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Flexural Strength of High-Performance Built-up Beams
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Abstract - In this study, full-scale bending test of sinusoidally corrugated web beam was conducted to compare the flexural
strength of various limit states of the current design standards, KDS and Eurocode. The flexural performance of the corrugated
web beam was comprehensively evaluated in terms of the yield moment strength of the flange, the local buckling strength of
the flange, the influence of the lateral-torsional buckling strength and the moment gradient effect. The experimental results are
in good agreement with the strength of the rolled steel or equivalent welded section provisions of Eurocode 3, which takes a
non-conservative approach. The lateral-torsional buckling strength of the specimen, which was intended to be checked through
uniform moment distribution, was found to exceed even the yield strength. On the other hand, the evaluation result for the
specimens subjected to linear moment gradient was slightly below the nominal strength of KDS and Eurocode, which is con-
sidered to be because the flange local buckling and lateral-torsional buckling interacted with each other.

Keywords - Sinusoidally corrugated web beams, Built-up section, Flexural strength, Flange local buckling, Lateral torsional

buckling, Moment gradient
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(a) Geometry of corrugated web beam
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(c) Trapezoidal corrugation

Fig. 1. Geometry and dimensional symbols
for corrugated web beams
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Table 2. Comparison of width-to-thickness ratio limits for

L, compact flange A,¢
Standard L, L. Standard Aps Mg
General case | 0.57rE/F) - l;,: 0.43 A 0.47ETF, )
Eurocode 3 | Rolled or Eurocode 3 | (subsection 4)

Part 1-1 equivalent 1.36rE/F, - Part 1-5 ks=0.60 0.55\E/F )

welded sections (Annex D) ’ Y

zry=+E/0.7F, 0.95+/k.E/0.7F
KDS 14 31 10 1.10r+E/F, ! - KDS 14 31 10 0.38+/E/F,
PNEIY L — 3 750 \ETF, " | =0.56NE/F,

ry: radius of gyration of compression flange about weak axis
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Fig. 2. Comparison of normalized lateral torsional
buckling strength curves: Eurocode 3 vs. KDS 14 31 10
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Fig. 4. Overall view of test setup and 4-point loading condition

Specimen Section size (mLm) (nflln) (nfrzn) (nl]fn) Cp
MY-333-800 2,600 800 875
MY-333-1000 2,500 1,000 775
LTB-333-1300 349x150%3x8 2,350 1,300 625
LTB-333-1600 2,200 1,600 875
LTB-333-2000 6,000 2,000 2,000 675
FLB-333-12.5 345x150%3x6 2,600 800 875
FLB-333-16.7-O
345x200%3x6 2,600 800 875 1.00
FLB-333-16.7-1
MY-500-1100 3,700 1,100 1,700
LTB-500-1400 3,550 1,400 1,550
LTB-500-1800 520%200%3x%10 8,500 3,350 1,800 1,350
LTB-500-2100 3,200 2,100 1,200
LTB-500-3000 2,750 3,000 750
MY-500-G1000 4,600 1,000 1,400
528x250%3x14 10,200
LTB-500-G4600 4,600 1,000 - 1.67

"Specimen designation A-B-C: A = specimen limit state according to KDS 14 31 10 (MY = fully yielding, LTB = lateral torsional buckling, FLB = com-
pression flange local buckling); B = corrugated web height; C = unbraced length or flange width-thickness ratio
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Table 4. Tensile coupon test results

Plate Elastic el Veslle Yield
Steel hickn qul strength | strength .
grade thickness mi/{ Il)l us Fym Fun r;i{tll{o
(mm) ( a) (MPa) (MPa) ( )
SS275 3 238,055 355.5 483.2 0.736
6 210,378 4349 530.7 0.819
8 216,131 391.1 538.4 0.726
SM355
10 251,208 401.5 543.6 0.738
14 242,662 455.8 597.8 0.762
42 TEYH %333 mm AQ A@A ) A

Table 59 TP E &o0] 333 mmQl A A4
= YRt LTB-333-10009] 3%, A1 A%
2 o8] YA I7} AFA SR 2L 7oA &6}
RIAL, FA17F AN S L7 B o Fdjstso]

AR A ZA YA HJAHEF I E 23 % 3.
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Table 5. Experimental results from specimens with 333 mm
web height

g Pu* Mu* Mn,KDS“ Mu
Hjseinl (&kN) | (kN'm) | (kN-m)

M, n,KDS

MY-333-800 130.6 169.7 156.0 1.09
LTB-333-1000 153.5 191.9 156.3 1.23
LTB-333-1300 131.4 154.3 152.7 0.99
LTB-333-1600 151.7 166.9 148.5 1.09
LTB-333-2000 150.2 150.2 141.0 1.02
FLB-333-12.5 106.2 138.1 128.7 1.30

FLB-333-16.7-O 122.2 158.9 1.63

140.4
FLB-333-16.7-1 117.5 152.8 1.57

*P., M,: ultimate applied force and moment strength
M, kps: nominal strength according to KDS 14 31 10

MY-333-800 A @A A o)A o3t vhe} o] =
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Fig. 6. Flange local buckling of MY-333-800
at ultimate loading
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Fig. 8. Strain response measured at mid-span of MY-333-800
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Table 69 AFNA AZH F=e A5 ASTEE
13 FAPAEE Aot BE ATA Y A4 E
7} ZAYFEAEE 4359 LTB-500-3000 A
Qg AFA|EoA = Aol TEet & FHF =]
HHAE5E1 21, LTB-500-3000004+= AWJE =g
ol @A Yu|EHFZo] WA ATHFig. 13 FX).

Table 6. Experimental results from specimens with 500 mm

web height
Specimen (lflzl) (kIA\Il- “m) (AIZIIKIKE) %
MY-500-1100 225.5 417.1 401.0 1.04
LTB-500-1400 240.7 427.2 401.3 1.06
LTB-500-1800 256.5 429.6 3944 1.09
LTB-500-2100 264.5 423.1 385.0 1.10
LTB-500-3000 301.5 414.5 356.7 1.16

*Pu, M,: ultimate applied force and moment strength
**Mn, kps: nominal strength according to KDS 14 31 10

Fig. 13. Permanent deformation of LTB-500-3000
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Fig. 14. Comparison of moment-rotation relationships
obtained from specimens with 500 mm web height
subjected to uniform moment

Fig. 152 A9A SG+ At ZHA 1 Z|gt <=1
LVDT4%} LVDT50A A&3 WeHge vigko s 5
of T o) v SH A4S APt Aot LTB-500-1800 2
LTB-500-2100 A& A= 2F 400 kN'm - 410 kN-m2] 3
HHlEo|A RS0l TAYstal 11 o]Fof 7HAp|
Ho| H]E2]7] A&t A 0 & wpolE c) whd, LTB-500-
3000 AFA = 71 28HRE ©Ho| HEE]7] Al&s
o, BE974d0] &5 %E}L 7]X4°1 0=0.015 rad
wol A AR 9] FxpZo] AT ACZ o] = it

500
450 ; , Initiation of LTB
400 }
LVDT4

{

{1
{i
£

350
300
250

200

LVDTS

Moment, M (kN-m)

150
100 || 0 LTB-500-1800

LTB-500-2100
—A— LTB-500-3000

LVDT4 - LVDT5

50 hy+iy

0
-0.025 -0.020 -0.015 -0.010 -0.005 0 0.005  0.010 0.015

Section torsional deformation, @ (rad)

Fig. 15. Comparison of moment vs. section-torsional
deformation relationships obtained from LTB-500 series

Fig. 160]| Z} 7|22 XX 7 2lof| wt& Pu|Ed3=

e TAD AYYEE AR ASYES o
WEz Gokstel Uehilch LE WA FEE 7

oR
r&"
ook
s
H

SEEzere] =5 A35E AR E(EU A|1845) 20234 62 133



ZEOII
TEHE

[

gt

ofl

Ad 1% 2PR0 H 4% 57t

1l

71E0l AAE e FEEG A ASHALH, T 4
T2 TERHER T &5t= A2 YEH. LTB-
500-3000 A @A = FrISHI= FALHT TEH
T 75t B o] gt AL THE Substd
A FERAEZE ASstA. o2t Frs7t &
AL ¥ HY7 o] g B 0P Brt vEd7d4d
o 7]ofsk= Bi7t & Aol fElr 532 4 AUt

1.2

1.0

0.8 MY-500-1100 ~ < T~
MY-500-1400 ~
LTB-500-1800 ~ -
LTB-500-2100

LTB-500-3000

0.6

M/M,,,
>&0X0

0.4

—— KDS 1431 10

= = - EC3 (general case)

=+ = EC3 (rolled or equivalent
welded sections)

02

0

0 0.2 0.4 0.6 0.8
Normalized laterally unbraced length

Fig. 16. Comparison of experimental LTB strengths
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Table 7. Experimental results from 500 mm web height
specimen subjected to linear moment gradient

Specimen P/ M/ Moo | _Mu_
(kN) | (kN-m) | (kN'm) | M,gps
MY-500-G1400 313.8 721.7 797.7 0.95
LTB-500-G4600 | 291.0 669.2 797.7 0.84

*P,, M,: ultimate applied force and moment strength
M, kps: nominal strength according to KDS 14 31 10
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(a) Tearing of flange-to-web  (b) MY-500-G1400 (left);
fillet welding LTB-500-G4600 (right)

Fig. 17. Weld tearing and LTB observed in
specimens subjected to linear moment gradient
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Fig. 19. Comparison of experimental LTB strengths
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