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Direct Strength Method Design of Welded I-Section
Beam-columns with Slender Web

Y. H. Yang (#pifE), Sh.F. Chen (JE4#)

{School of Civil Engineering, Xian University of Architecture and Technology, Xian 710055, China)

Abstract: The Direct Strength Method (DSM) of design, which is an alternative to the Ef-
fective Width Method (EWM) used for cold-formed steel structural design, has recently
been adopted by some design codes (NAS, 2004 Supplement; AS/NZS4600, 2003) for the
design of cold- formed steel structural members. The DSM as used in the NAS and AS/NZS
4600 has been limited to cold-formed beams and columns. Till now the method has not been
applied to hot-rolled and welded steel structural members. Furthermore, even for beam-col-
umns of cold-formed sections there exist no DSM formulas either for in-plane stability or
for out-of-plane stability. Welded I-section beam-columns with slender web are designed by
the EWD to the current Chinese Standard GB 50017—2003 (Code for Design of Steel Struc-
tures) . The DSM is much simpler to apply than the EWM as it uses gross section proper-
ties rather than effective section properties as commonly used in EWM. Due to this simplic-
ity to use, the question naturally arises: if the DSM can also be used to such members. In
this paper this possibility is preliminarily explored for such sections both for in-plane and
out-of-plane stability and it is concluded that based on the GB 50017—2003, the DSM was
found to give rather good design accuracy compared with the current EWM for most cases
discussed and it is much easier to implement, therefore a set of design proposals based on
the GB 50017—2003 is put forward. |

Keywords: Direct Strength Method, Effective Width Method, beam-column, slender web

1 Introduction

The Direct Strength Method (DSM) of design, which is an alternative to the Effective
Width Method (EWM) used for over 50 years for cold-formed steel structural design, has
recently been adopted by the North American Specification (NAS). (2004 Supplement)
(AISI, 2004) for the Design of Cold-Formed Steel Structural Members and the draft Aus-
tralian/New Zealand Standard for Cold-Formed Steel Structures AS/NZS4600 (2003)
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(Hancock et al. , 2005) . The DSM as used in the NAS and AS/NZS 4600 has been limited
at this stage to cold-formed beams and columns. The method has not been applied to hot-
rolled sections and those designed to the hot-rolled standards. The DSM is much simpler to
apply than the EWM as it uses gross section properties rather than effective section proper-
ties as commonly used in EWM. Due to this simplicity to use, the question naturally arises
if the DSM can also be used to hot-rolled sections and similar sections design to the hot-
rolled standards. Hancock et al. (2005) explored this possibility preliminarily and conclu-
ded that based on the AS 4100. 1998, the DSM was found to give better design accuracy
than the current EWM for most cases discussed.

Welded I-section beam-columns with slender web are designed with the EWD to the
current Chinese Standards GB 50017—2003 (Code for Design of Steel Structures) (2003)
and CECS102: 2002 (Technical Specification for Steel Structure of light-weight Buildings
with gabled Frames) (2003) . In this paper, the DSM is applied to such members and cor-
responding design proposals are put forward. As prescribed in the Chinese Standard GB
50017—2003, the stability design of beam-columns composes of two aspects, namely, in-

plane and out-of-plane stability, in this paper both aspects are discussed.

2 DSM for In-plane Stability

Based on the DSM in AISI (2004) and the design formula for checking the in-plane
stability of beam-columns in GB 50017—2003 (2003) the following DSM procedure is pro-

posed for the in-plane stability check of welded beam-columns with slender web:

Pﬁ + B M < 1.0 D
nl aenyXfY(1_0'8Ng
P,is calculated as following (AISI, 2004) .

if 2,<<0. 776 , then
Png — Pne (Za)
if Ay>>0.776 , then ‘

0.4 0.4

p, = [1—0. 15 (gﬂ) ] (%) P.. (26)

Wlth . Anl = &/ Pne/ Pcrl (3)
P = fypA 4
Pcrl = dcrlA . (5)

Here oo, is the local buckling stress of the section under concentrated compression, ob-
tained with the finite strip software CUFSM 2. 6b developed by Schafer (2003); q. is a re-

duction coefficient to the section modulus accounting for the local buckling of the web un-
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der pure bending. calculated as following (GB 50017—2003, 2003):
_a- P hit.
21,

in which, I, is the second moment of area of the section about axis x (the strong axis of the

ae-1

(6)

section) ; A. the height of the compression zone of the web; ¢, the thickness of the web; o

is the effective section coefficient for the web plate under pure hending, calculated as:

p=1.0 (A << 0. 85)
p=1—0.82(A, —0.85) (0. 85 <A, << 1.25) (N
p=(1—0.2/)/ Ay (Ap > 1.25)
: _he/ty [ fy
with Ab = 153 535 (8)

A, W,are the section area and section modulus, respectively; N is the concentrated com-
pression and M, the maximum bending moment on the column, respectively. Bux is the in-
plane equivalent moment coefficient, 7, is the plastic adaptation coefficient, @« 1s in-plane
stability coefficient for columns under concentrated compression, f, is the yielding strength

of steel, N'g, is modified Euler buckling load of the column defined as:
N = n*EA/(1. 1A% (9

with A, being the in-plane slenderness of the column, E being the Young’ s modulus of

steel.

3 DSM for Out-of-plane Stability

Similarly, based on the DSM in AISI (2004) and the design formula for checking the
out-of-plane stability of beam-columns in GB 50017—2003 (2003), the following DSM pro-

cedure is proposed for the out-of-plane stability check of welded beam-columns with slender -

web:
N |, B, |
P. + M, < 1.0 aom
P,; is calculated as in Sec. 2, but equation (4) is now about the weak axis y;
Pne = fySDyA (11>

M, is calculated as following (AISI, 2004).
if A,=20.776 , then

M, = M, (12a)
if Au>>0. 776, then
M, = [1—0. 15 (Aﬁ%)“} (AA%&)“M 12
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with A = M,/ Moy (13)
Mne = fySDbWx (14)
Mcrl == Omerl Wx ( 15 )

Here 6w 18 the local buckling stress of the section under pure bending, as in Sec. 2 ob-
tained with the finite strip software CUFSM 2. 6b developed by Schafer (2003); A, W,are
the section area and section modulus, respectively; S, is the out-of-plane equivalent mo-
ment coefficient, ¢, is out-of-plane stability coefficient for columns under concentrated

compression, ¢, is stability coefficient for beams under pure bending.

4 Comparisons with Tests

4.1 In-plane Stability

Gu and Chen (1997) conducted a series of nine specimens of welded I-section beam-
columns with slender web to investigate their in-plane stability behavior. The test data of
the specimens are given in table 1. In the table A, t,, b, ¢ represent the web depth, web
thickness, flange width and flange thickness respectively, they are all in millimeter; v,
w, denote the maximum initial in-plane member imperfections and maximum initial out-of-
flatness of the web plate, respectively, all measured in millimeter; e=eA/W, is the relative
loading eccentricity, through which bending moment is applied; P, is the tested ultimate

in-plane load bearing capacity. The specimens are made of Q235 steel, with tested web
plate yield point of 238. 6MPa and flange yield point of 274. 5MPa.

Test data of Gu and Chen (1997) Table 1
Specimen hw 1w b t Ax € Vo wo P,/ kN
11 180 2.5 120 5 70.7 3.07 4.0 1. 50 96. 04
1-2 180 2.5 120 5 70.5 1.23 - 0.0 3.07 165. 62
2-1 210 2.5 120 5 61.4 0.91 —1.0 1. 90 207.76
2-2 210 2.5 120 5 61.3 2.48 1.0 2.45 121.03
3-1 240 2.5 120 5 54.9 0. 97 3.0 1. 80 203. 84
3-2 240 2.5 120 S 54.3 2.35 4.0 3.12 121.52
4-1 270 2.5 120 5 49. 2 2.28 7.5 2. 87 129. 36
4-2 270 2.5 120 5 49.1 0.76 3.5 2. 20 231. 28
5-1 300 2.5 120 5 44.7 2.07 2.0 3. 07 147. 00

Given in table 2 are the ultimate in-plane loads bearing capacities in kilo-Newton calculated

with two current Chinese codes and with the proposed method above. Py, denotes the cal-
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culated ultimate load by the method in GB 50017—2003, P, is the calculated value by the
method in CECS102; 2002, both methods are EWM. Py is the calculated ultimate load by
the above-proposed DSM. From comparisons in table 2 it is evident that the proposed DSM
can rather accurately predict the in-plane stability capacity of I-section beam-columns with

slender web.

" Comparison with test results of Gu and Chen (1997) Table 2
Specimen P, P, Paorw Py P./P. P./Proww Py./Py
1-1 96. 04 97.79 90. 35 102. 66 0.99 1. 07 0.94
1-2 . 165. 62 157. 83 145. 85 170. 41 1. 05 1.14 0. 97
2-1 207.76 186. 95 178.76 193.15 1.11 1. 16 1.08
2-2 121.03 114. 66 11Q. 49 120. 00 1. 06 1. 10 1.01
3-1 203. 84 195.02 185. 45 189. 77 1. 04 1.10 1. 07
3-2 121. 52 125. 63 120. 68 126. 06 0. 87 1.01 0. 96
4-1 129. 36 134.5 127. 93 129. 68 0. 96 1.01 1. 00
4-2 231. 28 225. 46 212. 21 204,19 1.03 1. 09 ‘1. 13
5-1 147.00 149. 16 140. 39 137.90 0.99 1.05 1. 07

4.2 Out-of-plane Stability

Yang and Chen (1998) conducted a series of eight specimens of welded I-section beam-
columns with slender web to investigate their out-of-plane stability behavior. The test data
of the specimens are shown in table 3. In the table A, t., &, t are the same as in table 1;
uy» wy denote the maximum initial out-of-plane member imperfections and maximum initial
out-of-flatness of the web plate, respectively, all measured in millimeter; e is the loading
eccentricity in mm, through which bending moment is applied; P, is the tested ultimate
out-of-plane load bearing capacity. The specimens are made of Q235 steel, with tested web
plate yield point of 179. 4MPa and flange yield point of 292. 6MPa.

Test data of Yang and Chen (1998) Table 3
Specimen - Lw b ¢ Ax Ay e 1o wo P,/ kN
LC70A 140 2 100 4 21. 4 50. 2 26. 4 0.0 0. 20 201.6
LC80A 160 2 100 4 23.3 63. 3 27.0 0.0 0. 25 195.0
LC90A 180 2 100 4 24.7 76.8 70.6 1.0 0. 28 112.9
LCo0C 180 2 100 4 24,7 76. 8 49. 6 1.0 0. 50 172.5
LC100A 200 2 100 4 25.8 90. 7 65.5 1.0 1.08 92.8
LC100C 200 2 100 4 25.8 90. 7 65.0 1.5 1.33 122.3
LCI120A1 240 A 100 4 24.8 107.0 109. 4 0.0 2.35 75.5
LC120A2 240 2 100 4 26.7 115. 8 149. 6 2.0 2.30 70.0
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Shown in table 4 are the ultimate out-of-plane loads bearing capacities in kilo-Newton cal-
culated with two current Chinese codes and with the proposed method above. Py, » P. de-
note similar loads as in table 2. Py is the calculated ultimate load by the above-proposed
DSM. From comparisons in table 4 it is also evident that the proposed DSM can rather accu-
rately predict the out-of-plane stability capacity of I-section beam-columns with

slender web.

Comparison with test results of Yang and Chen (1998) Table 4

Specimen P, Py P, Pooew P,/Pq4 P,/P, Pu/Pzor
LC70A 201.6 162. 6 177.1 168. 3 1. 24 1.14 1. 20
LCBOA - 195.0 149. 4 165.0 157.1 1.31 1.18 1.24
LCS0A 112.9 106. 6 118.7 111.1 1. 06 0.95 1.02
LCo0C 172.5 131.2 133.0 137.5 1.31 1.30 125
LC100A 92. 8 100.7 110. 9 104. 5 0.92 0. 84 0. 89
LC100C 122. 3 112. 3 112.3 116. 6 1.09 1. 09 1.05

LC120A1 75.5 78.5 91.0 81.7 0. 56 0. 83 0.92

LC120A2 70.0 65. 2 73.6 67. 4 1. 07 0.95 - 1,04

5 Conclusions

A Direct Strength Method (DSM) is proposed for the stability design of welded I -
section beam-columns with slender web, which are currently treated with the traditional
Effective Width Method (EWM) . Both in-plane and out-of-plane stability are dealt
with. The column and beam design curves are those in the Chinese Steel Structures Stand-
ard GB 500172003, while the local buckling loads of the complete section under pure
compression and bending are calculated using a finite strip buckling analysis soft-
ware. From the comparisons with test results and the methods in the two Chinese codes
GB 50017—2003 and CECS102: 2002 it is found that the proposed DSM can fairly well
predict the ultimate stability load bearing capacity of such members. However, before
practical application more studies to confirm the proposals are needed and practical meth-

ods for computing the local buckling loads of the whole section also need be put forward.
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Abstract: Two different theories in conducting total potential energy equation of flexural-

torsional buckling of thin-walled members are introduced, the strain energy of “traditional
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theory” is the summation of linear strain energy and linear shear strain energy and the neg-
ative potential energy of force is non-linear strain energy is pointed out, it is not closely
that both strain energy and potential energy of force are included in “traditional theory”
. Some controversies of “new theory” in conducting total potential energy equation of flex-
ural-torsional buckling of thin-walled member are recalled, the meanings of two widely ac-
cepted hypotheses that the shape of the cross-section remains unchanged and the shear
strain can be omitted on mid surface of the cross-section when the member undergoes its
flexural-torsional deformations that first proposed by Bmacos B. 3. 1s analyzed, and some
wrong applications of the two hypotheses in conducting total potential energy equation are
pointed out, it is benefit for conducting a closely total potential energy equation of flexural-
torsional buckling of thin-walled members.

Keywords: thin-walled members, total potential energy equation, linear strain energy,

non-linear strain energy
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