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The aim of the works

The presented methodical guidelines are developed for Ist-year full-time
foreigner students education level “bachelor” speciality 192 — Building and Civil
Protection. Optional tasks, requirements to the work are formulated, short
explanations to implementation of drawings are given and the list of references which
should be used when performing provided tasks.

The aims of the work to teach the students use opportunities of the graphic
editor AutoCAD whith modeling geometrical objects, read the construction drawings
and make out its according to standards.

In the first module the student has to solve the descriptive geometry problems.
The task of the second module shares on two parts. First part is multiview drawings.
The second part of tasks provides implementation of the drawing of the building plan,
the elevation and the section.



1 POINTS AND LINES

1.1 The requirement to task 1
1.2 Order of the task 1
1.3 Example of the task 1

1.1 The requirement to the task 1

All drawings are executed on drawing sheets of A3 format:

e conditions of tasks — with pencil using contour lines (0,2—-0,3 mm);

e results of the decisions — outline colored pencils.

Points are represented in the form of circles with a diameter of 1 mm.
According to the coordinates of the points A, B, C (mm), perform the task on the
topics:

e straight line drawing (projection of a straight line, determining the size of a
straight line, determining the angles of the inclination of the straight line to the
projection planes, the position of the straight lines, lines perpendicular to the planes);

e positional problems (the mutual position of the straight line for the plane,
the mutual projection of the planes, etc.), metric problems (determining the distance
between the planes, between the adjoining lines, the definition of angles, etc.).

1.2 Order of the task 1

Given: coordinates of points A, B, C (variants for the task see p. 10)

Problem (to define):

a) true length of the segment of the straight line AB,;

b) size of the angles a and B of the inclination of the segment AB to the planes
of projections: horizontal (HP) and frontal (FP);

c) straight line 1 are crossed with point C and parallel to line AB,;

d) horizontal line h and frontal line f are from point C and intersecting straight
line AB.

There are two topics “drawing of a point” and “drawing of a straight line” in
this essay. Construction should be done on two planes of projections H and F. The
points are in the first quarter of a space. The segment AB under condition is a section
of the general situation.

Let's consider the order of the task performed in the example (p. 7).
To construct the projections of points in the given coordinates, it is necessary to
postpone the coordinate X of point A to the left of zero on the X-axis. Conduct the
line perpendicular to the X-axis. Coordinate Y put down on this line. We obtain a
horizontal projection of point A (point A;). Coordinate z is put up on the same line.
We obtain a frontal projection of point A (point Aj). Similarly, we construct
projections of other points. If one of the coordinates is equal 0 the corresponding
projection will be on the coordinate axis.

We obtain a projection of a segment of a straight line AB when connecting the
same projections of points A and B.

After that we turn to the definition of the values are given in the task:
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a) the segment’s true length of a straight line is found by the method of a
rectangular triangle. On the horizontal projection from point B’, we restore the
perpendicular. The value Az is deposited on it, taken from the frontal projection and
get the point By. Connect points By and A’. The obtained hypotenuse of a rectangular
triangle (A’By and A”By) is the true size of a segment of a straight line AB.

1.3 Example of the task 1
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2 PLANE. AUXILIARY PLANES

2.1 The requirement to the task 2
2.2 Order of the task 2

2.3 Example of the task 2

2.4 Variants for tasks 1 and 2

2.1 The requirement to the task 2

All drawings are perfermed on drawing sheets of A3 format:

e conditions of tasks — with pencil using contour lines (0,2—-0,3 mm);

e results of the decisions — outline of red pencil.

Points are represented like circles with a diameter of 1 mm. According to the
coordinates of the points A, B, C and D (mm) draw the task on the topics:

e plane’s drawing (projection of a planes, determining the true size of a
plane);

e positional problems (the mutual position of the plane by the main planes),
metric problems (determining the true size of a plane, using auxiliary planes).

2.2 Order of the task 2

Given: coordinates of points A, B, C and D (variants of task see p. 10)

Problem (to define):

a) true size of the plane ABC;

b) distance between the plane ABC to point D is determined by auxiliary
planes method.

Firstly, you draw a frontal projection of horizontal line (h”) in plane of triangle
A”B”C”. Point 1’ is found as point of intersection A”B” and h”. Point 1’ is
determined as point lying on A’B’.

Then, you draw a new auxiliary plane perpendicular to h’. Axis of the new
plane is called X1. We position the new (auxiliary) image plane perpendicular to the
line h’. The new image plane can be positioned anywhere in the plan or elevation and
any distance from the line as long as it is perpendicular to the line. The auxiliary
projection should be kept relatively close to the line without overlapping other views.
In a 2D drawing, the only part of the auxiliary plane that we will see is the folding
line (X1) usually. Then, we project the end points of the triangle A’B’C’ onto the
auxiliary plane, as with all projections we assume a position at infinity, perpendicular
to the plane, so all points are projected onto the plane at right angles.

We chose to take an auxiliary projection from the frontal view. If we examine
the line in space we see that the line is the same distance from the auxiliary projection
that it 1s from the horizontal view, so we can take the distances from the frontal view.

Then we draw perpendicular from point D”; to the triangle A”;B”;C”; and
determine of point K’;. Segment D’} K, i1s shown shortest distance between point D
and triangle ABC, so it is true length of DK. We extend the projections of the DK
segment on the horizontal and frontal views are used the projection lines.

8



Second step is determing of true size of triangle ABC. We chose to take
another auxiliary plane projection from the horizontal view and parallel to
A”1B”,C”. Axis of the second plane is called X2. Then, we project the end points of
the triangle A”;B”;C”; onto the auxiliary plane, as with all projections we assume a
position at infinity, perpendicular to the plane, so all points are projected onto the
plane at right angles.

We chose to take an auxiliary projection from the horizontal view. For
example, we take a distance from point A”; to X2 and put it on second auxiliary
plane. Projection of triangle A’,B’,C’; is given us true size of triangle ABC.

2.3 Example of the task 2
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2.4 Variants for tasks 1 and 2

g Data g Data g Data g Data
> > > >
1 A(40,5,55) 9 A(55,0,30) 17 A(40,65,20) 25 A(30,55,5)
B(0,70,10) B(0,20,60) B(0,10,50) B(75,10,50)
C(65,40,0) C(5,55,15) C(55,20,40) C(5,0,20)
D(70,50,60) D(35,35,50) D(20,0,30) D(0,35,65)
2 A(20,0,20) 10 A(45,55,10) 18 A(70,20,20) 26 A(0,10,55)
B(75,20,50) B(0,25,35) B(25,50,0) B(15,60,10)
C(90,60,0) C(60,10,60) C(0,10,50) C(70,30,15)
D(50,50,45) D(80,30,0) D(60,40,45) D(60,55,40)
3 A(85,20,80) 11 A(45,0,60) 19 A(0,15,40) 27 A(25,30,30)
B(25,40,20) B(80,45,15) B(60,60,75) B(65,10,50)
C(90,70,30) C(15,10,10) C(85,45,10) C(10,20,90)
D(70,10,10) D(10,60,55) D(50,5,46) D(0,55,45)
4 A(85,42,0) 12 A(0,65,0) 20 A(35,70,0) 28 A(85,0,65)
B(25,62,20) B(15,20,50) B(60,40,20) B(60,65,10)
C(0,10,40) C(90,10,20) C(20,25,45) C(0,30,20)
D(35,35,58) D(60,50,45) D(70,85,50) D(50,35,70)
5 A(10,20,25) 13 A(25,30,50) 21 A(25,5,70) 29 A(70,5,65)
B(55,50,10) B(65,50,10) B(65,30,30) B(10,20,30)
C(80,0,65) C(10,60,40) C(0,45,25) C(50,50,20)
D(40,50,45) D(0,30,15) D(45,65,80) D(20,65,10)
6 A(65,25,70) 14 A(88,50,10) 22 A(25,15,60) 30 A(50,5,70)
B(0,40,40) B(62,0,60) B(65,50,15) B(10,30,30)
C(90,70,15) C(20,0,30) C(0,80,10) C(75,40,20)
D(15,70,100) D(28,34,50) D(50,75,50) D(20,65,75)
7 A(40,70,5) 15 A(0,50,10) 23 A(70,25,5)
B(0,30,30) B(25,40,60) B(15,55,35)
C(65,25,45) C(70,5,30) C(20,5,50)
D(20,80,65) D(60,35,70) D(50,75,40)
8 A(42,72,0) 16 A(105,0,95) 24 A(15,70,0)
B(0,32,33) B(80,75,30) B(60,40,20)
C(75,40,55) C(0,30,15) C(0,25,45)
D(15,65,60) D(5,70,100) D(35,75,60)
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3 SURFACES. INTERSECTION OF 2 SURFACES

3.1 The requirement to the task 3

3.2 Order of the task 3

3.3 Intersection of prism and pyramid
3.4 Example of the task 3

3.5 Variants for the task 3

3.1 The requirement to the task 3

Drawing is perfermed on sheet of A3 format:

e condition of task — with pencil using contour lines (0,6 mm);

e progection line — pensil, thin lines (0,2 mm);

e result of the decisions — outline of red pencil.

According to the condition of task (p. 14) draw the third (profile) projection of
intersection of 2 surfaces. You should determine the main points of the intersection
line and construct them on three projection views and show the visibility of the
intersection line and adges on all projections.

3.2 Order of the task 3

Whenever two or more solids combine, a definite curve is seen at their
intersection. This curve is called the line of intersection (LOI). The cases of
intersection depend on the type of intersecting solids and the manner in which they
intersect. Two intersecting solids may be of the same type (prism and prism) or of
different types (prism and pyramid).

The type of intersection created depends on the types of geometric forms,
which can be two- or three- dimensional. Intersections must be represented on
drawings correctly and clearly. For example, when a conical and a cylindrical shape
intersect, the type of intersection that occurs depends on their sizes and on the angle
of intersection relative to their axes as well as relative position of their axes [1].

Use the line method to solve the problem. A number of lines are drawn on the
lateral surface of one of the solids and in the region of the line of intersection. Points
of intersection of these lines with the surface of the other solid are then located.
These points will lie on the required line of intersection. They are more easily located
from the view in which the lateral surface of the second solid appears edgewise
(i.e. as a line). The curve drawn through these points will be the line of intersection.

3.3 Intersection examples of 2 surfaces

Intersection of prism and pyramid
A square prism stands on its base on the HP with the perpendicule faces to the
FP. The prism is intersected completely by the triangular pyramid. Noone of the
lateral faces of the prism is perpendicular to the HP. Draw the line of intersecting of
the solids (Fig. 3.1).
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Figure 3.1 — Intersection of prism and pyramid

Intersection of cylinder and cone
A vertical cylinder with diameter D and high H is intersected by a cone with
diameter D; and hight H;, the axis of which is perpendicule to the axis of the
cylinder. Draw their projections showing curves line of intersection (Fig. 3.2).
Hy

Figure 3.2 — Intersection of cone and cylinder
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3.4 Example of the task 3

Algorithm of the task

1. Determine the type of surfaces and their position relative to projection
planes (which of the surfaces is projective).

2. Identify the main points.

3. Construct missing projections of the main points of the intersection line as
points belonging to the surface.

4. Identify visible and invisible sections of the intersection of surfaces on all
projection planes (Fig. 3.3).

S
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=

Checked: as. prof, department of AD&D

Name: student of gr. CEB 2015-2
Livbchenko Marna

Mohamad C.0.

Figure 3.3 — Example of task 3. Intersection of prism and pyramid
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Variant 2

FP
HP

3.5 Variants for the task 3

Variant 1

FP
HP

Variant 4

FP
HP
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Variant 3
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4 MULTIVIEW DRAWINGS

4.1 The requirement to the task 4

4.2 Basic information about multiview drawings
4.3 Intersection of prism and pyramid

4.4 Example of the task 4

4.5 Variants for the task 4

4.1 The requirement to the task 4

The drawing is executed on sheet of A3 format:

e condition of task — with pencil using contour lines (0,6 mm);

e progection line — with pencil using thin lines (0,2 mm);

e result of the decisions — with pencil using contour lines (0,6 mm) and
hidden lines (0,3 mm).

According to the criterion of the task (p. 27) draw the third view with cut of
solid. You should determine the main points of the cut line and construct them on
three views, show the visibility of the intersection line and adges of solid on all
views. Draw isometric view of solid.

4.2 Basic information about multiview drawings

Views
A system that allows you to make a two-dimensional drawing of a three-
dimensional object is multiview draings. Lines of solid are formed on the planes by
projecting the edges of the object onto the planes. These images are called “views”.
A box is formed by six mutually perpendicular planes of projection that are
located around the object. There are six views formed by the planes of a box
(Fig. 4.1).

Multiple parallel
lines of sight

‘?/ Observer at
infinity

E
FR APE
DNTAL P fILE i
ANg oY

Figure 4.1 — Object suspended in a glass box
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Unfolding the box to produce arrangement of the six views (Fig. 4.2).

- b —
Ll
|
BOTTOM
RIGHT FRONT LEFT REAR
!
I \ |
Ll
|
TOP g& @

Figure 4.2 — Unfolding the glass box to produce six views

In multiview drawings, generally three views of an object are drawn, and the
features and dimensions in each view accurately represent those of the object. The
views are defined according to the positions of the planes of projection with respect
to the object [2].

FECHT VIEW L. 5PPE VIEW

vd ™

| .‘x

TOF VIEW

Figure 4.3 — Three views of the object
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Paper sizes
Depending on the size of the object, it is placed on standard drawing sheets.
The International Standards Organization (ISO) system of paper sizes applies to all
grades of paper and paper board and consists of five series of sizes: A, RA, SR, B,
and C (Table 4.1).

Table 4.1 — The width and height of ISO A, B and C paper formats

A sizes (mm) B sizes (mm) C sizes (mm)

4A0 1682 x 2378

2A0 1189 x 1682

A0 841 x 1189 BO 1000 x 1414 Co 917 x 1297
Al 594 x 841 Bl 707 x 1000 C1 648 x 917
A2 420 x 594 B2 500 x 707 C2 458 x 648
A3 297 x 420 B3 353 x 500 C3 324 x 458
A4 210 x 297 B4 250 x 353 C4 229 x 324
AS 148 x 210 B5 176 x 250 Cs 162 x 229
A6 105 x 148 B6 125x 176 Cé6 114 x 162
A7 74 x 105 B7 88 x 125 Cc7 81x 114
A8 52x 74 B8 62 x 88 C8 57 x 81
A9 37x52 B9 44 x 62 C9 40 x 57
Al0 26 x 37 B10 31 x44 C10 28 x 40

By placing two sheets of A series paper next to each other, or by cutting one in
half parallel to its shorter side, the resulting sheet will again have the same width to
height ratio (Fig. 4.4).

—~——

'

R
b N Fi
o £) b,
e )
N
\\ \
\\'\_..II-

594x841

Y
297420 \

A A A2 | 841x1189

6 A4 420x594

105x148 21297

Figure 4.4 — Sheet size
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There are 2 types of sheet schema location: horizontal (type X) and frontal
(type Y) orientations (Fig. 4.5).

1. Type X (A0~A3)

Border
lines

d

" Drawing space —+

2. Type Y (A4 only)

L&)

[ d L3 il

.C Drawing
space
Title block
Sheet size ¢, mm d, mm

A4 5 20
A3 5 20
A2 5 20
Al 5 20
A0 5 20

Figure 4.5 — Types of sheets location

Title block

The title block is placed in bottom right corner of the drawing sheet (Fig. 4.6).

o| [NAME:
&
o| [ROLLNO.:
2| |SEM. & SEC.: z | B
o| |[scALE: SHEET NO.: 01 o
2| [GRADE: CHECKED BY: =)
50 ) 50 ) 50

Figure 4.6 — Title block
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Basic line types
Line types used in technical drawing are used for different purposes to provide
specific information to the people looking at the drawing (Table 4.2).

Table 4.2 — The line types

Line [llustration Thickness Aplication
Cgmtmuqu 5 5=05-14 Outlines, visible edges, surface
thick (object) mm ) .

. boundaries of objects
Thick
) ) S/3 —-S/2 Dimensions, leader,
Continuous thin . )
Thin extensional
Limits of partial views or
Shot l?reak S/3 —-S/2 sections when the line is not an
(Continuous — T . .. )
: Thin axis, interrupted views and
thin free hand) ;
sections
Hidd e S/3 -S/2
iaden ] I . Hidden outlines and edges
., Thin
PN Centerlines,

Center —t S/3—S/2 | lines of symmetry

5 37 Thin

. a2 S—-1,5S :

Chain Extra thick Cutting planes
Long break /3 S/
with zig-zag ——-/\ﬁ Thin Indicate of long break

Technical drawing lines are used for different purposes to provide specific
information for designers, manufacturers, etc. looking at the drawing. The person
who will read drawings have to learn what they mean. Line types are also a language
type to communicate between technical people.

Axonometric drawing

Axonometric projection is one of the four principal projection techniques:
multiview, axonometric, oblique and perspective projection. In multiview,
axonometric, and oblique projections, the observer is theoretically infinitely far away
from the projection plane. In addition, the lines of sight are parallel to each other and
perpendicular to the plane of projection. The main difference between a multiview
drawing and an axonometric drawing are that, in a multiview, only two dimensions of
an object are visible in each view and hence more than one view is required to define
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the object (Fig. 4.7). In an axonometric drawing, the object is rotated about an axis to
show all three dimensions, and only one view is required.

Parallel Lines of Sight Perpendicular

Parallel Lines of Sight Perpendicular to Picture Plane

to Picture Plane

(A) Multiview Projection (B) Axonometric Projection
Parallel Lines of Sight
Oblique to Picture Plane Lines of Sight Converge at the
Observer's Eye (Station Paint)
Vp

____l\ sp -7 IBE S
LINE OF SIGHT o ReSwaes S
OBSERVER AT et o
INFINITY - e ohe i
b =
e Observer at a Finite By

e Distance from the Object

(C) Oblique Projection (D) Perspective Projection

Figure 4.7 — Illustrates the four principle projection techniques

Isometric projection is a type of pictorial projection in which the dimensions
along the three axes of the solid are shown in one view. It is one of the three types of
axonometric projection in axonometric drawing, one axis of space is shown vertical
and depending on the exact angle at which the view deviates from the orthogonal,
axonometric projections are generally three types: trimetric projection (Fig. 4.8, a),
dimetric projection (Fig. 4.8, b) and isometric projection (Fig. 4.8, c).

Axonometric Axes
z
X z X z
X
Y
L) Y

DIMETRIC ISOMETRIC
NTRIMEITRKI: Angles A and C are equal Angles A, B, and C are equal
0:8qual angies Corners MY and MX are equal in Corners MZ, MY, and MX are equal
No equal corners length in length
a) b) c)

Figure 4.8 — Three types of axonometric projection:
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In trimetric projection, the direction of viewing is such that all of the three axes
of space appear unequally foreshortened. The scale along each of the three axes and
the angles among them are determined separately as dictated by the angle of viewing.
Trimetric perspective is seldom used.

In dimetric projection, the direction of viewing is such that two of the three
axes of space appear equally shortened, of which the attendant scale and angles of
presentation are determined according to the angle of viewing; the scale of the third
direction (vertical) is determined separately. When two of the three angles are equal,
the drawing is classified as a dimetric projection. Dimetric drawings are less pleasing
to the eye, but are easier to produce than trimetric drawings [2].

In isometric projection, the most commonly used form of axonometric
projection in engineering drawing. Here all three angles are equal. The isometric is
the least pleasing to the eye, but is the easiest to draw and dimension [3, 4].

Examples of the arrangement of the axonometric axes of isometric projection
(Fig. 4.9) and dimmetric projection (Fig. 4.10) are illustrated.

Z '
lZ

——__

Figure 4.9 — Axes Figure 4.10 — Axes of
of isometric projection dimetric projection
S” £

Multiview drawing
of tetrahedral pyramid is

illustrated in Figure 4.11. )
The  construction Y
steps isometric projection X
and dimmetric projection H 2 3
of it are shown in
Table 4.3. S’

Y

Figure 4.11 — Multiview drawing of tetrahedral pyramid
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Table 4.3 — The order of constructing isometric and dimetric projection of pyramid

Step Isometric projection Dimetric projection

Z z

1. Base

2. Height
X
f SN
¥ oy
Y
12
w " s 2
W
3. Connect the base
points to the vertex S X
"
¥ %,
Y
_ 112
L
z
Y & w i \ LY
4. Outline the visible
contours of the
pyramid using thick X
line "
X Y N\,
Y
112
z
Multiview drawing
of hexagonal prism is =
illustrated in Figure 4.12.
The  construction x 7
steps isometric projection H 2 J
and dimmetric projection
) : 7 4
of it are shown in
Table 4.4.
6 5
y

Figure 4.12 — Multiview drawing of hexagonal prism
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Table 4.4 — The order of constructing isometric and dimetric projection of prism

z z
v
v W W
1. Base
.-"'f; I
Pl 3
AN | RS
X 1 A5 ¥ -~ @ 4
et 5
1 = 6 ¥
112
: z
v v
4 W
2. Height
-”{:‘H" X,
T4 4
ffi;’(fx ™~ T o et \\
X ¥ A5y i 4
1 ___:3""- a\‘\ 3
& ¥
112
z % _Z
Vv
w ~ W

3. Connect the
bottom base points to
the top base points

4. Outline the visible
contours of the prism
using thick line
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4.3 Procedure of the task 4

In the sheet A3 format of the drawing paper draw the border lines and the title
block.

1. Contours of the main images are applied with thin lines. Draw of the
condition of the problem from the top view. All geometric shapes of base are regular
polygons inscribed in a circle.

2. Then build a front view of the given sizes. Draw a left view of solid.

Perform cut on the front view. Then draw a contour cut of solid in the front and
the left views. For the visible contour is used a continuous thick line, a line of the
invisible is a hidden line.

3. Conduct dimensional lines. Dimensions are applied in the following order:
dimensional, position elements of the details and shape of elements (Fig. 4.13).

4. Draw isometric view.
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Figure 4.13 — Multiview and isometric drawings of hexagonal pyramid with cut
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4.4 Example of the task 4
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4.5 Variants for the task 4
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S CREATING 3D MODEL IN AUTODESK AUTOCAD

5.1 Interface of the program AutoCAD
5.2 Building of 3D model

5.3 Create a 2D drawing from a 3D model
5.4 Example of task 5

5.5 Variants for task 5

5.1 Interface of the program AutoCAD

Solid 3D model consists of some 3D elements formed from faces, edges,
vertexes and planes. 3D solid objects can start from basic primitives, or from
extruded, swept, revolved, or lofted profiles. You can combine these using Boolean
operations.

Main window of AutoCAD program for 3D-modelihg is illustrated in
Figure 5.1.

Quick Access Toolbar
“ eHBS5- @ -F -

- Navigation Bar

Command menu

Figure 5.1 — Main window of AutoCAD program
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In the Quick Access Toolbar you should select the 3D Modeling mode
(Fig. 5.2).

D& B B §|ici30 Modeling .@.@.@@@@Q;
Drafting & Annotation B Quick Access Toolbar |
3D Basics v Open

v Save
3D Modeling —
AutoCAD Classic oy

v Redo
Save Current As...  Match Prigriies

b Workspace

Workspace Settings... v Properties

¥ Batch Plot

Customize.. v Plot Preview
v Sheet Set Manager

Render

Maore Commands...
Hide Menu Bar
Show Below the Ribbon

Lr

Figure 5.2 — Quick Access Toolbar

Menu Bar consists from tabs: file, edit, view, insert, format, tools and draw
(Fig. 5.3).

View Farmat — Tool: Edit "Wiew dnzet | Format i Format | Tools
I Mew.. Curl+N & Undo Quit CuleZ F Redraw &
Mew Sheet Set.. |& Redo Cirley Regen
& Open_. amo | TE Regen Al £ Layer States Manager...
S Open Sheet Set.. (R Cut CobX z 5 Layer tools >
B Load Markup Set. r[I;L' Copy ; (f“‘c Psn v Color...
% Close | '8, Copy with Base Peint il Shift+C | )
= ([ CopyLink |@ Steering Wheels Linetype...
Partial Load 4 | ShowMation = :
Py Paste CarisV . , Lineweight...
Import... o
ChT £ Paste as Block ChrlsShiftsV sl N Transparency
Paste as Hyperlink .
Walk and Fly 4 Seale List...
H 5ave CuleS Paste to Original Coordinates éEI
B Swveds. Chrl Shift+ § [BF Poste Special... Skt Cried A TedStyle..
& Epor. & Delets Del Miempods i +#, Dimension Style...
“la Expact Layeut to Madel. & Select Al Ctrie A W Named Views.. [ TablesStyl..
4 DWG Convert 30 Views 1 ;
OLE Links... (£ Creste Camens /2 Multileader Style
& eTransmit... =
& Publish to Web. & Find.. Show Annotative Objects v S Plot Style...
e © Hide 7 Point Style..
[ Page Setup Manager Visual Styles > " Multiline Style...
-
& Plotter Manager.. % Uni
S Plot Style Manager. O Motion Path Ansmations... B Units..
@ Ploth Display 5 &7 Thickness
= Ctri+P IE Toolbars.. [l Drawing Limits
& Publish.. e
& View Plot and Publish Details... IS Refiamiec
Drawing Utilities 3
I[_h Drawing Properties...
|
| 1D\Kegeapsi..\Drawingl.dwg
(B Eat Curl+Q

Figure 5.3 — Tabs of Menu Bar
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Ribbon Menu and Panels includ tabs: home, solid, surface, parametric, insert,
annotate, etc (Fig. 5.4). The ribbon is composed of a series of tabs, which are
organized into panels that contain many of the tools and controls available in
toolbars. Some ribbon panels provide access to a dialog box related to that panel.

Home

(J 9 @ QOO DL KO B 1A 18 L1818 Wwseoicay -
Bax Extrude J:j‘ Smooth E @ '}’E Q' 'rJ‘/- {3' E:" @0 [’hﬂ' E, |} LEE‘ B Ut Mimar Layers
. ’ Dbl"‘t@ @@‘Dﬂ' o8 - é AED QEE' 12« |- Unnamed - [i -

Modeling = Mesh = | Solid Editing = Draw = Modify = Coordinates ¥ View = | -

| Home  Sod Suface Paametric Insen Amotste layowt View (-
() Bex [D Ef 7] Extrude @ @ @ @ > @ otetere @ @\

Cylinder Presspull Thicken Extract Edges
O oy Polysalid  Solid Histary 9 PP Sweep | ion Subtisdt Tibireect < =) 00 CMiEde TapeFeces  Shell
() Sphere . = Revalve . ) Imprint [ Offset Edge . s .
Prmitive Sold Boclean Solid Editing

['Home  Sobd  Suface | Parsmetnc | Inset  Annotate  Layout View =
EE;» i (@@ €] showHide E<| é'\y I Show/Hide \:F’l‘ .&_

NN
& = 4 ) showal g3 2 5l Showan ek

Auto _ Linear Aligned Parameters
Constrain (» 7% [[1 = ] Hide ¥ [ 5] Hide &0 Constraints  Manager
Gearmetric u Dimensional = = Manage [

| Home Sohd Sufsce Paametic Inset Anotste Lyowt Vo | e
'@ :Q @ K122 sy . £ =

Suuing_ Views Wiew ]i;' z E‘ IL' E E @ : ﬁ::l th x ' i g E g i Viewport E Palettes | User Inte...

Wheels " ¥ = | 7 Manager |2+ L Unnamed ~ | [TJ Configuration~ [}
Hmagate Views Coordinstes u Visual Styles = ¥ Model Viewports - | =

Figure 5.4 — Ribbon Menu and Panels

The Navigation Bar is a user interface element where you can access both
unified and product-specific navigation tools (Fig. 5.5).

The AutoCAD Command Window offers efficient keystroke access to
commands and system variables. You can even use it to find other content such as
blocks, hatch patterns, and layers (Fig. 5.6).

displays recently

\is e commands to respond to prompt,

click option or enter
highlighted letter

v | ViewCube

v  SteeringWheels D" PLINE Specify next point or [Arc Halfwidth Length _

v P Wl Bl ) : 1

an

J Zoom dCCes5es comma nd

v Orbit window display options

¥ ShowMotion opens extended
Docking positions > Cehitai Loty

Figure 5.5 — Navigation Bar Figure 5.6 — Command Window
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Metric.dwt — Open.

5.2 Building of 3D model

1. Open program AutoCAD. Click New (Fig. 5.7) to choose from several
drawing template files:

Parametric

Creates a blank drawing file

o QNEW

Press F1 for more help

Put on icon

Uraw «

Figure 5.7 — New button of standard ribbon

| > New — Drawing — SheetSets

— Manufacturing

2. Choose a 3D Modeling on the Quick Access Toolbar (Fig. 5.8).

{8330 Modeling -

L'ID@Eaﬁ

Drafting & Annotation
3D Basics

13D Modeling
AutoCAD Classic

Save Current As...
Workspace Settings...

Customize...

Figure 5.8 — 3D Modeling

3. Create new layer (LA). Put the button & (Fig. 5.9):
e Name — Solid 1;
e Color —red;
e Linetype — put ;
e ACAD ISO04W100 (ISO long-dash dot);
e Lineweight — 0,3 mm.

Description
1s0dash _
IS0 dash space
IS0Olongdashdet __ . . . . _
IS0 long-dash doubledot _
1SO long-dash tripledot ____
150 dot

|1S0 long-dash short-dash £

[ | 3

J [ Comed | |

HX Current layer: 0 Search forlayer @ " ooy P et
B 5 & =g 94 2 &
£& Filters €| Status | Q. Fre.. L. Color Linetype Linewei.. Trans.) Be- i
E.g:gl o . {P ﬁ of* M w.. Continu.. — Defa.. 0 Available Linstypes
g All Used Layers || = TitleBlock | § 4+ gf* M w.. Continu. — Defa.. 0
Linetype
ACAD_ISODZW100
ACAD_ISOD3W100
o ACAD_ISODAW100
:,i'j‘ ACAD_ISODSW100
g ACAD_ISO06W100
] ACAD_ISOD7W100
i ACAD_ISOD8W100
& L
D || [ Invert filter ||« | i 3
4 [_ox
g All: 2 layers displayed of 2 total layers !

Figure 5.9 — Layer Properties Manadger
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4. Create new layers — Solid 2 and Solid 3.

Choose any Color and Lineweight 0,3 mm for the layers (Fig. 5.10).

Current layer: 0

Search far layer Q

= 5% X e &
£& Filters || status Mame »| O.. Fre.. L.. Color  Linetype Lineweight Trans. Plot 5. P.. M.. Descriptior|
= g All o 0 § 1 o B w. Continuous Default 0 Color7 & By
“£5 All Used Layers  ||.= Solid 1 ¢ T+ i B red Continuous —030mm 0 Colorl & B
Fag Solid 2 ¢ i & M@ gr.. Continuous — (.20 mm 0 Color3 & B
= Solid 3 ¢ 3 55 M bl.. Continuous — (.30 mm 0 Color3 & 04
F—g Title Block § O o M w. Continuous —— Default 0 Color7 &0 By
[ Invert filter ||« | i b
All: 5 layers displayed of 5 total layers

Figure 5.10 — Layer Properties Manadger with nessery layers

5. Select the layer Solid 1. On the View Controls choose SW Isometric. On
the Visual Style Controls choose Shaded with edges (Fig. 5.11).

Sphere  Extrude

Medeling =

Custem Visual Styles

2D Wireframe
Conceptual
Hidden
Realistic
Shaded

v Shaded with edges
Shades of Gray
Sketchy
Wireframe
K-ray

Visual Styles Manager...

f

o

ut.;e

Mesh

_-,(‘”‘ f_llﬁ‘lfﬂ .:l‘a
= a @ X
mooth

8-
8 @200
= | Solid Editing

L]mm RO P [ ) o P P N D )

Custom Model Views

Top

Bottom

Left

Right

Front

Back

SW Isometric
SE Isometric
ME Isometric
MW Isometric

View Manager...

| ' Parallel

Perspective

—— B EESIET |

Figure 5.11 — Setting the visual style and view of the model

Activate Grid Display (F7) at the bottom of the screen (Fig. 5.12).

0 [ (] 22

| |+ |

Figure 5.12 — Turning on the grid
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6. Draw a polygon (Fig. 5.13):

* click on the Ribbon panel Draw — Polygon O ;
* in Command menu select the required number of vertices (3, 4, 5 or 6—)
from the keyboard and then click button Enter;

b & Command :

3, {j~ POLYGON _polygon Enter number of sides <4»: g

 specify center of polygon (0,0) — Enter;

5’4 Command: _polygon Enter number of sides <4>: 6
3 "y- POLYGON Specify center of polygon or [Edge]:I BJBI

* Inscribed in circle or I — Enter;

b '@ Specify center of polygon or [Edge]: 8,0
Q "7~ POLYGON Enter an option [Inscribed in circle Circumscribed about circle] <I>:f 1|

 specify radius of circle (50 mm) — Enter.

'@ Enter an option [Inscribed in circle/Circumscribed about circle] <I>: I
E ¥ {:‘-- POLYGON Specifyfradius fof circ_'ie:

objects to extrude or [MOde]: MO Closed profiles creation mode [SOlid/SUrface] <Solid>: _SO
RN (1)~ EXTRUDE Select objects to extrude or [Mode]:

Figure 5.13 — A hexagonal polygon

1)

Extrude

7. Click Home — Extrude .
Select object (polygon) — Enter — Specify height of extrusion (100 mm) —
Enter (Fig. 5.14).
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Figure 5.14 — Extrusion operation
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8. Click USC to change the point of the origin (Fig. 5.15).
Select the layer Solid 2. Draw the sketch of horizontal hole. For example, draw

CIRCLE ] N Specify center (25, 50), radius of circle (30 mm) — Enter
(1)

Click |™" — Select object (green circle) — Enter (Fig. 5.16).

-

ERIIEE| P i
15 - [0 [l LA LA
E' LUnnamed -

Coordinates u

Figure 5.15 —
Change the point Figure 5.16 — Extrusion operation of cylinder
of the origin

9. Click Solid, Subtract ') — Select Solid 1 — Enter. Then select
Solid 2 — Enter (Fig. 5.17).

Figure 5.17 — Substracting of object Solid 2

10. Repeat the
steps 8 and 9 for a vertical
hole Solid 3 (Fig. 5.18).

11. Save your file.

Figure 5.18 — Substracting of object Solid 3
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5.3 Creating a 2D drawing from a 3D model

In this unit a 2D drawing creation from 3D model will be described.
1.  On the top of screen choose Drafting & Annotation.
2.  Open Layout ISO A3 Title Block.

] 4]» [#], Model } 150 A3 Title Block

£

— Layer Properties (Fig. 5.19).
Z=

3. Open Home — Layers, put the button

Create new layer MD Visible, put the button
e Name — MD Visible;

Color — black;

Linetype — continuous;

Lineweight — 0,6 mm.

PR e

£

%5 828 %5

Unsaved Layer State b
W HEaf WO &
, Layers =

Figure 5.19 — Layers panel

. . g
Create new layer MD Dimensions, put the button :
e Name — MD Dimensions;
e Color — black;
e Linetype — continuous;
e Lineweight — 0,2 mm (Fig. 5.20).
] Current layer: MD Visible Searchforlayer  Q
28| g bHEXY ap
£5 Filters | 5. Name s 0. Fe.. L. Color Linetype  Lineweight Trans.. PlotS.. P M. V. VPC.. VPline.. VPU
Bg Al = 0 0 T g whie Continuous —— Default 0 Color7 & B B P w.. Continu. —
£ Al Used | > MD_Dimensions | {/ }Ci o [ white Continuous —— 00 mm 0 Color7 & B B P w. Continu. —
< |MDVisible | % ® Continuous 0 = w  Continu..
= Title Block | § }Ci o [ white Continuous —— Default 0 Color7 & B B P w.. Continu. —

Figure 5.20 — Layer properties manager
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4. On Panel Titles select Layout — Base — From model space, choose
Top and Hidden Lines, scale 1:1 (Fig. 5.21).

'.i_ag,.rclut  Parametric  View

A

imed I_I__l _!_ E[;l

A

i Base |Projected Sectior
ck 7 T

|:|_| @Current - E‘a E 1:1 =
: From Model Space ﬁTD = () Edge Visibility =
)@i m P Hidden Lines O Edge Visiblity
| i @Enttcm 3 =

I:ii] From Inventor - -

| Cirientation i Appearance |

Figure 5.21 — Object display settings

Place a view in the left bottom side of the drawing space — press the button
Enter twice (Fig. 5.22).

1 1 ) 1 3 1 ) | g 1 B 1 2 | E
' i i
Al 14
B E
‘ C
— =+
1 0
E
\ —
=
- TV
F = ol Projection drawing F
—
n e i o i Ez-zms-z
0 T T T T T I | 3 T ¥ T

Figure 5.22 — Placement of a top view

5. Click on top view and select on the Panel Titles the Section — Half
(Fig. 5.23). Draw the line of a section.

o B | Br| By

.'-\.'n_w-.".e:l Sectan Detail Edit Update A
K . Wi VoEa HE”'

Create View Exdit Update View | ——®

Figure 5.23 — Drawing of the section line
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Note 3 points, as shown in Figure 5.24, and move it up with mouse to the top

part of a sheet. We place a frontal view over the top view and click Enter twice
(Fig. 5.25).

]

rn
“

N 2

_I><\\1 1T 3 LI

Figure 5.24 — Points creation of section

H

I!!éli

-
[J§
E o

Projection drawing F

L]
ICE-2016-2
T T

Figure 5.25 — Placing of frontal and top views

6. We start creation of the third view. Click on top view again and select on
the Panel Titles the Section — Half. Draw the second line — Place on the right side
of the first view, press the button Enter twice (Fig. 5.26).

&z
T I 7 I 1 LT T T T ¥ T T T

Figure 5.26 — Placing of left side view
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Rotate the third view on 90 degrees and place on right side of second view.

A=
-
Projected
Select third view and do isometric view using button Projected
direction to left way. Move the isometric view (Fig. 5.27, 5.28).
I
1
Figure 5.27 — Placing of isometric view
— T T w7 a3 T T PNt el Sl Sl Sl S Sy Wt

7.

1w

F_

i S

l
|
|
|
l
i
+
.I_
f
.I_
T

HOTHE
r = Pro Jectlon drawing
—am—
& = ICE-2016-2
—r — I —3 — 1 L _|_i gy — |

— — T — JT— I—

Figure 5.28 — Location of the views on the drawing space

Dimensions. Make necessary dimensions and axes for 3 principal views.
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8. Fill on a title block (Fig. 5.29), save the file and print the drawing size A3
(Fig. 5.30).
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Figure 5.30 — Exaple of drawing

9. A Title sheet of an Album of the tasks.
Open or create new Layout — Title sheet. In ribbon menu open Annotate.

Al 1 Linear

Leader -
Text i

] Table
Use command Text to write a Title sheet. | Anmotstion -

Size of drawing is A3. Text style — GOST type B, inclined. Type the text using
example in Figure 5.31.
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Figure 5.31 — Exaple of title sheet
5.4 Variants for the task 5
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6 CONSTRUCTION DRAWINGS AND ELEMENTS OF THE
BUILDING

6.1 Drawings of the building plan
6.2 Section drawings

6.3 Elevation drawings

6.4 Examples of the task 6

6.5 Variants for the task 6

6.1 Drawings of the building plan

The plan of the building is called the image of the building, mentally dissected
by a horizontal plane at the level of window and door openings (about 1 m) and
projected onto the horizontal plane of projection. The plan shows what is in the
cutting plane and what is underneath it.

On the plan of the building show window and door openings, the location of
the stairs, partitions and capital walls, built-in cabinets, sanitary-technical equipment
end other. The plan placed under the elevation in the flat connection with it.

The position of all structural elements is determined by reference to the
coordination axes.

Outside the building contour is wrote the size of window and door openings
“in the light” and spaces between them (the first dimensional chain), coordination
between axles (second dimensional chain) and the axis (the third dimensional chain).

Internal dimensions of areas, thickness of walls and partitions should be put on
internal dimensional chains. They spend at least 8...10 mm from a wall or partition.
Also bind all the outline main walls to the axes.

Floor space is put down in the lower right corner of the plan of the premises in
square meters without designation of units with two decimal places and a bar
beneath.

The plans show what direction the door opens. Exterior doors from the street to
the house should open outwards, and the door from the stairs to the apartment is
inside the apartment. Opening the other doors is depended on the convenience of
planning and operation.

Sign of windows and external doors should be put on the outer side of the wall.
On the open plan line shows the clipping plane for the corresponding section
(Fig. 6.1).

A building plan is drawn in the following order:

e conduct longitudinal and transversal coordination axis;

e draw all external and internal walls, partitions and columns;

e produce a breakdown of window and door openings in the external and
internal walls and partitions, conditionally show opening doors;
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e draw stairs, sanitary appliances, built-in wardrobes, mezzanine, balcony
fences and other elements;

e do the necessary external and dimension lines show the cutting line;

e write down all sizes, make appropriate titles, check the drawing;

e make a final outline.
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Figure 6.1 — Stages of building plan drawing

Contours of cuts and sections operate continuous main line. Elements that do
not fit in the plane of section are performed by a thin line.

6.2 Section drawings

A sectional image of the building is called section. It is view mentally
dissected vertical plane and projected onto the horizontal projection plane. Direction
of the cutting plane is marked on the floor plan as line with arrows at the ends,
showing the gaze direction. This view is signed as Section 1-1.

On the cuts visible contour lines is performed a continuous thin line. On
sections coordination axises endure down and affix label sizes between adjacent axes.
Position of structural elements height is determined by the elevations and dimensions,
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which appears on the remote lines levels of the coresponded elements. Inside the cut
are marked height floors, doors and windows, as well as elevations and floor levels
stairwells.

On the exterior side of the cut at a distance of 12—15 mm make a dimensional
line, show the size of the window and door openings. Level sizes are drawn at a
distance of 10—15 mm from the line. Also the marks are applied to the floor stairwell
in the vestibule, entrance areas — one step above the sidewalk. The level of these sites
increases towards a flight of stairs, so that rainwater does not fall into the stairwell.
The section drawings are shown in Figure 6.2.

1 [
O O O O O O
Section 1-1

g

350
850|830\ 1290 | %20| 1290 |1200| 2850 h

H — — = o [N | — |
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1 I 18
-0980
N AN ' ’ =
O O QO (4) () (8)

Figure 6.2 — Stages of building section drawing

A building section is drawn in the following order:

e draw coordination axises main load-bearing structures and perpendicular to
them, horizontal lines of levels: land surfaces, floor of all floors and the attic floor
and the top of the cornice;

e contours applied for exterior and interior walls, partitions, heights of
intercommunication and attic floors and roof ridge, cornice and plinth, roof level;

48



e the windows and doors in the exterior and interior walls and partitions,
visible door openings and other elements located behind the cutting plane show;

e show extention and dimension lines, circles marking axes and signs
elevations;

e produce the final outline, dimensions and elevations make explanatory
inscriptions and indicate the name of the section.

6.3 Elevation drowings

Types of building views in the front, rear, right and left are called elevations.
Elevations give an idea of the image of the building, its overall shape, size, number of
floors, the presence of balconies and loggias. View of the building from the street
called the main elevation.

In the elevation drawings are drawn the location of windows, doors, balconies,
door trims, etc. Dimensions are not applied on elevations but only the extreme axises
are shown on it. The right or left a ground line, the top and bottom openings, eaves,
top roof are represented on this drawing.

Elevations are usually performed in scale 1:100, 1:200 (civil buildings) and
1:200, 1:500 (industrial buildings). Complex view elevations are in the fragments in
scale 1:10, 1:20. The elevation drawings are shown in Figure 6.3.
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Figure 6.3 — Stages of building elevation drawing

A building elevation is drawn in the following order:

e draw the axis and the outline of the building;

e draw the windows and doorways, balconies, canopies plates, cornice and
others architectural elements;

49



e draw the window frames, doors, fences balconies, vents and chimneys on
the roof, write down marker icons;

e applied levels of the appropriate heights, marked focal axis;

e after verification of compliance with the plan and make the final circuit.

Draw the main line of the ground. Land line make thickened line that goes
beyond the elevation view.On the architectural drawings on walls sometimes show
shadows and elements entourage.

Sometimes necessary information can be conveyed without showing the
interior construction. A large scale may be all that is needed to show the necessary
details.

Many details are best shown by combining elevations and sections or by using
isometric drawings.

6.4 Examples of the task 6
There are examples of the task in Figure 6.4 — 6.8.
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Figure 6.4 — Construction drawing
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Figure 6.5 — Examle of 1* floor plan (scale 1:100)
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S 1100

2-nd floor plan
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Figure 6.6 — Examle of 2™ floor plan (scale 1:100)
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6.5 Variants for the task 6
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Elevation 1-5
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Elevation 1-7
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Elevation 1-5
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Explanation for the task
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