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Performance Evaluation of Inelastic Rotation Capacity of Reinforced
Concrete Beam-Column Connections
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ABSTRACT >> This study summarizes the results of a research project aimed at investigating the inelastic rotation capacity of
beam-column connections of reinforced concrete moment frames. A total of 91 test specimens for beam-column joint connections
were examined in detail, and 28 specimens were classified as special moment frame connections based on the design and detailing
requirements in the ACI 318-02 Provisions. Then the acceptance criteria, originally defined for steel moment frame connections
in the AISC-02 Seismic Provisions, were used to evaluate the joint connections of concrete moment frames. Twenty-seven out of
28 test specimens that satisfy the design requirements for special moment frame structures provide sufficient strength and are ductile
up to a plastic rotation of 0.03 rad. without any major degradation in strength. Joint shear stress, column-to-beam flexural strength
ratio, and transverse reinforcement ratio in a joint all play a key role in good performance of the connections.

Key words RC structures, inelastic rotation capacity, joint shear stress, beam-column connections, column-to-beam flexural

strength ratio
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| Moment Frames(SMF) considered in this study

Joint Beam Shear

No. Author Name | Time | M/Mn | FSRx | L/d** |TRA==x|Strength Remark

1 |Beckingsale, CW., Park R{ B11 1980 1.21 1.31 7.77 1.74 8.13 |int. beam-col conn. (2-D frame)

2 | &Paulay, T” B12 1980 1.37 1.29 7.96 1.77 6.24 [int. beam-col conn. (2-D frame)

3 B13 1980 1.26 1.19 7.96 1.33 6.55 |int. beam-col conn. (2-D frame)

4 |Scarpas, A%V Unit1 | 1981 | 128 | 1.51 8.50 076 | 7.20 [ext. beam-col conn, (2-D frame)

5 Unit 2 1981 1.28 1.08 8.50 0.53 10.90 |ext. beam-col conn. (2-D frame)

6 Unit 3 1981 1.37 1.49 8.50 0.40 6.60 |ext. beam-col conn. (2-D frame)

7 |Park, R. & Milburn, R 1 1982 1.06 1.05 13.27 3.04 8.56 |int. beam-col conn. (2-D frame)

8 2 1982 1.05 0.92 13.17 1.25 9.17 |int. beam-col conn. (2-D frame)

9 3 1982 1.43 1.23 12.85 0.55 9.61 |ext. beam-col conn. (2-D frame)

10 4 1982 1.21 0.98 13.27 0.73 11.72 |ext. beam-col conn. (2-D frame)

11  [Durrani, A. & Zerbe, H J2 1986 1.26 2.77 12.45 0.94 13.12 |ext. conn with transv. beam

12 J7 1986 1.07 1.63 12.45 0.94 10.98 |ext. conn with transv. beam & slab

13 |Ehsani, M.R. & Mousssa, 1 1987 1.15 1.89 9.19 1.97 7.52 |ext. beam-col conn. (2-D frame), f,=64.6MPa
14 |AE. & Vallenilla, C.R." 2 1987 1.23 1.83 9.19 1.97 8.99 |ext. beam-col conn. (2-D frame), f=67.3MPa
15 3 1987 1.04 1.90 10.08 2.46 10.61 |ext. beam-col conn. (2-D frame), f=64.6MPa
16 4 1987 0.93 1.67 10.08 2.46 12.84 |ext. beam-col conn. (2-D frame), f4=67.3MPa
17 5 1987 1.14 1.41 10.08 2.46 12.55 |ext. beam-col conn. (2-D frame), f=44.6MPa
18 |Alameddine, F. & LH11 1991 1.25 14 9.00 1.84 10.23 [ext. beam-col conn. (2-D frame), f,=75.8MPa
19 |Ehsani, M" LH14 1991 1.17 1.4 9.00 1.84 9.05 |ext. beam-col conn. (2-D frame), f4=96.5MPa
20 HH14 1991 1.02 14 9.00 1.84 1151 lext. beam-col conn. (2-D frame), f,=96.5MPa
21 |Cheung, P., Park, R., & 1D-I 19N 1.50 1.56 7.69 1.30 7.97 |int. beam-column-siab joint of a one-way frame
22 | Paulay, T? 2D-1 1991 1.46 2.30 7.70 1.19 740 [int. beam-column-slab joint of a two-way frame
23 2D-E 1991 1.06 2.04 7.88 0.76 8.14 |ext. beam-column-slab joint of a two-way frame
24  [Quintero-Febres, C. & IWB1 2001 1.25 1.3 20.00 1.15 16.50 [int. wide beam-col conn. w/ trans. beams & slab
25 | wight, J2 IwWB2 | 2001 | 1.26 14 | 2000 | 1.15 | 18.90 |int. wide beam-col conn. w/ trans. beams & slab
26 IWB3 2001 1.26 1.6 19.27 0.93 17.00 |[int. wide beam-cof conn. w/ trans. beams & slab
27 |Lafave, J. & Wight, JW EWB-3| 2001 1.15 1.33 14.83 0.97 17.40 |int. wide beam-col conn. w/ trans. beams & slab
28 ENB-1 | 2001 1.21 1.27 7.80 0.89 9.80 [int. beam-col conn. w/ trans. beams & slab

* FSR: Flexural Strength Ratio ** L/d: Length/depth

** TRA: Transverse Reinforcement Ratio
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{Table 2) List of beam—column joint connections of Intermediate Moment Frames considered in this study

Joint Beam Shear
No. Author Name | Time | M/Mn | FSR* L/d** | TRA**x [Strength Remark
1 [Ensani, M.R. & Wight, J."9 1 1982 | 0.91 1.01 745 0.87 | 14.20 |ext. beam-col conn. (2-D frame)
2 2 1982 0.9 1.35 8.25 0.99 14.20 [ext. beam-col conn. (2-D frame)
3 3 1982 1.21 1.07 7.45 1.30 12.84 |ext. beam-col conn. (2-D frame)
4 4 1982 1.29 1.41 8.25 1.48 12.53 |ext. beam-col conn. (2-D frame)
5 9 1982 0.61 1.93 522 0.77 15.17 |ext. beam-col conn. (2-D frame)
6 " 1982 0.94 156 522 0.76 8.79 lext. beam-col conn. (2-D frame)
7 5 1982 0.81 1.13 4.97 0.77 10.88 |ext. beam-col conn. w/ trans. beams & slab
8 6 1982 0.87 1.1 4.97 1.16 11.31 |ext. beam-col conn. w/ trans. beams & slab
9 7 1982 0.81 1.51 4.97 0.86 13.53 |ext. beam-col conn. w/ trans. beams & slab
10 8 1982 0.84 1.49 4.97 1.29 13.43 |ext. beam-col conn. w/ trans. beams & siab
11 10 1982 0.73 1.93 497 0.68 14.39 |ext. beam-col conn. w/ trans. beams & slab
12 12 1982 1.01 1.5 4.97 0.68 9.06 [ext. beam-col conn. w/ trans. beams & slab
13" |Durrani, A. & Wight, J."" X1 1982 | 103 | 125 589 0.76 | 13.20 [int. beam-col conn. w/ trans. beams & slab
14 X2 1982 1.21 1.37 5.89 1.15 13.50 |int. beam-col conn. w/ trans. beams & slab
15 X3 1982 1.15 1.22 5.89 0.76 10.40 |int. beam-col conn. w/ trans. beams & slab
16 S1 1982 1.27 1.22 5.89 0.76 13.20 |int. beam-col conn. w/ trans. beams & slab
17 S2 1982 1.27 1.21 5.89 1.15 15.30 |int. beam-col conn. w/ trans. beams & slab
18 S3 1982 1.05 1.32 5.89 0.76 12.50 |int. beam-col conn. w/ trans. beams & slab
19 [Ruitong, J. & Park, R*™ | unit1 | 1987 | 1.21 1.30 9.24 0.85 | 448 [int. beam-col conn. (2-D frame)
20 unit 2 1987 1.15 1.36 924 1.01 6.65 lint. beam-col conn. (2-D frame)
21 unit 3 1987 1.06 1.29 9.24 0.47 5.06 |int. beam-col conn. (2-D frame)
22 unit 4 1987 1.06 1.38 9.24 0.55 6.32 |int. beam-col conn. (2-D frame}
23 |Hanson, Nw 2 1 1971 1.1 1.91 4.67 1.00 12.53 |int. beam-col conn. w/ one trans. beam
24 2 1971 1.15 1.89 4.67 0.83 17.16 |int. beam-col conn. w/ one trans. beam
25 3 1971 1.39 2.81 467 0.46 12.88 |ext. beam-col conn. w/ one trans. beam
26 4 1971 0.64 2.80 4.67 0.37 12.66 |ext. beam-col conn. (2-D frame)
27 5 1971 1.27 293 4.67 0.55 12.84 [ext. beam-col conn. (2-D frame)
28 [Hanson, NW. & | 1967 1.25 2.42 13.67 0.88 17.38 |ext. beam-col conn. (2-D frame)
29 |conr, HW?" I-A 1967 | 0.80 2.62 1367 | 049 | 18.09 |ext. beam-col conn. (2-D frame)
30 Il 1967 1.25 3.15 13.67 0.88 16.94 |ext. beam-col conn. (2-D frame)
31 1} 1967 0.60 0.85 13.67 1.10 22.62 |ext. beam-col conn. (2-D frame)
32 [\ 1967 0.48 0.56 13.67 1.10 21.70 |ext. beam-col conn. (2-D frame)
33 [Meinheit, D.A. & 1 1977 0.58 0.78 11.13 0.44 19.83 |int. beam-col conn. (2-D frame)
34 |Jirsa, J.OT 2 1977 | 0.77 140 | 1113 | 044 | 15.48 lint. beam-col conn. (2-D frame)
35 3 1977 0.70 1.74 11.13 0.44 19.67 |int. beam-col conn. (2-D frame)
36 4 1977 0.80 0.98 11.13 0.32 16.61 |int. beam-col conn. (2-D frame)
37 5 1977 0.80 1.40 1113 0.44 16.77 |int. beam-col conn. (2-D frame)
38 6 1977 0.80 1.40 11.13 0.44 16.57 |int. beam-cot conn. (2-D frame)
39 7 1977 0.69 0.98 11.13 0.32 16.34 |int. beam-col conn. (2-D frame)
40 8 1977 1.20 1.40 11.13 0.44 17.52 |int. beam-col conn. w/ transv. beams
41 9 1977 1.04 1.41 11.13 0.44 18.08 |int. beam-col conn. w/ transv. beams
42 10 1977 0.89 1.41 11.13 0.44 18.60 |int. beam-col conn. w/ transv. beams
43 1 1977 0.80 0.97 11.13 0.32 19.83 [int. beam-col conn. w/ transv. beams
44 12 1977 0.95 1.40 11.13 2.04 16.94 [int. beam-col conn. (2-D frame)
45 13 1977 0.77 1.40 11.13 1.32 15.57 |int. beam-col conn. (2-D frame)
46 14 1977 0.78 0.98 11.13 0.95 17.38 |int. beam-col conn. (2-D frame)
47 |Joglekar, M., Murry, P., int. prot | 1984 1.54 1.56 4,55 0.55 11.50 |int. beam-col conn. w/ transv. beams and slab
48 | Jirsa, J.O. & ext. prot] 1984 0.96 272 4.55 0.55 5.30 [int. beam-col conn. w/ fransv. beams and slab
49 |Klingner, REZ® int. modi| 1984 1.27 1.37 455 0.83 21.10 [int. beam-col conn. w/ transv. beams and slab
50 ext. modi{ 1984 1.19 2.39 4.55 0.83 14.00 lint. beam-col conn. w/ transv. beams and slab
51 |Soleimani, D., Popov, EP.| BC2 1979 0.59 1.49 4.60 0.56 6.99 |int. beam-col conn. (2-D frame)
52 | Bertero, V.V.3? BC3 | 1979 | 079 147 4.60 056 | 6.93 [int. beam-col conn. (2-D frame)
53  |Uzumeri, S.M. & 3 1979 0.98 2,53 12.81 0.39 11.85 [ext. beam-column joint (corner — 3-D)
54 |Seckin, M>¥ 4 1979 | 1.13 24 12.81 0.70 | 11.08 |ext. beam-column joint (corner — 3-D)
55 6 1979 1.10 2.26 12.84 1.40 10.18 |beam-column isolated joint {2-D)
56 7 1979 1.14 1.72 12.81 0.70 11.05 |beam-column isolated joint (2-D})
57 8 1979 1.00 1.06 12.81 1.40 16.04 |beam-column isolated joint (2-D)
58 |Lee, D.L.N., Wight, JK. & 2 1977 1.25 3.26 13.50 227 8.29 |ext. beam-col conn. (2-D frame)
59 | Hanson, R*® 5 1977 | 1.4 3N 1350 | 227 | 896 [|ext. beam-col conn. (2-D frame)
60 6 1977 140 3.07 13.50 1.14 8.96 |ext. beam-col conn. (2-D frame)
61 |Alameddine, F. & LL11 1991 0.93 1.4 9.00 1.22 10.21 |ext. beam-col conn. (2-D frame), f4=75.8MPa
62 Ehsani, M.R."’ LL14 1991 1.15 14 9.00 1.22 905 lext. beam-col conn. (2-D frame), {=96.5MPa
63 HL11 1991 0.85 1.4 9.00 1.22 12.95 |ext. beam-col conn. (2-D frame), f,=75.8MPa

* FSR: Fiexural Strength Ratio ** L/d: Length/depth

»* TRA: Transverse Reinforcement Ratio
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