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Application of PMM fiber hinges to the value of stiffness reduction

coefficient of bent structure
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Abstract; At present, most of the design of reinforced concrete bent structures is based on elastic
assumption. However, in practical engineering, the stress of bent structure is often accompanied by the
cracking of concrete and the bond slip between reinforcement and concrete, etc. The second-order effect of
the bent structure often aggravates the structural stiffness degradation. Therefore, it is necessary to
calculate the second-order effect of material nonlinearity in the analysis of bent structure. A practical
method in engineering design is to introduce the elastic second-order analysis with stiffness reduction
considered, and its accuracy depends largely on the value of the stiffness reduction factor. This paper tries
to find a reasonable stiffness reduction factor of the bent structure through the PMM fiber hinge based on
the material model.
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Fig. 6 The control section of the bent-columns and the model of bent frames
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Fig. 7 Fiber hinge arrangement and element partition of single span and single layer bent frame
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Table 2 The example parameters and their numbers of single-span and double-span bent frames
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Table 3 The displacement and stiffness reduction factors comparison of single-span bent frames
W R R ﬁ;ﬁz gi; MBS FE R R ﬁ?ﬁ ?;E; R 7 0k
i HAE WA/ mm? R 5 MAA W/ mm? R
#/mm  /mm /mm  /mm
1 ©) 1534 —24.17 —18.73  0.783 18 ) 3600 —38.04 —30.36 0.805
2 @ 2474  —37.82 —32.07 0.862 19 @ 2 652 49.99 38.57 0.789
3 ©) 2610  —29.63 —23.27  0.790 20 ©) 1020 16.10 12.66 0.791
4 ©) 4360  —55.62 —44.73  0.810 21 ©) 3606  —67.28 —53.41 0.807
5 @ 1250 24.02 18.87  0.792 22 ©) 1814 —28.89 —22.34 0.788
6 ©) 2220 —41.60 —32.68  0.799 23 ©) 3258  —40.39 —31.81 0.794
7 ©) 2412 —29.48 —23.37  0.798 24 @ 2302  —25.09 —19.74 0.791
8 @ 4140  —56.15 —45.04  0.811 25 ©) 3560 —41.72 —33.35 0.805
9 ©) 1126 23.56 19.05  0.820 26 ©) 3208 —35.33 —28.18 0.803
10 @ 2 068 41.50 32.90  0.806 27 ©) 2 464 49.97 39.60 0.809
11 @ 2236  —27.25 —23.39  0.863 28 ©) 1020 16.12 12.58 0.803
12 @ 4028  —56.17 —45.02  0.825 29 ©) 3 266 67.60 54.81 0.828
13 @ 1020 16.63 13.85  0.846 30 ©) 1394 28.43 22.81 0.815
14 @ 2 496 33.38 26.40  0.804 31 ) 2872  —40.34 —32.04 0.803
15 ) 1292  —31.65 —24.99  0.802 32 @ 1936  —24.78 —19.81 0.807
16 ©) 3734 54.14 44,22 0.829 33 ©) 3194  —41.90 —33.63 0.810
17 ©) 1722  —23.91 —19.07  0.800 34 ©) 2864  —35.48 —28.45 0.810
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Table 4 The displacement and stiffness reduction factors comparison of double-span bent frames

awo R mi ﬁii giﬁz: WU R R i;«% ijf;g; I
i HAE WA/ mm? B/mm %/ mm £ 5 mm” B/mm  /mm £
1 @ 1020 14.85 12.22 0.852 18 ® 1902 —25.16 —20.12 0.805
2 @ 1 606 29.30 23.26 0.809 19 © 3586  —47.75 —39.91 0.846
3 ® 1488 —21.79 —17.51 0.808 20 @ 2 336 39.52 31.25 0.812
4 @ 2 568 39.20 30.04 0.781 21 @ 1226 19.81 15.89 0.815
5 @ 1508 19.41 15.11 0.786 22 @ 1020 13.09 10.80 0.853
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W R R ﬁ;ﬁ ﬂf W R ﬁ;ﬁﬁ E;E; Wl 7 0

Gi% A4 A/ mm AN HE /mm? M
#%/mm  F/mm % /mm /mm

6 @ 1072 13.17 10.53 0.805 23 @ 3234 60.83 44.96 0.768
7 @ 3 376 54.07 42.43 0.800 24 @ 2212 36.17 28.19 0.798
8 @ 2 448 34.54 26.16 0.765 25 @ 1 602 25.24 20.26 0.818
9 @ 1 850 24.21 18.82 0.800 26 ©® 2198 —32.45 —27.48 0.857
10 ® 2636 —34.54 —26.50 0.778 27 1708 —24.87 —20.04 0.835
11 ® 2164 —25.00 —19.88 0.800 28 ® 1474 —21.14 —17.59 0.840
12 ©® 1932 —21.49 —17.06 0.798 29 ©® 338 —50.20 —40.50 0.822
13 ©® 3732 —48.30 —37.89 0.811 30 ® 2790 —38.41 —30.66 0.811
14 ® 3100 —37.87 —28.76 0.774 31 ® 2504 —33.08 —26.59 0.816
15 ® 2832 —31.69 —24.99 0.795 32 @ 2 230 25.95 19.96 0.794
16 @ 1324 19.15 15.31 0.826 33 @ 3518 44.35 35.26 0.810
17 @) 2372 35.65 28.06 0.783 34 © 2 750 —31.66 —24.56 0.798
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Fig. 10 Scatter diagram of stiffness reduction factors
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