.2002 0.1972 0.1508 0.1959 0.1447 0.1465 

35 95.31 0.2087 0.2058 0.1593 0.2045 0.1526 0.1538 

36 95.47 0.2154 0.2137 0.1660 0.2106 0.1599 0.1605 

37 95.80 0.2222 0.2186 0.1721 0.2167 0.1666 0.1666 

38 96.20 0.2307 0.2277 0.180 I 0.2258 0.1764 0.1746 

39 95 .80 0.2392 0.2363 0.1886 0.2332 0.1849 0.1825 

40 95.63 0.2496 0.2454 0.1984 0.2435 0.1953 0.1923 

41 96.20 0.2618 0.2576 0.2106 0.2557 0.2081 0.2039 

42 96.04 0.2710 0.2668 0.2197 0.2649 0.2173 0.2 124 

43 96.04 0.2820 0.2778 0.2301 0.2753 0.2283 0.2228 

44 95.47 0.2826 0.2778 0.2301 0.2753 0.2289 0.2234 

45 68.31 0.2814 0.2668 0.2264 0.2734 0.2295 0.2234 

46 40.82 0.2576 0.2412 0.2179 0.2496 0.2222 0.2185 
47 12.68 0.2057 0.1899 0.1831 0.1996 0.1794 0.1855 
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Table E.30 Beam Test 2 Data (West End Slips) 

Total WEST END SLIPS 

Load WI W2 W3 W4 W5 W6 

(Ie) (in.) 

0.00 - - -- - -- -
1.42 - - - - -- -

11.58 - - - - - -
11.58 0.0000 0.0000 0.0000 0.0000 -0.0006 0.0000 

12.93 0.0001 0.0002 0.0000 0.0000 -0.0007 0.0000 

22.80 0.0013 0.0020 0.0000 0.0000 -0.0013 0.0000 

12.93 -0.0005 0.0002 0.0000 0.0000 -0.0007 0.0000 

23 .12 0.0007 0.0014 0.0000 0.0000 -0.0013 0.0000 

32.75 0.0062 0.0050 0.0006 0.0018 -0.0001 0.0006 

42.61 0.0178 0.0154 0.0116 0.0079 0.0097 0.0098 

52.40 0.0282 0.0258 0.0220 0.0134 0.0182 0.0171 

61.10 0.0416 0.0380 0.0348 0.0183 0.0176 0.0269 

68 .63 0.0581 0.0545 0.0519 0.0214 0.0011 0.0403 

73 .69 0.0690 0.0649 0.0629 0.0214 -0.0105 0.0500 

55.67 0.0654 0.0636 0.0635 0.0256 -0.0105 0.0500 

32.50 0.0513 0.0490 0.0507 0.0269 -0.0050 0.0464 

12.93 0.0208 0.0203 0.0208 0.0098 -0.0001 0.0244 

32.83 0.0446 0.0417 0.0385 0.0256 -0.0019 0.0323 

54.93 0.0599 0.0575 0.0537 0.0262 -0.0025 0.0433 

71.90 0.0727 0.0691 0.0659 0.0232 -0.0117 0.0531 

78.18 0.0880 0.0844 0.0824 0.0208 -0.0196 0.0617 

80.95 0.1002 0.0954 0.0946 0.0153 -0.0233 0.0781 

84 .30 0.1197 0.1155 0.1141 0.0104 -0.0306 0.0964 

87.23 0.1380 0.1326 0.1318 0.0098 -0.0355 0.1123 

89.52 0.1533 0.1479 0.1471 0.0128 -0.0391 0.1270 

91.07 0.1691 0.1650 0.1642 0.0195 -0.0416 0.1422 

73.61 0.1655 0.1643 0.1642 0.0220 -0.0416 0.1422 

54.03 0.1569 0.1552 0.1569 0.0250 -0.0416 0.1416 

33.72 0.1374 0.1357 0.1367 0.0262 -0.0355 0.1294 

13.01 0.0977 0.0978 0.0989 0.0067 -0.0208 0.1013 

42 .21 0.1356 0.1326 0.1294 0.0287 -0.0214 0.1178 

72.79 0.1588 0.1552 0.1526 0.0208 -0.0355 0.1355 

89.19 0.1746 0.1711 0.1691 0.0195 -0.0404 0.1471 

92.45 0.1984 0.1936 0.1910 0.0330 -0.0398 0.1660 

93 .19 0.2265 0.2211 0.2179 0.0610 -0.0355 0. 1917 

94.00 0.2497 0.2437 0.2417 0.0854 -0.0251 0.2130 

94 .57 0.2802 0.2742 0.2722 0.1160 0.0036 0.2423 
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Table E.30 Beam Test 2 Data (West End Slips) 

0== 

Total WEST END SLIPS 

Oat Load WI W2 W3 W4 W5 

Point (k) (in.) 

34 94.65 0.3059 0.2986 0.2960 0.1398 0.0268 

35 95.31 0.3278 0.3200 0.3186 0.1624 0.0481 

36 95.47 0.3516 0.3438 0.3400 0.1855 0.0707 

37 95.80 0.3693 0.3603 0.3571 0.2026 0.0872 

38 96.20 0.3956 0.3847 0.3809 0.2252 0.1098 

39 95.80 0.4194 0.4091 0.4047 0.2484 0.1324 

40 95.63 0.4383 0.4317 0.4279 0.2704 0.1543 

41 96.20 0.4530 0.4530 0.4474 0.2887 0.1720 

42 96.04 0.4603 0.4683 0.4626 0.3040 0.1861 

43 96.04 0.4670 0.4811 0.4755 0.3168 0.1989 

44 95.47 0.4676 0.4811 0.4761 0.3174 0.1995 

45 68 .31 0.4633 0.4750 0.4706 0.3217 0.2019 

46 40.82 0.4438 0.4445 0.4413 0.3162 0.2123 
47 12.68 0.3846 0.3847 0.3839 0.2740 0.2386 
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Fig. E.!3 Beam Test 2 - Total Load vs. Deflection 
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Fig. E.14 Beam Test 2 - Total Load vs. Strains (SGI- SG4) 
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Fig. E.19 Beam Test 2 - Total Load vs. Strains (SG21 - SG24) 
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Fig. E.22 Beam Test 2 - Total Load vs. Slip (E4 - E6) 
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Fig. E.23 Beam Test 2 - Total Load vs. Slip (WI - W3) 
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Fig. E.24 Beam Test 2 - Total Load vs. Slip (W4 - W6) 
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Table E.31 Beam Test 3 Summary 

Test Program: Rambo-Roddeoberr 999) 
Beam Test 3 

TEST SUMMARY 
Test Parameters 

Span: 30 ft 
Slab: 81 in. x 32 ft 

Steel Beam: WI6 x 31 A572Gr50 
Shear Stud Size: 3/4 in. x 3 1/2 in. (after welding) 

o. Studs Per Beam: 28 (12 per shear span) 
Shear Stud Position: 2S 

Deck: 2 in. 20 gage 
Material Properties 

Concrete: f = e 5.605 Steel Beam 

w = 143.4 Flanges: Fyf = 54.25 ksi 

Deck: F = y ksi Fur = 72.6 ksi 

F = u ksi Web: F = yw 58.2 ksi 

Studs: Fu = 66.81ksi Fuw = 72.4 ksi 

Predicted Momellt of Illertia 

I = 1349 in
4 

I 
Ie = 1033 in4 

AISC Predicted Results New Predicted Results 
MAlsc = 470.8 k-ft Me = 408.8 k-ft 

QAlSC = 29.5 klstud Qe = 17.06 klstud 

% composite = 69.2% % composite = 40.0% 
Test Results 

Ie = 1132 in 
4 

Me = 376.1 k-ft 

Qbc = 12.36 k 

% composite = 29.0% 
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Table E.32 Beam Test 3 Predicted Moment of Inertia 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 3 

Predicted Moment of Inertia Calculations: 

SI" 

E = I~ -= - I 4" = ave. depth 

E, 7 

Y A d = 15.SS" 
I, = 375 in' 

A = 9.12in' 

~ 
I, = 1,+0.85po·2S(I,-IJ 

where p = 0.400 (40.0 % composite) 

Is = 375 in4 (Mom. of Inertia of W16x31) 

Calculate leone II (Transformed Mom. of Inertia of Slab): 

leone II = = (81/7)(4)3/12 = 61.7 in
4 

Aeone II = (81)(4)/7 = 46.3 in 
4 

Calculate I, (Transformed Mom. of Inertia): 

y= IAy = (9.12)(15.88/2) + (46.3)(15.88 + 1 +2) 
IA 9.12 + 46.3 

Y = 17.08 in. 

I, = 61.7 + 375 + (9.12)(17.08 - 15.8812)2 

+ (46.3)(15.88 + I + 2 - 17.08)2 

1, = 1349in
4 

Calculate Ie (Predicted Mom. ofInertia): 

Ie = 375 + 0.85(0.400)°"(1349 - 375) 

I, = 1033 in' 
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Table E.33 Beam Test 3 Experimental Moment of Inertia 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 3 

EXDerimental Moment of Inertia Calculations: 
The experimental moment of inertia in the elastic region can be 
found by calculating the slope of the load vs. deflection plot. 
The slope between data points 4 and 7 is calculated below. 

Data PI. 4: P = 22.97 k Data Pt. 7: P = 52.74 k 
t. = 0.763 in. t. = 1.363 in. 

OP = 52.74 - 22 .97 = 29.77 k 
lit. = 1.363 - 0.763 = 0.600 in. 

The equation for the deflection of a beam with four 
concentrated loads, two of which are positioned 4.5 ft from 
each support, and the other two positioned 11.5 ft from 
each support, is below: 

t. = 382.8 P ftl 
EI 

thus, I = 382.8 P ftl 
Et. 

Calculate I, (Experimental Mom. of Inertia): 

Substituting P = 29.77 k, E = 29000 ksi, and t. = 0.600 in., 

I, = 1132 in4 
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Table E.34 Beam Test J AISC Predicted Moment Capacity 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (\999) 

Beam Test 3 Beam Test 3 
Wah Studs AISC Predicted Moment Capacit)' Calculations: 

Span = 30.0 ft No. Studs in Pairs" - 12 2S 

Depth = 5.0 m. No. Single Studs"" = CI = A,Fy= 511.6 k 

Width = 81.0 m. No. Single Studs""" = C2 = 0.85r,A, = 1157.7 k 

Concrel~ Stud Dia. = 0.75 in C3 = 1:Q",sc = 354.2 k 

r , = 5.605 ksi Stud Length = 3.5 m C = min(C I ,C2,C3) = 354.2 k 

w = 143.4 pef A,,= 0.4418 
• 2 
m % Composi/~: 69.2% 

IS/eel Beom F. = 66.81 ksi a = 0.918 m . Depth of Cone. Compo Block 

Section: W 16)(31 Position = 2S Cr = 131.9 k Compo Force in Flange 

A, = 9. 12 
• 2 m Transverse Spacing = m. C, - Cr = 379.7 k 

d = 15.88 m. e = 4.5 m. Cr+C = 486.1 k > 379.7 k P.N.A. in flange 

br = 5.525 m. Q",sc (Sluds in Pairs)" = 29.5 k P = CI = y 511.6 k 

lr = 0.44 m. Q",sc (Single SlUd,)"" = k Ty = (Py + C)/2 = 432.9 k Tension Force in Steel 

t" = 0.275 m. Q AISC (SIOgle Sluds)""" = k Trw= 247.8 k Tension Force in Web 

A,r = 2.431 
· 2 m Deck Tyn = 131.9 k Tension Force in Bol. Flange 

Fyf= 54.25 ksi Type = Tyfl = 53.2 k Tension Force in Top Flange 
Fuf = 72.6 ksi Height = 2 m s = 0. 18 in. Portion of Flange in Tcnsion 

A.., = 4 258 
· 2 m Ave. RIb Width = 6 m p = 0.26 in Portion of Flange in Compo 

Fyw = 58.2 ksi Gage = 20 Cr = 78 .7 k Compo Force in Top Flange 
F_ = 72.4 ksi F = y ksi MAIS(' = 470.8 k-ft Predicted Moment Capacity 

F = • kSI 

-------------------
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Table E.35 Beam Test 2 New Predicted Moment Capacity with Q,=O.85(0.68A.F.) 

Test Program: Rambo-Roddenberry (1999) Test Program: Rambo-Roddenberry (1999) 

Beam Test 3 Beam Test 3 
\'/ab Studs New Predicted Moment Cl!E.aci!l'. Calculations: 

Span = 300 ft No. Studs In Pairs' = 12 2S 

Depth = 5.0 In. No. Single Studs" = CI = A,Fy= 511.6 k 

Width = 81 0 In. No. Single Studs'" = C2 = 0.85fA = 1157.7 k 

Concrete Stud Dia. = 0.75 In C3 = rQ, = 204.7 k 

f , = 5.605 ksi Stud Length = 3.5 In . C = min(C I,C2,C3) = 204.7 k 

w = 1434 pef A",= 0.4418 
. 2 
In ~ Composite: 40. O~ 

Stu/Beam F. = 66.81 kSI a = 0.530 In . Depth of Conc. Camp. Block 

Section ' W 16x31 Position = 2S Cr = 131.9 k Camp. Force in Flange 

A, = 9.12 
. 2 

Transverse Spacing = C, - Cr = 379.7 k In m. 

d = 1588 In. e = 4.5 In. Cf + C = 336.6 k < 379.7 k P.N.A. in web 
br= 5.525 In Q, (Studs in Pairs)' = 17.06 k P = CI = y 5116 k 

~ = 0.44 In Q, (Single Studs)" = k Ty= (Py+ C)/2 = 358.1 k Tension Force in Steel 
t,.. = 0275 In Q, (Single Studs)'" = k x = 6.40 In. Dis!. From PNA to c.g. 

. 2 I 

A d= 2431 In Deck p = 1.54 In. Dis!. from Top Flange to PNA i 

F1f = 5425 ksi Type = q = 110 m. Portion of Web in Camp. 
Fur = 72 6 kSI HeIght = 2 In C" = Ty - C - Cr = 21.5 k Camp. Force in Web 

A,w = 4 258 In
2 

Ave RIb WIdth = 6 In Tyr= 131.9 k Tension Force in Flange 
Fyw - 58 2 kSI Gage = 20 Tl,. - Ty - T1f = 226.3 k Tension Force in Web 
F .... = 72 4 kSI F -y kSI M, - 408.8 k-ft Predicted Moment CapacIty 

F = • kSI 



Table E.36 Beam Test 3 Experimental Moment Capacity 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 3 

Experimental Momcnt Calculations: 
The Total Load given in the data sheets consists of both 
distributed loads and concentrated loads. These must be 
separated in order to calculate the moment. 
Ultimate Total Load = 95.48 k 
Theoretical Self Wt. of Beam, Deck, and Concrete: 

w = 11.58 k/32 ft = 0.362 klft 
Applied Load from Rams + Wt. of Load Beams and Plates: 

P = 95.48 - 11.58 = 83.9 k 

Reactions = 0.5(0.362)(32) + 0.5(83 .9) = 47.74 k 
M, = 376.1 k-ft (Experimental Ultimate Moment Capacity) 
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Table E.37 Beam Test 3 Back-Calculated Stud Strength 

Test Program : Rambo-Roddenberry (1999) Test Program : Rambo-Roddenberry (1999) 

Beam Test 3 Beam Test 3 

"lab Studs Back-Ca lculated (QIx) Moment Capacity Calculations: 

Span = 30.0 n No. Studs in Pairs' - 12 2S M. - 376.1 k-ft 

Depth = 5.0 m. No. Single Studs" = CI = A,Fy= 511.6 k 

W,dth = 81.0 m. No. Single Studs '" = C2 = 0.85f,A, = 1157.7 k 

Concrete Stud Dia. = 0.75 m. C3 = LQIx = 148.3 k 

f, = 5.605 ksl Stud Length = 3.5 In . C = minCC I ,C2,C3) = 148.3 k 

w = 1434 pef A", = 0.4418 
. 2 
m % Composite: 29.0% 

~'teel Beam F. = 66.81 kSI a = 0.384 m . Depth of Conc. Compo Block 

Section- W 16x3 I Position = 2S Cr = 131.9 k Compo Force in Flange 

A, = 9. 12 
. 2 
m Transverse Spacing = m. C, - Cr = 379.7 k 

d = 1588 m e = 4.5 m. Cr+C = 280.2 k < 379.7 k P.NA in web 

br = 5.525 m. Q", (Slud, m Pa.rs)' = 12.36 k Py = CI = 511.6 k 
It = 044 m Q", (Smgle Sluds)" = k Ty = CPy+ C)12 = 329.9 k Tension Force in Steel 

t,. = 0.275 m Q", (Single Sluds)'" = k x = 4.63 IlL Dis!. From PNA to c.g. 

A,r = 2.431 in2 
Deck p = 3.31 m. Dis!. from Top Flange to PNA 

F,f= 5425 ksi Type = q = 2.87 m. Portion of Web in Compo 

Fur = 726 ksl HeIght = 2 m Cw= Ty- C-Cr = 49 8 k Comp Force in Web 

Aow = 4258 
. 2 m Ave RIb Width = 6 m T,f= 131.9 k Tension Force in Flange 

F,w = 58 2 kSI Gage = 20 T, .... - lJ,-~f= 19R.1 k Tension Force in Web 

F.w = 72.4 lsI F = , "SI M,- 376.1 k-ft Predicted Moment Capacity 
F = • kSI 1\1/ 1\1, = 1.00 



Table E.38 Beam T est 3 Load E ffects Not Measured 

Test Program: Rambo-Roddenberry (1999) 

Beam Test 3 

Interpolations for Load Effects Not Measured: 
Non-Composite Loads (Not Measured): 

Self WI. of W 16x31 = (3 1 )(32) = 992 lb 

Wt. ofDeck = (1.97)(32)(81112) = 426 lb 

Total = 992 + 426 = 1418 Ib 

Total Load of Concrete = 8463 Ib (Measured) 

1418 = 0.168 
8463 

- Multiply the load effects from concrete placement 
by 0.168 to obtain the load effects due to the self 

wt. of beam and deck 
(Load effects = strains and defl ections) 

Composite Loads (Not Measured): 

Self WI. of Load Beams [WI2x65] - 2(65)(9) - 1170 Ib 
Wt. of Load Plates = 180 Ib (estimated) 

Total = 1170 + 180 = 1350 Ib 

Load from Composite Test = 10030 Ib (Data Pt. #4) 

· Data PI. #4 was chosen because the beam was still elastic 

1350 = 0.135 
10030 

- Multiply the load effects from Data PI. #4 by 0.135 

to obtain the load effects due to the selfwt. ofload 
beams and plates 
(Load effects = strains and defl ections) 
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Data 

Point 

NI 

N2 

N3 

IA 

IB 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Total 

Load Total 

(k) (k) 

0.00 0.00 

1.42 1.42 

11.58 11.58 

11.58 11.58 

12.93 12.93 

23 .29 23 .29 

12.93 12.93 

22 .97 22.97 

33.08 33.08 

42.79 42.79 

52.74 52 .74 

62 .61 62.61 

71.58 71.58 

79.74 79.74 

50.86 50.86 

34.06 34.06 

12.93 12.93 

23.05 23.05 

42.70 42 .70 

62.69 62.69 

78.68 78.68 

82.10 82 .10 

86.10 86.10 

88.79 88.79 

91.65 91.65 

89.28 89.28 

65.87 65 .87 

33.32 33.32 

12.93 12.93 

42.79 42 .79 

72.07 72.07 

88.79 88.79 

94.42 94 .42 

95.48 95.48 

93 .28 93 .28 

94.50 94 .50 
92.38 92 .38 

Table E.39 Beam Test 3 Oata (Loads aod Oenectioos) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) (k) (in.) 

0.00 0.00 0.000 0.000 0.000 jaEGIN 

0.70 0.71 0.063 0.080 0.058 BEAM & DECK WI" 

5.78 5.79 0.435 0.554 0.403 !sEAM. DECK & CONC. WI" 

5.78 5.79 0.435 0.554 0.403 !sEG OF COMPO lTE T· T 

6.44 6.48 0.455 0.579 0.420 Iwr OF LOAD BEAMS & PLATES 

11.49 11.79 0.605 0.759 0.551 WIRST INCR OF APPL. LOAD 

6.44 6.48 0.460 0.584 0.425 IunlOldcd 

11.33 11.63 0.605 0.763 0.551 

16.39 16.69 0.762 0.957 0.689 

21.20 21.58 0.906 1.146 0.830 

26.17 26.56 1.071 1.363 0.980 

31.06 31.54 1.248 1.591 1.135 

35.46 36. 11 1.445 1.850 1.314 ~ottom Flange Yielding 

39.29 40.43 1.744 2.288 1.525 

24.86 25.99 1.330 1.759 1.203 

16.63 17.42 1.068 1.424 0.970 

6.44 6.48 0.723 0.964 0.646 

11.41 11.63 0.891 1.179 0.802 

21.11 21.58 1.188 1.577 1.078 

30.98 31.70 1.500 1.971 1.355 

38.89 39.78 1.750 2.293 1.590 jPopP1n1 NOises 

40.60 41.49 1.922 2.535 1.746 

42.55 43 .54 2.100 2.792 1.912 

43.86 44.92 2.309 3.089 2.097 !PopPIng NOIses 

45 .24 46.39 2.562 3.459 2.331 

44.43 44.84 2.834 3.864 2.627 h-ransvcrsc CrlC~ at West End 

32.53 33.33 2.481 3.435 2.313 

16.55 16.77 1.939 2.733 1.799 

6.44 6.48 1.559 2.233 1.414 

21.11 21.66 2.054 2.886 1.911 

35.62 36.44 2.535 3.497 2.362 

43 .94 44 .84 2.836 3.875 2.642 

46.55 47.86 3.121 4.305 2.915 

47.12 48.35 3.375 4.698 3.214 

46.30 46.96 3.606 5.094 3.487 !DIagonal Crad,$ on Vert Face of Slab 

46.79 47.70 3.814 5.446 3.822 
45 .73 46.64 4.056 5.887 4.200 L---racu Around End Pllr of Studs 
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Total 

Data Load Total 

Poinl (k) (k) 

34 90.91 90.91 

35 90.01 90.01 

36 88,38 88 ,38 

37 74.44 74.44 

38 33.08 33 .08 

39 12 ,93 12.93 

40 43 ,60 43,60 

41 72.89 72.89 

42 82 ,67 82,67 

43 83 .65 83,65 

44 80.39 80,39 

45 52.90 52,90 

46 34. 14 34.14 

47 12 ,93 12,93 

Table E.39 Beam Test 3 Data (Loads and Denections) 

LOADS DEFLECTIONS NOTES 

East West EQ CL WQ 

(k) (k) (in.) 

44.84 46,07 4,221 6,181 4.454 !neCk Debondtng at West End 

44.51 45.49 4.458 6,605 4.804 

43.45 44,92 4,675 6.991 5,101 

36,60 37,82 4.461 6,712 4.906 

16.39 16.69 3,612 5.540 3.949 

6.44 6.48 3,092 4.813 3.373 

21.60 21.99 3.754 5.731 4.110 

36.03 36,84 4.375 6.589 4.805 

40.84 41.82 4,650 6,984 5,107 

41.41 42.23 4,888 7.367 5.409 

39,86 40.52 5,163 7.856 5.825 

26,17 26.72 4,629 7,137 5,245 

16.96 17.17 4.147 6.464 4.701 
6.44 6.48 3.428 5.482 3,929 

494 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Total 

Data Load 

Point (Ie) 

NI 0.00 

N2 1.42 

N3 11.58 

IA 11.58 

IB 12.93 

2 23.29 

3 12.93 

4 22.97 

5 33.08 

6 42.79 

7 52.74 

8 62 .61 

9 71.58 

10 79.74 

11 50.86 

12 34.06 

13 12.93 

14 23.05 
15 42.70 

16 62 .69 

17 78 .68 

18 82.10 

19 86.10 

20 88.79 

21 91.65 

22 89.28 

23 65.87 

24 33.32 

25 12.93 

26 42.79 

27 72.07 

28 88.79 

29 94.42 

30 95.48 
31 93.28 

32 94.50 
33 92 .38 

Tabl. E.40 Bram Test 3 Data (StraiDs at Midspan) 

STRAINS AT MIDSPAN 

SGI SG2 SG3 SG4 SG5 SG6 SG7 SG8 
(IlE) 

0 0 0 0 0 0 0 0 
-43 I 46 49 47 44 I -44 
-299 5 323 340 327 306 5 -304 
-298 7 323 341 328 307 7 -303 
-295 23 350 369 356 335 22 -301 
-278 139 561 587 572 544 137 -285 
-295 26 351 372 358 337 26 -302 
-278 135 554 581 567 539 133 -286 
-267 241 758 789 775 741 236 -274 
-260 344 959 996 983 941 337 -268 
-259 447 1170 1214 1202 1151 440 -267 
-263 562 1412 1465 1451 1385 552 -272 
-263 717 1574 1622 1658 1603 706 -273 
-254 1003 1459 1586 1546 1411 985 -264 
-295 696 879 996 957 837 682 -304 
-307 516 532 643 604 494 507 -315 
-297 305 96 202 164 60 300 -305 
-295 411 311 421 379 270 404 -302 
-286 613 712 828 786 668 602 -293 
-271 823 1119 1242 1202 1071 808 -281 
-262 1000 1453 1584 1544 1401 982 -273 
-258 1162 1477 1598 1541 1383 1142 -269 
-246 1352 1508 1636 1590 1390 1334 -257 
-244 1554 1550 1679 1594 1358 1532 -256 
-245 1803 1943 2139 1586 1330 1776 -256 
-340 2002 4066 5260 1514 1244 1978 -351 
-372 1750 3582 4769 1033 777 1729 -381 
-388 1396 2865 4038 354 113 1382 -397 
-369 1182 2386 3548 -75 -312 1172 -375 

-369 1489 3015 4189 548 298 1472 -376 

-355 1803 3650 4837 1163 894 1781 -364 

-357 1993 4082 5279 1519 1240 1967 -370 

-361 2231 6750 7649 1582 1309 2205 -374 

-370 2412 10118 10397 1546 1307 2385 -383 

-523 2396 11137 11380 1510 1293 2374 -539 
-603 2439 11600 11830 1542 1332 2418 -619 
-771 2417 11972 12208 1532 1331 2401 -784 
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Table E.40 Beam Tut3 Data (Strains at Midspan) 

Total STRAINS AT MIDSPAN 

Data Load SG1 SG2 SG3 SG4 SG5 SG6 

Poinl fk) fue) 

34 90.91 -873 2416 12208 12412 1529 1331 

35 90.01 -997 2423 12433 12637 1539 1338 

36 88.38 -1129 2406 12674 12886 1545 1346 

37 74.44 -1136 2260 12380 12585 1253 1063 

38 33.08 ·979 1863 11316 11496 319 154 

39 12.93 -765 1709 10701 10865 -171 -322 

40 43 .60 -950 1968 11443 11628 550 374 

41 72.89 -1089 2241 12216 12418 1221 1022 

42 82.67 -1208 2315 12569 12778 1472 -
43 83 .65 -1343 2298 12788 12998 1531 -
44 80.39 -1488 2214 12841 13049 1520 -
45 52.90 -1411 1957 12208 12400 914 -
46 34.14 -1238 1809 11689 11867 447 -
47 12.93 -832 1699 10962 11116 -151 -
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SG7 SG8 

2403 -889 

2413 -1019 

2399 -1158 

2256 -1161 

1866 -998 

1713 -780 

1968 -968 

2236 -1113 

2311 -1228 

2296 -1335 

2215 -1460 

1962 -1380 

1816 -1209 

1707 -801 
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Total 

Data Load 
Point (k) 

NI 0.00 
N2 1.42 

N3 11.58 

IA 11.58 

IB 12.93 

2 23 .29 
3 12.93 
4 22.97 

5 33.08 
6 42.79 

7 52.74 

8 62.61 
9 71.58 
10 79.74 
II 50.86 
12 34.06 
13 12.93 
14 23.05 
15 42 .70 

16 62 .69 
17 78.68 

18 82.10 

19 86.10 
20 88 .79 
21 91.65 
22 89.28 
23 65.87 
24 33.32 

25 12.93 
26 42 .79 

27 72.07 
28 88.79 
29 94 .42 

30 95.48 

31 93 .28 

32 94.50 
33 92.38 

Table E.41 Beam Test 3 Data (Strains at East Quarter Point) 

STRAINS AT EAST QUARTER PT. 

SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 SGI6 
(~t) 

0 0 0 0 0 0 0 0 
-34 I 35 36 35 33 I -35 
-239 5 240 254 242 230 6 -240 
-238 7 240 253 242 230 10 -238 
-237 19 260 273 263 250 21 -237 
-235 106 417 431 420 402 114 -230 
-238 22 262 273 264 251 25 -235 
-236 103 411 425 417 400 110 -230 
-242 181 563 580 570 546 192 -228 
-254 257 713 734 720 693 271 -234 
-267 332 868 893 875 845 349 -245 
-278 408 1024 1053 1032 997 430 -256 
-291 479 1169 1203 1175 1135 504 -269 
-298 546 1284 1328 1302 1263 578 -273 
-297 315 855 890 874 842 340 -281 
-290 180 601 630 617 591 201 ·280 
-242 33 285 303 284 270 38 -241 
-272 107 446 467 462 428 116 -263 
-291 257 738 769 763 720 274 -275 
-297 414 1037 1074 1069 1018 438 -277 
-304 543 1287 1328 1320 1261 571 -282 
-310 575 1359 1400 1382 1317 605 -287 
-302 616 1424 1478 1453 1383 649 -280 
-3 13 648 1524 1541 1514 1441 682 -290 
-3 19 685 1534 1624 1581 1494 720 -297 
-315 684 1472 1571 1534 1440 720 -295 
-314 491 1116 1208 1181 1093 525 -30 1 
-289 233 616 692 675 605 255 -286 
-229 91 296 359 342 285 98 -230 
-280 314 751 828 807 736 334 -272 
-304 545 1202 1293 1262 1179 573 -290 
-320 679 1470 1567 1527 1436 711 -302 
-340 725 1554 1661 1610 1528 762 -321 

-334 753 1541 1665 1598 1514 791 -315 

-341 743 1509 1626 1559 1455 780 -322 

-349 750 1529 1649 1580 1476 789 -330 
-360 728 1504 1624 1553 1450 765 -344 
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Table E.41 Beam Test 3 Data (Strains at East Quarter Point) 

Total STRAINS AT EAST QUARTER PT. 

Data Load SG9 SGIO SGII SGI2 SGI3 SGI4 SGI5 

Point (1<) (UE) 

34 90.91 -368 712 1491 1611 1533 1430 751 

35 90.01 -380 699 1483 1603 1526 1422 736 

36 88.38 -393 677 1462 1582 1508 1405 715 

37 74.44 -401 558 1251 1366 1299 1200 595 

38 33.08 -369 229 601 697 650 571 248 

39 12.93 -280 103 277 358 318 252 108 

40 43 .60 -351 328 764 863 810 727 347 

41 72.89 -389 555 1233 1344 1272 1176 583 

42 82.67 -408 630 1394 1509 1430 1330 659 

43 83.65 -428 628 1419 1534 1456 1355 657 
44 80.39 -459 586 1382 1499 1423 1322 614 

45 52.90 -473 358 961 1070 1009 919 378 
46 34.14 -442 214 655 757 706 626 229 
47 12.93 -299 94 283 369 328 262 98 
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SGI6 

-353 

-366 

-381 

-391 

-365 

-279 

-346 

-380 

-397 

-417 

-450 

-466 

-438 

-298 
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Total 
Data Load 
Point (Ie) 

NI 0.00 
N2 1.42 
N3 11.58 
IA 11.58 
IB 12.93 
2 23.29 
3 12.93 
4 22.97 
5 33.08 
6 42.79 
7 52.74 
8 62.61 
9 71.58 
10 79.74 
II 50.86 
12 34.06 
13 12.93 
14 23.05 
15 42.70 
16 62.69 
17 78.68 
18 82.10 
19 86.10 
20 88.79 
21 91.65 
22 89.28 
23 65.87 
24 33.32 
25 12.93 
26 42 .79 
27 72.07 
28 88.79 
29 94.42 
30 95.48 
3 I 93.28 
32 94.50 
33 92.38 

Tabl. E.42 Beam Tesl 3 Dala (Slrains al uPPOrl) 

STRAINS AT I FT. FROM SUPPORT 
SGI7 SGI8 SGI9 SG20 SG21 SG22 

(ut) 

0 0 0 0 0 0 
-7 0 5 6 6 6 

-51 2 33 41 44 40 
-50 4 33 40 44 39 
-49 6 36 43 48 42 
-43 22 54 61 77 70 
-46 7 37 42 46 40 
-42 23 56 63 73 67 
-28 37 77 87 93 89 
-II 53 101 114 112 108 
12 69 122 138 132 128 
33 86 143 161 152 151 
56 99 162 182 173 171 
67 110 187 203 186 177 
26 66 130 141 122 115 
-5 36 87 98 86 80 

-28 6 26 35 35 33 
-29 -27 48 58 70 65 
5 4 96 108 107 101 
39 36 141 157 153 146 
64 64 178 197 192 185 
77 69 177 199 204 200 
88 77 188 209 210 204 
101 84 193 216 214 209 
113 90 196 219 221 216 
117 88 191 214 215 21 I 
79 51 147 168 158 155 
19 -4 74 87 79 75 
-9 -36 20 28 29 26 
31 7 84 98 99 93 
83 57 149 169 173 167 
113 85 188 21 I 215 21 I 
123 95 198 225 230 225 
134 98 198 226 232 228 
134 95 192 220 227 224 
135 96 192 221 231 228 
133 92 184 213 226 226 
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SG23 SG24 

0 0 
0 -4 
-3 -31 
-2 -29 
-I -28 
8 -22 
I -24 
7 -21 
15 -8 
21 2 
30 25 
38 43 
45 57 
54 74 
32 32 

16 4 
2 -7 
5 ·12 

20 15 
38 46 
52 68 
57 75 
62 84 
67 90 
71 98 
70 95 
51 60 
19 13 
5 -2 

26 30 
54 71 
70 92 
75 101 
78 106 
77 104 
77 104 
74 100 



Table E.42 Beam Test 3 Data (Strains at Support) 

Total STRAINS AT I IT. FROM SUPPORT 
Data Load SGI7 SGI8 SGI9 SG20 SG21 SG22 
Point (k) (1'£) 

34 90.91 131 88 179 210 224 225 
35 90.01 129 86 178 209 220 222 
36 88 .38 125 83 174 204 216 217 
37 74.44 102 60 151 177 180 181 
38 33.08 15 ·13 65 80 74 70 
39 12.93 ·11 -41 10 21 25 21 
40 43.60 33 5 79 98 106 102 
41 72.89 86 55 146 174 184 184 
42 82.67 102 71 169 201 21 1 213 
43 83.65 101 73 175 205 214 214 
44 80.39 94 66 167 195 210 207 
45 52.90 42 19 122 142 137 133 
46 34.14 5 ·13 76 94 87 84 
47 12.93 ·14 -42 14 25 27 24 

500 

SG23 SG24 

73 96 
71 93 
69 90 
58 68 
14 2 
2 ·7 

26 23 
55 62 
66 75 
67 76 
64 69 
37 20 
14 ·8 
2 ·9 
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Data 

Point 

NI 

N2 

N3 

IA 

IB 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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Table E.43 Beam Test 3 Data (Concrete Strains) 

Total CONCRETE STRAINS 

Load ES EQ CL 

(k) (Ilt) 

0.00 -- - -
1.42 -- - -

11.58 -- - -
11.58 2 2 3 

12.93 2 -3 -3 

23.29 I -41 -46 

12.93 3 -3 -2 

22.97 0 -41 -46 

33.08 -2 -80 -92 

42.79 -6 -118 -137 

52.74 -14 -150 - 184 

62.61 -22 -183 -234 

71.58 -32 -211 -289 

79.74 -44 -232 -372 

50.86 -35 -135 -249 

34.06 -28 -80 -172 

12.93 -23 -10 -75 

23.05 -25 -48 -120 

42.70 -32 - 112 -209 

62.69 -39 -177 -298 

78.68 -48 -229 -371 

82.10 -54 -240 -415 

86 .10 -63 -249 -461 

88 .79 -81 -258 -505 

91.65 -89 -264 -561 

89.28 -93 -257 -594 

65.87 -78 -181 -488 

33.32 -51 -80 -331 

12.93 -36 -15 -220 

42 .79 -53 -112 -357 

72.07 -77 -201 -498 

88.79 -94 -254 -581 

94 .42 -103 -273 -647 

95.48 -104 -275 -695 

93 .28 -104 -270 -723 

94 .50 -105 -275 -752 

92.38 -104 -270 -745 
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Table E.43 Beam Test 3 Data (Concrete Strains) 

Total CONCRETE STRAINS 

Data Load ES EQ CL 

Point (k) ( UE) 

34 90.91 -104 -267 -734 

35 90.0 1 -104 -267 -7 13 

36 88.38 -103 -264 -501 

37 74.44 -94 -222 -418 

38 33.08 -52 -98 -247 

39 12.93 -38 -34 -178 

40 43 .60 -59 -133 -283 

41 72.89 -87 -221 -361 

42 82.67 -97 -254 -393 

43 83.65 -99 -259 -402 

44 80.39 -97 -256 -395 

45 52.90 -75 -176 -272 

46 34.14 -55 -117 -195 

47 12.93 -38 -38 -145 
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Table E.44 Beam Test 3 Data (East End Slips) 

Total EAST END SLIPS 

Load EI E2 E3 E4 E5 E6 

(kl (in.) 
0.00 - - -- - - -
1.42 -- -- -- -- - --

11.58 - -- - - - --
11.58 0.0000 0.0006 0.0000 0.0006 0.0000 0.0000 
12.93 0.0000 0.0008 0.0000 0.0007 0.0000 0.0001 

23 .29 0.0000 0.0020 0.0000 0.00 13 0.0000 0.0007 
12.93 0.0000 0.0014 0.0000 0.0013 0.0000 0.0007 
22.97 0.0000 0.0020 0.0000 0.00 13 0.0000 0.0007 
33.08 0.0006 0.0044 0.0000 0.00 19 0.0000 0.0025 

42.79 0.0031 0.0069 0.0024 0.0050 0.0000 0.0056 

52.74 0.0067 0.0124 0.0067 0.0105 0.0031 0.0098 
62.61 0.0116 0.0173 0.0098 0.0166 0.0055 0.0147 

71.58 0.0171 0.0240 0.0128 0.0233 0.0067 0.Q208 

79.74 0.0250 0.0331 0.0165 0.0324 0.0073 0.0294 

50.86 0.0232 0.0301 0.0165 0.0300 0.0079 0.0275 

34.06 0.0195 0.0252 0.0165 0.0245 0.0073 0.0233 
12.93 0.0085 0.0124 0.0104 0.0111 0.0073 0.0123 

23.05 0.0134 0.0166 0.0116 0.0135 0.0073 0.0153 
42.70 0.0189 0.0234 0.0153 0.0214 0.0073 0.0214 

62.69 0.0232 0.0295 0.0165 0.0282 0.0079 0.0263 
78.68 0.0269 0.0350 0.0171 0.0343 0.0085 0.0306 
82 .10 0.0317 0.0411 0.020 I 0.0398 0.0092 0.0367 
86.10 0.0366 0.0459 0.0269 0.0459 0.0098 0.0416 
88.79 0.0433 0.0551 0.0348 0.0538 0.0104 0.0495 
91.65 0.0531 0.0649 0.0464 0.0654 0.0104 0.0605 

89.28 0.0616 0.0746 0.0555 0.0752 0.0122 0.0697 
65.87 0.0604 0.0710 0.0555 0.0715 0.0122 0.0684 

33.32 0.0519 0.0600 0.0549 0.0593 0.0122 0.0587 

12.93 0.0391 0.0447 0.0446 0.0434 0.0122 0.0471 
42.79 0.0500 0.0569 0.0500 0.0562 0.0122 0.0556 

72.07 0.0580 0.0679 0.0562 0.0684 0.0128 0.0648 

88.79 0.0635 0.0752 0.0610 0.0764 0.0140 0.0715 

94.42 0.0702 0.0838 0.0677 0.0843 0.0177 0.0782 

95.48 0.0763 0.0905 0.0745 0.0910 0.0226 0.0849 

93.28 0.0800 0.0948 0.0787 0.0959 0.0262 0.0892 

94.50 0.0818 0.0954 0.0806 0.0971 0.0269 0.0904 
92 .38 0.0818 0.0966 0.0806 0.0971 0.0275 0.0910 
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Table E.44 Beam Test 3 Data (East End Slips) 

Total EAST END SLIPS 

Data Load EI E2 E3 E4 E5 E6 

Point (k) 1in~ 
34 90.91 0.0824 0.0966 0.0812 0.0977 0.0281 0.0910 

35 90.01 0.0824 0.0966 0.0812 0.0977 0.0281 0.0910 

36 88.38 0.0824 0.0966 0.0812 0.0977 0.0281 0.0910 

37 74.44 0.0818 0.0954 0.0812 0.0959 0.0281 0.0904 

38 33.08 0.0696 0.0771 0.0757 0.0764 0.0287 0.0752 

39 12.93 0.0537 0.0624 0.0604 0.0593 0.0287 0.0611 

40 43.60 0.0677 0.0752 0.0708 0.0752 0.0293 0.0727 

41 72.89 0.0775 0.0893 0.0787 0.0886 0.0293 0.0831 

42 82.67 0.0800 0.0923 0.0812 0.0929 0.0293 0.0861 

43 83 .65 0.0818 0.0942 0.0824 0.0947 0.0293 0.0880 

44 80.39 0.0818 0.0942 0.0824 0.0947 0.0299 0.0874 

45 52.90 0.0769 0.0881 0.0824 0.0861 0.0299 0.0819 

46 34.14 0.0696 0.0783 0.0769 0.0764 0.0299 0.0739 

47 12.93 0.0525 0.0588 0.0598 0.0575 0.0299 0.0587 
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Table E.45 Beam Test 3 Data (West End Slips) 

Total WEST END SLIPS 

Load WI W2 W3 W4 W5 W6 
(k) (in.) 

0.00 -- - - - -- --
1.42 -- -- -- - - --
11.58 - -- - -- -- --
11 .58 0.0000 0.0006 0.0000 0.0006 0.0000 0.0000 

12.93 0.0000 0.0007 0.0000 0.0009 0.0000 0.0001 

23 .29 0.0000 0.0013 0.0000 0.0027 0.0000 0.0007 

12.93 0.0000 0.0013 0.0000 0.0027 0.0000 0.0007 

22.97 0.0000 0.0013 0.0000 0.0027 0.0000 0.0007 

33.08 0.0000 0.0013 0.0000 0.0045 0.0018 0.0007 

42.79 0.0000 0.0013 0.0000 0.0082 0.0043 0.0007 

52.74 0.0000 0.0050 0.0000 0.0131 0.0085 0.0025 

62.61 0.0024 0.0092 0.0012 0.0186 0.0128 0.0062 

71.58 0.0073 0.0141 0.0061 0.0241 0.0177 0.0117 

79.74 0.0128 0.0221 0.0140 0.0332 0.0189 0.0184 

50.86 0.0128 0.0221 0.0140 0.0314 0.0189 0.0184 

34.06 0.0128 0.0214 0.0140 0.0253 0.0189 0.0184 

12.93 0.0055 0.0105 0.0037 0.0131 0.0153 0.0092 

23.05 0.0061 0.0105 0.0037 0.0143 0.0153 0.0098 
42.70 0.0073 0.0129 0.0067 0.0216 0.0165 0.0105 

62.69 0.0110 0.0190 0.0116 0.0283 0.0183 0.0147 

78.68 0.0140 0.0239 0.0159 0.0350 0.0201 0.0196 

82.10 0.0183 0.0282 0.0201 0.0393 0.0220 0.0245 

86.10 0.0220 0.0318 0.0238 0.0442 0.0250 0.0282 

88.79 0.0275 0.0385 0.0293 0.0509 O.oJ05 0.0349 

91.65 0.0336 0.0459 0.0360 0.0582 0.0385 0.0422 

89.28 0.0 159 0.1051 0.0494 0.1186 0.0824 0.0813 

65.87 0.0140 0.1051 0.0494 0.1168 0.0824 0.0813 

33.32 0.0085 0.0916 0.0452 0.0936 0.0818 0.0733 

12.93 -0.0043 0.0660 0.0287 0.0668 0.0677 0.0550 

42 .79 -0.0018 0.0819 O.oJ05 0.0894 0.0726 0.0623 

72.07 0.0012 0.0977 0.0342 0.1095 0.0836 0.0745 

88.79 0.0043 0.1093 0.0360 0.1248 0.0916 0.0855 

94.42 0.0043 0.1276 0.0385 0.1479 0.1080 0.1038 

95.48 0.0043 0.1502 0.0421 0.1724 0.125 1 0.1222 

93.28 -0.0024 0.2119 0.0519 0.2371 0.1721 0.1710 

94 .50 -0.0073 0.2686 0.0562 0.2932 0.2081 0.1094 

92.38 -0.0220 0.3626 0.0641 0.3872 0.2655 0.2815 
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Table E.45 Beam Test 3 Data (West End Slips) 

Total WEST END SLIPS 

Data Load WI W2 W3 W4 W5 

Point (k) (in.) 

34 90.91 -0.0342 0.4255 0.0671 0.4464 0.3027 

35 90.01 -0.0409 0.5030 0.0720 0.5264 0.3516 

36 88.38 -0.0464 0.5836 0.0751 0.6075 0.4089 

37 74.44 -0.0464 0.5836 0.0757 0.6094 0.4132 

38 33.08 -0.0360 0.4951 0.0757 0.5013 0.3943 

39 12.93 -0.0305 0.3840 0.0757 0.4019 0.3253 

40 43 .60 -0.0299 0.4670 0.0781 0.4867 0.3778 

41 72 .89 -0.0452 0.5616 0.0787 0.5850 0.4169 

42 82.67 -0.0525 0.6208 0.0800 0.6448 0.4651 

43 83.65 -0.0616 0.7148 0.0812 0.7339 0.5652 

44 80.39 -0.0787 0.8662 0.0818 0.8798 0.7806 

45 52.90 -0.0787 0.8656 0.0818 0.8737 0.7666 

46 34.14 -0.0671 0.7954 0.0818 0.7784 0.681 2 

47 12.93 -0.0476 0.5988 0.0818 0.6094 0.5249 
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Fig. E.25 Beam Test 3 - Total Load vs. Denection 
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Fig. E.26 Beam Test 3 - Total Load vs. Strains (SG 1 - SG4) 

120 

100 ... ~. 
80 

60 

40 
-o- sos 
___ S06 

20 S07 
S08 

0 

-2500 a 2500 
Strains ().l£) 

Fig. E.27 Beam Test 3 - Total Load vs. Strains (SG5 - SG8) 
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Fig. E.28 Beam Test 3 - Total Load vs. Strains (SG9 - SG 12) 
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Fig. E.29 Beam Test 3 - Total Load vs. Strains (SGI3 - SGI6) 
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Fig. E.30 Beam Test 3 - Total Load vs. Strains (SG l7-SG20) 
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Fig. E.3l Beam Test 3 - Total Load vs. Strains (SG2l - SG24) 
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Fig. E.32 Beam Test 3 - Total Load vs. Concrete Strains 
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Fig. E.33 Beam Test 3 - Total Load vs. Slip (EI - E3) 
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Fig. E.34 Beam Test 3 - Total Load vs. Slip (E4 - E6) 
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Fig. E.35 Beam Test 3 - Total Load vs. Slip (W I - W3) 
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Fig. E.36 Beam Test 3 - Total Load vs. Slip (W4 - W6) 
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