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PLASTIC ROTATION AND LOAD CARRYING CAPACITIES OF H-SHAPED
STEEL BEAMS WITH LATERAL AND LOCAL BUCKLINGS
UNDER UNEQUAL-END MOMENTS

Isao MITANI and Tatsusi YAMASAKI

The wide-flange steel beams were tested under unequal-end moments, in order to clarify
the effects of bending moment gradient on the plastic rotation and maximum load carrying
capacities of a beam,

End moment ratio p (=M,/M,, M,, M,=bending moment at the ends of a specimen,
|M.| <|M,|) and lateral slenderness ratio ¢,/ i, (£,=laterally unbraced length, i,=radius of
gyration of a cross section about weak axis ) were selected for the experimental variables.
The test program concists of three series, For two of them with the value of p equal to 0 or
—0.4, the values of ¢,/i, are 45, 60, 75, 90, and 105. For another with the value of p
equal to —0.8, the values of ¢,/i, are 45, 75, and 105.

Based on the experimental results, the applicability of the empirical formulas about
plastic rotation capacities of beams (Ref,12) were discussed.

Furthermore the experimental maximum load carrying capacities were compared with

allowable bending moment based on Ref, 14.

The results may be summarized as follows :

1. The empirical formulas reported in Ref. 12 can be applied to the region of p<0, and
experimental values ( Ry, ) and predicted values ( R,eq ) of plastic rotation satisfy the
following equations.

For p<0 and R,rea<10, Ryrea = Rezp = Ryrea—0.75, and
Rpred = Re:cp = Rﬁred_z .

2. Ratios of maximum load carrying capacity obtained from the present test (=Mpg ) to
allowable bending moment ( My=1.5xf,xZ, Z=section modulus, allowable stresses f,
are evaluated under F=g¢,, g,=yield point stress ) of the beams are distributed from 1.45
to 1.75. When beams have the same value of ¢,/i,, safety factor (=Mug/Ma ) of the
beams increases according as the moment gradient increases. One of the reasons is that the
influence of the strain hardening phenomenon of steel on the load carrying capacity
becomes large with the increase of the moment gradient, and the other reason is that the
value of bending coefficient C depending upon the moment gradient is specified to be less
than 2.3. Therefore, the modification coefficient C can be alleviated for the inelastic
region of load carrying capacity.
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Table 1 Test Conditions and Dimensions of Specimens
Specimen |L=2b D tf tw A I Zp 2b  |2beD[_4 2
name |(cm) | (mm) | (mm) | (mm) | (mm) | (cm?)|(cm*)| (em?) f P | Fy [AF |Tx | Ty [Steel
1-045-0-0| 75 [150.4| 74.9| 4.26| 2.94| 10.5| 411 61.411.12 0 44.6| 353 12.0| 44.6| A
1-060-0-0] 100 |149.2 | 74.9) 4.28| 3.06| 10.7 | 408 | 61.6 1.13 0 60.5)| 484 16.2| 60.5| B
1-075-0-0| 125 |149.7 | 74.9 4.24| 3.02( 10.6 (407 | 61.3] 1.13 0 74.7| 589 | 20.2| 74.7] A
1-090-0-0| 150 [149.2] 74.9] 4.32| 3.06| 10.8 | 411 | 62.0 1.13 0 89.6( 692 | 24.3| 89.6| B
1-105-0-0] 175 |149.7 | 74.3| 4.23| 2.94| 10.5| 405 | 60.8 | 1.12 0 104.0| 833 ] 28.2{104.0] A
1-045-0-4| 76 |150.1| 74.4]| 4.41 3.37(11.4 1432 |164.6|1.12 | -0.382| 45.7| 343| 8.8| 32.7 C
1-060-0-4| 96.5/150.4 | 75.5( 4.37] 3.38 11.4 1432 [65.2|1.12 | -0.381| 58.1| 440 11.2| 41.5]| ¢
1-075-0-4] 130 [149.7 75.2| 4.37] 3.38] 11.3 426 (64.3|1.13-0.405| 78.6| 592|15.2| 56.2| ¢
I-090-0-4) 153 [149.7| 75.1| 4.37] 3.38( 11.3| 426 64.5(1.13(-0.391| 92.7| 698 17.8| 66.3| ¢
1-105-0-4]172.5/150.0 | 75.3| 4.36| 3.37| 11.3 ]| 427 | 64.7 | 1.14 | -0.388 104.2)| 7881 20.1| 74.4( C
1-045-0-8( 75 [149.5] 74.6] 4.27| 2.90] 10.5 404 |1 60.7 ({1.12 | -0.807 | 44.6] 351 | 6.7] 24.7|. D
1-075-0-8{ 125 [149.4| 74.8| 4.25( 2.90] 10.4 403 [ 60.6 | 1.12 | -0.799 | 74.2| 587 | 11.2 41.21 D
1-105-0-8| 175 [149.4| 74.9| 4.25( 2.90( 10.4 | 403 | 60.6 | 1.12 | -0.795 103.7| 821|15.7] 57.8[ D

L=length of--a specimen, D,B,tf,tw=depth,width,flange thickness,and web thickness,respectively of a H
shape section, A=cross-sectional area, I=sectional moment of inertia(about the strong axis), Zp=plas-
tic section modulus(about the strong axis), f=shape factor, p=end moment ratio, fb=unbraced length, \
Af=area of one flange of a H shape section, ix,iy=radius of gyration about the x and y axis, f=distance
between inflection point and the Tower end of a specimen
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Table 2 Properties of Material

steel | (eruml(trem| (1) | (20
o flange | 2.87 [4.08 [24.7[ 1.19
web 2.79 | 4.41 | 26.4| 1.48
g flange | 3.15 |4.61 |25.5] 1.8
© web 2.79 | 4.32 |31.1]:1.43
c flange 3.06 [4.14 {26.1] 1.76
web 2.95 | 4.31 |28.8] 2.14
, flange | 3.08 [4.56 [23.4] 1.86
web ~ | 2.54 |4.17 |27.8] 1.33

oy=yield point stress, cu=tensile strength,
cu=maximum elongation, Est=strain hardem‘ng
modulus, E=modulus of elasticity(=2100t/cm*)

o (t/cm?)

, E(%)
o i 2 3 4

Fig. 2 Tensile Stress-Strain Curves of Steel
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Fig. 9 Variations of Inflection Point

Table 3 Plastic Rotation Capacities and Maximum Bending Moments

E11owable moment} predicted values|
Spesimen experimental results| based on Ref,14] based on Ref.12
~ hame ﬂ% Rm Ross ::—;] MLMH—:% Rm Roas
1-045-0-0| 1.30 | 4.25 | 6.86 | 1.0 1.46 | 7.36 |10.06
1-060-0-0| 1.31 | 4.06 | 5.30 | .946 | 1.57 | 4.94 | 6.84
1-075-0-0| 1.24 | 3.43 | 4.69 |.922 | 1.52 | 4.50| 6.21
1-090-0-0( 1.29 | 2.77 | 4.22)|.879 | 1.66 | 3.39 | 4.70
1-105-0-0| 1.25 | 2.34 | (3.3)].849 | 1.65 § 3.17 | 4.33
1-045-0-4| 1.39 | 8.35 |10.95] 1.0* 1.56 [10.70 [ 15.06
1-060-0-4| 1.37 | 6.25 | 8.15} 1.0 1.53 | 8.18 [ 11.52
1-075-0-4| 1.40 | 4.57 | 6.70 [ .931 | 1.70 | 6.22 | 8.78
1-090-0-4) 1.31 | 3.93 | 5.95].905 [ 1.64 | 5.26 | 7.42
1-105-0-4| 1.28 | 3.47 | 4.85).878 | 1.66 | 4.60-| 6.48
1-045-0-8 | 1.45%|12.50*|15.87* 1.0™ 1.62 [10.97 [15.17
1-075-0-8) 1.47 | 6.33 | 7.88]|.938 [ 1.75 | 7.10|10.11
1-105-0-8] 1.36 | 3.04 | 5.15|.879 [ 1.73 | 3.62 | 5.02

Mmax=maximum moment, Mp=pro§ . c§, '=yield point stress of flange plate

Rm=(8max/6p)-1, Ross=(B0ss/6P)-1, omax,8,9s=rotation at maximum moment
and 0.95xMmax,respectively, op=Mpx2/(3EI), g=distance between inflec~
tion point and the lower end of a specimen, E=modulus of elasticity,
I=sectional moment of inertia about strong axis, Mal=critical moment
based on allowable stress design cord(Ref.13), My=yield moment, x:based
on negative side of M-6 curve, sx:obtained by fb=900/(2bxD/Af), and<ft=

£
oyﬂ .5
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