MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

O. M. BEKETOV NATIONAL UNIVERSITY
of URBAN ECONOMY in KHARKIV

Methodological Guidelines
for practical classes,
independent and calculator-graphical works
on the subject

“MECHANICS of MATERIALS”

(BENDING CALCULATION.
DRAWING the DIAGRAMS)

(for the second year full-time Bachelor degree students
specialty 192 — Construction and civil engineering )

Kharkiv
O. M. Beketov NUUE
2019



Methodological Guidelines for practical classes, independent and calculator-
graphical works on the Subject “Mechanics of Materials” (Bending calculation.
Drawing the diagrams) (for the second year full-time Bachelor degree students of the
specialty 192 — Construction and civil engineering) / O. M. Beketov National
University of Urban Economy in Kharkiv ; com.: N. V. Sereda, A. O. Garbuz, T. A.
Suprun. — Kharkiv : O. M. Beketov NUUE, 2019. — 30 p.

Compiler : N. V. Sereda,
A. O. Garbuz,
T. A. Suprun

Reviewer, Ph. D. in Philosophy A. A. Chuprinin

Recommended by the Department of Theoretical and Structural Mechanics,
record Ne 6 of 29.01.2019.



CONTENTS
INTRODUCTION. .. .o e
1 FORMATION OF CALCULATION AND GRAPHICAL WORK..........
2 BASIC INFORMATION OF THE THEORY ......cccoiiiiiiiiiiii
3 EXAMPLES OF CALCULATIONS. ..ot e,
PROBLEM 1. Cantilever beam ...............c.ccoiiuiiiiiiiiiiiiiiiiiiiiiiiiaiannen.
PROBLEM 2. Simple beami.............c..oouiuiiiiiiiiiiie e eeiiiiee e eeae e
PROBLEM 3. Frame. ......coouuoii i e e
4 CRITERIA FOR EVALUATING THE CGW ..o,
REFERENCES ... e
AP PEN DD X .. e



INTRODUCTION

Mechanic of materials is one of the most important disciplines studied by
students in a higher technical educational university.

Using the laws of theoretical mechanics and the corresponding mathematical
apparatus, the mechanic of materials considers the problems of strength, stiffness and
durability of machines and structures.

These guidelines should be used in independent work of students at training for
practical classes and making of calculation and solving graphic problem. They
contain theoretical materials and source data for the problem. Output data are taken
on the instruction of the teacher.

Before proceeding to the problem, you should introduce yourself with the
theoretical material outlined in these guidelines and the list literature.

1 FORMATION OF CALCULATION AND GRAPHICAL WORK

1. Work is executed on sheets of standard A4 format.

2. The cover is made of dense paper for drawing. On the title page there should
be the name and number of the calculation and graphic problem, name of the
discipline, last name, first name of the student, his variant, the name of the
faculty, the group, the surname and initials of the teacher.

3. The solution of each problem should begin with the indication of its number,
names, writing down complete problem task, numerical output data and draw
calculation scheme.

4. The solution to the problem should be accompanied by short explanations,
drawings and sketches.

5. Drawings and graphs are executed necessarily on a certain scale. In the
drawings one must indicate the letter designation and numerical values of all
values used in the calculations.

6. When solving the problem, you must first obtain the result in algebraic form,
and then substitute the corresponding numerical values. The results obtained
in numerical form should be indicated and units of measurement must be
specified.

2 BASIC INFORMATION OF THE TEORY

Cantilevered beam 1is fixed at one end and free at the other. The shear and
moment diagrams provide detailed information about the variation of the shear and
moment along the beam’s axis.

Beam Sign Convention



The positive directions are as follows: the distributed load acts upward on the
beam, the internal shear force causes a clockwise rotation of the beam segment on
which it acts.

the internal moment causes compression in the top fibers of the segment such
that it bends the segment so that it “holds water”. Loadings that are opposite to these

are considered negative.
h m.
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Figure 1 — The sign conventions of Shear Forces Q
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The sign conventions for these loads are as follows: Distributed loads and
concentrated loads are positive when they act downward on the beam and negative
when they act upward.

A couple acting as a load on a beam is positive when it is counterclockwise and
negative when it is clockwise. If other sign conventions are used, changes may occur
in the signs of the terms appearing in the equations derived in this section.

@ @,

Figure 2 — The sign conventions of Bending Moments M

Diagrams of bending moments M draw on the side of the strefched fibers
(positive values lay down the axis of diagrams, negative - up).

Ordinates diagrams Q and M are put perpendicular to the baseline.

The bending moments are zero on the hinges; the maximal and minimum values
in the diagram of M correspond to the change of signs in the diagram of Q.



In constructing diagrams should be remembered that the abrupt Q diagrams
occur where concentrated forces applied (including reaction), and the diagram M -
concentrated in places of application of external moments.

3 EXAMPLES OF CALCULATIONS

Problem 1. Cantilever beam
Output data:

To draw a diagram of the internal forces and bending moments for the cantilever
beam shown in Figure 3, and to determine the maximum values of the internal forces
acting in the beam, if ' = 50 kN, g = 40 kN/m, M = 60 kNm, distancesa =2 m, b = |
m, ¢ = 3 m. Choose the cross-section shape.
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Solution:

We can start to draw diagrams without determination reactions of support for
cantilever beam.

Equations of internal forces in an arbitrary cross-sections of the portions:

Section 1-1 (segment 1) 0 < x; < 2,0m
Condition of equilibrium for left side of beam:
YE =0, Q;=F —qx



ifx, =0 Q,=50 KN,

x,=2m Q =F—q-2=50—40-2=—30 kN
x{

zM1=0, M1:F'x1_q7

x1=0 M1:0 kNm,
2

x;=2m M= 50-2-40% =20 kNm.

Determine M, :

ledﬁ:F—qxe:O — xe:£:§:1,25m,
dx qg 40
2 2
Ml()ce:1,25):F-1,25—ql’25 =50-1,25—401’25 =62,5-31,25=31,25 kNm.

Section II-1I (segment 2) 0 < x, < 1,0m
Q,=F—q-2=-30kN

2
M2=F-(2+x2)—q2(§+x2)

2
x;=0  My=50-2-40>=20 kNm,

x;=1m M, = 50-3—40-2(3+1)=150— 160 = —10 kNm.
2

Section III-1II (segment 3) 0 < x3 < 3,0m
Q; =F—q-2=-30kN

a
M3=F-(a+b+x3)—q-a(§+b+x3)—M
x3=0 M= 50-3-40-2(3+1)=60=150— 160 — 60 = 70 kNm,
x3=1m M;=50-6-40-2(+1+3)—60=300—400— 60 =—160
The cross-section of the beam is designated by the maximum value of the

bending moment, which is equal to 160 AN m.
Steel beam of I-beam shape. Considering [6] = 160 MPa. Determine

2
o My _160-10

' [Gallow] 16
According to Assortment JICTY 8239-89 take 1-45 (Appendices 2) W,=1231 cm’.

=1000 ¢’

Problem 2. Simple beam.
Output data:
For the simple beam shown in Figure 4: to determine constrained reactions and
to draw a diagram Q and M, and choose the cross-section shape.



Solution:

1. We write equations of equilibrium for determination reactions of constrain:

zFx:O :>HA:0

YM,=0; F-30-q-50-25—M+ Rz-50=0,
YMp=0; F-80—R,-50+q-50-25—M =0,

20-8,0+20-5,0-2,5—30

RA - 5o - 76 kN,
—20-3,0+20-5,0-2,5+30
RB = 5o = 44 Kn,

it is necessary to change reactions direction to the opposite if they get the negative
sign and then to consider it as positive.

Checking:
sz=—F+RA—q-0,5+RB=—20+76—20-0,5+44=0

e. 1., the constrained reactions are determine correctly.

2. To determine the internal force factors @ and M we divide the beam into three
sections and consider the sections 1-1, 2-2, 3-3. Reject the right side of the beam for
sections 1-1 and 2-2 (left - for section 3-3) and consider the equilibrium of the left
(right) part of these beams.

Section 1-1 (segment 1) 0 < x; < 3,0m

Condition of equilibrium for left side of beam:

YE =0; Q. =—-F=-20kN.

From this solution, we can conclude that the shear force in this segment is
constant, so its graphic line will be a straight line parallel to the z-axis.

Bending moment in the first section equals the sum moment of left forces about
to section 1-1:

M, =—-F-x

ifx,=0 M, =0,
X, =3m M, =-20-30=—60kNm.

From the given equality, it follows that the moments change according to the
linear law.
Section 2-2 (segment 2) 3,0 < x, < 8,0m
Shear forces Q are described equation in this segment
Q2 =—F+ Ry —q(x; —3,0)
and varies according to the linear law:

ifx,=3,0 m Q, =—F+ Ry, =-20+76 =56 kN,
x,=8,0 m Q,=—F+Ry—q-50=-20+4+76—-20-50=—44 kN.
Bending moment M about section 2-2 determine by
(xz — 3,0)?

M, = —F x5 + R4(x; —3,0) — ¢

8
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and varies according to the square parabola law:

1fx,=3,0 m kNm,

xX,=8,0m — — kNm.

Maximum bending moment M is in the section, in which shear force Q, = O:

We receive x,=5,8 m.
The maximum bending moment M is in the section at a distance of 5.8 m from

the left end of the beam and

— kNm.
Section 3-3 (segment 3)

kNm.
The bending moment on this section is constant and has a negative sign (causing

the stretching of the upper fibers of the beam).
Based on the got values of Q and M on the boundaries of the sections, we draw

the diagrams.

F=20xH =20/ M=30xH-m
0¥
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Figure 4 — Diagrams Q and M for beam Problem 2
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3. The cross-section of the beam is designated by the maximum modulus value
of the bending moment, which is equal to 60 kN m.
Steel beam of I-beam shape. Considering [6] = 160 MPa. Determine

. 2
W, = Pmax _ 2029 — 375 cm’.
[a] 16
According to Assortment JICTY 8239-89 take I-27a (Appendices 2) W.=407 cnr’.
Wooden beam of rectangular section. Considering [6] = 10 MPa, and h = 2b, we

determine

M 60
Vl/x — max —
[o] 10-103
Section modulus of rectangular section

=6-103 cm’.

h_b W_bhz_h-hz_h3

2 Z7 6 2.6 12
3 .

So Bos Mmax o p > 3 12Mmax 4 6 em.
12 [o] (o]

Wooden beam of circular section. Considering [6] = 10 MPa.
Section modulus of circular section

td3 td3 3(32'M 3326103
W,=— s0—==6-103cm’ » d> [Z—max_ =39,4 cm.
32 32 -[o] 3,14

Problem 3. Frame.

Output data:
For the frame shown in Figure 5 to determine constrained reactions and to draw

a diagram Q and M, and longitudinal forces V.

Solution: We determine the support reactions using the equations static
equilibrium:

zszo = q-20—F—Hg=0.

Hg =20-2,0—10 = 30 kN
YM,=0; —q-2,0-1,0—M + Rz -3,0— Hg-2,0 =0,
_ q:2,0:1,0+M+Hp 2,0 _ 20-2,0-1,0+50+30-2,0

Rp = = 50 kN
3,0 3,0

YMy=0; —q-20-30-M+ F-2,0+R,-3,0+=0,

q:2,0:3,0+M—-F-2,0 20-2,0-3,0+50-10-2,0
RA == 30 - 30 - 50 kN

The obtained value of support reactions are positive sign, i. e. their directions

coincide with accepted.
Checking:

YE =—-Ry+Rg=-50+50=0.
2. To determine O, N and M, we use the section method. We cut the frame
into four sections and consider the sections 1-1, 2-2, 3-3, 4-4. If one part of the frame

10



is discarded in each of the sections, the balance of the remaining part provided by the
corresponding shear and longitudinal forces, bending moments.

For all sections, the shear force Q is determined from the equation of
equilibrium forces projections on the axis, perpendicular to the corresponding bars
and crossbars, longitudinal force N - from the equation of forces projections on the
axis, parallel to the corresponding bars and crossbars; the bending moment M - from
the equation of the sum of moments all forces acting on the left part, about the center
of gravity of the sections.

Section 1-1 (segment 1)

2
. . q-z;
0,=-q9z;; N=Ry; M, =- 5
M=50«H m
C 1% D 4o 40
s 2
; ’_’ &2;}, 4’-./1‘ =)
S g i Sola
0 > -
g O “lSl F=\0L<\\ Q
4o

40 ! 440 S0

S0
® | ETE,,
] 4o
M | ] N

oo 50 ]

Figure 5 — Diagrams O, M and N, considered for Problem 3

In this segment, shear force O changes according to proportional ratio,
longitudinal force N has a constant value and stretched the rod. Bending moment M
changes by the square parabola law:

if z;=0 0,=0; N,=R,=50 kN, M,=0;

z;=20m Q,=—q-2,0=-20-2,0=—40kN;  N,=R, =50 kN;

11



q-2,0°  20-2,0°
==
Section 2-2 (segment 2) 0 < z, < 3,0 m.
0,=—R,; N,=—q-2,0; M,=-R,-z,—q-2,0-1,0+ M.
In this segment, shear force Q has a constant value; longitudinal force N has a
constant value too. Bending moment M changes by linear law:
ifz,=0 0,=—R,=-50 kN; N,=—q-2,0=-20-2,0=—40kN;
M,=-q-2,0-1,0+ M =-20-2,0-1,0+50=10 kN m;
z,=30m Q,=—R,=-50 kN, N,=—q-2,0=-20-2,0=—40kN;
M,=-R,-3,0-q-2,0-1,0+M =-50-3,0-20-2,0-1,0+ 50 =
=—140 kN -m.
Section 3-3 (segment 3) 0<z;<2,0 m.
Q;=Hp; N3;=-Rp; M;=-Hp z;.
Shear and longitudinal forces have a constant value in this segment; bending
moment M changes by linear law:

if z;=0 Q;=Hgz=30 kN; N; =—Rz =-50 kN; M;=0;
z;=2,0m Q;=Hz=30 kN; N; =—Ryz =-50 kN,
M;=-Hz-2,0=-30-2,0=-60 kN m.
Section 4-4 (segment 4) 2,0m < z, < 4,0 m.
Q,=Hz+F; N,=-Ryg; M,=-Hy-z,-F-(z,-2).
Shear and longitudinal forces have a constant value in this segment; bending
moment M changes by linear law:

if z,=20m Q,=Hz+F=30+10=40 kN; N,=—-Ryz=-50 kN;
M,=-Hg-2,0=-30-2,0=-60 kN m;

z,=40m Q,=Hz+F=30+10=40 kN, N,=-Rz; =-50 kN;
M,=-Hz-40-F-2,0=-30-4,0-10-2,0=-140 kN m;

We draw the diagrams O, N and M based on the results of the calculations,

=—40 kN m.

M]:

taking into account the signs of the get values. The positive direction of the ordinate
axis is chosen upward (i. e., outside the contour of the frame), when drawing
diagrams O, N ; when constructing a M-diagram — downward, because this diagram

is based on stretched fibers.

3. As can be seen from the example, the calculation of the frame is associated
with large computations, which can lead to false results. Therefore, the values found
and M should be checked using equations that were not used above.

The verification of the correctness of the values found, and M, is carried out
under the condition of equilibrium of all joints of the frame. To do this, we need to
cut the joint C and D, and apply the forces in the sections of the joints, O, N and M
with the directions corresponding to the sign convention (Fig. 6, b).

12



Joint C. The difference of this joint is the presence in it of an external moment
M =50 kN m. Applied it to the joint and writing three conditions of equilibrium (Fig.
6, a).

9 ?;50*““ >M ~Aodim T ~50kH 5( Z-4M
I ! D
Ny=hort M, =140 e{m -sox“
Q=hoxH NS Q=hod<
=140kl
AOK“M N1 SoxH M,=thoe “ N,=50cH

Figure 6 — Joints C and D with effort in there sections

SMy=M,+M,-M=40+10-50=0;
=0, —N,=40-40=0;
Zyz—N] +0,=-50+50=0.
All equations satisfy the equilibrium conditions, 1. e., the joint is in
equilibrium.

Joint D. Equilibrium equation for this joint (Fig. 8, b):
SMp=M,-M,=140-140=0;
2y=-0,+N,=-50+50=0.

The joint D is also in equilibrium.

We can conclude that the efforts O, N and M are get correctly.

CRITERIA FOR THE EVALUATION OF CALCULATION WORK

According to the Calculation and Graphic Work (CGW) a student gets
maximum mark, if completed within the time limit (3 weeks from the moment of
giving a problem), using computer technology, is executed carefully, contains an
analysis of the given results.

In the case of executing CGW without the use of a computer or a delay for 2
weeks (using a computer) student gets 90% from the maximum mark. When
executing CGW with a delay of more than for 2 weeks, the student gets 80% of the
maximum mark, with a delay of more than month - 60% of the maximum mark.

13
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APPENDIX

OUTPUT DATA AND PROBLEM TO WORK
PROBLEM 1

DRAW the DIAGRAMS SEAR FORCES and BENDING MOMENTS
for CANTILEVER BEAM

For a given steel beam:
1) to draw diagrams of shear forces Q and bending moments M;
2) choose its cross-section, if [c] = 160 MPa.

Methodical instructions for Problem 1 and the procedure for performance:

1. According to the code, select the beam scheme in Figure 7 and the output
data to it from table 1.

2. Draw the calculation scheme of the beam at a certain scale; indicate all the
dimensions and loads applied on it.

3. To draw a diagram of shear forces Q and bending moments M. Diagrams of
cantilever beams can be draw without preliminary determination of constrain
reactions.

4. The choice of cross-section of a I-beam is carried out of the strength
condition in bending (the flexure formula):

Mmax
W = [o] ’

I. .
where W, = 5 1S section modulus.

5. At large bending moments there are cases when it is impossible to choose a
standard of Rolled Shapes, because the required section modulus i1s greater than that
in the State Standard (from Assortment ). It is necessary to accept a beam from two
standard shapes put together, and the shape number to be determined from the
condition 0,5-W, (where section modulus W’ is get by calculation).

15
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Figure 7 — Schemes to Problem 1




Table 1 — Output Data for Problem 1

Ne a m b m ¢, m F xN | M, kN-m g, KN/m
1 2,5 3,0 1,0 10 40 10
2 3,0 2,0 1,5 30 20 20
3 2,0 2,5 1,0 20 30 10
4 1,0 3,0 0,5 15 50 5
5 0,5 2,0 1,5 15 40 15
6 3,0 3,0 0,5 25 30 15
7 2,5 2,5 1,0 10 20 10
8 1,5 3,0 0,5 20 10 20
9 1,0 2,5 1,0 20 40 10
10 2,0 2,0 1,5 20 20 10
11 3,0 3,0 1,0 10 30 10
12 2,0 2,0 0,5 10 50 20
13 2,5 2,5 1,5 10 40 10
14 3,0 3,0 1,0 10 30 5
15 3,0 2,0 0,5 20 40 15
16 2,0 3,0 1,5 15 20 10
17 2,5 2,5 1,0 15 30 20
18 3,0 3,0 0,5 10 50 10
19 2,0 2,5 1,5 10 40 5
20 3,0 2,0 1,5 10 20 15
21 2,5 3,0 1,0 20 30 15
22 3,0 2,0 0,5 15 50 20
23 2,5 2,5 1,5 15 40 10
24 2,0 3,0 0,5 15 30 5

18




PROBLEM 2

DRAW the DIAGRAMS SEAR FORCES and BENDING MOMENTS
for SIMPLE BEAM

For a given steel beam:
1) to draw diagrams of shear forces Q and bending moments M;
2) choose its cross-section, if [6] = 160 MPa.

Methodical instructions for Problem 2 and the procedure for performance:

1. According to the code, select the beam scheme in Figure 8§ and the output
data to it from table 2.

2. Draw the calculation scheme of the beam at a certain scale, indicate all the
dimensions and loads applied on it.

3. Using static equations, determine the vertical reaction of the supports. If, in a
result of the calculation, the reaction appears with a negative sign, then the direction
of this reaction should be changed to the opposite. To control the correctness of the
reaction definition, make an equation of equilibrium that was not used in determining
the reactions.

4. To draw diagrams of shear forces O and bending moments M. Set the limits
of loading application, taking into account the location of the forces factors. For each
section, write the equation Q; = f(z;) and M, = f(z;) by means of which determine the
values of shear forces and bending moments on limits of segment. To determine the
maximum value of M, on the segment with distributed load to use differential

dependence
=0q
dz
Diagrams Q and M drawn under the calculation scheme of the beam, indicate to
numerical values of ordinates at the limits of the segments.

5. Based on the condition of strength from the flexure formula

Mmax
Wz =01

choose the section of the beam of I-beam and round profile.
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Table 2 — Output data for problem 2

Ne var a, m b, m c, m /, m F,KN | M, kN'-m | ¢, kN/m
1 2,5 3,0 1,0 8 30 25 20
2 3,0 2,0 1,5 9 10 10 30
3 2,0 2,5 1,0 6 30 40 5
4 1,0 3,0 0,5 5 20 30 15
5 0,5 2,0 1,5 9 30 20 20
6 3,0 3,0 0,5 0 10 10 30
7 2,5 2,5 1,0 8 30 30 5
8 1,5 3,0 0,5 7 20 10 15
9 1,0 2,5 1,0 9 15 40 25
10 2,0 2,0 1,5 6 30 20 10
11 3,0 3,0 1,0 7 10 30 10
12 2,0 2,0 0,5 8 30 25 20
13 2,5 2,5 1,5 8 20 10 30
14 3,0 3,0 1,0 9 15 40 5
15 3,0 2,0 0,5 6 20 30 15
16 2,0 3,0 1,5 5 15 20 10
17 2,5 2,5 1,0 9 35 10 20
18 3,0 3,0 0,5 10 40 30 20
19 2,0 2,5 1,5 8 10 40 30

20 3,0 2,0 1,5 7 30 20 5
21 2,5 3,0 1,0 9 20 30 15
22 3,0 2,0 0,5 6 15 50 25
23 2,5 2,5 1,5 7 35 40 10
24 2,0 3,0 0,5 8 15 30 5
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PROBLEM 3

DRAW the DIAGRAMS SEAR FORCES and BENDING MOMENTS
and LONGITUDINAL FORCES for FRAME

For a given steel frame:
1) to determine reaction of supports;
2) to draw diagrams of bending moments M, shear O and longitudinal forces N.

Methodical instructions for Problem 3 and the procedure for performance:

1. According to the code, select the beam scheme in Figure 9 and the output
data from table 3.

2. Draw the calculation scheme of the frame.

3. Using static equations, determine the vertical reaction and horizontal of the
supports. To control the correctness of the reaction definition, make an equation of
equilibrium that was not used in determining the reactions.

4. To draw diagrams of bending moments M, shear Q and longitudinal forces N.

Using the cross-sectional method, divide the frame into sections, set the limits
for loading them. For each segment, write the equation M; = f (z;), O; = f (z), N; =
f(z;), which allow to determine the values of M, Q and N on the limits of sections.

Diagrams M, Q and N drawn on a geometric axes of the frame. Considered the
viewer is inside of the contour of the frame.

On the diagram M, as a rule, do not put signs, and ordinates of bending moments

put necessarily on the side of stretched fibers. Diagrams Q and N denote signs
according to the rules.

5. A rule for a longitudinal force N: the longitudinal force is considered positive
when the rod is stretched and negative - in compression.

6. Check the correctness of the drawing of diagrams M, Q and N based on the
equilibrium condition of all joints of the frame.
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Table 3 — Output data for Problem 3

Ne a, m b, m c, m d, m F, kN m, KN'-m | g, kN/m
1 2,0 2,5 0,5 1,0 30 25 20
2 1,0 3,0 1,0 1,0 10 10 30
3 0,5 2,0 0,5 1,5 30 40 5
4 3,0 3,0 1,0 1,0 20 30 15
5 2,5 2,5 1,5 1,0 30 20 20
6 1,5 3,0 0,5 1,5 10 10 30
7 1,0 2,5 1,0 1,0 30 30 5
8 2,0 3,0 0,5 0,5 20 10 15
9 1,0 2,5 1,0 1,5 15 40 25
10 2,0 2,0 1,5 0,5 30 20 10
11 3,0 3,0 1,0 1,5 10 30 10
12 2,0 2,5 0,5 1,0 30 25 20
13 2,5 3,0 1,5 0,5 20 10 30
14 2,0 2,0 1,0 1,5 15 40 5
15 1,0 3,0 0,5 0,5 20 30 15
16 0,5 2,5 0,5 1,5 15 20 10
17 3,0 2,5 1,0 1,0 35 10 20
18 2,5 3,0 0,5 0,5 40 30 20
19 1,5 2,5 1,0 1,5 10 40 30
20 1,0 2,0 1,5 1,0 30 20 5
21 2,0 3,0 1,0 0,5 20 30 15
22 3,0 2,0 0,5 1,5 15 50 25
23 2,5 2,5 1,5 1,0 35 40 10
24 2,0 3,0 0,5 0,5 15 30 5
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