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Abstract

In this paper, according to the design requirements of a
steel structural project, based on the principle of structural
mechanics of thin-walled bar, the non-right angle H-section,
which is subjected to bending moment and shear force, is taken
as the object of study, the formulas of bending normal stress
and shear stress are deduced. On this basis, the distribution of
bending stress and shear stress and the location of dangerous
stress are analyzed, the calculation method of section strength
is discussed, and the FEA software ABAQUS is used to verify
the above.
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1 Introduction

In the past two decades, the construction industry has devel-
oped by leaps and bounds, the building appearance become
various. A building shown in Fig. 1 has an inclined facade. In
the steel structure of the inclined facade, the steel beam uses
a non-right angle H-section as shown in Fig. 2, ie, the angle
between the web and the flange of the steel beam section is 80
degree to meet the appearance requirements of the building.

Fig. 1 An inclined facade of a building

In Fig. 2, the height of the non-right angle H-section is 7,
the width is b, the flange thickness is 1 the web thickness is 7 ,
the angle between the web and flange is a. The cross section is
geometrically non-symmetric. The shear centre and centroid
own the same position. The origin of the coordinate system
is located at the centre of the section, the X axis of coordinate
system is parallel to the flange, the parameters of the cross
section can be given as follows [1]:

moments of inertia:
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According to the size of the non-right angle H-section used
in the project, and taking into account the common dimen-
sions of the H-section [2] [3], the angle a is defined in the range
of 70~90 degree, the range of height-to-width ratio m (= & / b)
is 1.0~3.0, and the range of thickness ratio of flange and web
k=t/t)is 1.0~2.0.
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Fig. 2 Non-right angle H-section

In this paper, assuming that the beam member is simply sup-
ported, and subjected to a uniformly distributed load through
the shear centre and parallel to the Y axis of the cross section.
Therefore the internal force produced on the cross section is
the shear force 0, along the Y axis and the bending moment
M _around the X axis, see Fig. 2. The positive direction of the
shear 0, is along the positive direction of the Y axis, the posi-
tive direction of the bending moment M _is determined by the
right-hand screw rule.

2 Bending normal stress o, produced by bending

moment M _and its distribution

2.1 Calculation formula of bending normal stress
According to the thesis on thin-walled bar, the bending nor-

mal stress can be given by the formula [4]:

o= —Myx/]y +Mxy/1x
=M, (=xI, /1, +y)/(1])
where M. and M}- are effective bending moment:

Mo=MJT,M,=M1I, /UT),T=1-[I’/(II)].
x is the cartesian coordinate, see Fig. 2.

(€)

Formula (3) can also be written in the form of curvilinear
coordinates:

M
=gy 25 /1, e h{i=cota- 1, /1) b1, /1] o

x

o, = 2]‘]4 X; [2s2 I, /1 + h(l —cotal, /1, ) +bI, /1},] (5)

x

M, .
oy = 21»; [h(l —cotal, /I, ) +2s, (sma —cosal /I, )J(6)

where, s is the curvilinear coordinate on the profile line, see
Fig. 2. The positive direction of s is along the counterclock-
wise direction (around the cross-section centroid o), otherwise

negative. The starting point of s is at the opening of the cross
section. The curvilinear coordinates and cartesian coordinates
of each segment of the cross section are shown in Table 1. In the
table, only the coordinates of the upper half of the cross section
centroid are given: the flange segment from node 1 to node 2 is
simply referred to as the flange segment 1. The flange segment
from node 2 to node 3 referred to as the flange segment 2, and
the web segment from the node 2 to the centroid referred to
as the web. The coordinates of the lower half can be deduced
according to the geometric anti-symmetry of the section.

When the calculation result of the formulas (3) to (6) is pos-
itive, the direction of the bending normal stress o_is the posi-
tive direction along the Z axis.

2.2 The distribution of bending normal stress

As for top flange, the coordinate is x = hly/ @2r,) when
the bending normal stress is zero (o, = 0). The coordinate of
the node 1 (Fig. 2) is x | = (b + h cota)/2. The ratio of x_ to
x, is defined as:

A, =x,,/x,=hl,[[(b+hcota)l, ]

where 8 and I, can be calculated using the formulas (1) and
(2). Draw the A_— @ curve shown in Fig. 3. When drawing, take
the ratio m as 1.0, 1.5, 2.0, 2.5 and 3 respectively, the ratio & as
1.0, 1.25, 1.5, 1.75 and 2.0 respectively. As can be seen from
the Fig. 3, when a, m and & are within the range of this paper,
A >0.5.

The analysis of the formula (3) shows when 0.5 <A < 1.0,
the bending normal stress is zero at the top flange x = h]y/
(21_), as shown in Fig. 4(a). When A_> 1.0, the bending normal
stress is always greater than zero, as shown in Fig. 4(b). As a
special case, the bending normal stress is uniformly distrib-
uted on the top flange when the angle a is 90 degree, as shown
in Fig. 4(c). The bending normal stress at the nodel, node 2 and
node 3 of the top flange can be calculated by formula (7) to (9).

o, =M[h(1-1, cota/I)-bl, /I |/@IT) ()
0, =Mh(1-1I cota/l)/Q211) (8)
0,5 =M[h(1-1cota/I,)+bl,/1,]/(21T) 9)

The analysis of the formula (3) also shows that the bending
normal stress at the centroid of the web is zero, and the bending
normal stress on the web is anti-symmetric linearly distributed
with respect to the centroid, as shown in Fig. 4. The maximum
and minimum stresses occur at node 2 and node 5 respectively,
and the absolute value can be calculated by formula (8).

According to the geometric anti-symmetric feature of the
cross section, the distribution of the bending normal stress on
the flange and the web on the other half of the cross section can
be drawn as shown in Fig. 4. The positive and negative signs in
the figure indicate the positive and negative directions of the
bending normal stress respectively.
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Table 1 Curvilinear coordinate and Cartesian coordinate of the cross section component

Segment Curvilinear coordinate Starting node Definition domain of s Cartesian coordinate
Flange 1 sl Nodel [0, b/2] x=s,+(b+hcota)2,y=h/2
Flange 2 52 Node 3 [-b/2, 0] x=s, —(b+hcota)2,y=h2
Web s3 Node 2 [-h/(2sina),0] = [h/(2sina) + s,]cos o, y = [A/(2sina) + s5,]sin a
°] Ot
=yw
o q(s;) =18(s;) =——=(1-1 cota /I )
211 (13)
74 . 2
. x[(sina)s; +hs,1+q(s,),,
ACT where ¢(s,) , is the shear flow at node 2 on the web, which

y
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Fig. 4 The distribution of bending stress on the cross section

3 The shear flow q produced by shear force Qy and
its distribution
3.1 Calculation formula of shear flow

In thin-walled bars, the shear flow ¢ produced by the shear
force O on the cross section can be expressed by the following
equation [4]:

q=16
=—~0,S,/1,+0.5,/1,) (10)
=0,[8,1,/1,-S1/UD)

where O,, O, are effective shear force, and , 0,=0,/1. S,
Sy are the static moment of the cross section, and S, = Eé yds ,
S, = L:Bxds . s is the curvilinear coordinate on the profile line.
The symbol J represents the wall thickness.

Solving equation (10), we can get the shear flow of each
segment of the cross section.

q(s)=15(s) =~ ” Sl /L

(11)
+[h—1, (b+hcotot)/l Is,}
_ __Q) /
q(s,) =16(s,) = 211{[ / v (12)

+[h+1,(b—hcota) /1, ]s,}

can be calculated using formula (12), but at this point, the defi-
0]. Sub-
stituting s, = —b into formula (12), we obtain the following

nition domain of the curve coordinates should be [-b

formula:

ht b
=175(s,) -2

——(1—-1_cota /I,
n2w 2])(] ( Xy /y)

q(s2)l12w (14)
When the value of the shear flow calculated according to
formula (11) to (14) is positive, the direction of the shear flow

is in the counterclockwise direction and vice versa.

3.2 The distribution of the shear flow

According to the above formulas, the shear flow on the
flange and the web is in a parabola distribution.

For the shear flow on the flange segment 1, the coordinates
of the parabolic symmetry axis is

Sy ym = [0+ h(cota — I /I )]/2.

The coordinates of the midnode of the flange segment 1 is

s, = b/4. The ratio of S o

Icen
A =s /s
q

lsym™ ™ lcen

tos, is defined as
= 2[1 + h(cota — I /I )]/b.

Draw the curve shown in Fig. 5. When drawing, the values
of the ratio m and the ratio k are the same as in Fig. 3. As can
be seen from this figure, when m, k and a are within the ranges
of this paper, A < 2.0.

As shown in Fig. 6(a), when A, < 2.0, since the symmetry
axis is on the right side of the node 1, the shear flow at the node
1 is zero and the shear flow at node 2 is the minimum in the
flange segment 1.

T
70 72 74 76 78 80 8 84 8 88
a(®)
Fig. 5 The curve of A —a
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q(s,),, =70(s5,),
_ Qy[/b
41T

x

(15)

[~h+1,(b+2hcota)/(21,)]

As shown in Fig. 6(b), when 0 < A, < 1, since the symmetry
axis is between the node 1 and the midnode of flange segment
1, the shear flow is zero at node 1 and at the curvilinear coor-
dinate s, = [b + h(cota—1 /I )]. The shear flow at the symmetry
axis is the maximum of t'he(ﬂange segment 1.

q(sl )sym = TS (Sl )sym

leytf 2
=—2LTh—] (b+hcota)/I,
.1 7o /1,1

(16)

The shear flow at node 2 is the minimum shear flow of the
flange segment 1, which can still be calculated using formula
(15).

As shown in Fig. 6(c), when 0 < A, < 2, since the symmetry
axis is between the node 1 and the node 2, the shear flow is
zero at node 1 and the maximum and the second largest value
of the flange segment 1 can be obtained at the symmetry axis
and the node 2, respectively. These two values can still be cal-
culated by formulas (16) and (15), respectively.

For the shear flow on the flange segment 2, the axis of sym-
metry of the parabola is:

Sy = —Lb—h(cota—1 /I )}/2
=—(1-A/Hb

Since A < 2.0, so S m™ —0.5 b, that is, the axis of symmetry
is always on the right side of node 2 (Fig. 6(c)). At this point,
q(s,) is zero at node 3 and its maximum value on the flange
segment 2 can be obtained at node 2.

q(s,),, =76(s,),,

_ Ot,b
ar1

=[h+1,(b=2hcota) [(21)] an

For the shear flow on the web, the axis of symmetry is Sm=
—h/(2sina), namely at the centroid. The shear flow g(s,) obtains
its the maximum and minimum values at the symmetry axis
and node 2, respectively. The minimum value at node 2 can be
calculated by formula (14). The maximum value at the sym-

metry axis is:

(@) (b)

Fig. 6 The distribution of shear flow on the cross section

q(s3 )sym = T5 (S3 )sym

o1, (18)
=—~——(0-1_cota /I )+
87 I sina (-1, / PEL(CYR

As a special case, when o = 90°, the shear flow on the flange
segment 1 and 2 is linearly distributed, and the shear flow on
the web is still parabolic, as shown in Fig. 6(d).

According to the geometric anti-symmetric feature of the
cross section, the shear flow distribution on the other half sec-
tion is shown in Fig. 6. The direction of the arrow is the direc-
tion of shear flow.

4 Stress and Strength Analysis
4.1 Flange

Since A =201+ h(cota —Iy/]xy)/b] <2,s0 Iy/]xy—cota > (. From
the formula(7)and (9) wecansee, o,; —c,, =M bl /(11 1)>0,
G, +0, =MnhI [(I, /I —cota)]/(I1T)>0, therefore o | >
lo |- Because the bending normal stress on the flange is lin-
early distributed, the absolute value of the bending normal
stress on flange segment 2 is greater than that of the normal
stress on the flange segment 1.

Since A = 2[1 + h(cota — 1 /I, )/b] <2, so I /I —cota > 0.
Take the curve coordinates s, = s, s, = —s, where 0 < s < b/2.
From formulas (11) and (12) we can see,

q(s,)=q(s,) = Q,ht,s(1~1, cota /1)) [(1.1) 20
q(s,)+q(s)=0,1,s(b— s)[xl‘,/(lx[",f) >0

Therefore |g(s,)| > |g(s)|. Since s, and s, in above equation,
can take the arbitrary curve coordinate values on the flange
segment 1 and the flange segment 2, the absolute value of shear
stress on flange segment 2 is greater than or equal to the abso-
lute value of shear stress on flange segment 1.

Let 4=1/Q21,1),B=1/I,C=h+I (b-hcota)l, then the
bending normal stress and shear stress on the flange segment 2
can be simplified as o, = M, A(2Bs, + C), v =—Q, A(Bs; +Cs,),
respectively. According to von Mises criterion, or Maxi-
mum-Distortion-Energy Criterion, the von Mises stress on the
flange segment 2 is o, =+/o’ +3t> [5], and its derivative is

Yy
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do

m

/ds, =30:B(2Bs, +C)

19
x[s; +Cs,/B+2M [(30))] (19)

From the analysis given below, it can be seen that on the
flange segment 2, since do, /ds, has a tendency to increase
monotonically, the von Mises stress ¢, is only possible to
obtain the maximum value at the node 2 or the node 3. The
detailed analysis is as follows:

(1) since ~C/2B)=~[b+h(, /I, ~cota)]/2

= Sygm < -0.5b >

and -b/2 <s5,<0, the part of formula (19). 2Bs, + C=2B[s, +
C/2B)] > 0. s; +Cs,/B+2M: /(30;) is another part of formula
(19), which is quadratic. The parabolic shape corresponding to
this part is concave, and the coordinates of the parabolic axis
of symmetry is ~C/(2B) = s,  <-0.5b. Thus, on the flange seg-
ment 2, do, /ds, has a tendenéy to increase monotonically.

(2) If the formula (19) has a zero point s, in the flange
segment 2, then s +Cs,/B+2M?/(30;)<0 in the interval
(-0.5b, s, ), and s; +Cs,/B+2M;/(30})>0 in the interval
(5,.,,,» 0). This means that on the flange segment 2, the maxi-
mum value of the von Mises stress ¢, (ie, the dangerous stress
of the flange) must occur at node 2 or 3 [6].

It can be seen from the analysis of Section 2 and 3 of this
paper that under the action of the bending moment M and the
shear force Qy, at the node 2 of the flange, there are both the
bending normal stress o , (see formula (8)) and the shear stress
T, = q(sz)nz/;f.(where q(s,),, see formula (17)), then the von Mises
stress at the nodes 2 can be expressed by o, , =+/c2, +372, on
the basis of the von Mises criterion. There is only the bending
normal stress o , (see formula (9)) at the node 3 of the flange,
so the von Mises stress at thisnodeiso, . =0, ..

For a right-angle H-section, since the bending normal stress
on the flange is uniformly distributed, the critical stress on the
flange only occurs at the node 2, and ¢, , can be calculated by

the above formula o, =+/o, +37,, .

4.2 Web

Similarly, under the action of the bending moment M and
the shear force Q , there are both bending normal stress o,
=0, (see formula (8)) and shear stress 7, = q(s,) , /t, (where
q(s,) ,,, see formula (14)) at node 2 of the web, so the von Mises

stress at this node is o,,,, =0, +372,, . At the midpoint of

mn2w

the web, there is only shear stress 7 | = ¢(s,), /¢, (see formula

sym

(18)), so the von Mises stress at this node is &,,, = \/grm .

4.3 Von Mises stress calculation formula

In summary, under the action of the bending moment M_
and the shear force o, the von Mises stress calculation formu-
las on non-right angle H-section can be summarized as shown
in Table 2.

5 Numerical calculation

The FEA software ABAQUS is used to validate the for-
mulas deduced. Three non-right angle H-section beams are
selected as the specimen, whose ends are simply supported
and span L = 3.0 m. The uniform load is applied to the shear
centre, ¢ = 10.0 kN/m. The structure calculation diagram and
FEA mesh is shown in Fig. 7.

5.1 Cross section size and stress distribution

The cross-sectional dimensions of the three specimens are:
Spl: 340 x 250 x 9 x 14-80, Sp2: 300 x 200 x 8 x 12—75, Sp3:
300 x 150 x 6.5 x 9—70. Here the dimension format is # x b X
1, % t,—o. The values of Aa and Ag of the cross section of the
specimens are shown in Table 3.

As can be seen from Table 3 and in Section 2.2 and 3.2 of
this paper, for the specimen Spl, since A > 0.1 and A, <0,
the distribution of the bending normal stress is expected to
be similar to that of Fig. 4(b), and the shear stress distribution
similar to that of Fig. 6(a). For Sp2, since 0.5 <A_<1.0 and 0
<A_ <1, the distribution of the bending normal stress similar
to that of Fig. 4(a), and the shear stress distribution similar to
that of Fig. 6(b). For Sp3, since 0.5 <A <l.0and 1 <A <2,
the distribution of the bending normal stress similar to that
of Fig. 4(a), and the shear stress distribution similar to that of
Fig. 6(c).

5.2 Numerical results

In the FE calculation, the 4-node reduced integration shell
element S4R in the ABAQUS is used [7], and the mesh size is
Smm. In order to apply the simple boundary condition at the
beam ends, the reference point RP is set at the shear centre of
cross section at both ends of the beam (see Fig. 7 ), and then
all the DOF of all nodes in the cross section are coupled with
RP using distributed coupling mode [8], finally apply simple
boundary condition at RP [9][10].

Table 2 Von Mises stress calculation formulas
Web
Node O

Flange
Node 2 Node 3

Stress
Node 2

. 0.5
von Mises stress o, G, = (G,2 + 3~rz)

Normal stress o Formula (8) Formula (9) Formula (8) Zero

Shear stress © Formula (17) Formula (14) Formula (14) Formula (18)

Table 3 The values of and of the specimens

parameter Spl Sp2 Sp3
A, 1.19 0.80 0.64
A -0.46 0.56 1.26

q

According to the distribution of the bending moment M
and the shear force O , see Fig. 7, in order to avoid the bend-
ing normal stress ¢, or the shear stress 7 is zero, the stress
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calculated by FEA software are extracted from the cross sec-
tion at a distance of L/4 (= 0.750 m) from the support point.
Correspondingly, when calculated in accordance with the for-
mulas, the shear force on the cross section is Q = gL/4 and the
bending moment M = 3¢L*/32 [11]. The elastic modulus of the
steel is £=2.1 x 10° N/mm? and the Poisson’s ratio u = 0.3.

Fig. 8 to Fig. 10 show the distribution of the bending normal
stress o, and the shear stress 7 of the flange and web, which are
based on the results of the formula (labeled with Formula in
the figures) and the those of FEA software (labeled with FEA).
The abscissa in the figures use the Curvilinear coordinates.
Fig. 11 and Fig. 12 show the distributions of the Mises stress
for the flange and web of the three specimens. Table 4 gives the
stress at the dangerous points (see Section 4 and Table 2) on
the cross section of the specimens, which are calculated using
the formulas in Table 2 and the FEA software.

As can be seen, the stress obtained by the formula is close
to that obtained by FEA software, but not equal. The average
values of the stress differences at the nodes on each segment
of the cross section obtained by the above two methods are
shown in Table 5. The average value of the stress difference

Avg.= % Zn:|F0rmula - FEA|,
i=1

where Formula is the stress obtained by the formulas, FEA is
by FEA software, and n is the number of nodes in the segment.

On the one hand, in deriving the formula of this paper, the
following assumptions used in the structural mechanics of
the thin-walled bar result in a slight deviation in the calcu-
lated results: (1) The plane assumes, that is after the defor-
mation, the cross section is still flat and perpendicular to the

the exact value in the strict sense. The above two aspects may
be the main reason why the stresses obtained by the above two
methods are very close to each other, but not equal.

AY  Uniform load q

Z—
é: Span L j@\

Mx

%’Qy

loadq f h
RP1 A

Ul=2=U3=UR3=40

Fig. 7 The structure calculation diagram and FEA mesh

6 Summary

Due to the anti-symmetric geometrical characteristics of
the non-right angle H-section, under the action of the bending
moment and the shear forcel 'the distribution of the bending
normal stress and the shear stress on the flange of the non-right
angle H-section is different from that of the right angle H-sec-
tion, see Fig. 4 and Fig. 6. Although the distribution of bending
stress and shear stress on the web is the same as that of the
right angle H-section, the magnitude of the stress is different,
see Table 2. Therefore, when calculating the stress and check-
ing the strength of non-right angle H-section beams, special
attention should be paied to above characteristics.

Table 4 The stress at the dangerous points, MPa

; H ; ; Flange Web
axis of the member. (2) Since the wall thickness is very small, Specimen  Calculation method
it is assumed that the bending shear stress is evenly distrib- Node2 Node3 Node2 Nodeo
uted along the wall thickness and acts along the tangential of g Formula 6.498 11373 7.281 4319
the contour line [4]. On the other hand, in the above figures FEA 6.394  11.085  7.I71 ~ 4.536
and tables, the stress obtained by FEA software is extracted g, Formula 10507 24.297 11166 5811
from the mesh nodes. The stress on a node is derived from FEA 10239 23.625 10906 5825
the extrapolation and averaging of the integral points of the g3 Formula 17.494 62382 17.698 7341
elements connected to it [12], so the node stress is not exactly FEA 16916 60205 17.189 7.336
=1 1.25 79
" Shear stress
Shear stress s Kkkkakxy, . —*— Formula 428
*— Formula " &) Kx
;‘;i —A— FEA 10758 ;_(3 ;-“‘,
= g S 4+ g
= Ho0s09 ~ 124~
q&) g § 3 | Normal stress @
£ i @ -] —=— Formula & 2
% &* | Normal stress ] 0.258 ‘_: 21 PER x‘x o
E 44 A % g & 3
S » —u— Formula 0.00 S K 4225
z —o—FEA 1™ Z 14 * ®
A%
27 i +-0.25 04 A
4
W
0 T T T T T T T T T T — -0.50 -1 T+ L & 0 ' I I I * I & &% I 1 2.0
0 -25 -50 -75 -100 ¥125 100 75 50 25 0 -180 -160 -140 -120 -100 -80 -60 -40 -20 0
S2 (mm) S1(mm) S3 (mm)
(a) Flange (b) Web
Fig. 8 Stress distribution of Spl
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Table 5 The average value of the stress difference

Section segment

Specimen Stress
Flange 1 Flange 2 Web
Normal stress o 0.086 0.136 0.096
Spl )
Shear stress © 0.031 0.035 0.007
. Normal stress o, 0.146 0.267 0.150
p
Shear stress 7 0.048 0.058 0.010
3 Normal stress o 0.251 0.606 0.255
p
Shear stress t 0.074 0.101 0.013
25 -35
416 10 4
i AAKKA
20 xt,‘_ & "
Normal stress | |, , 8- ay
S s —m— Formula ‘s ° Shear stress K“ o
% ’ —e—FEA o s —*— Formula %
7 = S 64 | —a—FEA g
n -0.8 14
é 104 g é 430 é
2 ® (_‘g 44 5
T i ~ [
E s A | Shear stress %, 04 3 E 2
<] o T =} 7}
b4 J *— Formula ‘.' 2] Z 5 ;
A —A—FEA Normal stress h§
04 # e 100 —=— Formula %
a¥ 0 —e—FEA
A
e e R A 160 -140 -120 -100 -80 -60 40 20 0 20
0 20 -40 60 -80 ¥100 80 60 40 20 O - 140 - % - : 40 -
S2 (mm) S1(mm) S3 (mm)
(a) Flange (b) Web
Fig. 9 Stress distribution of Sp2
~30 18+
60 'l H44
: A 164
50 '\'\ ‘;1/ d25 Addkkhay, T2
N j 144 Ay
AN « P Ay Ja0
~ 404 LN ' nz-u ~ = s
& '/*\.\' Shear stress | ]%° % & 121 Jss &
s %07 /‘/ . *— Formula - 2 =
= P . o 2 10| Normal stress 136~
@ 20 / N FEA 1159 » 6
1] A \ s 3 —=— Formula @
g M ., 2 2 8 —o—FEA x,& 134 £
5 ] A ., 10 = o
£ / - °5  E°] REWIEEEY:
S 0 /A Normal Stress N 2 4] Shear stress \‘\x &
1] # | —=Fomula Y YN dos —+— Formula =
‘/ —e—FEA ‘KA‘\ 2 —A—FEA 128
-20 Q/ A N
2 0.0 0 -26
-30 T T T T T T T T T ‘, T T T T T T T T T
15 30 -45 60 375 60 45 30 15 O -160 -140 -120 -100 -80 -60 -40 -20 0
S2 (mm) S1 (mm) S3 (mm)
(a) Flange (b) Web
Fig. 10 Stress distribution of Sp3
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Fig. 11 Von Mises stress on the flange

Fig. 12 Von Mises stress on the web

Stress and Strength Analysis of Non-Right Angle H-section Beam



References

(1]

(2]

(3]

(4]

(3]

(6]

Beer, F. P, Johnston Jr. R. E., Dewolf, J. T., Mazurek, D. F. “Moments of
Areas”. In: Mechanics of Materials. pp. A2-A11, The McGraw-Hill Com-
panies, New York, 2012.

GB/T11263-210. Hot-rolled H and Cut T Section Steel. National Stand-
ard of The People’s Republic of China. 2010. (in Chinese). https://www.
chinesestandard.net/PDF-Excerpt/ShowPDFexcerpt.aspx?ExcerptID=G-
B/T%2011263-2010

Xing Rong, L., Cai Ang, W. “Steel Design Manual connection node”. pp.
373-381. China Building Industry Press, 2014. (in Chinese).

Shihua, B., Jian, Z. "Bending and free torsion of thin-walled bars". In:
Thin-walled structural mechanics. pp.2—6. China Building Industry Press,
2006. (in Chinese).

Beer, F. P, Johnston Jr. R. E., Dewolf, J. T., Mazurek, D. F. “Transforma-
tions of Stress and Strain Moments of Areas”. In: Mechanics of Materials.
pp. 437-511. The McGraw-Hill Companies, New York, 2012.

Zorich, V. A. “Differential Calculus”. In: Mathematical Analysis L., pp.
173-324. Springer-Verlag, 2004.

(71

(8]

(9]

[10]

[11]

[12]

Abaqus Inc. “29.6.7 Three-dimensional conventional shell element li-
brary”. Abaqus Analysis User’s Guide. 2012. http://abaqus.software.po-
limi.it/v6.14/books/usb/default.htm

Abaqus Inc. “35.3.2 Coupling constraints”. Abaqus Analysis User’s Guide.
2012. http://abaqus.software.polimi.it/v6.14/books/usb/default.htm
Badari, B., Papp, F. "On Design Method of Lateral-torsional Buckling of
Beams: State of the Art and a New Proposal for a General Type Design
Method”. Periodica Polytechnica Civil Engineering, 59(2), pp. 179-192.
2015. 10.3311/PPci.7837

Szalai, J., Papp, F. “A new residual stress distribution for hot-rolled I-
shaped sections”. Journal of Constructional Steel Research, 61(6), pp.
845-861.2005. 10.1016/j.jcsr.2004.12.004

Beer, F. P., Johnston Jr. R. E., Dewolf, J. T., Mazurek, D. F. “Analysis and
Design of Beams for Bending”. In: Mechanics of Materials. pp. 331, The
McGraw-Hill Companies, New York, 2012.

Abaqus Inc. “42.6.6.Controlling result averaging”. Abaqus/CAE User’s
Guide. 2012. http://abaqus.software.polimi.it/v6.14/books/usi/default.htm

Period. Polytech. Civil Eng.

M. Cai, J. Yu, X. Jiang


https://www.chinesestandard.net/PDF-Excerpt/ShowPDFexcerpt.aspx?ExcerptID=GB/T%2011263-2010
https://www.chinesestandard.net/PDF-Excerpt/ShowPDFexcerpt.aspx?ExcerptID=GB/T%2011263-2010
https://www.chinesestandard.net/PDF-Excerpt/ShowPDFexcerpt.aspx?ExcerptID=GB/T%2011263-2010
http://abaqus.software.polimi.it/v6.14/books/usb/default.htm
http://abaqus.software.polimi.it/v6.14/books/usb/default.htm
http://abaqus.software.polimi.it/v6.14/books/usb/default.htm
https://doi.org/10.3311/PPci.7837
https://doi.org/10.1016/j.jcsr.2004.12.004
http://abaqus.software.polimi.it/v6.14/books/usi/default.htm 

	1 Introduction 
	2 Bending normal stress σz produced by bending moment Mx and its distribution 
	2.1 Calculation formula of bending normal stress
	2.2 The distribution of bending normal stress 

	3 The shear flow q produced by shear force Qy and its distribution
	3.1 Calculation formula of shear flow
	3.2 The distribution of the shear flow 

	4 Stress and Strength Analysis
	4.1 Flange 
	4.2 Web 
	4.3 Von Mises stress calculation formula 

	5 Numerical calculation 
	5.1 Cross section size and stress distribution
	5.2 Numerical results 

	6 Summary 

