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Introduction

When carrying out calculations of strength, stiffness and stability of structural
elements such as a bar (rod), it becomes necessary to use certain geometric character-
istics (properties) of bar plane cross-sections (plane figures), that is, the area of the
cross-section, the position of its gravity center, static moments, axial and polar and
centrifugal inertia moments, radii of gyration, axial and polar moduli of resistance need
to be known.

Due to limited applied relevance, these characteristics are not covered in the gen-
eral Geometry course, but they are closely associated with material and structural me-
chanics. That is the reason why these characteristics are always included into Material
and Structural Mechanics course as an essential part.

Hereinafter, we will equate the concepts «plane figure» and «section», implying
«plane cross-section of a bary.

This handbook does not cover all geometric characteristics of plane sections used
in Material and Structural Mechanics course. Some of those are applied only in calcu-
lations of torsional and bending strength of a bar as well as in stability calculations.

Basic notation keys

d - diameter of circular cross-section;
b — width of a cross-section;
h — height of a cross-section;
A — area of a cross-section;
Y., Z, — section gravity center coordinates;
Sy, S, — static moments of a cross-section;
I, I, — axial inertia moments of a cross-section;
I, — centrifugal inertia moment of a cross-section;
I, — polar inertia moment of a cross-section;
W,, W, — modulus of resistance of a cross-section;
W, — polar modulus of resistance of a section;

iy, I, — radius of gyration of a cross-section;
a — deflection angle of axes.



1. Static moments of the section

Z) Consider the cross-section of a bar A, asso-

4 ciated with the coordinate system yOz (Fig. 1).

/ Select the unit of area dA with the coordinates
dA v, Z.

The product of unit of area dA and distance

N z from axis Oy

ds, = zdA (1)

O Y y

is called elementary static moment of the area

' about the axis 0y.
Fig. 1

Similarly, dS, = ydA — elementary static moment of the area about the axis 0z.
Adding up values dS,, and dS, over the cross-section area A, we obtain
Sy = J zdA, Sz = j ydA, (2)
A A
where S, S, — are static moments of the section A about the axes y and z, respectively.

It follows from the expressions (2) that static moments can be positive, negative
or equal zero and that they are measured in cubed length units (for example, m3).

Note Static moment of compound area equals the sum of static moments of its
components relatively to the same axis:

n n
Sy = Z 5,7 Sz = Z Sz(l)-
i=1 i=1

2. Central axes and center of gravity of the section

Since the resultants of internal forces pass through the «center of gravity» of the
section, defining the center of gravity location is an important task.

Consider the change in static moment of the section due to parallel translation of
coordinate axes.



Given: 4, S, S,, a, b (Fig. 2).

Define S, , S, ,
static moments of the section change
with parallel translation of axes needs
to be determined.

1.e., the way how the

By definition (2) N
Syl = fZIdA,
. 3)
SZl = f yldA .
A

The Fig. 2 shows that
Zy=2z—Db,
i=y—-a
Substituting the values of z; and y; from the correlations (4) to the expressions
(3), we obtain

(4)

Sylzf(z—b)dAzjsz—bfdA,
A

A A (5)
Sz, =J(y—a)dA=jydA—ajdA.
A A A
In the expressions (5)
fszzSy, fydAzSZ, fdAzA.
A A A

All these values are given, so finally
Sy, =Sy — b4, ©)
Sz, =5, —aA.

Since a and b are real numbers, there is the only value of b that gives S, =0,
and there is the only value of a that gives S, = 0. These values of a and b are the
section gravity center coordinates, they are denoted by y, and z,, respectively. That is,
ifa =y.and b = z., then

0=S, —zA,
0=5, - y.A @
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e || The axes relative to which the static moment of the section equals zero are called

the central axes of this section.

3 " The cross point of central axes of the section is called its gravity center.

The system of correlations (7) allows solving two types of important problems:

1. Defining the static moments of the section:

a) primitive, if the values of A4, z., and y, are known, using the correlations

Sy = z.4,
Sy = CA' (8)
z = yC )
6) compound, if the values of A;, z.,, and y, are known, using the expressions
n n
Sy =) zeAs S, =) Ve 9)
i=1 i=1

where n — is the number of elemental parts in the compound section.

The correlations (8) and (9) are the simpler form of the system (2) realization, as
far as they avoid the integrating operation when the area of the section and the distance
from its gravity center to the axis relative to which the static moment of section is
calculated are known.

2. Defining the coordinates of the section center of gravity:

a) primitive, if the values of A4, S,,, and S, are given, using the correlations

y, =2 z, =2, (10)

0) compound, if the values of F;, SJ(,i), and Sz(i)are given, using the expressions

n n
z s z s
i=1

i=1
Ve = —— Ze =— (11)
2. 2.

where n — is the number of elemental parts in the compound section.

The symmetry rule. If the section has a symmetry axis, then the static moment
of the section about this axis is identically equal to zero. Therefore:

a) a symmetry axis is always a section’s central axis;



b) a section gravity center is always located on its symmetry axis (if present);

c) if a section has two symmetry axes then its center of gravity (geometric center)

is located at the cross point of the two symmetry axes.
. “1 4
The Fig. 3 clearly shows the correct-

ness of the symmetry rule, as far as every

unit of area dA located above the axis y with z=0 % dA Symmetry
zdA > 0 has responsive unit of area located ax1s
below the axis y with zdA < 0. Then 0 Y
z<0 £Y da
e TR
A y>0
Fig. 3

3. The examples of defining the gravity center coordinates
of simple sections

Example 1

Define the gravity center coordinates of the rectangle with the base b and the
height h in the system of axes yOz (Fig. 4).

Given: b, h.
Define z, y,. -
Solution /ﬂ <
Using the expression (10), write < Z
S
z, = Zy’ where A =bh, S, = jsz. N
A
Taking into account that dA = bdz, move to the in-
tegral about the coordinate z: 0 b Y
h
S, =Db J dz = bh?
y =Pz = Fig. 4
0
Th —bh2—+ ; imilarl =+
en  ze = =+o; similarly  y. = :

7



Example 2
Define the distance from the base b at which the gravity center of the triangle is

located (Fig. 5).

z Given: b, h.
/\# . Define z,.
7 = Solution
b(z) To solve the problem, we use the

correlation (10):

Sy bh
Z. =I,Where A= 7; Sy = fsz.
O b Y 4
In the last expression dA = b(z)dz.

Fig. 5
The similarity of triangles gives
b(z) h-—z z A
S=—— = b(®) = b(l—E), then dA = b(1—E)dz.
Apply dA to the expression
h
s —Jb(l Z)d _ z2  z3 h_bh2
v = R TP\2 T 3R)| T
0
S B bh? 2 _h
inally Ze =g r =g
Example 3

Define the gravity center coordinates of the triangle with the base b and the height

h in the system of axes yOz (Fig. 6).

z

B Given: b, h.

Define z_, y,.
Ve

Solution

z,=1/3h

Decompose the triangle 4BC into
0, 0, two right angle triangles by drawing a per-
D pendicular line BD from the vertex B to

2/3b, |b,/3| b,/3 C v the base AC.

Denote at Fig. 6 the gravity centers

2 < of triangles ABD u BCD, which are lo-
cated at the distance 1/3 from legs

(04 and 0,).



Make a sum of static moments of these triangles about the axis 0z:

ZZ W _ l)hZ @ﬁ( bﬁ 2b,*h + b.h(3b, + b,)
S, =Y SV =" . = .

T 3 6

Dividing this value by the area of triangle ABC we obtain the sought abscissa y,
of the gravity center O of the triangle:

_Sﬁ_%fh+bh8%+b) 2b,° + b.(3b, +m)
Ye=g = bh 3b

6>

Simplify this expression by substituting the value b, + b, = b:

2by" + be(2bg +b) _ 2ba(bg +bc) +bh  2b,+b, _b+b,
3b a 3b -3 3
The gravity centers O; and O, of the right-angle triangles ABD and BCD lie on
the line 0, 0,, which is parallel to the triangle base ABC and is located at the distance
of 1/3 height. The gravity center O, of the triangle ABC lies on the same line.

Therefore, the ordinate of the gravity center of the triangle ABC is

h
Zc=§'

Ye =

Example 4

Define the location of gravity center of a semicircle with the radius r about the
axis y (Fig. 7).

Given: 7. b(z)
Define z,.
dA z N
Solution 7&/ N S
As far as the section is symmetric about N <
the axis z, then the center of gravity C of the (; N
semicircle lies on this axis. Therefore, only N’
ordinate z. of the gravity center needs to be 19) It
defined. d=2r
Fig. 7

Separate out the unit of area with width b(z) and height dz located at the distance
z from the axis y. The area of this unit is

dA = b(z)dz.
9



As it could be seen from Fig. 7, b(z) = 2r sina and z = r cos a, therefore,
dz = (—rsina)da.

Then the static moment about the axis y is

r 0
Sy = jsz = Jz-erina-dz = frcosa-erina(—rsina)da =
A 0 n
2
0
o , (sin® a ° 2 5
= =2r jsm acosada = —2r = =77,
3 T 3
5 T
2
To find the location of gravity center use the correlation (10)
2 3
_y 3T A = 0,4244
ze=— = wr? =3-=0 T.
2

Example 5

Define the gravity center coordinates of the compound section and show the sys-
tem of central axes y and z (Fig. 8).
d Given: h=5cm, b =8cm, d = 2 cm,
t=1cm.
Define y,, z.

~ Solution

1. Make a dimensioned drawing of the com-

‘ pound section (Fig. 9).
b 2. Decompose the section into elemental
parts and give them numbers (1 and 2).

Fig. 8
3. Locate central coordinate systems y;0;z; in the gravity center of each elemental
part of the section (in the present case y; 0,2z, and y,0,2,).

4. Select an actual (basic) coordinate system to define the coordinates of the whole
section gravity center. Here we take the axial system y; 0, z; as basic one.

Note This problem can be solved in any coordinate system, but in order to min-
imize and simplify the calculations it is reasonable to use the central axial
system of one of the compound section elements as basic system.

10



5. Write the expressions to i
define the coordinates of com- \ o @/
pound section gravity center S

z S ~
i= L= “ O A - //1\02
= ; Z,. = . /I \\
yc Z 3 o YR
A; zAi A = <31 \
~ __::‘ “:\ y / \
i=1 i=1 Q.- O S |
-d)/2

6. Calculate the area of (b-d)/. Je d

compound section b
Fig. 9

2
ZAi:A=A1+A2=(b—d)t+hd:(8—2)-1+5-2=6+10:16cm2.
i=1

7. Define the static moments of the compound section about the axes y; and z;:
2

- b—d d
521=ES§?=S§?+SZ(?=A1-0+A2< 5 +E>=10-4=40cm3;
i=1
2

- hot
I I O I ORI 81022 3
Sy, = E S =50 +50 =4, 0+A2<2 2)_10 2 =20 cm®.
i=1

8. Substitute the obtained results to the correlations (see art. 5) and calculate the
coordinates of compound section gravity center in the axial system y; 0,2;:
S, 40 Sy, 20
A1_16 SCWZ Zczj:E:LZSCWL
9. According to the results of the calculations show the system of central axes

y0z and gravity center of the compound section (point O) on the Fig. 9.

Ve =

Solution verification. The gravity center of the compound section composed of
two elemental parts always lies on the line connecting the gravity centers of elemen-
tals. In addition, the point O divides the interval 0,0, into parts which are inversely
proportional to the areas of elementals, 1.e.

00,] A,
100, Ay
00| JyZ + 22 2795 _ o A2 10
IOOZI_\/b Z n ¢ 2 1,677 0 A, 6 U
z-%) +(G-7-%)

11



4. Axial, polar, and centrifugal inertia moments
of the section

By analogy with the concept of inertia mo-

z
A
ment of a body mass about an arbitrary axis, we
introduce the concept of inertia moments of the
dA area.
Axial (equatorial) inertia moment of the
N 0 section about any axis is the sum of products of
‘ area units dA by squared distances from their
O ¥ y gravity centers to this axis (Fig. 10):
Fig. 10
_ 2 44. _ 2
Iy = .[Z dA, Iz = fy dA. (12)
A A

Centrifugal inertia moment of the section is the sum of products of area units dA
by coordinates of gravity centers of these area units about two orthogonal coordinate
axes located in plane of the figure:

Iyz = fyZdA (13)
A

Polar inertia moment of the section is the sum of products of area units dA by
squared distance from their gravity centers to any pole, where the origin of coordinates
(the point O 1n Fig. 10) is usually chosen as a pole:

I, =fp2dA, p =+y%+z2 (14)

A

Inertia moments are measured in length units to the power of four
(for example, m*).

It follows from the correlations (12) — (14) that when A > 0:
1) axial and polar inertia moments are always greater than zero:
L,>0;, [,>0, [,>0;

2) the value of centrifugal inertia moment I,,, can be positive, negative or equal
zero.

12



The symmetry rules

If a section has a symmetry axis, then in the coordinate system that this axis be-
longs to, the centrifugal inertia moment is identically equal to zero. The correctness of
this rule is obvious from the Fig. 3.

A pair of orthogonal axes that give I,,, = 0 are called principal inertia axes of
the section.

Therefore, if one of two axes is a symmetry axis then this symmetry axis and any
perpendicular axis to it are the principal inertia axes because the centrifugal inertia
moment about these axes equals zero.

Note An inertia moment of a compound section consisting of n elementals
equals the sum of inertia moments of its elementals about the same axis:

n n n
1O 1. (i)
QB R he= ) ke
i=1 i=1 i=1

I(l) I ® I @

where I,,", I, I,

— inertia moments of n-th elementals of the compound
section;

n — number of elementals of the whole section.

5. Relation between the values I,, I,, and I,

I, = fpz dA.

A

By the definition (14)

If the pole O coincides with the origin of coordinates of the system y0Oz, then

p? = 72 + y?
and therefore
Ip=jpszzj(zz+y2)dA=fzsz+fy2dA=Iy+Iz. (15)
A A A A

Hence, the sum of axial section inertia moments about orthogonal axes y and z
is equal to the polar section inertia moment about the origin of coordinates and is in-
variable under coordinate system rotation.

13



6. Examples of defining inertia moments
of simple geometric figures

Example 1

Define inertia moments of rectangular section shown on Fig. 11 about the axes y
and z that are the symmetry axes of this section.

z Given: h, b, O — gravity center of the section.

N Define [, I,, 1,,,, 1.

dA 4 N Solution

1. Define the inertia moment about the axis y.

Separate a unit of area out this rectangle that has
the width b and height dz and is located at the distance z
b from axis y. The area of this unit is
dA = bdz.

Fig. 11

Substitute the value dA into the expression (12) to calculate the axial inertia mo-

ment
b h3+h3 _ bh?
n 3\8 8) 12°

2. Define the inertia moment about the axis z.
Performing the calculations similar to the previous ones, we obtain
hb3
I, = 17
3. As far as axes y and z are symmetry axes of the section, then they are principal

central axes of the section. Therefore, centrifugal inertia moment of the section about
the axial system y0Oz equals zero:

I, = 0.
4. Define polar inertia moment
bh A
I, =1, +1, =—(h®*+ b?*) = — (h* + b?).
o = Iy + 1, == (B2 +b?) = = (h% + b?)

14



Example 2

Define inertia moments of the box-type section assuming that axes y and z are
symmetry axes (Fig. 12).

Given: B, H, b, h. z
Define [, I, I,,,.
Solution
Se| RS
1. As far as axes y and z are section sym- O y
metry axes, then they are principal central axes
of this section, so the location of gravity center
of this section is defined: it is the cross point of b
axes y and z (point O). Then B

I, = 0.
g Fig. 12

2. Find I,,. The integral of the sum is equal to the sum of the integrals, therefore

BH® bh3
Iy == 7 - E
3. Define by analogy
HB® hb3
IZ = T - E

Example 3

Define inertia moments of a round section (Fig. 13) about central axes y, z.

Given: d. z dp
Define [, I, [,,,, |

yz> 1p-
Solution % Q
N

1. Define polar inertia moment L,. O J y
Separate circular unit of area with the thickness A

dp and radius p. The area of this unit is dA = 2mpdp.
Substitute the value dF into the expression (14):

Fig. 13
d
2 a
I_.[ sz_fZ 3d =9 p42_2ﬂd4_ﬂ'd4
p T PEAT AR T T e 32
A 0

15



2. Define axial inertia moments I, and I,.

Axial inertia moments of the circular section about all axes passing through its
gravity center are the same value, i.e. I, = I,.

Then

Hence

I, md*

L,=1,= 5=
3. As far as axes y and z are the section symmetry axes then they are principal

central axes of this section. Therefore, the centrifugal inertia moment about axial sys-

tem yOz equals zero:

Example 4

Define inertia moments of a circular section about central axes y and z (Fig. 14).

z Given: D, d, a = d/D'

Define I, I, 1,,,, I,.

A / / Solution
BN
@)

j Y 1. As far as axes y and z are section symmetry
axes, then they are principal central axes of this
section, and point O is the gravity center, then

I, = 0.

Fig. 14

2. Define polar inertia moment

, _ mD* nd“_{ - D}_nD4(1 "
b =33 37 — tassuming =aD} = 32 a®).
3. Find axial inertia moments about the axes y and z.
Axial inertia moments of the circular section about all axes passing through its

gravity center are the same value, i.e. [, = I,.

Then

L _ nD* nd4_{ o de D}_T[D4(1 "
y =l =~ — 7 = {assuming d = aD} = — at).

16



Example 5

Define inertia moments of right-angled triangle about the axes that coincide with
legs of this triangle (Fig. 15).

Given: h, b. Az,
Define [, , I, , I, , .
dA N’
Solution S
1. Find axial inertia moment about the axis y;. = |b(z)
Separate a unit of area with width b(z;) and height N
dz, that is located at the distance z; from the axis y;. The
area of this unit is
0, b Vi
dA = b(Zl)dZ]_.
Fig. 15
From the similarity of triangles find b(z,):
b(Zl) h — A Zq
o= — b(zl)_b(1—z).
Then
h h
7132 z3  zf bh3
Iy1=.[212d14=jb212(1—z) le:b(?_E ZE.
A 0 0
2. By analogy find axial inertia moment about the axis z;
hb3
IZ1 == E
3. Calculate centrifugal inertia moment about the axes y; and z;
h h b(z1) h
b*(z,)
13’121 = jylzldA == jzl J yldY1 le == _[Zl 2 le.
0 0 0 0
By substituting b(z,) we obtain
n b2 2 b2 (72 273 4\
z z z z
I z. — _Zl(l__l) dZ1=_ _1___1+_1 =
Y14 2 h 2\2 3h 4h? o




Example 6

Define inertia moments of the right-angled triangle about central y and z
(Fig. 16).

b(z) Given: h, b.
Define 1., 1, I,,,.
dA |N\Z} N v
S Solution
< N 1. Find axial inertia moment about axis y.
Separate a unit of area with the width b(z) and
N 0 Y height dz that is located at the distance z from the axis
= y. The area of this unit is
AN dA = b(z)dz.

Define b(z) from the similarity of triangles:

Fig. 16
b(z) 2h z b (2h
z) 3~ _b2h
b h b(Z)_h<3 Z)'
Then
3t 2,
p _J sz_j 2b(Zh )d _ b (2hz® 3z%\|3"
Al e B A A A Y T
A _h 73
3
2.4} 2.\ hy? hy*
b |(Gh) 3G 2n(=3) 3(-3)|_mw
"~ 3h 3 4 3 4 | 36°
2. By analogy find axial inertia moment relative to the axis z
| _hb3
736
3. Calculate centrifugal inertia moment about the axes y and z
2 b 2
S [GE-2-5 -5
I, = | yzdF = dy |dz = AN 34z =
yz = | yzdF = | z ydy |dz= | z > z =
0 "h b "h
3 3 3
Zh
_1[ 2b222+b223 p _bzhz( 16 N 4 2 1 )_ b?h?
_zh 3 h 2 )T 2 3-81 81 3-81 8-81/  72°
3

18



Notes

1. Every triangle can be presented as a combination of right-angled trian-

gles, which allows using obtained correlations to define inertia mo-
ments of arbitrary triangular sections.

2. The centrifugal inertia moment of right-angled triangle about its cen-

tral axes that are parallel to the legs can be positive as well as negative.
The sign of I, is defined by the collocation of the triangle and its cen-
tral axes. Consider the options of this collocation (Fig. 17).

Fig. 17

As far as

I, = Jysz and dA > 0,
A

then the sign of I, is defined by the sign of the product yz, which is

positive in first and third quarters and negative in second and forth ones.
If the drawing of the section is dimensioned then in most cases the sign
of I,,, can be defined visually. The hatched areas on the pictures prevail

in the process of summating (integrating) the values yzdA, which de-
fines the sign of I,,,. Therefore finally

b2h?
bye =275

and the sign is chosen either formally by the results of calculations or
by these simple considerations that require understanding the sense of
integration operation.

19



7. Changes in axial and centrifugal inertia moments
of the section due to parallel translation of axes

In the strength calculations of engineering structures it is often necessary to define
axial and centrifugal inertia moments of compound sections about the arbitrarily lo-
cated axes relatively to central ones. Such axial and centrifugal inertia moments can
be found by performing two operations: parallel translation of axes and rotation about
the origin of coordinates.

Consider the calculation of axial and centrifugal inertia moments due to switching
to axes parallel to central ones (Fig. 18).

z Az
A 47 2 Given: 4, a,b, 1, 1,, 1,,,; axes y and
// z are the central axes of the section A4,
. N / ﬁ 1.C.
< % / Vi Sy=fsz=0,
4
0 y g
S, = f ydA = 0.
A
/ Define [,, , I, , I, ;. .
a Yi
Y

Fig. 18

By the definition (12), (13)

L, = jzlz dA,
A

Iy, =f dA, (16)
A

V1
y121 j ylzl dA'
A

It can be seen from Fig. 18 that
Z1 =Z— b,
Yyi=YyY—a

20
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Substituting the values z; and y; from the equations (17) into correlations (16),
we obtain

Iyl=f(z—b)sz=fzsz—besz+b2fdA;
A A A A

Izl=j(y—a)2dA=fy2dA—2aJydA+a2fdA;
A A A A

Iylzl=j(z—b)(y—a)dA=fysz—bjydA—ajZdA+abjdA.
! 1

A A A

In the right-hand part of these correlations there are

jzz dA = Iy; fyz dA =1, fyZdA = Iyy; fdA = A4;

A A A A
jsz=sy=0; jydA=SZ=O,
A A

and all these values are defined, therefore finally we obtain

L, =1, +b?4;
I, =1, + a%4; (18)

I, = 1,, + abA.

Hence, an axial inertia moment of a plane section about some axis that lies in
plane of the figure’s section and is parallel to a central axis, is equal to an axial inertia
moment of this figure about central axis plus the product of section area by squared
coordinate of gravity center of this section in the new coordinate system.

A centrifugal inertia moment of a section about a pair of orthogonal axes that lie
in plane of the section and are parallel to the central axes is equal to centrifugal inertia
moment of the section about the pair of orthogonal central axes plus the product of
section area by coordinates of section gravity center in the new coordinate system.
When determining the centrifugal inertia moment, the signs of coordinates about the
given axes must be taken into account.

Note It follows from the first and the second correlations of the system (18) that
among the whole set of axes parallel to any coordinate direction, the central
axis has the minimum value of axial inertia moment about it.

21



8. Changes in axial and centrifugal inertia moments
of the section due to rotation of the axes

Given: A, [, I, I,,,,
of rotating it by the angle o relative to the origin of coordinates (consider as positive

the direction of rotation shown on Fig. 19 — counterclockwise).

Define Iy1 I, .1

a. The system y; 0z; is obtained from the original one by means

> %Zq° " YZ-
Z1 z 4
dA DN
- ~
2
@D
o
N1 ©
7y . a o
o Y h B
y : }71\\ % \
\\ \\ .>: -7
a>0 \\ ////f\,
0 ZS'YQO(\ Y
Fig. 19
By the definition (12), (13)
— 2 .
I, = le dA;
A
I, = f yi d4; (19)
A
13’121 - .Iylzl dA.
A

It can be seen from the Fig. 16 that
Zy =zcosa—ysina;

. (20)
Yy, = ycosa + zsina.
Substitute the values z; and y; to the expressions of the system (19):
L, = j(zcosa —ysina)?dA =
A 21)

= coszajZZdA—Zsinacosafysz +sin2afy2dA;
A A A
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I, = j(ycosa + zsina)? dA =
A (22)
= cos? a j y2dA + 2sina cosa f yzdA + sin? a j z%dA;

A A A
Taking into account that in the expressions (21) and (22)

fzz dA =1,, fyz dA =1,, jyz dA=1,, 2sinacosa = sin2aq,
A A A

and all these values are determined, we finally get the expressions to define axial inertia
moments of the section with the rotation of axes:

I, =1,cos*a+I,sin*a — I, sin2a; 23)
I,, =1I,cos*a+ I, sin’ a + I, sin 2a.

Move on to defining centrifugal inertia moment of the section:

Ly, = f(z cosa —ysina) (ycosa + zsina)dA =
A

= coszafysz —sinacosaijdA +sinacosaszdA —sinzaJyZdA =

A A A A
1
= (cos? a — sin? ) f yzdA + 2 sinacosa§<f z%dA — Jysz)
A A Y

Taking into account that in this expression

jzz dA = 1I,; jyz dA = 1,; jysz = lyy;
A 4 4
cos? @ — sin® @ = cos 2a; 2 sin a cos @ = sin 2a,

and all these values are determined, we finally obtain

I, —1
L, 2, = I,,cos2a + 4 5 % sin 2a. (24)

Y121

Notes 1. In the expressions (23), (24) initial axes are arbitrary (not necessarily
central).

2. Expressions (23), (24) are periodic functions with minimum period 7
and are dependent of .

3. In case of rotation of axes by 7 /2 the centrifugal inertia moment changes
its sign, and the axial inertia moments always remain positive
(with any a).
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9. Invariance of the sum of section axial inertia moments
relative to rotation of the axes

Find the sum of axial inertia moments from the equations (23):
L, +1, =1I,cos®*a+I,sin*a — I, sin2a + I, cos® a + I, sin® a + I, sin 2a =
= I,,(sin®* a + cos® a) + I,(sin® a + cos® ).
Hence, taking into account that sin? @ + cos? @ = 1, we obtain
L, +1, =1I,+1, =1, = const. (25)

This proposition, in essence, was proven earlier (see paragraph 5). It was proven
(see equation (15)) that
I, =1, +1,.
Thus, with a fixed position of the pole, the value of I, does not change, or, in other

words, the sum of two axial inertia moments about any pair of orthogonal axes emerg-
ing from one point is a constant value.

10. Principal axes and principal inertia moments of the section

T A [},+IZ=const

A

It can be seen from correlations (23)
that functions I, = fi(a) and I, = f,(a)

X} ) 4
~

i are continuous and periodic with mini-
i mum period 7. In addition, as it follows
i from equation (25), the sum of these func-
tions 1s a constant value, and for the finite
dimension section, it is finite value. It is
graphically shown on Fig. 20.

Fig. 20

This picture shows that within the period there is the value a = a, (and also
a=ay+ 7T/Z), due to which the section axial inertia moments get extremum values

simultaneously.
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To define the value of a, perform a differentiation one of the correlations (23)
(for example, the first one) about a and equate it to zero:

dl

d_le = I,2 cosay (—sinay) + 1,2 sina, cos ay — 21, cos 2ay = 0.
Hence
(I, — I,) sin 2a, = 21, cos 2a, (26)
and finally
21
tg2ay = S LA (27)

(. = 1y)

Define the wvalue of centrifugal inertia moment of the section with
a = agy. Rewrite the expression (26) in a form

Y sin 2a (28)

Z
I, cos 2ay =

and substitute to the equation (24) the value of first summand from the right-hand part

by the formula (28)
,—1 L, —1,

z .
Ly, = Tysm 2ag + 4

sin2a, = 0. (29)

Therefore, when a = oy:

1) axial inertia moments of the section have extremum values simultaneously;
2) centrifugal inertia moment of the section becomes zero.

Based on obtained results we can formulate the following definitions:

e || The axes relative to which axial inertia moment of the section have extremum
values simultaneously, and centrifugal inertia moment of the section becomes
zero are referred to as principal inertia axes of the section.

e || If principal inertia axes of the section pass through its gravity center then they are
referred to as principal central inertia axes of the section.

e [| Axial inertia moments of the section about its principal axes are referred to as
principal inertia moments of the section.

The location of principal inertia axes of the section is found by the formula (27).

To define the values of principal axial inertia moments of the section
(with @ = a;) rewrite the correlations (23), using trigonometric relations
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) 1+ cos2a . 1 —cos2a
cos“ @ = —————; sin“ @ = ————
2 2
in a form
L+1, I,—1
b = y2 < y2 2 cos 2ay — I, sin 2ay ;
L+1, I,—1
I, = y2 Z4 2 > yc052a0+lyzsin2a0;
or
I, +1 I, —1
Imax = =~ > -+ ( 4 5 Y cos 2a4 + I, sin 20:0). (30)
min
Using the known trigonometric relations
tg 2a 1
sin2a, = &% ; cos 2ag =

J1+tg? 2ay V1+tg?2a

exclude oy by means of expression (27) and obtain

21 I,—1
¥ ; cos2ay = <

J (I, = 1,)" + 412, \/ (I, = 1,)" + 412,

Then the correlation (30) can be written down in a form

sin 2a,y =

I, +1 I,—1 I,—1 21
Yy Z+ z z y +Iyz vz

y
2
J (I, = 1,)" + 412, J (I, = 1,)" + 412,

After processing we finally get

Imax =
min 2

I
Imax = Iu =

+1 I, — I\ L+1, 1 .
Yy z z y 1y z i
max = u > J_r\/( > ) +1, = > ii\/(lz—ly) + 412, (31)

Notes 1. The angle a, obtained using the expression (27) should be laid off
counterclockwise if ay > 0 and clockwise if ay < 0.

2. The axis relative to which the principal inertia moment of the sec-
tion has maximum value is located at the shortest angular distance
from the central axis (y or z) relative to which the axial inertia mo-
ment is greater.

3. It follows from the symmetry rule considered before that if at least
one of the axes is a symmetry axis of a section then this system of

mutually perpendicular axes is a system of principal inertia axes of
a section.
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Consider special cases.

1.If I, = I, and I,,, = 0, then it follows from the formula (24)

I, —1

I cos2a +%sin 2a

Y121

=1,

that the value of centrifugal inertia moment about any pair of mutually perpendicular
axes I, , equals zero. Therefore, any axes obtained by means of rotating the coordi-
nate system y0Oz are principal inertia axes (as well as axes y and z). Hence,

I, = I, = Lpgx = Imin = const.

2. If the figure has more than two symmetry axes then its axial inertia moments
about all of central axes are equal.

Direct one of the axes (y or z) along one of symmetry axes, and the other one
perpendicularly to it. The centrifugal inertia moment about these axes is I, = 0. If the
figure has more than two symmetry axes then there is some axis among them that gen-
erates an acute angle with the axis z. Denote such axis as z;, and the one perpendicular
to it y;.

Centrifugal inertia moment I, , = 0, because the axis z; is a symmetry axis. In
accordance with the formula (24)

Iy —1I
L, ,, =1I,,cos2a + sin2a =0,
but as far as
I,, =0,
then
I, =1,

Then according to Point 1 an inertia moment about any axis has the same value,
and any axes obtained by means of rotating the coordinate system yOz are principal
inertia axes.

This implies that all regular figures (square, circle, equilateral triangle etc.) have
equal inertia moments about all central axes, and all these axes are principal inertia
axes.

3.1f I, = I, u I, # 0, then according to the formula (27)

21,

(Iz - Iy),
tg2ay = oo; 2a9 = 90°; ay, = 45°.

tg2ay =

In this case principal inertia axes are located at 45° angles relative to initial axes
y and z.

27



11. Examples of solving typical problems

Example 1

Define inertia moments of right-angled triangle about central axes parallel to the
legs using the formulas of parallel translation (Fig. 21).

z, z
< \
0, Y
e
=
01 b/3 yl
b >
Fig. 21
I, =L, —b?4,
where
, _ho b _bh
1 31 a 31 - 2 )

Given: h, b.
Define [, [, I,,.

Solution

To solve this problem we use the results of
example 5 (see paragraph 6) and correlations (18)
of parallel translation of axes. However, we have
to take into account that the translation is per-
formed from non-central axes y;, z; to central axes
y, Z, therefore the formulas of parallel translation

are written as

I, = I, — a4, I, =1, — abA,

_bR? hb? b?h?

bh=1 TaTg e =g

Define axial and centrifugal inertia moments:

Iy

I, =

I,, =

_ bh? (h>2 bh _ bk
12

3) 27 36’

3) 2 7 36

_ hb? (b>2 bh _ hb®
12
_b*h? b h bh _ b?R?

24 33 2  72°

This option of finding inertia moments in right-angled triangle about central axes
parallel to the legs is less labor-consuming compared to the operation of direct inte-
grating using the formulas (12), (13) (see example 6 of paragraph 6).
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Example 2

Define inertia moments of isosceles triangle about central axes y0Oz (Fig. 22).

Given: h, b. f

| z
Define I, I, I,,. B
Solution
1. Decompose the isosceles triangle ABC into =
two right-angled triangles ABD and BCD. o 19) y
N
2. Define I,,. = D
The inertia moment of isosceles triangle ABC A b C
about the axis y is the sum of axial inertia moments
of triangles ABD and BCD about the axis y:
Fig. 22
b
~h®  bh?
__ ;(ABD) (BCD) _ ,;(ABD) _ ,,(BCD) _ 2 _ o
L, =1, + I, = 2I, = 2I; =2 ETERETS
Note An inertia moment of any triangle about the central axis y that is parallel
to the base is
s bh3
Y 36"

3. Define I,.

The inertia moment of isosceles triangle ABC about the axis z is the sum of axial
inertia moments of triangles ABD and BCD about the axis z:

h(é)3 hb?
I, = IZ(ABD) n IZ(BCD) _ ZIZ(ABD) _ ZIZ(BCD) — 9 122 _ o

4. Define I, .

As far as the axis z is a symmetry axis of this section then it and the axis y per-
pendicular to it are principal central axes of this section. Therefore, centrifugal inertia
moment of this section about the system of axes y0z equals zero:

I, = 0.
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Example 3
Define the location of principal inertia axes passing through the point 4 (Fig. 23).

Given: h =3 cm, b = 6 cm.
Define .

Solution
1. Define inertia moments rela-

N O
= 4 Y1 tive to the axes Y1, Z1, passing through
- 2/3b v the point 4 and parallel to the edges of
b ,[ the triangle, using the theorems of par-
allel translation of axes:
Fig. 23
Lo +<1h>2A_bh3+1 pDh bR _6-3° o .
n = T3 36 9 2 12 12 7
Lo +(2b>2A_hb3+4 bR _hb? _3:6° .
=273 36 90 2 4 & oo
Lo +( Zb) (+1h)A— b?h? Zblhbh_ b*h?
g Yz 3 3 - 72 33 2 8
62 . 32
=——%3g = —40,5 cm*.

2. Define the angle «, at which the axes y; Az; should be rotated to become prin-

cipal:
2L, 2(-405) 0545

B0 S ) T62—135

20ty = —28,59°;
a, = —14,295° = —14°15'32"".

The negative angle a should be laid off clockwise. Here the axis of greater axial
moment z; becomes the axis of maximum moment u, and the axis of lower axial mo-
ments y; becomes the axis of minimum moment v. Hence, the condition is fulfilled:

I, > 1, > 1, >1,
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Example 4

Define principal central inertia moments of the T-section (z is a symmetry axis)
(Fig. 24).

Given: h =16cm, b = 10cm, t = 4 cm,
d=2cm.

A S~ - 2
Define [, I,.

. - pa Y
Solution ?

]
1. As far as axis z is a symmetry axis of this
section then the gravity center lies on the axis z,

ie. y. = 0and [, = 0 (y is any axis perpendicu- 0,
lar to z).

Vi
Find the second coordinate of the gravity cen-

ter. Decompose the section into two rectangles and 1 Tl “\
locate the second central axis y; and y, in the grav- ]
ity center of each rectangle. Select the coordinate
system z0;y; as actual one.
Then
2
Sy, D . @ h—t ¢t 16

G sWas® o0+be(Fgo+3) 1044 320 .
€T 2 A +4,  (h—-t)d+bt  12-24+10-4 64 '
DA
i=1

Fig. 24

VA

2. Calculate the inertia moment about the axis z:
3 3 3 3
W L2 (h=1t)d°> tb (16 —4)-2° 4-10 .
L =] 1% = — = 341,333 .
z=l"t s 12 T 12 12 T2 o
3. Find inertia moment about the axis y:

I, =I5V + 1Y = 888 + 413,333 = 1301,333 cm*;
d(h —t)3

W _ Dy 2g =
L =1 + 224 =——

2(16 — 4)3
=%+52(16—4)'2 =888cm4;

+z2(h—t)d =

h 2 bt3 /h 2
2 _ 2 _ _
Iy —Iyz +(§_Zc> AZ__12 +(E—ZC> bt—

B 10 - 43 2

+(16 5) 10 - 4 = 413,333 cm*
12 2 T rRess A
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Example 5

Define axial and centrifugal inertia moments of the semicircle with radius r about
the axes y and z (Fig. 25).

Az
Given: 7.
< Define [, I, I ,.
o
y
Fig. 25
Solution
12 Add up the semicircle to obtain a circle
(Fig. 26). For round cross-sections
o_,0_md 0
Iy =17 =—-; Iy, = 0.
64
o < J Then for the semicircle as a semifigure
Lo I 1P mat ; _I;DZ_O
Yot 2 20 128 22 o
Fig. 26

Notes | 1. It is convenient to use the notion «semifigure» for sections that have
one or more pair of mutually perpendicular symmetry axes.

A semifigure 1s a figure generated by means of decomposing a plane
figure by an arbitrary shaped line that is reversely symmetrical to the sym-
metry axes. Here, when rotating a semifigure at 180° about the gravity
center of the whole figure, the semifigure coincides with the second semi-
figure (Fig. 27).

The principal central axes of the figure (see Fig. 27) are principal axes
of their semifigures. This is obvious if we draw an additional line A, O (see
Fig. 27, a, b, ¢, d), that is symmetrical to A0, and an additional line A;C
(see Fig. 27, e), that is symmetrical to AC. In the semifigures, the axis y
for the part I and the axis z for the part IT are symmetry axes, and therefore
these axes are principal inertia axes for the whole figure.

2. The inertia moments of a semifigure about the principal central axes of
the whole figure are half of inertia moments about corresponding principal
central axes of the whole figure.
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For example, consider the rectangle on the Fig. 27, a:
L, (semifigure ABCD) = L,(KK,CD) + L,(KAO) — 1,,(K, BO).

As far as 1,(KAO) = L,(K;B0), we finally obtain

I—I(KKCD)—l bh3_bh3_ 1_1 hb3_hb3
yoOYAEEES T2 12 24 272 12 24
For th ifi Fig. 27 L, =1 1 d4_nd4
or the semifigure on Fig. 27, ¢ y=L=5"=Tg
. _ 1 a* a*t
For the semifigure on Fig. 27, d L, =IZ=§ 12 =27
1 5V3 5v3
For the semifigure on Fig. 27, e I, =1, ==——a*=—=-a*
2 1 32
z
STV A ____ 1
1A I AN, T
|
|
< K /O isz < 1 0 ;y
7 |
AY B i |
7211 S y L B
D A C ! b
a b

Fig. 27

3. If a figure has two (see Fig. 27, d) and more (see Fig. 27, c, e) pairs of
mutually perpendicular symmetry axes, then any two mutually perpendic-
ular axes passing through the gravity center of the whole figure, are the
principal axes of the semifigure.
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Example 6
Define the location of principal central inertia axes of given section and the values
of principal inertia moments in this axial system (Fig. 28).

d Given: h =5cm,b =8 cm, d = 2 cm,
t=1cm.
Define y,, z., ay, I, I,,.

<~ Solution

1. Make a dimensioned drawing of com-
~ pound section.

b 2. Decompose the section into elemental
parts (rectangle with dimensions b X h with

Fig. 28

excision (b — d) X (h — t)) and assign the numbers 1 and 2 to these parts (Fig. 29).
3. Put the central coordinate systems y; 0;z; in the gravity center of each elemental
part of the section (in our case y; 0,2, and y,0,2,).

4. Find the coordinates of gravity center of the compound section.

Select the actual (basic) coordinate system that will be used to define the gravity
center coordinates of the whole section. Take the axial system y; 0,z as basic one.

Then the formulas for calculating the gravity center coordinates take the following

form
z S(z) Z S(z)
i=1 i=1

2 ; Ze = 2 ’

QA QA
i=1

i=1
where the cross-section area is

A, =bh=8-5=40cm’; A,=(b—-d)(h—1t)=(8-2)(5—-1) =24 cm?;
2

Ve =

ZAi =A=A4;—A, =40 — 24 = 16 cm?;
i=1
static moment about the axis z;

d
zs(‘) S —sP =4,-0- A2<—E>—O 24 - (=1) = 24 cm®;

static moment about the axis y;
2

- t
N0 g @ _ g g g (L
Sy, = E S =80 -8 =4,-0 AZ(

)—0 241— 12 em3
- 2— 2— cm-.
=
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Notes 1. When calculating static moments, it is necessary to take into account
the signs of gravity center coordinates of elemental parts of the section
in actual (basic) coordinate system.

2. If a compound section has an excision (cutout), then the geometric char-
acteristics of this excision (area, static moments, inertia moments)
should be taken away.

u (mZCle)\ z, oz d
@ ¥,

Vv (min)
o
% 02 \(0 ;)1}2 /
=~ ~ \ /% yl =
QY ~ o 19 S X
Q N 1 ~ R y

-~ [ %
b-d)2  |d2| aq, \

a,

b

Fig. 29

Calculate the gravity center coordinates (point O) of the compound section in the
axial system y;012;:

=202 5 em, s 2 s
yC_A_16_ o Cm; ZC_A_ 16_ ’ cm.

According to the results of the calculations show on Fig. 29 the system of central
axes y0z and the gravity center of the compound section (point O).

Define the coordinates of the gravity centers of the elemental parts of this section
(points O; and 0,) in the system of central axes yOz:

d 2
a; = -y, =—15cm; a, = — (yc + E) = — (1,5 + E) = —2,5cm;
t 1
c; = |z;] = 0,75 cm; c, = |z,| +5= |—0,75] +o = 1,25 cm.

Verification of defining a gravity center:

a) graphical check
To validate the location of gravity center connect the points O; and O, by dot line.
The point O should lie on that line.
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Note A gravity center of compound section consisting of two elemental parts
always lies on a line connecting the gravity centers of elemental parts,
and the ratio of distances from gravity center of the whole figure to gravity
centers of elementals is inversely proportional to the ratio of elemental
parts’ areas.

In this case

00,1 _ 4,
|00, A’
|00,| = /a% + ¢t = 1,677 cm; |00,| = ’a% + ¢ = 2,795 cm;
|001|—1'677—06- A2—40—06' 0.6 = 0.6
|00,] 2,795 A, 24 S
b) analytic check

Use the property of central axes that the static moment of a compound section
about the central axes equals zero:

2
5, = ZSS) = M 6@ = phe, — (b — d)(h — t)c, = 60 — 60 = 0 cm?;

i=1
2

S, = z SO =M _s® _ pra. — (b= d)(h— t)a, = 30 — 30 = 0 cni’.
i=1

Therefore, the location of gravity center of the compound section is defined cor-
rectly.

5. Find inertia moments of compound section in the system of central axes y0Oz.

Define axial and centrifugal inertia moments of elemental parts of the section:
for the first rectangle

=P 85 s 3as e,
nT Ty T g e
hb3 5-83 A
IZ1 = 1 = 1 = 213,333 cm™; Iy121 =0;
for the second rectangle
(b—d)(h—1t)® 6-43 A
Iy, = 12 =17 = 32 cm™;
h—t)(b—d)® 4-63
Zzz( ) ) = = 72 cm*; ly,,, = 0.
12 12 272
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Tabulate preliminary results into Table 1.

Table 1
Part of Geometric characteristics
the section| 4, cm? | L,,em* | IL,em* | L,,,em* | a;,cm c;, cm
1 40 83,333 213,333 0 -1,5 0,75
2 24 32 72 0 -2,5 1,25
Note All the following calculations need to be performed in the system of cen-

tral axes y0Oz of compound section.

Find axial and centrifugal inertia moments of the compound section in the system
of central axes y0z, using the formulas of parallel translation:

I, = I§Y — 1§ = 105,833 — 69,5 = 36,333 cm*;

I$Y =L, + c}A, = 83,333 +0,75% - 40 = 105,833 cm*;
I =1, + 34, = 32 + 1,252 - 24 = 69,5 cm®;

I, =1 — 1 = 303,333 — 222,0 = 81,333 em?;

IV =1, +alA; = 213,333 + (—1,5)% - 40 = 303,333 cm?;
1Y =1, +a3A, = 72 + (—=2,5)% - 24 = 222,0 cm®;

I, = Iy — I = —45,0 — (~75,0) = 30,0 cm*;

13(/? =1I,, tacA; =0+ (—=15)-0,75-40 = —45,0 cem*;
Ij(/'i) = Iyzzz +ac4, =0+ (—2,5) 1,25+ 24 = -75,0 cem?,

Notes 1. The values of axial inertia moments about central axes must be positive,
which stems from the definition of an axial inertia moment.

2. If a large area of a compound section belongs to the first and the third
quarters then the centrifugal inertia moment is positive, if it belongs to
the second and the fourth quarters then the centrifugal inertia moment is
negative.

6. Calculate the position of principal inertia axes of the section:
2Ly, 2-30,0
I,-1, 81,333 —36,333

tg2ay = = 1,333;
2ay = 53,1235 @y = 26,5615° = 26°34".
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As far as ay > 0 the rotation of axes y and z by this angle should be counter-
clockwise according to the conventional sign rule. The axes obtained as a result of this
rotation are principal central inertia axes of the compound section.

7. Define the values of principal inertia moments of the section:

L, +1 I, — I\
Imax:]g: 4 Zi\/(z y) +132,020=

min 2 2

36,333 + 81,333 /81,333 — 36,333\ \
_ + ( ) +30,02 = 58,833 + 37,5 cm™.

2 2
Therefore
Lpax = I, = 96,333 cm*;
Lyin = 1, = 21,333 cm™.
Note The values of principal central inertia moments must be positive, which

stems from the definition of axial inertia moment.

Using the results of calculations show on Fig. 29 the principal central inertia axes
of the compound section, namely axes u and v.
Aslong as I, > I, then the axial inertia moment gets its maximum value relative

to the axis located at minimum angular distance from the axis z.

8. Validate the solution:
a) check if the correlation is fulfilled

Imax > 1, > L, > Ly (if I, > L,) 0F Lygye > 1, > 1, > Ly, (if I, > ).
In the considered case

96,333 > 81,333 > 36,333 > 21,333;

b) check the permanence of the sum of axial moment values with the rotation of
axes:

Imax + Lpin = I, + Iy;
96,333 + 21,333 = 117,666; 81,333 4+ 36,333 = 117,666;

117,666 = 117,666;
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¢) calculate the centrifugal inertia moment about principal central axes which a
priori must be equal to zero:

I, -1,

Iy = I, cos2a, + sin2ay =

36,333 — 81,333
2

=30,0-0,6001 + (—22,5) - 0,7999 = 18,003 — 17,9978 = 0,0052 cm*.

= 30,0 - cos(2-26,5615) +

-sin(2 - 26,5615) =

Computational error

0,0052
18,003

A% = |-100%=0,0289%S1%,

hence, the problem is solved correctly.

Notes 1. This task can be solved using different options of decomposing the sec-
tion into parts (in the example 5 of the section 3 to define the gravity
center coordinates another decomposition pattern was used).

2. The decomposition should be performed in a way that helps minimize
calculations.

3. The final result should be the same for all options of decomposition.

4. If a compound section consists of two identical parts located at 90°
relative to each other, then the gravity center of the whole section lies
at the center of a line connecting the gravity centers of elemental parts;
one of the principal central axes coincides with this line and the other
is perpendicular to it (Fig. 30).

~ — \\\ O//
~__ 0 :
\ / 2 P ~
v\ T~ = T =
\/ -
\Of TT——~
O\ )
/A
/ \ O\
/A
/ \
Fig. 30




Example 7

Define the location of principal central inertia axes of a given section and the
values of principal inertia moments in the system of these axes (Fig. 31).

A L-beam Ne 10 Given: h = 6 cm, b = 8 cm, L-beam Ne 10.

Define y., z., ay, I,;, I,

%
% ey Solution
2 : ' 1. Make a dimensioned drawing of the
\ compound section.
Q — -
\ 2. Decompose the section into elemental
: - parts (an L-beam and a rectangle) and give
Fig. 31 these parts the numbers 1 and 2.

3. Put the central coordinate systems y;0;z; (in the considered case y;0;z; and
y,0,2,) in the gravity center of each elemental part of the section.

4. Calculate the inertia moments and the area of the rectangle, copy the geometric
characteristics of an L-beam Ne 10 needed for solving this problem from the assortment
tables, and tabulate them (Table 2).

Table 2
Part of the Geometric characteristics
section h;, cm | b;, cm | A;, cm? Iyi;cm4 IZi,cm4 Iyiziycm4 Yo, cm | Zy, cm
1 (L-beam) 10 10 19,24 | 178,95 178,95 | -110 2,83 | 2,83
2 (rectangle) 6 8 48 144 256 0 — —
For the rectangle
A2=bh=8-6=480m2; L, ,, =0;
bh® 8-63 4 hb® 6-83 4
I, = 12= 7 = 144 cm™; I, = 12= 7 = 256 cm”.
Notes 1. If a compound section includes rolled profiles as elemental parts, then
their geometric characteristics should be copied from the assortment

tables.
2. For the equilateral L-beam I, = I,.
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3. The sign of centrifugal moment of an L-beam is defined by its location
relative to own central axes (Fig. 32).

1

z N =z

>0 1,<0

Fig. 32

5. Find the gravity center coordinates of the compound section.

Select an actual (basic) coordinate system to define the coordinates of the whole
section gravity center. Here we take the axial system in which the whole section be-
longs to the first quarter (y305z3) as basic one (Fig. 33).

Note If the actual (basic) coordinate system is chosen in a way that the whole

section lies in the first quarter, then the static moments of this section about

the basic axes and its gravity center coordinates are positive, which reduces
an error probability in finding the gravity center.

Then the formulas for defining the gravity center coordinates take the form

z S(z) Z S(z)
i= i=

; ze =

Ve =

)

N

A; A;

N

i=1 =1

where Z A =A=A;+A4, =19,24 + 48 = 67,24 cm?;
i=1

2
b
i=1

8
=19,24-2,83 + 48 - (10 + E) = 726,449 cm3;

41



2
. hz
Sy = NS0 = 554 52D = Ay (hy + 20) + 4 (22) =
i=1

6
=19,24-(6 +2,83) + 48" 5= 313,889 cm3.

Calculate the gravity center coordinates O of the compound section in the axial

system y;05z3:
Sz, 726,449 _ Sy, 313,889

=B = " 10,804 cm: —
Ye =y = g724 10804 cm T4 T 724

According to the results of calculations shoe on Fig. 33 the system of central axes
y0z and the gravity center of the compound section O.

= 4,668 cm.

A 23
A
g \ Z; “Z
al aZ u
max
% Y (max)

Yo

Fig. 33

Define the gravity center coordinates of elemental parts of the section (points 04

and 0,) in the system of central axes y0z:
a, = —(y, —yo) = —(10,804 — 2,83) = —7,974 cm;

b 8
a, = b, +?2—yc =10+ — 10,804 = 3,196 cm;
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¢, =hy+2y— 2z, =6+ 2,83 — 4,668 = 4,162 cm;

h, 6
c, = — <zc - 7) = — <4,668 — E) = —1,668 cm.

Verification of defining a gravity center:

a) graphical check
To validate the location of gravity center connect the points O; and O, by dot line.
The point O should lie on that line (see Fig. 33).

Note A gravity center of a compound section consisting of two elemental parts
always lies on a line connecting the gravity centers of elemental parts. As
it is, the point O divides the sector 00, into two parts inversely propor-
tional to the elemental parts’ areas:

00, 4,

00, Ay’
|00,| = ’a% + ¢ = 18,9976 cm; |00,| = ’a% + ¢ = 3,6051 cm;
00,] 89976 A, 48

= 2,495; 2,496 = 2,495;

= 2,496; —

100,] ~ 3,6051 A, 19,24

b) analytic check

Use the property of central axes that the static moment of a compound section
about the central axes equals zero:

2
S, = Z S =50 + 8P = Aycy + Aye, = 19,244,162 + 48 - (—1,668) =
i=1
= 80,077 — 80,064 = 0,013 cm.
Relative error

)

3
= . 0fy — 0 0/.. 0 < o/
50,077 100% =00162% <1%  [A%] <1%;

A%

2
S, = z SO =54 @ = g.q +A,a, =19,24 - (=7,974) + 48 - 3,196 =
i=1

= —153,412 + 153,408 = —0,004 cm?>.
Relative error
—0,004

153,408
Therefore, the location of gravity center of the compound section is defined cor-

rectly.

A% = -100 % = 0,0026 % < 1 %; [A%] < 1 %.
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6. Find the axial and centrifugal inertia moments of the compound section in the
system of central axes y0z, using the formulas of parallel translation:

I, = I + 1Y = 512,230 + 280,769 = 792,999 cm*;
I$9 =1, +c}A, = 178,95 + 4,162 - 19,24 = 512,230 cm*;

I =1, + 34, = 144 + (=1,668)? - 48 = 280,769 cm*;

I, =1 + 19 = 1402,319 + 746,292 = 2148,611 cm*;

IV =1, +alA; = 178,95 + (=7,974)% - 19,24 = 1402,319 cm*;

1Y =1, + a3A, = 256 + (3,196)% - 48 = 746,292 cm*;

I, =I5} + 1§ = —748,533 + (—255,885) = —1004,418 cm*;

15 =1, +ac;A; = =110 + (=7,974) - 4,162 - 19,24 = —748,533 cm’*;
I$2 =1, +ac,A; = 0+ 3,196 - (—1,668) - 48 = —255,885 cm”.

Notes 1. The values of axial inertia moments about central axes must be posi-
tive, which stems from the definition of an axial inertia moment.

2. If a large area of a compound section belongs to the first and the third
quarters then the centrifugal inertia moment is positive, if it belongs to
the second and the fourth quarters then the centrifugal inertia moment
1s negative.

7. Calculate the location of principal inertia axes of the section:

e _ e 2:(-1004418)
ot = T, T 2148611 - 792999 O

2ay = —55,99°% @y = —27,995° = —27°59'42"".

As far as ay < 0 the rotation of axes y and z by this angle should be clockwise
according to the conventional sign rule. The axes obtained as a result of this rotation
are principal central inertia axes of the compound section.

8. Define the values of principal inertia moments of the section:

Imax = Iu =
min v 2

2
L, +1, 4 \/(IZ - Iy> , 792,999 + 2148,611

2 YoZo 2 -

+\/(2148,611 — 792,999

2
> ) + (—1004,418)% = 1470,805 + 1211,725 cm*.
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Therefore
Loy =1, = 2682,53 em®;

Lpin = 1, = 259,08 cm*.

The values of principal central inertia moments should be positive, which

Note
stems from the axial inertia moment definition.

Using the results of calculations show on Fig. 33 the principal central inertia axes

of the compound section, namely axes u and v.

Aslong as I, > I, then the axial inertia moment gets its maximum value relative

to the axis located at minimum angular distance from the axis z.

9. Validate the solution:

a) check if the correlation is fulfilled
Imax > 1, > L, > Ly (if I, > 1) 0F Lygye > 1, > 1, > Iy, (if 1, > 1).
In the considered case

2682,53 > 2148,611 > 792,999 > 259,08.

b) check the permanence of the sum of axial moment values with the rotation of

axes:
Imax + Ipin = I, + Iy;

2682,53 + 259,08 = 2941,61; 2148,611 + 792,999 = 2941,61;
2941,61 = 2941,61;

c) calculate the centrifugal inertia moment about principal central axes, which a

priori equals zero:
— IZ

I
Iy = I, cos2a, + Y sin2ay =

792,999 — 2148,611
= —1004,418 - cos(2 - (—27,995)) + > -sin(2 - (=27,995)) =

= —561,808 + 561,860 = 0,052 cm*.
Computational error
AY% —| 0,052 | 100 % = 0,0093 % < 1 %
*~ 561,860 0= 0==7

therefore, the problem is solved correctly.
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Example 8

Define the location of principal central inertia axes of the given section and the
values of principal inertia moments in this axial system (Fig. 34).

C-beam Ne 12 Given: C-beam Ne 12, L-beam Ne 7,5/5.

Define Yes Zc> Qo Iua I‘U'

T+ Solution

1. Make a dimensioned drawing of the com-
! pound section.

2. Decompose the section into elemental
parts (a C-beam and an L-beam) and give these
parts the numbers 1 and 2, respectively.

L-beam Ne 7,5/5

Fig. 34

3. Put the central coordinate systems y; 0;z; in the gravity center of each elemental
part of the section (in the considered case y, 0,2, and y,0,2,).

4. Copy the geometric characteristics of a C-beam Ne 12 and an L-beam Ne 7,5/5
needed for solving this problem from the assortment tables, and tabulate them

(Table 3).

Table 3
Part of the Geometric characteristics
section h;, cm | b;, cm | A;, cm? Iy, cm* I, cm* Iy ., cm* Yo, €m | Zg,, cm
1 (C-beam) | 12,0 5,2 13,3 31,2 | 304,0 0 — 1,54
2 (L-beam) | 5,0 7,5 6,11 12,47 | 34,81 12,0 2,39 | 1,17
Notes 1. If a compound section includes rolled profiles as elemental parts, then

their geometric characteristics should be copied from the assortment
tables. In this case the position of these parts relative to their own cen-
tral axes should be taken into account.

2. As far as the axis y; is a symmetry axis of a C-beam, then the centrif-
ugal inertia moment of a C-beamis I, , = 0.

3. The sign of centrifugal moment of an L-beam is defined by its location
relative to its own central axes (see Fig. 32).
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5. Find the gravity center coordinates of the compound section.

Select an actual (basic) coordinate system to define the coordinates of the whole

section gravity center. Here we take the central axial system of a C-beam y,0,z; as
basic one.

Then the formulas for deﬁning the gravity center coordinates take the form

Z S(z) Z S(z)
i= i=

yC= y ZC= )

2 2
2. 2.

where ZAL- =A=A,+A4, =133 +611 = 19,41 cm?;

i=1
: h
1
E SO =5 + 5P =A1-0+A2(_(2 _3’02>> =
i=1

12
=13,3-0+6,11- <— (7 — 2,39)) = —22,057 cm3;

2
Z S =80 + 5% = 41- 0+ 4y (—(20, + 20,)) =
=1

= 13,3 0+611-(—(1,54+ 1,17)) = —16,558 cm®.

Calculate the gravity center coordinates O of the compound section in the axial
system y;042;:
S, —22,057 Sy, _—16,558

=24 20 1136 cm: _ o
Ye="4 T 1941 o %74 T 1941

According to the results of the calculations, show on Fig. 35 the system of central
axes Y0z and the gravity center of the compound section (point O).

= —0,853 cm.

Define the coordinates of the gravity centers of the elemental parts of the com-

pound section (points 0; and 0,) in the system of central axes y0z:
= |y.| = 1,136 cm;
h, 12
a, = — (7 — Yo, — |yC|> = — <7 - 2,39 — 1,136) = —2,474 cm;

¢, = lz.| = 0,853 cm;
¢z = —(20, + 20, — |2c]) = —(1,54 + 1,17 — 0,853) = —1,857 cm.
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Verification of defining a gravity center:

a) graphical check

To validate the location of gravity center connect the points O; and O, by dot line.
The point O should lie on that line.

Note

A gravity center of a compound section consisting of two elemental parts
always lies on a line connecting the gravity centers of elemental parts. As
it is, the point O divides the sector 0,0, into two parts inversely propor-
tional to the elemental parts’ areas:

00, 4,
00,1 ~ 4y’

100,]| = ,a% + C12 = 1,421 cm; |00,| = /a§ + CZZ = 3,094 cm;

|00, 1,421

A, 611

|00, 3,094

=0,4593; ——>=
A, 133

48
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b) analytic check

Use the property of central axes that the static moment of a compound section
about the central axes equals zero:
2

S, = ZSS) =SV + 5 = Ay + Ayc, = 13,3:0,853 + 6,11+ (=1,857) =
i=1
= 11,3449 — 11,3463 = —0,0014 cm®.

Relative error

A% = | 100% = 0,01234 % < 1 %; [A%] < 1 %;

|11 3449

2
z SO =M 4 3 = 4 q, +A4,a, =13,3-1,136 + 6,11 - (—2,474) =
i=1

= 15,1088 — 15,1161 = —0,0073 cm?>.

Relative error

—0,0073
0y = | —8 ——| - ofy — 0 0/ 0 < 0.
A% 15,1088| 100 % = 0,00483 % < 1 %; [A%] < 1%

Therefore, the location of gravity center of the compound section is defined cor-
rectly.

6. Find the axial and centrifugal inertia moments of the compound section in the
system of central axes yOz using the formulas of parallel translation:

I, = I + I = 40,977 + 33,540 = 74,517 cm*;

I$9 =1, +c}A; = 31,3+ 0,853%- 13,3 = 40,977 cm*;

I =1, + 34, = 12,47 + (=1,857)% - 6,11 = 33,540 cm®;
I, =1 + 19 = 321,164 + 72,207 = 393,371 cm*

IV =1, +a?4; = 304,0 + 1,1362 - 13,3 = 321,164 cm4;
1Y =1, + a3A, = 34,81 + (=2,474)% - 6,11 = 72,207 cm*;
I, = IS + I = 12,888 + 28,071 = 52,959 cm®;

I =1, +acF, =0+1,136-0,853- 13,3 = 12,888 cm*

I$2 =1, +a,c,F, = 12 + (—2,474) - (—1,857) - 6,11 = 40,071 cm*
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Notes 1. The values of axial inertia moments about central axes must be positive,
which stems from the definition of an axial inertia moment.

2. If a large area of a compound section belongs to the first and the third
quarters then the centrifugal inertia moment is positive, if it belongs to
the second and the fourth quarters then the centrifugal inertia moment
1s negative.

7. Calculate the location of principal inertia axes of the section:

o o e 2052959
8ot = T, T 39337174517 O
2a, = 18,366°; @y = 9,183° = 9°10'59”".

As far as ay > 0 the rotation of axes y and z by this angle should be counterclock-
wise according to the conventional sign rule. The axes obtained as a result of this rota-
tion are principal central inertia axes of the compound section.

8. Define the values of principal inertia moments of the section:

L, +1 I, —I\? 74,517 + 393,371
Imax=1u=y22i\/<zzy> 2 =
v

+
min Yz 2 -

393,371 — 74,517\> A
+ ( ) + (52,959)2 = 233,944 + 167,993 cm*.

2
Therefore,
Imax = L, = 401,937 cm*;
Lpin =1, = 65,951 cm*.
Note The values of principal central inertia moments should be positive, which

stems from the axial inertia moment definition.

Using the results of calculations show on Fig. 35 the principal central inertia axes

of the compound section, namely axes u and v.
Aslong as I, > I, then the axial inertia moment gets its maximum value relative

to the axis located at minimum angular distance from the axis z.

9. Validate the solution:
a) check if the correlation is fulfilled

Imax > 1, > L, > Ipin (if 1, > 1) or Lypge > 1, > 1, > Iy (if 1, > ).
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In the considered case

401,937 > 393,371 > 74,517 > 65,951,

b) check the permanence of the sum of axial moment values with the rotation of
axes:
Imax + Lpin = I, + Iy;

401,937 + 65,951 = 467,888; 393,371 + 74,517 = 467,888;
467,888 = 467,888;

c) calculate the centrifugal inertia moment about principal central axes, which a
priori equals zero:
I, —1,

Iy = I, cos2a, +

74,517 — 393,371
= 52,959 cos(2-9,183) + > -sin(2-9,183) =

= 52,959+ 0,949 — 159,427 - 0,315 = 50,2581 — 50,2195 = —0,0386 cm*.

sin2ay =

therefore, the problem is solved correctly.

Example 9

Find the centrifugal inertia moment of an L-beam Ne 7,5/5 about the central axes
parallel to the legs (Fig. 36), if the location of principal central inertia axes of the sec-
tion and the values of principal inertia moments in this axial system are known.

Given: L-beam Ne 7,5/5. y

A ZI yA
Define /,,. (min)
Solution \ i
: (max)
Some reference books do not provide data for the cen- g
trifugal moment of inertia of the L-beams (for example, [0) a<0
GOST 8510-72). Copy from this document: jZ y
Imin = 7,24 em®; I, = 34,81 cm*;
min y Y /\\/
I, =12,47 cm*; tga = 0,436. - b N
To find the centrifugal inertia moment I,,, use the for- ) i
mula of centrifugal inertia moment change due to rotation Fio 36
1g.

of axes (transition from principal axes to axes y0z):
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Imax - Im

in .
I sin 2a.

yz =1

y,z, COS 2a +

Calculate the value I,,,,, from the condition of the sum invariance of axial inertia
moments with respect to the rotation of the axes, that is, from the relation

Imax + Inin = Iy + I
Lpax + 7,24 =3481+ 12,47 = I, = 40,04 cm*.

The centrifugal inertia moment of an L-beam about the principal central inertia
axes 1s identically equal to zero (I, ,, = 0).

The deflection angle of the central axes

a = —arctg 0,436 = —23,557°.

In this case, the angle is negative because the shortest way to align the maximum
inertia moment axis with the y axis is clockwise.

Therefore, the centrifugal inertia moment of the L-beam is (cMm. see example 8,
Table 3).

40,04 — 7,24

I, =0+ > sin(2 - (—23,557°)) =16,4 - (—0,7327) = —12,02 cm™.

Notes 1. The axis of maximum inertia moment of an equilateral L-beam is a
symmetry axis, therefore, « = 45°.

2. The centrifugal inertia moment of non-equilateral L-beam is easier to
calculate by the formula

tg2a (IZ — Iy)
yz = 2 )

3. In the assortment tables, the centrifugal inertia moment is given in ab-
solute value. Its sign can be defined using the Fig. 32.

Example 10
R C-beam Ne 5 Define the location of principal
- central inertia axes of the given section
e\ and the values of principal inertia mo-

' 7 — ments in this axial system (Fig. 37).
L-beam Ne 5,6/3,6 / — xial system (Fig. 37)

Given: I-beam Ne 10, C-beam Ne 5,
I~ I-beam Ne 10 L-beam Ne 5,6/3,6.

e

Fig. 37

Define y., z., ay, I,;, [,
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Solution
1. Make a dimensioned drawing of compound section.
2. Decompose the section into elemental parts and assign them the following num-
bers: an [-beam — 1, a C-beam — 2, an L-beam — 3 (Fig. 38).
3. Put the central coordinate systems y;0;z; in the gravity center of each elemental
part of the section.

4. Copy the geometric characteristics of an [-beam Ne 10, a C-beam Ne 5, and an
L-beam Ne 5,6/3,6 from the assortment tables and tabulate them (Table 4).

Table 4
Part of the Geometric characteristics
section | hy, em | by, em | Ay, em? | Ly, em* | I, em* | L, 5., cm* | yo,, cm | 2o, cm
1 (I-beam) 10,0 5,5 12,0 198,0 17,9 0 — —
2 (C-beam) | 5,0 3,2 6,16 22,8 5,61 0 1,16 —
3 (L-beam) 3,6 5,6 3,58 3,7 11,37 3,74 1,82 | 0,84

5. Find the coordinates of gravity center of the compound section.

Select the actual (basic) coordinate system that will be used to define the gravity
center coordinates of the whole section. Take the central axial system of an I-beam
y10,2,y as basic one.

Then the formulas for calculating the gravity center coordinates take the form

Z s z s
= i=

yC= ) C= )

3 3
2. 2.

where ZAi =A=A, +A,+A4; = 12,0 + 6,16 + 3,58 = 21,74 cm?;

=1

3
— (l) =A.-0 A b A b1 —
= 1°0+A4| — ?_)’02 + Az 2"‘)’03 =
i=1
5,5 5,5
=120-0+6,16-| — <7 — 1,16) + 3,58 — (7 + 1,82) =

—26,155 cm?;

K
Mw

hy  hy hy
A10+A2(_+7)+A3<7+Z03)=

53
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10,0 5,0
= 12,0-0+6,16-(
2 2

10,0
) + 3,58 - (T + 0,84) = 67,107 cm3.

Calculate the gravity center coordinates O of the compound section in the system
of axes y;012;:
Sz,  —26,155 Sy, 67,107
— =———=—1,203 cm; =—1=
A~ 21,74 o T T 1T
According to the results of calculations show on Fig. 38 the system of central axes
y0z and the gravity center of the compound section (point O).

Ye = = 3,087 cm.

(m‘;'n)\

)‘ > <
< 3 A L
~
\ O;| .- Y\ [ Z,
! N "(\ \ N
Ny ) X 9
\ 4
<& \ ‘Q /‘/ ﬂ u
b, N | Y, (max)
< AN > \
\\ \ ,7/’EV‘
¥ =
\ O)\ y
— \ \
\ \
) N \\ \
\
Y0, Vi -

]
NPR AN
h

Fig. 38
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Note The gravity center of a section consisting of three and more elemental parts
is located within the area bounded by the lines connecting the gravity cen-
ters of elemental parts (in the Fig. 38 it is within the triangle 0;0,05).

The coordinates of gravity centers of elemental parts of the section (points 0, O,
and O5) in the system of central axes y0z:

= |y.| = 1,203 cm;
b, 5,5
a, = — <?_ Yo, — |yc|> = —( =~ 1,16 - 1,203) = —0,387 cm;
b, 5,5
a; = — <?+ Yo, — |yc|> = —( 41,82 - 1,203) = —3,367 cm;
¢ = —z, = —3,087 cm;
hy  hy 100 5,0
C2=?+7—ZC=T 7—3087_44130171
h 10,0
c3 = - + 2o, — 2, = > — 3,087 = 2,753 cm.

Verification of defining a gravity center:
Use the property of central axes that the static moment of a compound section

about the central axes equals zero:

S, = Z S =5V 4+ 53 + 5 = Ay, + Ayey + Ascs =
i=1

=12,0-(—3,087) + 6,16 - 4,413 + 3,58 2,753 =
= —37,044 + 27,184 + 9,856 = —0,004 cm3.

Relative error

A% =

| 100% = 0,0108% < 1%;  [A%] < 1 %:

37, 040
2

S, = 2 SV =5 +53 + 8P = Ayay + Ayay + Ajay =
i=1
= 12,0+ 1,203 + 6,16 - (=0,387) + 3,58 - (—3,367) =
= 14,436 — 2,384 — 12,054 = —0,002 cm?.

Relative error

A% =

0y — 0 0 %] < 1 %.
14-436| 100% = 0,0139 % < 1 %; [A%] < 1%

Therefore, the location of gravity center of the compound section is defined cor-
rectly.
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6. Find the axial and centrifugal inertia moments of the compound section in the
system of central axes y0z, using the formulas of parallel translation:

I, = IV + 1 + 1§ = 312,355 + 142,763 + 30,833 = 485,951 cm*;
IV =1, +c2A; = 198,0 + (—3,087) 2+ 12,0 = 312,355 cm?;

2
I =L, + cA, = 22,8 + 4,413% - 6,16 = 142,763 cm*;

3
I =1, + c3A; = 3,7+ 2,7532 - 3,58 = 30,833 cm*;

I =1+ 1% + ¥ = 35267 + 6,533 + 51,955 = 93,755 cm*;

IV = I, + a4, = 17,9 + 1,203% - 12,0 = 35,267 cm*;

1Y =1, +a3A, = 561 + (—0,387)2 - 6,16 = 6,533 cm*;

1Y =1, +a3A; = 11,37 + (=3,367)% - 3,58 = 51,955 cm*;

I, =I5 + I + I3 = —44,564 — 10,520 — 29,444 = —84,528 cm*;
I =1, +ac;A; =0+ 1,203 (—3,087) - 12,0 = —44,564 cm®;
I$2 =1, +a,c,4; = 0+ (~0,387) - 4,413 - 6,16 = —10,520 cm*;

I$) =1, +ascsAs = 3,74 + (=3,367) - 2,753 - 3,58 = —29,444 cm*.

Note The large area of the compound section lies in the second and the fourth
quarters, therefore the centrifugal inertia moment is negative.

7. Calculate the location of principal inertia axes of the section:

o _ e 284528
ot = T, T 93755485951
2a, = 23,316 o = 11,658° = 11°39'29""

As far as ay > 0, the rotation of axes y and z by this angle should be counter-
clockwise according to the conventional sign rule. The axes obtained as a result of this
rotation are principal central inertia axes of the compound section.

8. Define the values of principal inertia moments of the section:

2 2 ) 5oz = 2 +

Imax = [u =
min v

2
b+l \/(IZ - I,\* 485951+ 93,755

56



\/(93,755 — 485,951

2
> ) + (—84,528)2 = 289,853 + 213,540 cm*.

Therefore
Lpyax = I, = 503,393 cm*;

Lpin =1, = 76,313 cm*.

Using the results of calculations show on Fig. 38 the principal central inertia axes
of the compound section, namely axes u and v.

As long as I, > I, the axial inertia moment gets its maximum value relative to
the axis located at minimum angular distance from the axis y.
9. Validate the solution:
a) check if the correlation is fulfilled
Imax > 1, > L, > Ipin (i 1, > 1) or Lyge > 1, > 1, > Iy (if [, > 1,).
In the considered case
503,393 > 485,951 > 379,855 > 76,313;

b) check the permanence of the sum of axial moment values with the rotation of
axes:

Imax + Inin = Iy + I

503,393 + 76,313 = 485,951 + 93,755;
579,706 = 579,706;

¢) calculate the centrifugal inertia moment about principal central axes, which a
priori equals zero (I, = 0):
— IZ

I
Ly, = 1, cos2a, + Y sin2a, =

485,951 — 93,755

= (—84,528) - cos(2 - 11,658°) + >

-sin(2-11,658°) =

= —77,625 + 77,616 = —0,009 cm*.
Computational error

—0,009
77,616

therefore, the problem is solved correctly.

A%=| |-100%=0,0116%S1%,
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Example 11

Define the location of principal central inertia axes of the given section that rep-
resent the simplified section of a wing torsion box, and the values of principal inertia
moments in the system of those axes (Fig. 39), if L = 80 cm; H = 25 cm; h = 15 cm;
a=4cm; |y =4cm; l3=3cm; ls=2cm; l, =3cm; 6, =1cm; 6, =0,3 cm;
63 = 1,5¢cm; 6, = 0,4 cm; 65 = 1,2 cm; 6 = 0,2 cm; 6, = 0,8 cm; 6g = 0,4 cm.

I
Y
) D 15
2 L-beam Ne 4/2,5 cc? Sl o s
S
a3 L - <
L-beam Ne 3 |~
& Lo
= ' ' N
<14, 7
Fig. 39
Solution

1. Make a dimensioned drawing of compound section (Fig. 40).

2. Decompose the section into elemental parts and assign them the following num-

bers (Table 5).
Table 5
Part O.f Part of the section Type of the section | Dimensions
the section

1 lower flange of the front spar rectangle [, X 6,
2 wall of the front spar rectangle [, X &,
3 upper flange of the front spar rectangle [3 X 63
4 upper skin rectangle ly X 64
5 upper flange of the back spar rectangle lc X 65
6 wall of the back spar rectangle lg X &g
7 lower flange of the back spar rectangle [, X 8§,
8 lower skin rectangle lg X &g
9 stringer of the lower panel L-beam Ne 3

10 stringer of the upper panel L-beam Ne 4/2,5
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3. Copy the geometric characteristics of L-beams Ne 3 and Ne 4/2,5 (Figs 41, 42)
from the assortment tables and tabulate them (Table 6).

Table 6
Part of the Geometric characteristics
section h, em | by, cm | Fy,em? | Ly, em* | L, em* | I, 5., cm® | yo,, cm | 2o, cm
9 (L-beam) 3,0 3,0 2,27 1,84 1,84 —1,08 0,89 0,89
10 (L-beam) | 4,0 2.5 3,03 4,73 1,41 1,44 0,66 1,41

Calculate intermediate values that define the dimensions of the elements as well

as their locations (see Fig. 40). The centers of gravity of rectangular elements 1...8 are
located at the intersections of diagonals (not shown at Fig. 40).

l2=H_61_63;

b=H—h-—a;
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l6=h_65_67;
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It is convenient to make all the calculations in an Excel spreadsheet. To do this
enter the input data and intermediate values calculated in step 3 into an Excel table

(Fig. 43).
F7 - Jx =(C4-C11/2-C13/2)/C12
B C D E F H
3
4 L= 80 cm
5 H= 25 cm b= 6 cm
6 h = 15 cm
7 a= 4 cm cos(beta)=| 0,99701653 1
8 sin(beta)= G,D?FISESSI
9 1= 4 cm cos{gamma)=  0,9986358 1
sinfgamma)= 0,05221625
- 12 = 22,5 cm
11 13 = 3 cm
12 4= 77,73 cm
13 I5= 2 cm
14 6 = 13,00 cm
15 17 = 3 cm
16 8= 76,60 cm
17 deltal = 1 cm
18 delta2 = 0,3 cm
19 delta3 = 1,5 cm
20 deltad = 0,4 cm
21 deltab = 1,2 cm
22 deltab = 0,2 cm
23 delta7 = 0,8 cm
24 delta8 = 0,4 cm
25
26 L-section 9 Ne3
27 Deltad = 1,09 cm 79 = 0,89 cm
28 || L-section 10 Ne4/2,5
29 Deltal0 = 1,61 cm z10 = 1,41 cm
30

Fig. 43

61



Note The values given as input data are outlined, the others are intermediate val-
ues calculated in step 3.

Fig. 43 contains an example of cell entry (F7) of the calculating formula to define
cos f5.

4. Find the gravity center coordinates of the compound section.

Select ¥, 0,2z, as an actual (basic) coordinate system to define the coordinates of
the whole section gravity center (see Fig. 40). In this case, the gravity centers of ele-
mental parts of the section will be located in the first quarter.

4.1. Define the areas of the elements of the section:
— for the elements 1...8 the areas A; are calculated by the formula
Ai = li X 51';

— for stringers (elements 9, 10) areas Aq and A can be taken from the corresponding
assortment tables of rolled steel (see Table 6).

4.2. Find the gravity center coordinates of the elemental parts of the section in the basic
coordinate system y,0,z, (see Fig. 40):

o)
y1=0; Z1:?1;
L,
v, = 0; Z2=61+E;
o)
}73=0; Z3=H_?3;
[ l [
y4=§3+54cos,8; Z4=H—E4sin,8;
0
ys = L; 25=a+h—75;
le
Yo = L; 26 =a+8; +
0
y7:L; Z7:a+_7;
2
_h g
Vg = 5 ZCOS)/, Zg—ZSln]/,
Yo =Yg — O Siny; Zg = Zg + 09 COS Y ;
V1o = Ya — 810Sing; Z19 = Z4 — 810 COS .

62



4.3. Define static moments of elemental parts of the section about basic axes y,0,2:

S(l)

S = Az; D = Ai; i=1..10,

where i is a number of the part of the section.

4.4. Find the gravity center coordinates of the compound section y,. and z,. in basic

coordinate system y,0,Zzy:
Z s z s

Ye

ZA

where A 1s a cross-section area;
S, and S, static moments about corresponding axes.

Sa
i=1

Enter the calculations from steps 4.1 — 4.4 into Excel worksheet (Fig. 44).

M14

H

10
11
12
13
14
15
16
17
18
19
20
21
22

-~

v £ || =L14*J14
] K L M N 0 p

Element . . . . .
number Al i Fd| Sy Sz yC ic

1 4,00 0,5 2,00 0,00

2 6,75 12,25 | 82,69 0,00

3 4,50 24,25 | 109,13 | 0,00

4 31,09 | 40,25 | 22,00 | 684,04 | 1251,48

5 2,40 80 18,40 | 44,16 ! 192,00

6 2,60 80 11,30 | 29,38 | 208,00 36,680 1 12,176

7 2,40 80 4,40 10,56 | 192,00

8 30,64 | 40,25 2,00 61,28 | 1233,33

9 2,27 40,19 3,09 7,01 91,24

10 3,03 |40,1257| 20,39 | 61,80 | 121,58

Sum 89,68 1092,04| 3289,64

sz cm cm 'CI’I‘]3 'Cr'l‘]3 cm cm
Fig. 44
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According to the results of the calculations, show on Fig. 40 the system of central
axes Y0z and the gravity center of the compound section (point O).

4.5. Define the coordinates of the gravity centers of the elemental parts of the com-
pound section in the system of central axes y0z:

Ye, = Yi = Vei Zeg = 2y — Z¢;
4.6. Validate the defined location of the gravity center.

Use the property of central axes that the static moment of a compound section
about the central axes equals zero:

10 10 10 10
Sy = z Sj(/l) = zAiZci =0; Sz = zsz(l) = zAini = 0.
=1 i=1 =1 i=1

i i

Enter the data from steps 4.5 — 4.6 into Excel worksheet (Fig. 45).

R13 v f =L13-$P$11
Q R S T
9
10 yci zci Syi Szi
11 -36,68 -11,68 -47 -147
12 -36,68 0,07 0 -2438
13 -36,68 12,07 54 -165
14 3,57 0,82 [ 305 111
15 43,32 6,22 15 104
16 43,32 -0,88 -2 113
17 43,32 -7,78 -19 104
18 3,57 -10,18 -312 109
19 3,51 -9,09 -21 8
20 3,45 8,22 25 10
21 0 0
22 |cm cm cm’ cm’ |
Fig. 45

Therefore, the location of gravity center of the compound section is defined cor-
rectly (see zero values in the highlighted row in the table).
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5. Find the axial and centrifugal inertia moments of the compound section in the
system of central axes yOz.

5.1. Define intrinsic inertia moments of the elements of the compound section about
their principal central axes (y;0;z;):

— for spar webs (elements 1, 3, 5, 7), upper and lower skin (elements 4 and 8)

3
(@ _ Lo, o _ 0l D .
Yi 12’ Zi 12 yizi ’
— for spar walls (elements 2 and 6)
0
PO (o L 1O _ g,

Yi 12"’ zi 12’ yizi

— for stringers we take intrinsic inertia moments about their principal axes parallel
to the base from the assortment tables (see Table 6).

5.2. Find the inertia moments of elemental parts of the compound section in the system
of central axes y; 0;z; parallel to the central axes of the compound section.

Use the formulas to define axial inertia moments of the section due to rotation of
axes.

The rotation angle of elements 1, 2, 3, 5, 6, 7 equals zero, the elements of the upper
panel (skin 4 and L-beam 10) are rotated counterclockwise by the angle 5, the elements
of the lower panel (skin 8 and L-beam 9) are rotated clockwise by the angle .

Therefore, we get:
— for spar webs and walls (elements 1, 2, 3, 5, 6, 7):
@ _ 5O, @ _ O, @) (l) :
L =17 I’ = IZ; ; Ly = I Y
— for the upper panel (skin 4 and L-beam 10)
I() = 13(,? cos? B + IZ(? sin? B — I() sin2f3;
Iz(l_i) = IZ(:) cos? B + IJ(,? sin® B + I() sin2f3;
© 0 Ly =1
Zi . .
I Vi = 1,7, cos2p +Tsm2[)’,

65



— for the lower panel (skin 8 and L-beam 9)

@ _ @ .2 (D) in2 ¢
Iyi =1L, cos“y + 1, sin”y + [,

V4

03]
Iy{‘ zj

10 = ®

— 7@
= Iy

cos?y + 13(,? sin?y — IJ(,ll

iZi

cos 2y —

)

z; SIN2y;

) sin 2y ;

VA y )
—13(/ li) _ IZ(? sin 2y ;
2 v

5.3. Verify the defined intrinsic inertia moments of the elements of the compound sec-
tion taking into account the rotation of elements 4, 8, 9, 10:

10

(0)
Db

i=1

10
+ ) 1=
=1

i

10

()
P

i=1 i

10
I,
=1

Enter the data from steps 5.1 and 5.2 into Excel worksheet (Fig. 46).

Y14 - Jx =V14*$F$7/2+U14*$F$8 2+ W14*2*SFE7*$F$8
U \" W X Y Vi
9
- lyi_native lzi_native | lyzi_native | lyi_native™® | lzi_native™® |lyzi_native™ | |y
11 0,33 5,33 0 0,33 5,33 0
12 0,05 284,77 0 0,05 284,77 0
13 0,84 3,38 0 0,84 3,38 0
14 0,41 15655,85 0 93,69 15562,58 | -1204,81
15 0,29 0,80 0 0,29 080 | 0
16 0,01 36,62 0 0,01 36,62 0
17 0,13 1,80 0 0,13 1,80 0
18 0,41 14984,48 0 41,26 14943,62 781,34
19 1,84 1,84 -1,08 1,73 1,95 -1,07
20 4,73 1,41 1,44 4,49 1,65 1,68
21 9,05 30976,27 0,36 142,82 30842,50 -423
22 |em” cm’ cm’ em” em” em” cn
23
24 30985,32 cm’ 30985,32 em’
Fig. 46

The bottom row shows the verification (step 5.3).
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5.4. Find the axial and centrifugal inertia moments of the compound section (1...10)
in the system of central axes yOz using the formulas of parallel translation:
I =197+ 2245 LY =17+ 24, 15) = IS0 + ye.ze A

Yizi

5.5. Define axial and centrifugal inertia moments of the compound section in the sys-
tem of central axes y0z:

10 10 10
_ @, _ @, — )
5_25’ Q—ZQ, %_ZM'
i=1 i=1 i=1

6. Define the location of principal inertia axes of the section:

21 1 21
tg 20y = —2; = ~arct .
g2a -1, &y = - arc g<IZ_Iy

As far as ay < 0, the rotation of axes y and z by this angle should be clockwise
according to the conventional sign rule. The axes obtained as a result of this rotation
are principal central inertia axes of the compound section.

7. Define the values of principal inertia moments of the section:

I, +1 L, —I\*
Imax = Iu = =~ Zij<z y) +13%z-

min v 2 2

Enter the data from steps 5.4, 5.5, 6 and 7 into Excel worksheet (Fig. 47).

Using the results of calculations show on Fig. 40 the principal central inertia axes
of the compound section, namely axes u and v (the angle a is enlarged in the figure).
As long as I, > I, then the axial inertia moment gets its maximum value relative

to the axis located at minimum angular distance from the axis z.

8. Verification the solution:
a) check the permanence of the sum of axial moment values with the rotation of axes:
Imax + Lpin = I, + Iy;

0) calculate the centrifugal inertia moment about principal central axes, which a priori

equals zero:
I, —1,

Iy = L, cos 2a, + sin 2a, = 0.
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ADI11 M fe =0,5*ATAN(2*AC21/(AB21-AA21))

AA AB AC AD AE AF AG AH
9
lyi_total | lzi_total | lyzi_total alfa0 lu_max Iv_min Verification
11 545,70 5387,04| 1713,18
ly + 1z =(?)
12 0,09/ 9366,40| -18,20 luv =(?) 0
-0,01708 lu+ lv

13| 656,81| 6057,80| -1992,86
14| 3094,18| 15958,84| -114,41
15 93,24| 4504,68| 647,04 (rad)
16 2,01| 4915,82| -98,72
17| 145,27| 4505,68| -80851
18 | 3214,56| 15334,14| -331,86
19| 189,21 29,97| -73,55
20 209,14 37,63 87,48| (degree)
21 8150,19| 66097,99| -990,39
F) F) F)

66114,91 | 8133,271

solution is |solution is

-0,97887 correct correct

22 lcm cm cm cm4 cm‘:l
23
24 74248,18 cm’ 74248,18 cm’
Fig. 47
Final results of calculation:
v, = 36,80 cm;
z. = 12,176 cm;

a, = —0,977887°;
Lngx = I, = 66114,91 cm*;
Lnin =1, = 8133,271 cm™.

Structural mechanics of aircrafts applies a simplified approach of defining geo-
metric characteristics of a wing cross-section. The simplification is that «intrinsicy in-
ertia moments of the elements comprising the wing cross-section are not taken into
account. Only «transfer» inertia moments are accounted.

As the result of such simplification, a cross-section turns into a set of points that
have areas (discrete model). An inaccuracy of such calculations directly depends on
smallness of «intrinsic» inertia moments compared to «transfer» inertia moments. The
main advantage, however, is simplicity of calculations.
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Let us evaluate the use of discrete model of the wing cross-section considered
above. To do this reduce all the elements of the section to point areas. This procedure
1s shown at the Figs 48 — 49.

s=Ys=Y=L

Fig. 49
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After that, the procedure of defining principal inertia moments and location of
principal axes is down to the following calculations, which are convenient to be made
in EXCEL environment (Figs 50 — 52).

The reduced area of the points:

Aj_A1+éE+é$ A§=E&1

6 6 3
A§=%+A3+%; AZ=%+A10;
AE:f+A5+%F 2=%;

The gravity center coordinates of the points in the basic coordinate system y,0,z,
(see Fig. 49):

)
1=0 Zl=71;
2
2 =0 22—51+§;
6
ys=0; Z3 = _73;
l; 1 I
ya =+ cosh; 2 =H—sinp;
o
}/5=L, Zsza+h_?5;
le
Yo =Li 26 =a+67+-;
é
2
—ll+l8 : g
J’8—2 ZCOSV, 28—251ny,
The static moments:
Sye = Aiz; S = Apy;; i=1..8,

where i 1s a number of the points.
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The gravity center coordinates of the compound section y,. and z. in basic coor-

dinate system y,0,2,:

8 8
® ®
z Szo Z SYO
Sz i=1 Syo i=1
=4 T s 2= T 5
DA 4
K13 v Je || =113+112/6+114/6
H | J K L | N O P Q
9
Element . ) ) ; . .
Al Ai* i zl Sy 5z0 yC ZC
10 number
11 1 400 | 10,23 0 0,5 5,12 0,00
12 2 6,75 | 4,50 0 12,25 | 55,13 0,00
13 3 450 | 10,81 | 0 24,25 | 262,07 0,00
14
4 31,09 | 23,76 | 40,25 22 522,69 | 956,28 36,628 12,181
15 5 2,40 8,02 80 18,40 | 147,48 | 641,24
16 6 2,60 1,73 80 11,30 19,59 138,67
17 7 2,40 7,94 80 4.40 34,94 635,22
18 a2 30,64 | 22,7 | 40,25 | 2,00 45,40 913,59
19 Q 2,27
20 10 3,03
21 Sum 89,68| 89,68 1092,41| 3285,00
2 2 3 3
22 cm cm cm cm cm cm cm cm
Fig. 50

The coordinates of the gravity centers of the points in the system of central axes

y0z:

Ye, = Yi — Vor

Ze, = Zj — Z.

The verification of the gravity center position determination:
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T13 - Je =513*K13

R S T U
9
10 ycCl zcl Syl 521
11 -36,63 -11,68 -120 -375
12 -36,63 0,07 0 -165
13 -36,63 12,07 130 | -396
14 3,62 0,82 233 86
15 43,37 6,22 50 348
16 43,37 -0,88 -2 75
17 43,37 -7,78 -62 344
18 3,62 -10,18 -231 82
19
20
21 0 0
22 [cm cm cm’ cm® |
Fig. 51

The axial and centrifugal inertia moments of the compound section in the system
of central axes yOz (intrinsic inertia moments of the elements are not taken into ac-

count):
Ij(/l) = ZCZ'iA*. I(l) - CZLAt' 13(/12) = yCiZCiA::'

i’ z

The axial and centrifugal inertia moments of the compound section in the system
of central axes y0z:

8 8 8
L= =) =)
[ ] i=1

The location of principal inertia axes and principal inertia moments of the section:

21, 1 21,
tg2ay = Y. a =—arctg< );
-1, 2 I,—1,

L +1, I, =L\
e =ty =2 ((F) 455
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W13 - Je =K13*R13"2

W W X Y z Al AB AC
9
lyi_total| lzi_total |lyzi_total| alfa0 lu_max lv_min [Comparison with exact
11 1396| 13727,6| 4377,63

12 | 0,02172| 6037,36| -11,451| -0,01651
13| 1574,3] 14499,2| -4777,7
14 | 2290,84 311,627| 844,919 (rad)
15 | 310,053| 15077,9| 2162,16
16 1,3439| 3260,57| -66,196| -0,9462
17 | 480,679| 14936,5| -2679,5
18 | 2352,48| 297,715| -836,88| (degree)

68164,76 | 8389,412 | 3,1004414 | 3,149294

19
20
21 8406| 68148 -987

4 4 4 4 4
22 cm cm cm cm cm
23 |lyi_total + Izi_total lu_max + lv_min
24 | 76554 cm* 76554,18 cm?

Fig. 52

Final results of calculation:
V. = 36,628 cm;
z., = 12,181 cm;
a, = —0,9462°;
Lpax = I, = 68164,76 cm*;
Lyin = I, = 8389,41 cm*,

Therefore, we obtain an errors in defining values that is. The calculation errors
are shown in Table 7.

Table 7
Ye Z¢ o4 Imax = 1y Iax = 1y
0,14 % 0,04 % 3,34 % 3,10 % 3,15%

These errors can be considerably reduced by using a model with finer discretiza-

tion.
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Self-assessment quiz

1. Name basic geometric characteristics of cross-sections.

2. What are the geometric characteristics of plane sections are needed for?
3. What is the static moment of a plane figure about an axis?

4. What is the dimension of a static moment?

5. What is the static moment about the axis passing through the gravity center of
a section?

6. How to determine the gravity center coordinates of simple and compound sec-
tions?

7. Which axes are referred to as central axes?

8. What is called axial, polar, and centrifugal inertia moment of a section?

9. What is the dimension of inertia moments of the section?

10. Why axial and polar inertia moments cannot be negative?

11. Relative to which of the parallel axes will the axial inertia moment be the
smallest?

12. What form do the transition formulas for calculating the inertia moments with
the parallel translation of axes have?

13. What expressions are used to determine the values of the principal inertia mo-
ments and the position of the principal axes?

14. Which axes are referred to as principal inertia axes?

15. Which axes are referred to as principal central inertia axes?

16. What properties do principal central inertia moments of the section have?
17. What is the centrifugal inertia moment about the principal central axes?

18. The position of the principal axes of which sections can be specified without
calculations?

19. Does the sum of the axial inertia moments about two mutually perpendicular
axes change when these axes are rotated?

20. What are the axial inertia moments of a circle and a ring about the axes passing
through their gravity centers?

21. What are the axial inertia moments of a rectangle and a right-angled triangle
about the axes passing through their gravity centers?

22. How to determine the sign of centrifugal inertia moment of a right-angled tri-
angle and an L-beam about the axes parallel to the base?
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The solving procedure and variants of tasks

1. Make a dimensioned drawing of the compound section.
2. Decompose the section into elemental parts.

3. Put the central coordinate systems y;0;z; in the gravity center of each elemental
part of the section.

4. Copy the geometric characteristics of rolled profiles from the assortment tables
(task 1).

Calculate the geometric characteristics of simple figures (task 2).

Notes to | 1. Geometric dimensions of simple figures are in centimeters.
the task 2 | 2. All triangles are right-angled or equilateral.

5. Find the coordinates of gravity center of the compound section. Verify the calcu-
lated location of gravity center.

6. Find the axial and centrifugal inertia moments of the compound section in the
system of central axes yOz.

7. Calculate the location of principal central axes of the section, i.e. the angle by
which the central axes should be rotated to become principal.

8. Define the values of principal central inertia moments of the section.

9. Validate the solution.
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Variant 1

Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoL| 14 |14a| 16 |16a| 18 | 18a| 20 |20a b 2016 12| 10| 8 | 14| 18 | 24
NeI{ 10| 12|14 |16 | 18| 20 |20a| 22 h 4 6 4 2 3 4 5 6
d 6 5 6 4 5 8 | 10| 8
Variant 2
Task 1 Task 2
't i < a,
mkj J ; -
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5(165| 8 | 10|12 | 14 |14a]| 16 b 241201014 |12 |16 | 18 | 12
Nep| 2 3 (35| 4 (45| 5 65|75 h 6 5 3 4 3 6 4 6
d 8 | 10| 6 5 8 7 8 6
a 3 2 1 2 1 2 2 3
Variant 3
Task 2
A
y
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 b 8 |10 14|16 | 12| 18| 15| 20
Ner|35] 4 |45 5 6 |65]75| 8 h | 12| 5 |16 16|16 |24 | 20 | 30
d 4 4 6 5 8 | 10| 8 | 12
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Variant 4

Task 2
t !
: -~ e e oo i ________________
; :
| . b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoeI| 10| 12|14 | 16| 18 | 20 |20a| 22 b |10]12] 9 | 18|15 8 | 10| 20
NoL|5/3,216,3/4|7/4,5|7,5/5| 8/5 |9/5,6|11/7|14/9 h 4 3 5 4 6 2 3 6
d | 6 5 7 8 | 10| 5 & |10
Variant S
Task 1 Task 2
ESSEI D) . lu 1
| S| |
: Yrerrerersers v 1: ______ <
: : Y
@ b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5165 8 | 10| 12|14 |14a]| 18 b 2 6 4 3 5 4 5 6
Ne| 2 12513545 5 6 [65]7,5 h 8 |10 9 |10 12|14 | 16 | 15
d | 6 8 7 6 8 6 6 8
a 1 2 3 1 1 2 4 2
Variant 6
Task 1 Task 2
< | &) u
yo\ .
-
) v
j; -€ b il
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5(165| 8 | 10|12 | 14 |14a]| 16 b 8 |10 (14| 7 (12|10 11| 16
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 9 |12 1] 9 6 |12 15|15 18
a 6 9 9 75| 6 9 |7,5] 15




Variant 7

Task 2
b/2
|<—>
~ ]
S
A
b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoeI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 6 | 1215124 | 15| 12| 18| 24
Ner| 4 |45 5 6 7 175 8 9 b 9 9 |18 18| 12| 6 | 12| 15
Variant 8
Task 1 Task 2
i <~
a2 a2
T
G :
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoL| 8 | 10| 12 | 14 |14a| 16 |16a]| 18 a 8 4 5 6 8 6 | 10 | 12
NeL| 4 |[45] 6 |[63]75]| 8 9 |10 b |10 8 |12 |14 |12 12|19 | 20
h 6 3 4 4 3 5 6 5
hy | 6 6 9 9 6 |12 ] 12 ] 15
Variant 9
Task 1 Task 2
o |
- - i
g i
* .
ﬁj@a ’
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h | 10|12 9 9 6 |15 ] 18 | 21
NeL|35]45] 5 6 163|75]| 8 9 b 8 [ 10| 9 8 4 |10 12| 15
d 8 6 7 8 5 8 |10 | 14
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Variant 10

Task 1 Task 2
%g _______ ==
E 1 Y
_E_ - 'Q
2
\. Y
: !‘ b >
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
Nelll 5 |65 8 | 10| 12| 14 |14a]| 16 h 6 9 |12 (151218 | 6 | 18
N2l 65| 8 | 10 | 12 | 14 | 14a| 16 | 16a b 9 6 9 9 |15 12| 6 | 15
d 8 6 8 (10| 9 (14| 5 |10
Variant 11
Task 1
| - i
3
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
Nel| 5 (65| 8 | 10| 12| 14 |14a| 16 h 9 |12 112 | 15|18 | 18| 6 | 24
Ner|35] 4 |45 5 6 63|75 8 b 8 [ 12161016 |20 | 8 | 18
Variant 12
Task 1 Task 2
A
-~
A
A
1 =
| Y
sl frres - b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 10 | 12 | 14 | 14a| 16 | 16a| 18 | 18a h 2 4 3 5 4 3 5 6
NoI| 10| 12| 14| 16| 18 | 20 |20a| 22 b 8 |10 8 |12 (14|10 | 15| 17
a 6 6 9 9 |75|175| 9 | 12
h; | 6 9 6 9 9 751121 9
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Variant 13

Task 2

~
S
Y
b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NelLl| 8 | 10 | 12 | 14 | 14a]| 16 |16a| 18 h 6 15|12 9 |75 15|18 | 21
Ne2L} 65| 8 | 10 |12 ] 5 | 14 |[14a]| 16 b 6 9 | 15| 6 6 [ 12 9 | 15
a 1 3 2 2 1 3 4 3
d 5 7 8 6 4 6 | 10 | 10
Variant 14
Task 1 Task 2
C %
| /§ = 5
Tt /\‘&N\— < -\'\i\— TR :
I._._.;d
4 &)
b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h | 18|16 | 1510|1214 |20 ] 10
Ner|7,5] 8 9 | 10 |12,5] 14 | 16 | 18 b |12 8 |10 10| 9 8 8 | 14
d |10]10] 12| 8 9 6 [ 10| 6
Variant 15
Task 1 Task 2
m 1 :
: = i
~ X
Y : :
b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5 [6,5] 8 | 10| 12| 14 |14a]| 16 h 8 101214 ]15]16] 9 | 18
NeL|45] 5 6 |63]75]| 8 9 |10 b 6 | 12| 8 | 1210|112 ] 9 | 12
a 1 1 1 2 1 1 |1,5] 2
d | 2 4 3 4 4 5 3 5
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Variant 16

Task 2
A
-~
/
| b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 |16 | 18 | 20 |20a| 22 b 9 6 9 |75] 9 (12 ] 15| 18
Nel| 5 16,5 8 | 10| 12| 14 |14a| 16 h 6 6 9 6 |75] 6 9 |12
d | 6 8 8 7 5 8 [ 10 | 10
Variant 17
Task 1 Task 2
~ 7 b
CANANNS ~J
ol \ 2
N
Ne | 1 2 3 4 5 6 7 8 Ne | 1 7 8
Nelr| 3 [3,5] 4 |45 5 6 63|75 b 8 15 ] 16
Ne2 L(3,2/2(4/2,5(5/3,216,3/4|7/4,5| 8/5 |9/5,6|11/7 h 4 6 5
d 8 12| 8
Variant 18
Task 1 Task 2
; %: _____
< 4o ; _____
% b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 6 8 [ 10|14 |12 |16 | 18 | 20
Ner|7,5] 8 9 | 10 |12,5( 14 | 16 | 18 b 4 3 4 6 4 5 6 8
d | 6 6 8 8 6 10| 8 |10
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Variant 19

Task 1 Task 2
b
T ) ‘
_:_._/i ...... : ..... -| =
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoL| 10 | 12 | 14 | 16 | 18 | 20 |20a]| 22 h |10 8 [ 12|14 6 6 8 | 18
NeI|75| 8 9 | 10 |12,5| 14 | 16 | 18 b 4 2 4 5 8 4 8 8
d | 6 5 6 8 6 8 6 | 12
Variant 20
Task 1 Task 2
pprrrs - b .
: , i
; B S A—
i i a
I ‘ . I‘_’
<
Ssvosvaa b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5165 8 | 10| 12|14 |14a]| 18 h 3 6 5 4 8 3
Ner|25] 3 |35] 4 |45 5 6 |6,3 b |10 8 |14 10|12 | 12|10 ] 10
h; | 6 3 6 9 |75|75112 ] 6
b | 4 6 8 6 8 6 8 6
a 2 1 3 2 3 1 2 1
Variant 21
Task 1 Task 2
; b
\§ _______ E ‘
=
.;_.\_
é |
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 7 8
NeL| 5 |65 8 | 10| 12| 14 |14a| 16 h | 10 | 12 15| 18
Ne L |4/2,5|5/3,216,3/4|7/4,5|7,5/5| 8/5 9/5,6|11/7 b 6 4 4 6
d | 4 6 8 | 10
a 1 2 2 4
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Variant 22

Task 1 Task 2
== o : ANNNS)
1 R 7\,. \i
! — )
N ;
4 i
= 4-- b h,
s < II) >
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NelL|3.2/214/2,5(5/3,216,3/4|7/4,5| 8/5 |9/5,6|11/7 h 6 8 10 9 12 | 10 7 16
Ne2L|5/3,216,3/4|7/4,5|7,5/5| 8/5 |9/5,6|11/7 | 14/9 b 1614 ]5]4]5]10]4]6
h; | 6 6 |75] 9 9 6 6 9
b; | 6 8 8 |10 6 [ 12| 8 | 12
Variant 23
Task 1 Task 2
2t | |
g Y ! .
I §_ ___________
o o ;
-;-'-\- Y : :
[\\ \:\J\ - b > bI >
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5 |65 8 | 10| 12| 14 |14a| 16 h 6 9 |12 | 6 | 15|18 |21 |24
Ner| 5 6 163|75]| 8 9 |10 12 b 4 8 5 8 4 6 | 10 | 8
b | 6 6 8 |10 10|12 | 10| 12
Variant 24
Task 1 Task 2
. 3
\ W NJ |
- : 2
R b _ >
2t
N . b
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 4 5 6 4 3 2 6 8
Ner| 4 |45 5 6 (6375 8 9 b |10|10| 14| 8 | 10| 8 |16 | 20
hy | 6 9 9 6 6 3 9 | 12
b; | 6 6 |12 ] 3 9 6 9 |15
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Variant 25
Task 1 Task 2

.= [

bl i)

IIIIII

9

=
.
Ne | 1 2 3 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
Nelr| 4 [45] 5 6 (63|75 8 9 h |12 15| 9 [ 12| 151824 | 6
N2l 6 [ 6375 8 9 |10 |12,5| 14 b 9 9 6 |18 12| 15|15 | 9
d 8 8 6 (14110 ] 12| 16| 8
Variant 26
Task 1 Task 2
A
<
._._._._._._i ........... _ <
_i_._\_ !
I~ =< .
1 - b .
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5 (165| 8 | 10|12 | 14 |14a]| 16 h 6 9 9 |12 115|118 9 | 15
NerL| 5 6 (63|75 8 9 |10 |12,5 b 9 9 |12 6 |12 ] 12| 15| 18
d 3 4 5 4 5 7 5 9
Variant 27
Task 1 Task 2
b,
|<—>
A
7 | ,
i i 1
i i
E ______________ drmmimmm L <
f E
g ; )
2 b R
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 4 5 8 6 5 6 8
No LL|6,3/4|7/4,5|7,5/5| 8/5 |9/5,6|11/7|14/9|19/10 b 10 8 9 121121101101 16
h; | 6 5 6 |12 9 5 6 9
b | 6 6 9 1121 9 6 | 12| 12
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Variant 28

Task 1 Task 2
. » b .
&) N )
5{ %
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoeI| 10| 12|14 | 16| 18 | 20 |20a| 22 h | 1212 9 9 6 |12 ] 121 15
NeL| 8 9 |10 12,5/ 14 | 16 | 18 | 20 b |18 | 15|12 | 9 9 6 9 9
d & |10 | 8 6 8 8 [ 10 | 10
Variant 29
Task 1 Task 2
b,
GNNT . . Q
Bl b >
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NoI| 10| 12|14 | 16| 18 | 20 |20a| 22 h 6 5 7 8 |10 9 |12 ] 16
NebL|7,5] 8 9 | 10 |12,5| 14 | 16 | 18 b 4 5 5 6 4 8 g | 10
hy | 3 6 6 6 9 9 9 |15
b | 6 7 9 |12 9 | 15| 12| 18
Variant 30
Task 2
b -
_ d
Ne | 1 2 3 4 5 6 7 8 Ne | 1 2 3 4 5 6 7 8
NeL| 5(165| 8 | 10|12 | 14 |14a]| 16 h 6 6 3 9 9 6 6 9
Ner| 5 6 163|75]| 8 9 |10 |12,5 b 6 3 6 6 9 9 |12 ] 12
d | 4 5 4 5 8 7 8 9
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Appendix 1
Hot rolled steel assortment.
I-beams. GOST 8239-89

N

Q

% Slope angle

g

9 ,

% is less than 12 %

1 d

_>§<—

Y _W__ Y

%

¢

9 b-d

1

/ >

§¥

N

S

Y

Notes:
1. The cross-section area and the mass of a 1 m of I-beam are calculated
using nominal dimensions; the density of steel is assumed equal 7,85 g/cm’.

2. The values of curvature radii, flange inner face pitches, and flange
thicknesses indicated in the figure and in the Table Appx. 1, are given for
composing gauges and are not controlled on finished production.

3. The following signs are used in the tables:
h — a beam height;
b — a flange width;
d — a wall thickness;
t — an average flange thickness;
R — an inner curvature radius;
A — a cross-section area;
T — a flange curvature radius;
I — an inertia moment;
W — a resistance moment;
S — a static moment of a half-section;
i — an inertia radius.

4. The I-beams from Ne 24 to Ne 60 are not recommended to be used in new
designs




Table Appx. 1.1

Referential data for axes

Dimensions, mm Mass of
Number c':ln’z 1m, I W b A yi S 7 ZM; z -
h b d t R r kg v » v v, 2, z | lo
cm cm cm cm cm cm cm
10 100 55 4,5 7,2 7,0 2,5 12,0 9,46 198 39,7 4,06 23,0 17,9 6,49 1,22
12 120 64 4,8 7,3 7,5 3,0 14,7 11,5 350 58,4 4,88 33,7 27,9 8,72 1,38
14 140 73 4,9 7,5 8,0 3,0 17,4 13,7 572 81,7 5,73 46,8 41,9 11,5 1,55
16 160 81 5,0 7,8 8,5 3,5 20,2 15,9 873 109,0 6,57 62,3 58,6 14,5 1,70
18 180 90 5,1 8,1 9,0 3,5 23,4 18,4 1290 143,0 7,42 81,4 82,6 18,4 1,88

18a 180 100 5,1 8,3 9,0 3,5 25,4 19,9 1430 | 159,0 7,51 89,8 114,0 22,8 2,12

20 200 100 5,2 8,4 9,5 4,0 26,8 21,0 1840 | 184,0 8,28 104,0 | 115,0 23,1 2,07

20a 200 110 5,2 8,6 9,5 4,0 28,9 22,7 2030 | 203,0 8,37 114,0 | 155,0 28,2 2,32

22 220 110 5,4 8,7 10,0 | 4,0 30,6 24,0 2550 | 232,0 9,13 131,0 | 157,0 28,6 2,27

L8

22a 220 120 5,4 8,9 10,0 | 4,0 32,8 25,8 2790 | 254,0 9,22 143,0 | 206,0 34,3 2,50

24 240 115 5,6 9,5 10,5 | 4,0 34,8 27,3 3460 | 289,0 9,97 163,0 | 198,0 34,5 2,37

24a 240 125 5,6 9.8 10,5 | 4,0 37,5 29,4 3800 | 317,0 | 10,10 | 178,0 | 260,0 | 41,6 2,63

27 270 125 6,0 9,8 11,0 | 4,5 40,2 31,5 5010 | 371,0 | 11,20 | 210,0 | 260,0 | 41,5 2,54

27a 270 135 6,0 10,2 | 11,0 | 4,5 43,2 33,9 5500 | 407,0 | 11,30 | 229,0 | 337,0 50,0 2,80

30 300 135 6,5 10,2 | 12,0 5,0 46,5 36,5 7080 | 472,0 | 12,30 | 268,0 | 337,0 49,9 2,69

30a 300 145 6,5 10,7 | 12,0 5,0 49,9 39,2 7780 | 518,0 | 12,50 | 292,0 | 436,0 60,1 2,95

33 330 140 7,0 11,2 | 13,0 | 5,0 53,8 42,2 9840 | 597,0 | 13,50 | 339,0 | 419,0 59,9 2,79

36 360 145 7,5 123 | 14,0 | 6,0 61,9 48,6 13380 | 743,0 | 14,70 | 423,0 | 516,0 71,1 2,89

40 400 155 8,5 13,0 | 15,0 | 6,0 72,6 57,0 19062 | 953,0 | 16,20 | 545,0 | 667,0 86,1 3,03

45 450 160 9,0 14,2 | 16,0 7,0 84,7 66,5 27696 | 1231,0 | 18,10 | 708,0 | 808,0 | 101,0 3,09

50 500 170 | 10,0 | 15,2 | 17,0 7,0 100,0 78,5 39727 | 1589,0 | 19,90 | 919,0 | 1043,0 | 123,0 3,23

55 550 180 | 11,0 | 16,5 | 18,0 7,0 118,0 92,6 55962 | 2035,0 | 21,80 | 1181,0 | 1356,0 | 151,0 3,39

60 600 190 | 12,0 | 17,8 | 20,0 | 8,0 138,0 108,0 | 76806 | 2560,0 | 23,60 | 1491,0 | 1725,0 | 182,0 3,54




Appendix 2
Hot rolled steel assortment.

C-beams with flange inner face pitches. GOST 8240-89

38

Notes:
1. The cross-section arca and the mass of a 1 m of C-beam are
b-d calculated using nominal dimensions; the density of steel is assumed
4. equal 7,85 g/cm’.

P AR . : :
| 2. The values of curvature radii, flange inner face pitches, and flange

% 5z thicknesses indicated in the figure and in the Table Appx. 2, are given

r \ Slope angle ) ) )
s loss than 12 % for composing gauges and are not controlled on finished production.

3. The following signs are used in the tables:
h — a beam height;

== b — a flange width;

d — a wall thickness;

R t — an average flange thickness;

R — an inner curvature radius;

<

T — a flange curvature radius;
A — a cross-section area;
I — an inertia moment;

N

Yo

A A
Y
S

Y

W — a resistance moment;

i — an inertia radius;

S — a static moment of a half-section;

Yo — a distance from axis z — z to outer face of a wall
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Table Appx. 2.1

Referential data for axes

Dimensions, mm Mass of
Number C';qn’z 1m, ; ” Yy - ; ; ZM: z . 2;‘;;
h | b|d|t | R|T kg y v > i z, z -
cm cm cm cm cm cm cm

5 50 | 32 | 44| 70| 6,0 | 25| 616 | 4,84 22,8 9,1 1,92 5,59 5,61 2,75 0,954 | 1,16
6,5 65 | 36 | 44| 72|60 | 25| 7,51 5,90 48,6 15,0 2,54 9,0 8,7 3,68 1,08 1,24

8 80 | 40 | 45| 74| 6,5 | 2,5 898 7,05 89,4 22,4 3,16 13,3 12,8 4,75 1,19 1,31
10 100 | 46 | 45| 7,6 | 7,0 | 3,0 | 10,9 8,59 174,0 34,8 3,99 20,4 20,4 6,46 1,37 1,44
12 120 | 52 | 48 | 7,8 | 7,5 | 3,0 | 133 10,4 304,0 50,6 4,78 29,6 31,2 8,52 1,53 1,54
14 140 | 58 | 49 | 81 | 8,0 | 3,0 | 15,6 12,3 491,0 70,2 5,6 40,8 454 11,0 1,70 1,67
14a 140 | 62 | 49 | 87 | 8,0 | 3,0 | 17,0 13,3 545,0 77,8 5,66 45,1 57,5 13,3 1,84 1,87
16 160 | 64 | 50 | 84 | 85 | 3,5 18,1 14,2 747,0 93,4 6,42 54,1 63,3 13,8 1,87 1,8
16a 160 | 68 | 50 | 90 | 85 | 3,5 19,5 15,3 823,0 103,0 6,49 59,4 78,8 16,4 2,01 2,0
18 180 | 70 | 5,1 | 87 | 9,0 | 3,5 | 20,7 16,3 | 1090,0 | 121,0 7,24 69,8 86,0 17,0 2,04 1,94
18a 180 | 74 | 5,1 | 93 |1 9,0 | 3,5 22,2 17,4 | 1190,0 | 132,0 7,32 76,1 105,0 20,0 2,18 2,13
20 200 | 76 | 52 190 | 95| 40| 234 18,4 | 1520,0 | 152,0 8,07 87,8 113,0 20,5 2,20 2,07
20a 200 | 80 | 52 | 97195 | 40| 252 19,8 | 1670,0 | 1670 8,15 95,9 139,0 24,2 2,35 2,28
22 220 | 82 | 54 | 9,5 |10,0| 4,0 | 26,7 21,0 | 2110,0 | 192,0 8,89 110,0 151,0 25,1 2,37 2,21
22a 220 | 87 | 54 |10,2]10,0| 4,0 | 28,8 22,6 | 2330,0 | 212,0 8,99 121,0 187,0 30,0 2,55 2,46
24 240 | 90 | 5,6 | 10,0 |10,5| 4,0 | 30,6 24,0 | 2900,0 | 2420 9,73 139,0 208,0 31,6 2,6 2,42
24a 240 | 95 | 5,6 |10,7|10,5| 4,0 | 32,9 | 25,8 | 3180,0 | 265,0 9,84 151,0 254,0 37,2 2,78 2,67
27 270 | 95 | 6,0 | 10,5]11,0| 4,5 | 35,2 27,7 | 4160,0 | 308,0 10,9 178,0 262,0 37,3 2,73 2,47
30 300 | 100 | 6,5 | 11,0 ] 12,0| 5,0 | 40,5 31,8 | 5810,0 | 3870 12,0 2240 327,0 43,6 2,84 2,52
33 330 | 105 | 7,0 | 11,7 13,0 5,0 | 46,5 36,5 | 7980,0 | 484.0 13,1 281,0 410,0 51,8 2,97 2,59
36 360 | 110 | 7,5 | 12,6 | 14,0] 6,0 | 53,4 | 41,9 | 10820,0 | 601,0 14,2 350,0 513,0 61,7 3,1 2,68
40 400 | 115 | 8,0 | 13,5150 6,0 | 61,5 48,3 |15220,0 | 761,0 15,7 444.0 642,0 73,4 3,23 2,75
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Appendix 3
Hot rolled steel assortment.

Hot rolled equilateral L-section steel (equilateral L-beams). GOST 8509-93

Notes:
1. The cross-section area and the mass of a 1 m of L-beam are
calculated using nominal dimensions; the density of steel is assumed
equal 7,85 g/cm?.

2. The values of curvature radii, flange inner face pitches, and flange
thicknesses indicated in the figure and in the Table Appx. 3, are given
for composing gauges and are not controlled on finished production.

3. The following signs are used in the tables:
b — a flange width;
t — a flange thickness;
R — an inner curvature radius;

T — a flange curvature radius;

A — a cross-section area;

I — an inertia moment;

W — a resistance moment;

i — an inertia radius;

z, — a distance from the center of gravity to the outer face of the
flange




Table Appx. 3.1

16

. . Referential data for axes
Dimensions, mm Mass
Number A’2 of 1 m, Yy - Yo ).’0 “0_ 7o p Iyz; Zo.
b ¢ R . cm ke Iy,4 Wy; iy, Iyomgx’ Ly maxs | ZOmin’ WZ3, Lzymin cm cm
cm cm cm cm cm cm cm cm

) 20 3 35 | 10 1,13 | 0,89 0,40 0,28 0,59 0,63 0,75 0,17 0,20 0,39 0,23 0,60
4 ’ ’ 1,46 1,15 0,50 0,37 0,58 0,78 0,73 0,22 0,24 0,38 0,28 0,64

25 75 3 35 | 12 1,43 1,12 0,81 0,46 0,75 1,29 0,95 0,34 0,33 0,49 0,47 0,73
’ 4 ’ ’ 1,86 1,46 1,03 0,59 0,74 1,62 0,93 0,44 0,41 0,48 0,59 0,76
2,8 28 3 40 | 1,31 1,62 1,27 1,16 0,58 0,85 1,84 1,07 0,48 0,42 0,55 0,68 0,80
3 30 3 40 | 13 1,74 1,36 1,45 0,67 0,91 2,30 1,15 0,60 0,53 0,59 0,85 0,85
4 ’ ’ 2,27 1,78 1,84 0,87 0,80 2,92 1,13 0,77 0,61 0,58 1,08 0,89

39 39 3 45| 15 1,86 1,46 1,77 0,77 0,97 2,80 1,23 0,74 0,59 0,63 1,03 0,89
’ 4 ’ ’ 2,43 1,91 2,26 1,00 0,96 3,58 1,21 0,94 0,71 0,62 1,32 0,94
3 2,04 1,60 2,35 0,93 1,07 3,72 1,35 0,97 0,71 0,69 1,37 0,97

3,5 35 4 45 | 1,51 2,17 | 2,10 3,01 1,21 1,06 4,76 1,33 1,25 0,88 0,68 1,75 1,01
5 3,28 | 2,58 3,61 1,47 1,05 5,71 1,32 1,52 1,02 0,68 2,10 1,05

3 2,35 1,85 3,55 1,22 1,23 5,63 1,55 1,47 0,95 0,79 2,08 1,09

4 40 4 50| 1,71 3,08 | 2,42 4,58 1,60 1,22 7,26 1,53 1,90 1,19 0,78 2,68 1,13
5 3,79 | 2,98 5,53 1,95 1,21 8,75 1,52 2,30 1,39 0,78 3,22 1,17

3 2,65 | 2,08 5,13 1,56 1,39 8,13 1,75 2,12 1,24 0,89 3,00 1,21

4,5 45 4 501 1,7 ] 3,48 | 2,73 6,63 2,04 1,38 10,52 1,74 2,74 1,54 0,89 3,89 1,26
5 429 | 3,37 8,03 2,51 1,37 12,74 1,72 3,33 1,81 0,88 4,71 1,30

3 296 | 2,32 7,11 1,94 1,55 11,27 1,95 2,95 1,57 1,00 4,16 1,33

5 50 4 55118 3,89 | 3,05 9,21 2,54 1,54 14,63 1,94 3,80 1,95 0,99 5,42 1,38
5 ’ ’ 480 | 3,77 11,20 3,13 1,53 17,77 1,92 4,63 2,30 0,98 6,57 1,42

6 5,69 | 4,47 13,07 3,69 1,52 20,72 1,91 5,43 2,63 0,98 7,65 1,46

56 56 4 6.0 | 2.0 438 | 3,44 13,10 3,21 1,73 20,79 2,18 5,41 2,52 1,11 7,69 1,52
’ 5 ’ ’ 541 | 4,25 15,97 3,96 1,72 25,36 2,16 6,59 2,97 1,10 9,41 1,57




Table Appx. 3.1 (continued)

6

. . Referential data for axes
Dimensions, mm Mass
Number A’2 of 1 m, Yy - Yo ).’0 “0_ 7o p Iyzi Zo.
b ¢ R . cm ke Iy,4 Wy; iy, Iyomgx’ Ly maxs | ZOmin’ WZ3, Lzymin cm cm
cm cm cm cm cm cm cm cm
4 4,72 | 3,71 16,21 3,70 1,85 25,69 2,33 6,72 2,93 1,19 9,48 1,62
5 5,83 | 4,58 19,79 4,56 1,84 31,40 2,32 8,18 3,49 1,18 11,61 1,66
6 60 6 7,0 1 23] 6,92 | 543 | 23,21 5,40 1,83 36,81 2,31 9,60 3,99 1,18 13,60 1,70
8 9,40 | 7,10 | 29,55 7,00 1,81 46,77 2,27 12,34 4,90 1,17 17,22 1,78
10 11,08 | 8,70 | 35,32 8,52 1,79 55,64 2,24 15,00 5,70 1,16 20,32 1,85
4 4,69 | 3,90 18,86 4,09 1,95 29,90 2,45 7,81 3,26 1,25 11,00 1,69
6,3 63 5 701 231 6,13 | 4,81 23,10 5,05 1,94 36,80 2,44 9,52 3,87 1,25 13,70 1,74
6 728 | 5,72 | 27,06 5,98 1,93 4291 2,43 11,18 4,44 1,24 15,90 1,78
4.5 6,20 | 4,87 | 29,04 5,67 2,16 46,03 2,72 12,04 4,53 1,39 17,00 1,88
5 6,86 | 5,38 | 31,94 6,27 2,16 50,67 2,72 13,22 4,92 1,39 18,70 1,90
7 70 6 80127\ 815 | 6,39 | 37,58 7,43 2,15 59,64 2,71 15,52 5,66 1,38 22,10 1,94
7 9,42 | 7,39 | 42,98 8,57 2,14 68,19 2,69 17,77 6,31 1,37 25,20 1,99
8 10,67 | 8,37 | 48,16 9,68 2,12 76,35 2,68 19,97 6,99 1,37 28,20 2,02
5 7,39 | 5,80 | 39,53 7,21 2,31 62,65 2,91 16,41 5,74 1,49 23,10 2,02
6 8,78 | 6,89 | 46,57 8,57 2,30 73,87 2,90 19,28 6,62 1,48 27,30 2,06
7.5 75 7 9,0 | 3,0 ] 10,15 7,96 | 53,34 9,89 2,29 84,61 2,89 22,07 7,43 1,47 31,20 2,10
8 11,50 1 9,02 | 59,84 11,18 | 2,28 94,89 2,87 24,80 8,16 1,47 35,00 2,15
9 12,83 1 10,07 | 66,10 12,43 | 2,27 104,72 2,86 27,48 8,91 1,46 38,60 | 2,188
5,5 8,063 | 6,78 | 52,68 9,03 2,47 83,56 3,11 21,80 7,10 1,59 30,90 2,17
] R0 6 90 | 30 9,38 | 7,36 | 56,97 9,80 2,47 90,40 3,11 23,54 7,60 1,58 33,40 2,19
7 ’ ’ 10,85 1 8,51 65,31 11,32 | 2,45 103,60 3,09 26,97 8,55 1,58 38,30 2,23
8 12,30 | 9,65 | 73,36 12,80 | 2,44 116,39 3,08 30,32 9,44 1,57 43,00 2,27




€6

Table Appx. 3.1 (continued)

Referential data for axes

Dimensions, mm Mass

Number A’2 of 1 m, Yy - Yo ).’0 “0_ 7o p Iyzi Zo.
b ¢ R . cm ke Iy,4 Wy; iy, Iyomgx’ Ly maxs | ZOmin’ WZ3, Lzymin cm cm

cm cm cm cm cm cm cm cm
6 10,61 | 8,33 | 82,10 12,49 | 2,78 130,00 3,50 33,97 9,88 1,79 48,10 2,43
9 90 7 100 3.3 12,28 | 9,64 | 94,30 14,45 | 2,77 | 149,67 3,49 38,94 | 11,15 1,78 55,40 2,47
8 ’ ’ 13,93 1 10,93 | 106,11 | 16,36 | 2,76 | 168,42 3,48 43,80 | 12,34 1,77 62,30 2,51
9 15,60 | 12,20 | 118,00 | 18,29 | 2,75 186,00 3,46 48,60 | 13,48 1,77 68,00 2,55
6,5 12,82 | 10,06 | 122,10 | 16,69 | 3,09 | 193,46 3,89 50,73 13,38 1,99 71,40 2,68
7 13,75 | 10,79 | 130,59 | 17,90 | 3,08 | 207,01 3,88 54,16 | 14,13 1,98 76,40 2,71
8 15,60 | 12,25 | 147,19 | 20,30 | 3,07 | 233,46 3,87 60,92 15,66 1,98 86,30 2,75
10 100 | 10 [12,0] 4,0 | 19,24 | 15,10 | 178,95 | 24,97 | 3,05 | 283,83 3,84 74,08 18,51 1,96 | 110,00 | 2,83
12 22,80 | 17,90 | 208,90 | 29,47 | 3,03 | 33095 3,81 86,84 | 21,10 1,95 122,00 | 2,91
14 26,28 | 20,63 | 237,15 | 33,83 | 3,00 | 374,98 3,78 99,32 | 23,49 1,94 | 138,00 | 2,99
16 29,68 | 23,30 | 263,82 | 38,04 | 2,98 | 416,04 3,74 | 111,61 | 25,79 1,94 152,00 | 3,06
1 110 7 2.0 4.0 15,15 | 11,89 | 175,61 | 21,83 | 3,40 | 278,54 4,29 72,68 17,36 2,19 106,00 | 2,96
8 ’ ’ 17,20 | 13,50 | 198,17 | 24,77 | 3,39 | 314,51 4,28 81,83 19,29 2,18 116,00 | 3,00
8 19,69 | 15,46 | 294,36 | 32,20 | 3,87 | 466,76 4,87 121,98 | 25,67 2,49 | 172,00 | 3,36
9 22,00 | 17,30 | 327,48 | 36,00 | 3,86 | 520,00 4,86 135,88 | 28,26 2,48 192,00 | 3,40
125 125 10 14.0 | 4.6 24,33 | 19,10 | 359,82 | 39,74 | 3,85 | 571,04 4,84 | 148,59 | 3045 2,47 | 211,00 | 345
’ 12 ’ ’ 28,89 | 22,68 | 422,23 | 47,06 | 3,82 | 670,02 4,82 174,43 | 34,94 2,46 | 248,00 | 3,53
14 33,37 | 26,20 | 481,76 | 54,17 | 3,80 | 763,90 4,78 199,62 | 39,10 2,45 | 282,00 | 3,61
16 37,77 | 29,65 | 538,56 | 61,09 | 3,78 | 852,84 4,75 | 224,29 | 43,10 2,44 | 315,00 | 3,68
9 24,72 | 19,41 | 465,72 | 45,55 | 4,34 | 739,42 5,47 192,03 | 35,92 2,79 | 274,00 | 3,78
14 140 | 10 | 14,0| 4,6 | 27,33 | 21,45 | 512,29 | 50,32 | 4,33 | 813,62 5,46 | 210,96 | 39,05 2,78 | 301,00 | 3,82
12 32,49 | 25,50 | 602,49 | 59,66 | 4,31 | 956,98 5,43 | 248,01 | 44,97 2,76 | 354,00 | 3,90




149

Table Appx. 3.1 (concluded)

Referential data for axes

Dimensions, mm Mass
Number A’2 of 1 m, Yy - Yo ).’0 “0_ 7o p Iyzi Zo.
b ¢ R . cm ke Iy,4 Wy; iy, Iyomgx’ Ly maxs | ZOmin’ WZ3, Lzymin cm cm
cm cm cm cm cm cm cm cm
10 31,43 | 24,67 | 774,24 | 66,19 | 496 | 1229,10 | 6,25 | 319,38 | 52,52 3,19 | 455,00 | 4,30
11 3442 | 27,02 | 844,21 | 72,44 | 495 | 1340,06 | 6,24 | 347,77 | 56,53 3,18 | 496,00 | 4,35
12 37,39 | 28,35 | 912,89 | 78,62 | 4,94 | 1450,00 | 6,23 | 375,78 | 60,53 3,17 | 537,00 | 4,39
16 160 | 14 |16,0| 5,3 | 43,57 | 33,97 |1046,47| 90,77 | 4,92 | 1662,13 | 6,20 | 430,81 | 68,15 3,16 | 615,00 | 447
16 49,07 | 38,52 | 1175,19| 102,64 | 4,89 | 1865,73 | 6,17 | 484,64 | 75,92 3,14 | 690,00 | 4,55
18 54,79 | 43,01 |1290,24| 114,24 | 4,87 | 2061,03 | 6,13 | 537,46 | 82,08 3,13 | 771,00 | 4,63
20 60,40 | 47,44 |1418,85| 125,60 | 4,85 | 2248,26 | 6,10 | 589,43 | 90,02 3,12 | 830,00 | 4,70
18 180 11 16.0| 5.3 38,80 | 30,47 |1216,44| 92,47 | 5,60 | 1933,10 | 7,06 | 499,78 | 72,86 3,59 | 716,00 | 4,85
12 ’ 142,19 | 33,12 |1316,62| 100,41 | 5,59 | 2092,78 | 7,04 | 540,45 | 78,15 3,58 | 776,00 | 4,89
12 47,10 | 36,97 |1822,78 | 124,61 | 6,22 | 2896,16 | 7,84 | 749,40 | 98,68 3,99 11073,00| 5,37
13 50,851 39,92 |1960,77| 134,44 | 6,21 | 3116,18 | 7,83 | 805,35 | 105,07 | 3,98 |1156,00| 5,42
14 54,60 | 42,80 |2097,00| 144,17 | 6,20 | 3333,00 | 7,81 861,00 | 111,50 | 3,97 |]1236,00] 5.46
20 200 | 16 [ 18,0 6,0 | 61,98 | 48,65 |2362,57| 163,37 | 6,17 | 37,5539 | 7,78 | 969,74 | 123,77 | 3,96 |1393,00] 5,54
20 76,54 | 60,08 |2871,47| 200,73 | 6,12 | 4560,42 | 7,72 |1181,92| 146,62 | 3,93 |1689,00| 5,70
25 94,29 | 74,02 |3466,21 | 245,59 | 6,06 | 5494,04 | 7,63 |1438,38| 172,68 | 3,91 [2028,00| 5,89
30 111,54 87,56 |4019,60| 288,57 | 6,00 | 63,51,05| 7,55 |1698,16| 193,06 | 3,89 |[2332,00| 6,07
2 290 14 2101 7.0 60,38 | 47,40 |2814,36| 175,18 | 6,83 | 4470,15 8,60 |1158,56| 138,62 | 4,38 [1655,00 5,91
16 ’ ’ 68,58 | 53,83 |3175,44| 198,71 | 6,80 | 5045,37 | 8,58 |1305,52| 153,34 | 4,36 |1869,00| 53,83
16 78,40 | 61,55 |4717,10| 258,43 | 7,76 | 7492,10 | 9,78 [1942,09| 203,45 | 4,98 |2775,00] 6,75
18 87,72 | 68,86 |5247,24| 288,82 | 7,73 | 8336,69 | 9,75 |2157,78| 233,39 | 4,96 |3089,00| 6,83
20 96,96 | 76,11 |5764,87| 318,76 | 7,71 | 9159,73 | 9,72 [2370,01| 242,52 | 4,94 |3395,00] 6,91
25 250 | 22 24,0 8,0 |106,12] 83,31 |16270,32| 348,26 | 7,69 | 9961,60 | 9,69 [2579,04| 260,52 | 4,93 |3691,00] 7,00
25 119,71 93,97 |7006,39| 391,72 | 7,65 |11125,52| 9,64 |2887,26| 287,14 | 4,91 [4119,00| 7,11
28 133,121104,50|7713,86 | 434,25 | 7,61 |12243,84| 9,59 |3189,89| 311,98 | 4,90 |4527,00] 7,23
30 141,96|111,44]8176,52| 462,11 | 7,59 |12964,66| 9,56 |3388,98| 327,82 | 4,89 [4788,00| 7,31
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Appendix 4

Hot rolled steel assortment.

Hot rolled non-equilateral L-section steel (non-equilateral L-beams). GOST 8510-86

|
. \i
~

M.

I

Y

Notes:
1. The cross-section area and the mass of a 1 m of L-beam are
calculated using nominal dimensions; the density of steel is
assumed equal 7,85 g/cm’.

2. The values of curvature radii, flange inner face pitches, and
flange thicknesses indicated in the figure and in the Table Appx. 4,
are given for composing gauges and are not controlled on finished
production.

3. The following signs are used in the tables:
B, b — the bigger flange and the smaller flange widths;
t — a flange thickness;
R — an inner curvature radius;
T — a flange curvature radius;
A — a cross-section area;
I — an inertia moment;
W — a resistance moment;
i — an inertia radius;
Zo, Yo — a distance from the center of gravity to the outer feces
of flanges;
tg a — an axis inclination angle
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Table Appx. 4.1

Referential data for axes

Dimensions, mm 1 MafSS I
Number cm,z lom y— Y _ zZ—7 . v—-v : Yo | Zo> 7 | ga
Bl b t R r k i Iy’ Wy’ Ly, I, W, | iz | Ivmins | Wos |lomins| €™ | € cm
g em? em® |em | em* | em® | em | em* | em® | cm
2,5/1,6 125 16 | 3 | 3,5 (1,21 1,16 ] 0,91 0,70 043 (0,78 0,22 | 0,19 {0,441 0,13 | 0,16 | 0,34 10,42]0,86] 0,22 | 0,392
3212 |32 20 3 35 19 1,49 | 1,17 1,52 0,72 (1,01 0,46 | 0,30 {0,55] 0,28 | 0,25 | 0,43 10,49]1,08] 0,47 | 0,382
’ 4 ’ 11,94 | 1,52 1,93 093 (1,00] 0,57 | 0,39 |{0,54] 0,35 | 0,33 | 0,43 ]10,53]1,12] 0,59 | 0,374
3 1,89 | 1,48 | 3,06 1,14 (1,27] 093 | 0,49 {0,701 0,56 | 0,41 | 0,54 10,59]1,32] 0,96 | 0,385
4/2,5 40| 25 | 4 | 40 |1,3] 247 | 1,94 | 3,93 1,49 (1,26 1,18 | 0,63 {0,69] 0,71 0,52 |1 0,54 10,63]1,37] 1,22 | 0,281
5 3,032,371 4,73 1,82 (1,25 1,41 | 0,77 |0,68] 0,86 | 0,64 | 0,53 10,66]1,41] 1,44 | 0,374
4508 | 45| 28 3 50 1.7 2,14 |1 1,68 | 4,41 1,45 (1,48 1,32 | 0,61 {0,791 0,79 | 0,52 | 0,61 ]10,64]1,47] 1,38 | 0,382
T 4 ’ 12,80 ] 2,20 | 5,68 1,90 (1,42 1,69 | 0,80 {0,781 1,02 | 0,67 | 0,60 |0,68]1,51| 1,77 | 0,379
532 |50 32 3 55018 2421190 ]| 6,18 1,82 |1,60] 1,99 | 0,81 {0,91] 1,18 | 0,68 | 0,70 ]10,72]11,60] 2,01 | 0,403
’ 4 ’ 71 3,17 ] 2,40 | 7,98 2,38 [1,59] 2,56 | 1,05 |0,90] 1,52 | 0,88 | 0,69 10,76]1,65| 2,59 | 0,401
4 3581281 11,37 | 3,01 |1,78] 3,70 | 1,34 |1,02] 2,19 | 1,13 | 0,78 10,84]1,82| 3,74 | 0,406
5,6/3,6 (56 36 5 6.0 12,0 441 | 3,46 | 13,82 370 [1,77] 4,48 1,65 | 1,01] 2,65 1,37 | 0,78 10,8811,87] 4,50 | 0,404
4 4,04 | 3,17 | 16,33 | 3,83 |2,01| 5,16 | 1,67 |1,13| 3,07 | 1,41 | 0,87 10,91]12,03| 5,25 | 0,397
63/4 63! 40 5 70 123 498 1 391 | 19,91 4,72 12,001 6,26 | 2,05 |1,12| 3,73 1,72 | 0,86 10,9512,08] 6,41 | 0,396
’ 6 ’ 715,90 | 4,63 | 23,31 5,58 1,99 7,29 | 2,42 |1,11] 4,36 | 2,02 | 0,86 10,99]|2,12| 7,44 | 0,393
8 7,68 | 6,03 ] 29,60 | 7,22 |1,96] 9,15 | 3,12 |1,09] 5,58 | 2,60 | 0,85 ]1,07]2,201 9,27 | 0,386
7/45 |70 45 | 51 7,51(2,5] 559|439 27,76 | 5,88 [2,23] 9,05 | 2,62 |1,27| 5,34 | 2,20 | 0,98 11,05]2,28| 9,12 | 0,406
5 6,11 | 4,79 | 34,81 6,81 (2,39 1247 | 3,25 |1,43| 7,24 | 2,73 | 1,09 |1,17]2,39] 12,00 | 0,436
7,5/5 |75 50 | 6 | 8,0 (2,7] 7.25 | 5,69 | 40,92 8,08 |2,38] 14,60 | 3,85 [1,42] 848 | 3,21 | 1,08 |1,21]2,44| 14,10 | 0,435
8 947 | 7,43 | 52,38 | 10,52 [2,35] 18,52 | 4,88 |1,40] 10,87 | 4,14 | 1,07 |1,29]2,52] 17,80 | 0,430
3/5 20| 50 5 R0 2.7 6,36 | 449 | 41,64 | 7,71 |2,56| 12,68 | 3,28 |1,41| 7,57 | 2,75 | 1,00 |1,13]2,60] 13,20 | 0,387
6 ’ 1 7,55 ] 5,92 | 48,98 9,15 (2,55| 14,85 | 3,88 |1,40]| 8,88 | 3,24 | 1,08 |1,17]2,65] 15,50 | 0,386
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Table Appx. 4.1 (concluded)

Referential data for axes

Dimensions, mm 1 MafSS I
Number cm,z lom y— Y _ zZ—7 . v—-v : Yo | Zo> 7 | ga
Bl b t R r k i Iy’ Wy’ Ly, I, W, | iz | Ivmins | Wos |lomins| €™ | € cm
g em? em® |em | em* | em® | em | em* | em® | cm
5,5 7,86 | 6,17 | 65,28 | 10,74 2,88 19,67 | 4,53 | 1,58 11,77 | 3,81 | 1,22 ]11,26]2,92] 20,54 | 0,384
9/56 |90 56 | 6 | 9,0 |3,0] 854 | 6,70 | 70,58 | 11,66 2,88 21,22 | 4,91 |1,58]| 12,70 | 4,12 | 1,22 11,28]2,95]| 22,23 | 0,384
8 11,18 8,77 | 90,87 | 15,24 |2,85| 27,08 | 6,39 |1,56| 16,29 | 5,32 | 1,21 |1,36]3,04] 28,33 | 0,380
6 9,58 | 7,53 | 98,29 | 14,52 |3,20| 30,58 | 6,27 [1,79] 18,20 | 5,27 | 1,38 |1,42|3,23| 31,50 | 0,393
10/6.3 1100l 63 7 100133 11,09] 8,70 | 112,86 | 16,78 [3,19| 34,99 | 7,23 |1,78] 20,83 | 6,06 | 1,37 |1,46]3,28] 36,10 | 0,392
i 8 ’ 112,571 9,87 | 126,96 | 19,01 [3,18] 39,21 | 8,17 |1,77] 23,38 | 6,82 | 1,36 |1,50]3,32] 40,50 | 0,391
10 15,47112,141 153,95 | 23,32 (3,15| 47,18 | 9,99 |1,75] 28,34 | 8,31 | 1,35 11,58]3,40] 48,60 | 0,387
117 1110l 70 6,5 100133 11,45] 8,98 | 142,42 | 19,11 [3,53| 45,61 | 8,42 |2,00] 26,94 | 7,05 | 1,53 |1,58]3,55] 46,80 | 0,402
8 ’ ’113,93110,93] 171,54 | 23,22 [3,51] 54,64 {10,20|1,98] 32,31 | 850 | 1,52 |1,64]3,61] 55,90 | 0,400
7 14,06] 11,041 226,53 | 26,67 [4,01| 73,73 [11,89(2,29] 43,40 | 9,96 | 1,76 |1,80]4,01| 74,70 | 0,407
12.5/8 1125 30 8 110137 15,98 112,581 225,98 | 30,26 |4,00| 80,95 | 13,47 (2,28 | 48,82 |11,25| 1,75 |1,8414,05] 84,10 | 0,406
i 10 ’ >7119,70] 15,47 311,61 | 37,27 [3,98] 100,47 | 16,52 |2,26] 59,33 | 13,74 | 1,74 11,92]4,14] 102,00 | 0,404
12 23,36 118,341 364,79 | 44,07 [3,95]116,84 119,46|2,24] 69,47 | 16,11 | 1,72 12,0014,22] 118,00 | 0,400
14/9 1140l 90 8 12.0l4.0 18,00] 14,131 363,68 | 38,25 (4,49 119,79 (17,19 (2,58 70,27 | 14,39 | 1,58 12,034,491 121,00 | 0,411
10 ’ >7122,24117,46] 444,45 | 47,19 |4,47| 145,54 | 21,14 (2,58 ] 85,51 | 17,58 | 1,96 |2,12]4,58] 147,00 | 0,409
9 22,87117,96] 605,97 | 56,04 |5,15] 186,03 | 23,96|2,85]1110,40 | 20,01 | 2,20 |2,24]5,19] 194,00 | 0,391
16/10 1160l 100 10 13.014.3 25,28 119,851 666,59 | 61,91 |5,13]204,09 | 26,422,841 121,16 (22,02 | 2,19 |2,28]5,23| 213,00 | 0,390
12 ’ 130,04 23,58 784,22 | 73,42 [5,11]238,75 (31,23 |2,82| 142,14 2593 | 2,18 |2,36]5,32] 249,00 | 0,388
14 34,72127,26] 897,19 | 84,65 [5,08]271,60|35,89(2,80]162,49|29,75| 2,16 |2,43]5.,40] 282,00 | 0,385
18/11 |1g0! 110 10 14 47 28,33 122,201 952,28 | 78,59 |5,80] 276,37 |32,27|3,12] 165,44 | 26,96 | 2,42 12,4415,88] 295,00 | 0,376
12 >7133,69]26,4011122,56| 93,33 |5,77] 324,09 | 38,20 |3,10] 194,28 | 31,83 | 2,40 |2,52]5,97] 348,00 | 0,374
11 34,87127,3711449,02| 107,31 |6,45| 446,36 | 45,98 | 3,58 263,84 | 38,27 | 2,75 12,79]6,50] 465,00 | 0,392
20112.5 200! 125 12 14.0|4.7 37,89129,7411568,19| 116,51 |6,43| 481,93 | 49,85 (3,57 285,04 | 41.45| 2,74 12,83]6,54] 503,00 | 0,392
’ 14 ’ > 143,87134,4311800,83| 134,64 | 6,41 | 550,77 | 57,43 |3,54] 326,54 | 47,57 | 2,73 12,91]6,62] 575,00 | 0,390
16 49,77139,0712026,08| 152,41 [6,38] 616,66 | 64,83 |3,52] 366,99 | 53,56 | 2,72 12,99]6,71] 643,00 | 0,388
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Geometric characteristics of plane figures

Appendix 5

Table Appx. 5.1

) A cross- A location of ) Resistance ) ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
Square
AZ; AZ Cl4
x y=lL=73  l;=0;
y a’ ] ] a
N7 p=a e a a | BEERTE ) kb g
N ¥, =a yC_ZC_E 13’12121:?" 13’121 4;
! = 0,289a
Ve Wy = 0,208a3 ’
- .
- > _ . — 4
o I, = r Iy = 0,1406a
y and z are principal
central axes
Edgewise square JVZ
W,=W,=-—a3
Ay Y 12
) h
& o [ y, =z, = == PR When cutting the upper
= L, =1,= w = 18’ and lower corners by x =iy = a
& AR 2 V2 I =0 18 = 0,289a
Yy yz W,, reaches maximum:
_ y
Ye = O,71a
< Wy, = 01240 =
y and z are principal = 0,044h3

central axes
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Table Appx. 5.1 (continued)

y and z are principal

. A cross- A location of . Resistance . ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
bh3 hb3
Rectangle Ly=—; I,=—5; L,,=0;
12 12
P A\ Z, AZ
— & _bR® _ hb?
=37 =3 bh?
V== W, = —; = :
<| ; 4 c2 2R =5 iy, = 0,289h;
O F = bh Iy121 = T;
N ) L, = h o W hb3 i, = 0,289b
Y - ) _ _ z = T
e lpo =15 (b7 +h?); 6
b
. b3h3
y and z are principal [ =] =
central axes 7z 7% 6(b% + h?)
Hollow rectangle
b BH3® bh3
WY b=t "1’
4 3 _ 3
‘ : _B _BH3-bR® i = M;
= y Ye =5 . =HB3_h_b3. VVy——6H ; 12(BH — bh)
1o V1~ =| |F=BH-bh 2712 12
N ‘ H 3 _ hp3
N Ze=" =0, w, = HB-—hb” HB? — hb3
zZ ) e _
‘ycB 6B ‘2= |12(BH = bh)
g Ly =1, +1,

central axes




001

Table Appx. 5.1 (continued)

y and z are principal
central axes

(in equilateral triangle h = b+/3/2)

. A cross- A location of . Resistance . ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
Triangle bh3 bh
L, ZE; I, :%(bz — bab.);
zMz, bh?
y B 7 Iy, =— (b = 2b.); For upper fibers
Ye /) ? 3 3
< I / y b+ b, I _bh” I _bh” bh? . h
o Ve = ; V1 12"’ Y2 4’ VI/yZ—; ly—_\/—;
Fo 3 24 3v2
N C, F= bh h 3 3
A b b )7 o 121 = E(ba + b?);
e e, h " For lower fibers ) 1
. b N ze =73 bh i, =——=+/b%—b,b,
ly,z, = g (3b = 2bc); hb? 3v2
bh W=7
y and z are central axes I, = %(hz + b2 + byb, + b2);
h
L, = E(3bh2 + b2 +b2)
Isosceles triangle [ = bh*. [ = hb?
) VA )
Z 4z Y36 48 For upper fibers
y 2 2
’ b L,=0; I =ﬁ h__|_b_; bh? _L_
<~ y " Ye =5 Y Po12\3 4 Wy=ﬁ; Ly 32
A
WO | F=— bh? hb?
Ye Vi h I, = 17 n =y For lower fibers b
b =3 =0V
b2h? bh? hb? 2V6
IY121 = ) Iy =1 M/y “ 12




101

Table Appx. 5.1 (continued)

. A cross- A location of . Resistance . ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
Right-angled triangle L - bh* L= hb®
Y 36’ 2736
zZn z v, b2R2 bh For upper fibers
be= T o Ty C_h
Ve = 355 =54 YT a5’
<~ y
€ >0>>\ g g bh ’ bh3 hb? 24 32
N R == I, =—; I, =——;
Ye Vi 2 ; h 712 12 For lower fibers ; b
b ] b2h? bh 2732
Iyz =0, Ip = —(h* + b?%); _ hb? 3V2
24 ° 36 W, = 17
y and z are central axes
bh3
by =%
For upper fibers
Trapezium 2
W, = —xX
a, _ h3(b? + 4ab + a?) Y12
| z %y J = h(2b+a) I, = 36(a 1 D) ; (b + 4ab +a®) ,
3(a+b)’ 2b+a) ' .
< v |p_leth) (b +3a) Y= 6@+ b)
y1 - 445
NJ/O ¥, 2 h(b + 2a) ' 12 For lower fibers  |x /2(b? + 4ab + a?)
' Ze = 3a+b) h3(3b + a)
Ye (a+b) Y, =T h?
b 2 12 Vl/y = E X

y and z are central axes

(b? + 4ab + a?)

(b + 2a)
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Table Appx. 5.1 (continued)

. A cross- A location of . Resistance . ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
Circle
A
Y Z ¥ I I | md* mrt Wy =W, = Wy1 =
1 — - - .
/ y z Y1 64 4 "’ d3> nrd iy = i, iy, =
= - 2 — =—; 1
d d
o U/y F:nT ye=7c =5 I, = 0; 32 4 L
v = — = —
‘ycr I =1 +1 _n’;d‘l’_n'_'rl} w _ﬂd3_T[T3 4 2
y and z are principal po 32 2 PO 16 2
central axes
Rin
i L _mD* md* Wy =W, =
“\Z D? y =1z = T 3 L
A /7‘Z F = T X D% 64 64 = _n?,DZ (1 —_ a4), ly =1z =
=——(1—-a*); 1
Q| - 5 4 X (1-a?) Vo =z _D 6z (=) =—D2+d? =
v / T2 Iy =0 nd’ *
\ 2R yz ) w. = = D
Ayc‘ (X:i D4 p03 16 :Z/]__}_(XZ
. D I
y and z are principal L, =1,+I,= 3(1 —a*) = _n1D6 1-a*
central axes
Semicircle 8 For upper fibers
1 Z I =—(———); W, ~ 0,0239d3;
_md® y, = d_ r; Y 16\8 O9m Y iy ~ 0,132d;
y F=—= 2
A 8 ” . For lower fibers
N s r - 3.
d=2r |V _mr? 2d _4r b=l =T= %" Wy = 005245 =2
Z, = —t— = = — 4
y and z are principal © 3m 3m _ _ nd®  mrd
ly,=1,,=0 W, = — = —
central axes Z 64 8




Table Appx. 5.1 (continued)
. A cross- A location of . Resistance . ..
A cross-section shape . . Inertia moments Inertia radii
section area | gravity center moments
Quartercircle Iy, max ~ 0,0714r%;
z ., L, min = 0,03847%; For upper and right-
\
Z, ¥, I =1, ~ 0,05497; handed fibers 3 .
y W, =W, = 0,923r°; | iymaex =~ 0,302r;
* g mr? 4r I,, = —0,0165r%;
5% F="" | =g s = —0,01657%;
' 4 3m For lower and left- 1
, 4 Iy max = 0,221r
Ve | W nr 4
> ! L, =1, Tc ~ 0,1961%; handed fibers
. W, =W, = 1,245r3
y, and z, are principal -
central axes; Ly, )
= Parabolic segment
A Y 8 For upper fibers
~ I, = —bh?; bp
175 W= 3 ppa.
g y 16 Y 105"’ ; 2 B 3
< — — ph3 =zh|5;
12 g 2 2 by = 105 P17 Y57
g F =—=bh =-h
N | % XI Z; z ) . For lowzr fibers
NZANZR Iy, =7bh% W, = — bh?; L
B o " Y 35 ' Lz
. 1 1 25
y and z are principal . = —ph3 W. = — bh?
: “ 30 715
central axes;
A — parabola vertex
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Table Appx. 5.1 (continued)

A cross-section shape

A cross-
section area

A location of
gravity center

Inertia moments

Resistance
moments

Inertia radii

Parabolic semisegment

\ Z

Y 4 For lower and right-
3 4 handed fibers
— — 3
= O y Ye =——b; I, = —=bh>;
- F_@ 16 175 . _thz -_2h3
' V Nu' 3 2 19 Ymin ~ 35 ’ ly = 5 7
= — —_ 3
EA Z=zh 2 = 3840 i
- b/2 M/Zmin - 4__8h'b2
y and z are central axes;
A — parabola vertex
Parabolic triangle
ZA For lower and right-
<~ 1 1 handed fibers
/ y' Ve Z b, Iy = ﬁbh ;
J bh 10 1
O F=— = —bh? i, = h
. - 3 VVZme - @ ’ ly - 7
A e 3 1
b =7 ZC_Eh Izzghb3
= > 4
¥, and z, are principal W in = ghbz

central axes;
A — parabola vertex
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Table Appx.5.1 (concluded)

A cross-section shape

A cross-
section area

A location of
gravity center

Inertia moments

Resistance
moments

Inertia radii

Circular triangle

z, z
Z, & <
AN ¥,
y
4] -
ZE Vi

y, and z, are principal
central axes

F =0,21572

Ve =2z, = 0,223r

I, = I, = 0,00755r%;
I,, = I, = 0,0181r%
I, = 0,003r%;

I,, = 0,0121r*

Wy, min = 0,009773

iz, min = 0,187r

Regular polygon
with n sides

v, V1, Z, and z; are

principal central axes

L=I,=1, =1, =
na

_ 6R2_ 2y —
28 ¢ @)
nar

= %(121"2 + az)

Note. Inertia radius i = /I/F.
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