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Abstract - Compared to 2016 KBC, very large flexural overstrength was observed in the recent full-scale testing of welded H-shaped beams
with slender flange. In this paper, based on critical review of the background research of the relevant provisions, it is first shown that the KBC
provisions do not properly reflect the effects of web restraint and moment gradient on elastic flange local buckling (FLB). In this study, elastic
FLB strength equation with sound theoretical background is newly proposed using the mixed variational approach. The proposed equation is

more accurate but still simple for practical use.
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Table 1. Overstrength observed in slender or almost slender flange specimens

Specimen Section Steel Depth  Width Web Flange Beam I\Is(t)rrgrllaltilfed Failure
b . P thickness  thickness span g
designation class (mm) (mm) (mm) (mm) (mm) (mm) mode
M, /M, M,/M,
SM490-S-LPD-3 Slender SM490 399 500 11.0 11.0 4,000 0.86 1.69 FLB
HSB800-NC-LP-3  Noncompact HSB800 400 500 17.6 17.6 3,500 0.99 1.55 FLB
HSAS800-S-LPD-3-FHS  Slender HSA800 400 650 17.6 17.6 4,000 0.82 2.04 FLB

Note: M,, = maximum experimental flexural strength; M, = plastic moment; M, = AISC nominal flexural strength;

FLB = Flange local buckling
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Table 2. Flange and web limiting width-to-thickness ratio for
noncompact section according to the 1978 and 2016 AISC
specification

A
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Fig. 3. Web and flange slenderness distributions of Johnson’s
test specimens
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Table 3. Analyzed and comparison of FLB coefficients for H-shaped beams under uniform moment

. FEM 2016 KBC MVM Simplified formula
Model | Depth, | "idth |~ Web Elange [per Eq. (32)]

olmfen | (i) by |thickness, f,| thickness, k. .

(mm) (mm) frmm) | g \(_ 4 || kdk C | knin | knitk | C Kuin | Kninlk

i) <
FEM-UM-1 400 650 23 (SC) 23 0.87 0.76 087 | 23 | 0.56|0.84 | 097 | 0.62 0.81 0.94
FEM-UM-2 400 650 17.6 (SC) 23 0.74 0.76 1.03 | 2.8 | 1.36 | 0.71 | 0.96 1.43 0.71 0.95
FEM-UM-3 400 650 12 (SC) 23 0.61 0.74 121 | 3.6 | 457059 0.96 | 4.64 0.58 0.95
FEM-UM-4 400 650 8 (SO) 23 0.54 0.60 112 | 48 | 16.17/ 051 | 095 | 1598 | 0.51 0.95
FEM-UM-5 400 650 20 (SC) 17.6 0.92 0.76 083 | 22 | 038|090 097 | 043 0.87 0.94
FEM-UM-6 400 650 17.6 (SC) 17.6 0.86 0.76 127 | 24 | 0.58]0.83 | 097 | 0.63 0.81 0.94
FEM-UM-7 400 650 15 (SC) 17.6 0.79 0.76 096 | 26 | 097 |0.76 | 0.95 1.04 0.75 0.94
FEM-UM-8 400 650 10 (SC) 17.6 0.64 0.66 1.04 | 34 | 3,57 (061|095 | 3.60 0.60 0.94
FEM-UM-9 400 650 8 (SC) 17.6 0.58 0.59 1.02 | 40 | 7.23[0.55| 096 | 7.10 0.56 0.96
FEM-UM-10 | 400 650 20 (SC) 12 1.13 0.76 067 | 19 | 0.11|1.09| 096 | 0.13 1.06 0.93
FEM-UM-11 | 400 650 17.6 (SC) 12 1.07 0.76 071 | 20 | 0.17 | 1.03 | 096 | 0.20 0.99 0.92
FEM-UM-12 | 400 650 15 (SC) 12 0.99 0.76 077 | 2.1 | 0.29]0.95| 096 | 0.33 0.91 0.92
FEM-UM-13 | 400 650 12 (SC) 12 0.87 0.71 082 | 24 | 0.59|0.83 ] 096 | 0.65 0.81 0.93
FEM-UM-14 | 400 650 8 (SO) 12 0.68 0.58 085 | 3.1 | 221|0.65| 096 | 2.23 0.65 0.96
FEM-UM-15 | 400 200 8 (SO) 4 1.19 0.57 048 | 1.8 | 0.07|1.14| 096 | 0.12 1.08 0.91
FEM-UM-16 | 400 200 6 (C) 4 1.03 0.49 048 | 2.1 | 0.20|1.01 | 099 | 0.28 0.93 0.91
FEM-UM-17 | 400 200 5 (©) 4 0.90 0.45 050 | 23 | 037]091| 1.01 | 048 0.85 0.95
FEM-UM-18 | 753 265 13 (SC) 5 1.35 0.53 039 | 1.7 | 0.03|1.21| 090 | 0.05 1.16 0.93
FEM-UM-19 | 753 265 11 (©) 5 1.28 0.49 038 | 1.8 | 0.05|1.17 | 091 0.09 1.12 0.93
FEM-UM-20 | 753 265 9 (©) 5 1.18 0.44 037 | 19 | 0.10| 1.10 | 093 | 0.16 1.02 0.91
FEM-UM-21 | 753 265 7 (NC) 5 0.98 0.39 040 | 22 | 026|098 | 1.00 | 0.35 0.90 0.97
FEM-UM-22 | 753 530 13 (SC) 9 1.02 0.53 052 | 2.1 | 022099 097 | 0.30 0.92 0.90
FEM-UM-23 | 753 530 11 (O 9 091 0.49 054 | 24 | 041]090| 099 | 0.51 0.84 0.93
FEM-UM-24 | 753 530 9 (©) 9 0.79 0.44 056 | 2.7 | 0.84|0.78 | 1.00 | 0.93 0.76 0.97
FEM-UM-25 | 1753 530 9 (©) 7 0.94 0.44 047 | 23 | 034|093 099 | 043 0.86 0.92
FEM-UM-26 | 753 530 7 (NC) 7 0.78 0.39 050 | 2.7 | 0.85|0.78 | 1.00 | 0.93 0.76 0.97
FEM-UM-27 | 753 530 5(S) 7 0.63 0.35 0.55 | 3.5 | 2.89]0.63 | 1.00 | 2.56 0.64 1.01
FEM-UM-28 | 911 305 14 (C) 5 1.28 0.50 039 | 1.7 | 002|122 096 | 0.04 1.18 0.92
FEM-UM-29 | 911 305 12 (O) 5 1.24 0.46 037 | 1.8 | 0.04|1.19| 096 | 0.07 1.14 0.92
FEM-UM-30 | 911 305 10 (©) 5 1.17 0.42 036 | 1.8 | 0.07|1.14| 097 | 0.12 1.08 0.92
FEM-UM-31 | 911 305 8 (NC) 5 1.05 0.38 036 | 20 | 0.16|1.05| 1.00 | 0.23 0.96 0.92
FEM-UM-32 | 911 610 16 (SC) 10 1.08 0.54 050 | 20 | 0.16|1.05| 097 | 0.22 0.97 0.90
FEM-UM-33 | 911 610 16 (SC) 8 1.18 0.53 045 | 1.8 | 0.07|1.14] 097 | 0.11 1.08 0.92
Note: i) SC= seismically compact; compact; C= compact; NC= noncompact web
ii) Web sections classified with assuming the steel grade of A992 (Fy = 345 MPa)
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Table 4. Analyzed and comparison of FLB coefficients for H-shaped beams under moment gradient

FEM 2016 KBC MVM Simplified formula
Model Depth, | Width, Web Flange Span, [per Eq. (34)]

T H by thickness, | thickness, L ke "

(mm) | (mm) | £, (mm) | & (mm) | (mm) | k (: _4 ) kdlk @) C | kin | kmidk | C | kmin | ik
Vhlt,

FEM-MG-1 | 400 650 | 17.6 (SC) 17.6 4,000 | 1.09 0.76 0.69 | 2.1 [0.55|1.02| 093 | 059 | 0.96 | 0.88
FEM-MG-2 | 400 650 12 (SC) 17.6 4,000 | 0.92 0.73 079 | 2.5 | 1.87/0.85] 092 | 193 | 0.79 | 0.86
FEM-MG-3 | 400 650 8 (SC) 17.6 4,000 | 0.78 0.59 0.76 | 29 [ 6.67|0.76| 098 | 6.66 | 0.70 | 0.90
FEM-MG-4 | 500 300 10 (SC) 10 6,000 | 0.86 0.58 0.67 | 2.6 (082|084 | 097 | 0.79 | 0.85 | 0.98
FEM-MG-5 | 500 300 6 (O) 10 6,000 | 0.64 0.45 0.70 | 3.6 |5.12|0.63| 0.99 | 3.73 | 0.67 1.04
FEM-MG-6 | 500 300 10 (SC) 6 6,000 | 1.20 0.57 048 | 1.9 (0.13|1.12| 093 | 0.17 | 1.10 | 0.92
FEM-MG-7 | 500 300 5 (NO) 6 6,000 | 0.76 0.40 053 | 3.0 [1.63|0.75| 098 | 1.38 | 0.77 1.02
FEM-MG-8 | 500 300 10 (SC) 4 6,000 | 1.37 0.57 042 | 1.7 {003 126|092 | 0.05 | 1.24 | 091
FEM-MG-9 | 500 300 5 (NC) 4 6,000 | 1.00 0.40 040 | 22 (036|097 | 096 | 040 | 0.95 | 0.95
FEM-MG-10| 753 530 9 O 15 8,000 | 0.68 0.45 0.66 | 3.4 |4.74|0.66| 097 | 3.70 | 0.68 1.01
FEM-MG-11| 753 530 9 0O 12 8,000 | 0.76 0.44 0.59 | 3.0 (220|073 | 096 | 1.88 | 0.74 | 0.98
FEM-MG-12| 753 530 13 (SC) 9 8,000 | 1.18 0.53 045 | 19 [020|1.15| 098 | 0.26 | 1.04 | 0.89
FEM-MG-13 | 753 530 9 (O 9 8,000 | 0.90 0.44 049 | 25 [0.79/0.86| 095 | 0.79 | 0.86 | 0.96
FEM-MG-14 | 753 530 7 (NC) 9 8,000 | 0.77 0.39 051 | 3.0 (197074 | 096 | 1.68 | 0.76 | 0.98
FEM-MG-15| 911 610 16 (SC) 20 8,000 | 0.80 0.54 068 | 29 [1.76 1076 | 0.96 | 1.55 | 0.77 | 0.97
FEM-MG-16| 911 610 16 (SC) 10 8,000 | 1.26 0.54 043 | 1.8 [0.14|1.23| 097 | 0.19 | 1.11 0.88
FEM-MG-17| 911 610 10 (C) 10 8,000 | 0.91 0.42 046 | 25 (079087 | 095 | 0.79 | 0.87 | 0.95
FEM-MG-18| 911 610 10 (C) 16 8,000 | 0.70 0.43 0.61 | 33 [4.14|0.68| 098 | 327 | 0.70 | 1.00

Note: i) SC = seismically compact; compact; C = compact; NC = noncompact web
ii) Web sections classified with assuming the steel grade of A992 (Fy = 345 MPa)
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