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e 16 Tests (4M/ 12C):
¢ 3 Protocols (ASTM E2126 Method B & C, FEMA 461)
e 4 Parameters (# of Rows, Diameter, Shape, Stagger)

Figure 1.Test setup and instrumentation.
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Test specimens

The specimens consist of 1/4 in (6.4 mm) thick and 235 mm wide plates (length varied slightly), made of ASTM A36 steel
material with waterjet cut or drilled six 13/16in holes at 100 center to center, considered to accept 3/4in ASTM A490 bolts.
The size of perforations is shown in Figuresl (a) to (e).

Table 1: Testing Matrix.

Plate Perforation

Test Label Configuration :;?;‘i':cﬂ |_(?:§lt)h Thi(tr:rll(rrr\:)ess ":::' (zirzne) DisEtggce Ié::::

Rows (mm) (mm)
10-17.5-M Monotonic 270 6.4 3 10 7.5 7.5
10-17.5-B Method B* 270 6.4 3 10 7.5 7.5
10-17.5-B2 Method B 270 6.4 3 10 7.5 7.5
10-17.5-C Regular Method C 270 6.4 3 10 7.5 7.5
10-17.5-C2 Method C 270 6.4 3 10 7.5 7.5
10-17.5-F Fema 461 270 6.4 3 10 7.5 7.5
10-17.5-F2 Fema 461 270 6.4 3 10 7.5 7.5
10-20S-C Method C 284.6 6.4 3 10 10 18.3

Stagger

10-20S-B Method B 284.6 6.4 3 10 10 18.3
10E-17.5-M Monotonic 270 6.4 3 10x14 7.5 7.5
10E-17.5-B Method B 270 6.4 3 10x 14 7.5 7.5
10E-17.5-B2 Method B 270 6.4 3 10x 14 7.5 7.5
10E-17.5-C Method C 270 6.4 3 10x 14 7.5 7.5
10E-17.5-C2 Ellipse Method C 270 6.4 3 10x14 7.5 7.5
10E-17.5-C3 Method C 270 6.4 3 10x 14 7.5 7.5
10E-17.5-F Fema 461 270 6.4 3 10x 14 7.5 7.5
10E-17.5-F2 Fema 461 270 6.4 3 10x 14 7.5 7.5
10E-17.5-F3 Fema 461 270 6.4 3 10x 14 7.5 7.5
10SL-17.5-M Monotonic 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-B Method B 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-B2 Method B 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-C Slot Method C 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-C2 Method C 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-F Fema 461 270 6.4 3 10x 15 7.5 7.5
10SL-17.5-F2 Fema 461 270 6.4 3 10x 15 7.5 7.5




Canadian-Pacific Conference on Earthquake Engineering (CCEE-PCEE), Vancouver, June 25-30, 2023

15-25-M Monotonic 285 6.4 3 15 10 10
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8 for the 10-3-17.5-6.4R (10mm diameter) Price including mat $74.00 Each
6 for 15-3-25-6.4R (15mm diameter) Price including mat $74.00 Each
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Figure 2.Test specimens: Phase 1B .
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Figure 3.Test specimen: phase 2.

Load protocols

Three loading protocols are considered in thi study, FEMA 461, ASTM Method B, and Method C.
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Cyclic Displacement Schedule (Test Method B)
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Figure 4.Testing protocols: phase 1B.
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TEST RESULTS

Phase 1B:
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Figure 5. Deformed shapes and failure modes of specimens 10-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C, (c) FEMA 461(d) monotonic loading
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Figure 6. Deformed shapes and failure modes of specimens 10-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C, (c) FEMA 461(d) monotonic loading (Magnified view)
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Figure 7. Total force versus perforation deformation of specimens 10-17.5 for loading protocols (a) ASTM E2126 Method B,
(b) ASTM E2126 Method C, (c) FEMA 461
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Figure 8. Accumulative dissipated energy versus accumulative perforation deformation of specimens 10-17.5 for loading
protocols
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Figure 9. Deformed shapes and failure modes of specimens 10-208S for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C

®)

Figure 10. Deformed shapes and failure modes of specimens 10-20S for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C (Magnified view)
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Figure 11. Total force versus perforation deformation curves for specimens 10-208S for loading protocols (a) ASTM E2126
Method B, (b) ASTM E2126 Method C
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Figure 12. Accumulative dissipated energy versus accumulative perforation deformation of specimens 10-20S for loading
protocols
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Figure 13. Deformed shapes and failure modes of specimens 10E-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C, (c) FEMA 461(d) monotonic loading
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Figure 14. Deformed shapes and failure modes of specimens 10E-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C, (c) FEMA 461(d) monotonic loading (Magnified view)
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Total force versus perforation deformation curves of specimens 10E-17.5 for loading protocols (a) ASTM E2126
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Figure 16. Accumulative dissipated energy versus accumulative perforation deformation of specimens 10E-17.5 for loading
protocols
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Figure 17. Deformed shapes and failure modes of specimens 10SL-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
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Figure 18. Deformed shapes and failure modes of specimens 10SL-17.5 for loading protocols (a) ASTM E2126 Method B, (b)
ASTM E2126 Method C, (c) FEMA 461 (d) monotonic loading (magnified view)
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Figure 19. Total force versus perforation deformation curves of specimens 10SL-17.5 for loading protocols (a) ASTM E2126
Method B, (b) ASTM E2126 Method C, (c) FEMA 461
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Phase 1B:

(©

Figure 21. Deformed shapes and failure modes of specimens (a) EBC3-C-1-(3), (b) EBC3-C-2-(2), (c) EBC4-D-1-(3) (d)
EBC4-D-2-(2), (e) EBC5-E-1-(3), (f) EBC5-E-2-(2)
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Figure 22. Total force versus perforation deformation curves specimens (a) EBC3-C-1-(3), (b) EBC3-C-2-(2), (¢c) EBC4-D-1-
(3) (d) EBC4-D-2-(2), (e) EBC5-E-1-(3), (f) EBC5-E-2-(2)
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Figure 23. Accumulative dissipated energy versus accumulative perforation deformation of all six specimens
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Figure 24. Total force versus perforation deformation curves specimens (a) EBCI-2, (b) EBCI-3, (c) EBC2-2 (d) EBC2-3)
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Figure 25. Accumulative dissipated energy versus accumulative perforation deformation of all four specimens
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