% 49 5% 1 FRRXFFHR Vol. 49 No. 1
2026 1 A Journal of Chongqing University Jan. 2026

doi: 10.11835/j.issn.1000-582X.2026.01.008
SRR I, R AL, ()13 . e g St i A8 S il PERE W SE ()], HE IR Q727 4k, 2026,49(1): 82-93.

e 5 TRy AL J oy P fiE BF E

B AL R TR

(1. HE®RTFRE L RIEFE,HMd 5 410082; 2. TR AF L RIHEFRE, F IR 400045)

HE AR ESRAOGT T REHEE, FTRET AT RERAGNETH I mBRE, 7374
R EABEX FHE-E SR BEMREBEL., ARERELN, A AR 2o kv
TREW B R . BRI AEAN X0 2 R G EMH KRBT 2 STH W&, R A, %5 7 41 8 4F
FAA 6 RS R I F BN R M A R KRN e S R - e A A AT B R D
T R AR B A B 2T AS4100 HL7E L AISC #L7E vh & Nethercot #= Trahair & 30 7 & #4715 i, A
183t &3 E X e v & R ls RT3, 2 R A9, AS4100 #L7E vA & Nethercot #= Trahair 7 i #9
HH 4R LX) A BT,

KRR T R B AR R R W06 R AT K

FESES:TU39] XEERE A X EHS:1000-582X(2026)01-082-12

Research on distortional buckling performance of castellated beams
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(1. School of Civil Engineering, Hunan City University, Yiyang, Hunan 410082, P. R. China; 2. School of Civil
Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: To investigate the distortional buckling performance of castellated beams, six castellated beam
specimens were subjected to static load at the mid-span. The corresponding failure modes, load-vertical
displacement responses, and web deformed shape curves of specimens were obtained. The results indicate that all
six specimens failed in a distortional buckling mode. Specifically, the compressive flange of the entire specimens
exhibited an S-shaped curve upon failure. Meanwhile, out-of-plane bulging deformation occurred in the web post
section at the mid-span loading location. With the increase of castellated beam length, both the initial stiffness of
the load-vertical displacement curve and the critical distortional buckling capacity reduced. Results of the
distortional buckling strengths obtained from the experiments were further compared with the predications
calculated using the modified method suggested by AS4100, AISC, and Nethercot and Trahair. The comparison
results show that the predications of the AS4100 method and the Nethercot and Trahair approach are in good
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agreement with the test results.
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Fig. 1 Distortional buckling of castellated beams
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Table 1 Geometric parameters of specimens for residual stress measurement

[ENEE TR NIA~ L,/mm B/mm H/mm t,/mm t/mm h/mm
Al6 16 4752 99(98) 297(296) 4.5(4.9) 7(6)
Al8 18 5346 99(101) 297(295) 4.5(4.8) 7(6) 198
A20 20 5940 99(101) 297(295) 4.5(4.8) 7(6.2)
B16 16 5952 124(125) 372(370) 5(5.3) 8(6.9)
BI18 18 6 696 124(125) 372(372) 5(5.0) 8(6.9) 248
B20 20 7 440 124(124) 372(372) 5(5.3) 8(6.9)
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Fig. 2 Fabrication of a castellated beam
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Table 2 Properties of steel materials

NSRS SLPERL i /GPa B AR IR 5 /mm 1% R 35 5 /M Pa Jith Jl 5 J3E /M Pa
AF 203.2 6.0 433 269
AW 201.7 4.9 438 300
BF 202.1 6.9 403 267
BW 201.4 5.2 431 302

1.3 MBEERMEHFR

3 0 28 2 R 3 TR B A R AR e R O T Ak PR SN R, e R P v A OB R R S R
B7 1k 3 A 7 S AR b A b VR T A Jea 3 D i, 7 SR A 15 S ) 0 S0 U 5 Shy 249 oA 0 s R A S AR Kb %) A i) A7
B P 5% A0 S8 b T 3G B8 4 AKF- ) il AR AR S O ) S A 3(b) it i s 7 IR rh 2 Ak 1 4
A RS AE Ry 0l 1) S, DARR 1 b3 2k 0 1] 62 7%, A 3 Ce) TR o Ry B AR A2 m 268 ot A v g o 119 52 10
TR R F T FR A B0 2 A A% S i k8 1) ey 2

LG
iy 32 Al e 32 4 Al e 3745

BE 5 B[ fnsh
0 |

(a) NBREEREE

(b) FELARE (c)E5 P inERAL 23R E

3 RIEmMEBKE
Fig.3 Test setup
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Fig. 6 Load-strain curves of typical specimens
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Table 3 Comparison of calculated load-bearing capacity for distorted buckling of castellated beams

szMpx|:O-7+ ]<min(amMod’Mpx)a (19)

WA G P_ /KN Pgio/kN P, /kN P /kN Poiod P P/ P, Pyl P,
Al6 48.35 51.54 53.17 50.61 1.07 1.10 1.05
Al8 43.01 42.61 47.94 43.76 0.99 1.11 1.02
A20 38.05 32.09 44.65 37.90 0.84 1.17 1.00
B16 67.50 75.67 76.74 73.80 1.12 1.14 1.09
B18 58.01 59.15 67.83 61.55 1.02 1.17 1.06
B20 50.78 46.40 57.73 51.31 0.91 1.14 1.01
¥ 0.99 1.14 1.04

R 0.10 0.03 0.04
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Nethercot fll Trahair J7 ¥ (8 1158 25 B mg K P i 45 B . AR5 , AS4100 813 LA & Nethercot Al Trahair J7
T 45 R 5300 45 W) 58 -, {5 AS4100 B y0 118 45 s w8 K,

4 & i

1) SCHAFGE S8 A, 8 55 S 18 O A W A T ot A O, 4 P 52 s 3R % A 5 A R R B2 S TR it 2k L IR
M Az Je 38 T o

2) AW A 1/4 5 AR AR R — Ak T A2 RR A 53 — h 32 AR e A e it I S e
B PR 5 1/2 1 R AT b 3 Kb A N ) S AR I ) U I e S A 4 Ak T 52 HOIR A B T 3
TN HE Al — 0 328 i 2 78 Ry 2 PR

3) W TR A A 0T, 26K I o A7 A% 4 T RN e P 1 o 2 0T e L T I AT 8 A 158 ) o7 B T K
WA A7 1 T, i 28— 5 1) A7 6 oy 442 T 300 O B2 0/ S e e B 3 il /L W 7 S o e A R T AR

4) 3 I e e U S o e R o 2 ) S0 BV A T 0 RS L D I S T e e R n 2 AR T R L 4
AT W 7L T P 115 S5 Ao 28 FsF ) g 25 R DR 44 K 5 e s R 1/4 it R AR TR RIS kA T R AR RS, EL AR O B EH S
B AETE 5 172 5 P 485 e Ach AR 1 90 b Jm 350 D i, R 3R % e A A RS

5) R HEIE 9 AS4100 #L3E  AISC ML LI & Nethercot Fl Trahair 385 77 25 % 3 56 v 4% i 55 2 358 25 1) W 2
JeE 711 55 28 2R A7 40 A, &% B AS4100 HEYE L & Nethercot F1 Trahair J7 325 19 1153 25 9 5 1056 45 1wy & 404, 0
ASA100 LG8 45 R B HE s R .
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