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Step-by-step solution

Step 1 of 25

Draw the schematic diagram of the z-section. CONTINUE TO POST
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Step 2 of 25

Calculate of the segment 1.

A =bhxh

Here, b is with of segment 1 and / is thickness of segment 1.
Substitute 15.5mm for fy and 250mm for & .

A =155%75

=1162.5mm’

Comments (1)

Step 3 of 25

Calculate the centroid of segment 1 inthe = -direction.

Here, ) 4 centroid of segment 1 in the = -direction.

Substitute 75 mm for b .

= 75mm
h=- =

=-37.5mm

Comment

Step 4 of 25

Calculate the area of segment 2.

Ay =byxh,
Here, b, is width of segment 2 and #, is height of segment 2.
Substitute 250 mmfor /i, and 9. 5mm for b,.

A, =9.5x250

=2375mm’

Comment

Step 5 of 25

Calculate centroid of segment 2 in the = -direction.

=0

Here, 4 is centroid of segment in the = -direction.

Comment

Step 6 of 25

Calculate the area of segment 3

A =bxh
Here, b, is width of segment 3 and /i, is thickness of segment 3.
Substitute 125mm for b and 9 5mm for h,.

A, =125%9.5

=1187.5mm’

Comment

Step 7 of 25

Calculate the centroid of segment 3 in = -direction

by
2

Here, Z, is the centroid of segment 3 in = -direction.
Substitute 125 mm for b, .

1

|
|u
th

[N ]

=62.5mm

Comment

Step 8 of 25

Calculate the centroid of segment 1 inthe ¥ -direction.

¥, =-250mm

Here, _?r is the centroid of segment 1 in the ¥ -direction.
Calculate the centroid of segment 2 inthe ¥ -direction.
¥, =0mm

Here, 7, is the centroid of segment 2 in the ¥ -direction.
Calculate the centroid of segment 3 inthe ¥ -direction.
¥, =250 mm

Here, 7, is the centroid of segment 2 in the ¥ -direction.

Comment

Step 9 of 25

Calculate the location of centroid about ¥ -axis.

AT, + AT, + A7,

A+ A+ A
Here, A, is the area of segment 1, 4, is area of segment 2 and A, is area of segment 3.

Substitute 1162.5mm’ for A, -250mm for ¥, 2375mm’ for 4,, Omm for ¥,,
1187.5mm’ for 4, and 250mm for 7,.

_(1162.5)(~250)+ (2375)(0) + (1187.5)(~250)
¥= 1162.5+ 2375+ 1187.5
 —587500
T 4725
=-124.339mm

Comments (1)

Step 10 of 25

Calculate the location of centroid about = -axis.

_AZ AT+ AT

- A+ A+ A,

Here, A, is the area of segment 1, 4, is area of segment 2 and A, is area of segment 3.
Substitute 1162.5mm’ for A, -37.5mm for 5, 2375mm’ for 4,, Omm for Z,,

1187.5mm’ for A, and 62.5mm for Z,.

_(1162.5)(~37.5)+(2375)(0) +(1187.5)(62.5)
. 1162.5+2375+1187.5

30625
4725
=648 mm

Comment

Step 11 of 25

Calculate the moment of inertia about ¥ -axis

| 3 == 1 3 =3} ] N
1, =E"'|”’I} +"||'::+:n)+ﬁ'h:”':| +4,(T) +Eh‘(h‘) +A4(T-5,)

Here, = is the location of centroid about :z-axis, ., is the area of segment 1, ., is area of

segment 2 and 4, is area of segment 3.
Substitute 7Smm for fy, 15.5mm for &, 6.481mm for =, 37.5mm for Z, 250mm for
By, 9.5mm for by, 9.5mm for hy, 125mm for b, 62.5mm for Z,, 1162.5mm’ for A,
2375mm’ for A, and 1187.5mm’ for 4.
l 1 2 1 1 - 2
{]—j](IS_S]{?S) +(1162.5)(6.481+37.5) +|—_’5250){‘J_S] +(2375)(6.481)

1 e 2
+E(0.5)(|.-5} +(1187.5)(6.481-62.5)
_ [544921.875 + 2248554.465 +1786.97917 + 99757.98237
| +1146233.958 +3725330.119
1, =8.18x10" mm*

Comment

Step 12 of 25

Calculate the moment of inertia about = axis
1 S gy ] ) B Y 1 S
I = I—Z-Ii,{.‘:,] + A (v +_\,]¢Eh,(.ﬁ,] + A, —2L+ V J +Eh,{h,} +4,(7)
Here, = is the location of centroid about = -axis, Ais the area of segment 1, .4_. is area of

segment 2 and 4, is area of segment 3.

Substitute 75mmfor A, 15.5mm for A, =124.339mm for ¥, 250mm for ¥, 250mm
for h,, 9.5mmfor b,, 9.5mm for h, 125mm for b, 62.5mmfor Z,, 1162.5mm’ for 4
, 2375mm’ for 4, and 1187.5mm’ for A4,.

“%J{?S){ls.s}' +(1162.5)(~124.339.4+ 250)° ‘
B ; 250 r
I, =|+| 75(9:5)(250) +(2375)| ==+(-124339)
+[IL'}[I25}(9.S]‘+[1t3?.5]{—124.33‘)}:]
[23274.22+18356673.55+12369791.67 +1569.875 |
- | +8930.99 +18358971.97
=49,10x10" mm*
Comment

Step 13 of 25

Calculate the moment of inertia about 1= -axis.

=i [%}l—s, -5)+ 4, (-3)| i’;+_r:|+ A,(-F)(5, -

\
Here, ' is the location of centroid about ¥-axis, ., is the area of segment 1, 4, is area of
segment 2 and 4, is area of segment 3.

Substitute 1162.5mm’ for 4, , =37.5mm for %, 2375mm’ for 4,, Omm for Z,,
1187.5mm’ for A, and 62.5mm for Z,.

25 25
2 J{ -37.5-6.481)+(2375)(-6.481 )[ Tﬂ - t24.33')J

2

- {II(:I.S)[—

+(1187.5)(=(-124.339))(62.5-6.481)
=6390989.063+10174.36+8271348.9
=14.70x10" mm*

Comment

Step 14 of 25

Calculate the direction of principal axis.

1 [ -2, ]
& =—tan -
=2 L=

Here, [ _is moment of inertia about ¥=-axis, [, is moment of inertia about ¥ axis and .f_ is

moment of inertial about ¥ axis.

Substitute 14.70x10°mm"* for /.. 49.10x10°mm* for /, and 8.18x10" mm" for /,.

I k[_ (2)(14.70x10%) ]

& =—tan —
r2 8.18x10" -49.10x10"

=%lan '(0.718475)
1.
= 5(.‘3.?}

=17.85°

Comment

Step 15 of 25

Calculate the principal of inertia about ¥ axis.

L+l I -1 .
I, =|+t—+-L—cos26 -1_sin20,
¥ By P » " [

Here, [ _is moment of inertia about 1=-axis, f, is moment of inertia about ¥ axis and /[ is
moment of inertial about ¥ axis.

Substitute 14,70 10" mm* for /... 49.10x10°mm* for [/, and §.18x10" mm* for [,
17.85° for 6,

8.18x10° +49.1x10° xcos(2x17.85)

177*‘! 2
l

['8.|8x 10° - 49.1x10" )

’ el

~14.7x10" sin(2x17.85)
=(28.64-16.61523-8.578)x10"

=345x10"mm*

Comment

Step 16 of 25

Calculate the principal of inertia about -"axis.

IL+f 1.-1 )
=| =—L 4 Z—Lcos20 -1_sin28
2 2 »om L

1

Here, [ _is moment of inertia about 1=-axis, f, is moment of inertia about v axis and /[ is

moment of inertial about ¥ axis.
Substitute 14,70 10" mm* for [, 49.10x10°mm* for / and §.18x10" mm* for [,
17.85° for @,.

R.18x10" +49,1x10° xcnsuxl?.ﬂi)[

[, 2| ——————+ 2
|
L

[49.“ 10° -8.18x m"]
\

r}

+14.7x10" sin(2x17.85) [
=(28.64+16.615+8.578)x10"

Comments (1)

Step 17 of 25

Draw the schematic diagram of the section.

Figure (1)

Comment

Step 18 of 25

From Geometry of section in figure (1), the following values are obtained.
The value of ffiis equal to 144.57 mm .
HBE =144.57T mm .
Here, fi#is length between points H and B.
The value of g is equal to 39.05 mm.
BC=39.05mm.

Here, g is length between points B and C.

Comment

Step 19 of 25

Write the relation for shear stress in .tz direction.

’

Yy 5
T, = T[.\{Hﬂ]—imnﬂr}

Here, V. is the shear in the '\-' plane, 1 is the thickness of segment 1, f{gis length between
Hand B and s is the width of upper segment.
Substitute 53.85x10 “m" for /., 144.57x10 'mfor f5 and |7.85° for & .

v

T=——t | 1445x107 - f-sinm.s.i“]J
53.85%10° || 2

V . ]
B —'-WII.I-HSS ~sin17.85°
5385107 || 2

Comment

Step 20 of 25

Due to the shear force V.

Calculate the total shear force in the upper flange force f;
F = [T.uds

Here, T_is shear stressin 1z -direction.
1 £ ‘: i

—— | 0.14455 ——sin 1 7.85°

53.85x10° 2

15.5x10" m for 7.

Substitute for T_, 75x10"m for s and

wiuy (15.5x10°)

2 N0.14455 - Zsin17.85° | ds
53.85=10" 2

[

¥,(0.0155) {[U_]“S(éJ’“'"' i [%anl?_gsn}
= Ja =/

C53.85<10° l

R |

L

, [0.1445 o R N s
=ZH?.83h6I_.[ ; x[[?snn ) -0 H—[Exsm!lsﬁ x[{Tleﬂ ) -0 ”

b | —

By solving preceding equation, the following relation is obtained.
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Step 21 of 25

From the figure (1), write the relation shear force.

Ve =(250mm)(F)

Here, e, is shear center S of the section

flange.
Substitute 0.1108F . for F,.

V,e. =(250mm)(0.11087,)

' plane and F; is total shear force in the upper

e.=27.Tmm
Therefore, shear center S of the section about -' plane is |27.7 mm|.

Comment

Step 22 of 25

Write the relation for shear stress in 1z direction.

|:.\'(B(.') - ;cus ﬁr:|

upper segment.

T, ===
=7,
Here, I’ is the shear inthe =’ plane, ¢ is the thickness of segment 1 and s is the width of

Substitute 3.45x10“m* for /., 30.05x10 'mfor BC and |7.85° for @ .

1, =—Ye__ls(3908x10” —ims{n_ss"}]
== 3a5x10° |\ 2
¥, I
- [[u,usqns.u s, '051?.85“]]
345x1 2
Comment

Step 23 of 25

Due to the shear force .

Calculate the total shear force in the upper flange force £

Fo=|T_eds
!
Here, T; is shear stress in 1= -direction.
r 2
L

e
Substitute —————
34510 “

15510 m for ¢.

it g, (15.5x107)[[ &
| 0.039055 ——-cos | 7.85° || | ds
\ 2

0.039055 - l_,— cosl7.85

vl
JJ for T, 75x10"'m for s and

F =

! T3asxa0°
V. (0.0155) (Y™ | 1(s N
=009 003905 L | [-2| £ |xscost7.85°

345%10 \z), [23 )

3 2 :

=4492_?5;‘__.[°'”'—:’“5x[(?5x|1: ) -0 H—[%xc{nslT,ﬂS"x[[?sxl(l ) -n‘ﬂ
Comment

Step 24 of 25

By solving preceding equation, the following relation is obtained.

F, =4492.75V, x[ 10982810 - 6.693x 10~ |

=0.1928V.,

Comment

Step 25 of 25

From the figure (1), write the relation shear force.

Ve, =(250mm)(F)
Here, ¢ . is shear center S of the section y' plane and F; is total shear force in the upper

flange.

Substitute 0,1928). for F.

V,e. =(250mm)(0.19287,.)

e.=48.2mm
Therefore, shear center S of the section about ' plane is |48.2mm|.

Comment
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