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Project: “Technical Expertise and develop Detailed Technical Design for

conservation/restoration works of Bender Fortress”

1. INTRODUCTION

1.1. Objectives of structural analysis

The task consists of performing the structural analysis of new roof structure for the Bender
Fortress towers. The structure of new roof is formed by main wooden beams with two stiffening rings
around main beams. The process consists of calculation of characteristic and design loads and
performing the analysis for verifying if the cross section of structural elements satisfied conditions
prescribed in the Moldavian design standards.Documentary basis of structural analysis

As reference documents for structural analysis were used the following:

[1]

[2]
[3]
[4]
[5]
[6]
[7]

“Studio Berlucchi” srl — Technical expertise and develop detailed technical design
for conservation and restoration works of Bender Fortress (Phase 1)

Nicoara I.; Bogdevici O. Report on geological data Tighina Fortress
NCM E.02.02:2016. Fiabilitatea in constructii.

NCM F.05.01-2007. Proiectarea constructiilor din lemn.

CHullI 2.01.07-85. Harpy3ku u Bo3aeiCTBUSI.

CHull 11-7-81". CTpouTensCTBO B celicMUUECKHX paifoHax.

CHulI 2.02.01-83. OcHoBaHus 31aHUN U COOPYKEHUH.

Technical-scientific literature used:
e Atanasiu M. Gabriela “Structural Dynamics”, Vasilie Goldis University Press, Arad 2000
e TopnaeeB B.H. u np. “Harpy3ku u BO3I€HCTBUS HA 3MaHUSI U COOpYXKeHUs , Mzoamenbcmeo

Accoyuayuu Cmpoumenunwvix Byzos — 2000
e Birbrae r A.N. “Seismic Analysis of Structures.” - St. Petersburg: Nauka, 1998. -255 p.
e CBOHA TIIPABWUIL. Tpyowt Ilpomviwnenusvie Jvimosvie. Ilpasuna npoekmuposarust,

MUHHUCTEPCTBO CTPOUTENBCTBAM KHJIUIITHO-KOMMYHAIBHOTO X03sIHCTBapOoCCHiickoi (eneparuu
- MocxkBa 2016

1.2. Category of importance

Normative “NCM E.02.02:2016. Fiabilitatea in constructii.” (Reliability in Construction) places
the roof structure in class CC-2, level of importance is normal. The minimum value of reliability
coefficient for importance is y,, = 1.
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2. ANALITICAL PART

2.1. Description of the analyzed object

New roof structure is made of timber beams with two stiffening rings around it and covered

with wooden shingles.

53

over made in woodan shingles

rontal wooden arches to support the wooden shingles

Woaden “colonnello” for supporting the primary beams

9,7

Second stiffening ring consisting of wooden beams

ring consisting of wooden beams

3,39

‘the primary siructure of the roof

entire surface of the battlement

e el anchoring angl
stabilize the wooden kerb

1,01

Regularization of the top of the tow
masanry for the constnaction of roafs.

Figure 1 Roof section

Information about the construction region

— Air temperature:
e minimum air temperature — (-) 41.4 °C;
e maximum air temperature — (+) 31.2 °C;
— Area of the characteristic value of the snow load on the ground — I.
The characteristic value of the snow load on the ground per 1 m*- s, = 0,5 kPa.
— Area of the characteristic value of the wind pressure on the ground — I1.
The characteristic value of the wind pressure — w, = 0,3 kPa.
— Site seismicity — 7 grades according to MSK-64 scale.
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Figure 2 Plan view of roof structure

Beams B — 1 and B — 2, compared to other main beams are placed with a larger angle = 68°. This
is caused due to irregular plan shape of the tower.

2.2. Structural characteristic of building

2.2.1. Rigidity
Element Section form Sections dimensions (mm)
R1—1+R1-11 Rectangular (b x h) 100 x 200
R2—1+R2-11 Rectangular (b x h) 100 x 200
B—1+B—-11 Rectangular (b x h) 300 x 300
c-1 Circular (d) ?300

* see annex for detailed proprieties
The elastic modulus for design of timber elements is adopted according to [4]:
E = 300R¢,, = 300-10.4 = 3120 (MPa)
,wWhere R, = R(rap)c,, * Msp = 13+ 0.8 = 10.4 (MPa) for rectangular section elements made of
2" sort of timber.
my, — coefficient equal to 0.8 for fir tree.
2.2.2. Loads on structure

The weight of cover will be generalized in linear load on beams (,, — beam length):
0.816%- 21.68 m?

g = = 1.67 kN/m
lp
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Table 1 Load on roof structure

. Safety .
. . Normative . Design
Description Unit value coefficient value Note
Yr
PERMANENT LOAD
Wooden shingles KN/m? | 0.628 13 0.816 SEHZH 2.01.07-85,

Area=21.68 m?

Figure 3 Load surface from wooden shingles

Snow load is computed with relation from [3]:

From annex 3 of CHull 2.01.07-85. Harpy3ku u Bo3neiictsus the coefficient u = 0, thus

makes the snow load on roof equals to 0.

2.3. Calculus

S=Sp 1

The design will be performed in FEM software - SCAD Soft. SCAD is an integrated system for
finite element structural analysis and design. SCAD includes a highly developed library of finite
elements for modeling bar, plate, solid and combined structures, modules of stability analysis, building
design stress combinations, verifying stressed state of structural elements according to various failure
theories, determining forces with which a fragment affects the whole structure, calculating forces and
displacement caused by loading combinations.
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3. RESULTS
3.1. Modeled structure

Figure 4 3D view of structure

Roof elements are design as bars that can be subjected to compression, tension, bending and
torsion.

X 2
Figure 5 Generic bar in SCAD++

The element perceives the following types of efforts:
e N —axial force. The positive value corresponds to tension

e M, — torsion moment of the X; axis. The positive value corresponds to the counterclockwise
action of the moment, if you look at the end of the X; axis at the section that belongs to the bar.

e M, — bending moment of the Y; axis. The positive value corresponds to the counterclockwise
action of the moment, if you look at the end of the Y; axis at the section that belongs to the bar.

e M, — bending moment of the Z; axis. The positive value corresponds to the counterclockwise
action of the moment, if you look at the end of the Z; axis at the section that belongs to the bar.

e (@, — shear force along the Y; axis. The positive value corresponds to the coincidence of the
force direction with the axis Y;, for section that belongs to the end of the bar.

e (, — shear force along the Z; axis. The positive value corresponds to the coincidence of the
force direction with the axis Z;, for section that belongs to the end of the bar.
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3.2. Dynamic proprieties of structure

Table 2 Dynamic proprieties of structure

Load case nr Mode Frequencies Period Modal mass (%)
’ NR. rad/sec Hz sec X Y Z
1 7.951 1.265 0.79 |0.015 (17.377| 1.014
2 12.031 1.915 0.522 0 3.817 | 0.156
3 Seismic action 3 13.222 2.104 0.475 | 0.014 | 0.053 | 0.865
along X axis 4 18.332 2918 | 0.343 | 77.08 | 3.618 | 0.045
5 19.574 3.115 0.321 | 0.602 | 0.384 | 0.054
Sum of modal mass 77.711|25.249| 2.134
1 7.951 1.265 0.79 |0.015 (17.377| 1.014
2 12.031 1.915 0.522 0 3.817 | 0.156
4 Seismic action 3 13.222 2.104 0.475 | 0.014 | 0.053 | 0.865
along Y axis 4 18.332 2918 | 0.343 | 77.08 | 3.618 | 0.045
5 19.574 3.115 0.321 | 0.602 | 0.384 | 0.054
Sum of modal mass 77.711|25.249| 2.134
3.3. Efforts in elements of roof
. ) & o
2 e
-25 854 _23‘”5
_15-605 3o ,05
& ®
& _ &,
L

Figure 6 Axial forces in beams
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Figure 7 Bending moments in beams

-4.132

Figure 8 Axial forces in stiffening rings
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0.182

@°

92,

Figure 9 Bending moments in stiffening rings

For detailed information about each member see annex.

3.4. Verification of elements

For verification will be taken an element with the highest:
¢ Axial force and bending moment that corresponds to these axial force
e Bending moment and the axial force that corresponds to these axial force
Beam with the highest axial moment is beam nr. B — 1:
Nypgx = —30.705 (KN) M oresp = 14.73 (kNm)
Beam with the highest bending moment is beam B — 11:
Mipax = 18.739 (kNM) Neoresp = —28.775(kN)
1% stiffening ring with the highest axial force is beam R1 — 2
N = —5.243 (kN) Mcoresp = 0.228 (kNm)
24 stiffening ring with the highest axial force is beam R1 — 2
N = —9.857 (kN) M_oresp = 0.086 (kNm)
Column C — 1:
Ny = 21.3 (kN)

Page
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3.4.1. Main beam
Verification of element subjected to combined stress (compression and bending) will be made
according to NCM F.05.01-2007. ,,Proiectarea constructiilor din lemn”.

N M,
Omax = Vn (A_ + W) = RCII
c c
, Where M; = %

A — cross section of element

W, — shear rigidity factor

& — coefficient which varies from 1 to 0 and takes into account the additional moment created
by longitudinal force as a result of a bending of element and is computed by following expration:

N
- @ Repp+Ac

, Where ¢ — coefficient for any flexibility of the element. May be greater than 1 and is
computed with following expression:

&=1

3000
Q= 12

lef

A =-
Lx(»)

, Where A — is flexibility of element
ler —design length equal to [, = [ - . In studied case p = 1

Lx(y) — inertia radius

Table 3 Efforts in beam B-1 and B-11

Element | N (kN) | M (kNm) & M, (kNm)| 03,0 (MPa) | Ry (MPa)
B—1 | -30.705| 14.73 0.862 17.091 4.139 104
B —11 | —28.775| 18.739 0.871 21.525 5.103 10.4
Also, should be verified condition f < f;. Where f; = 113 = 72.6 (mm). As can be noticed

from annex the maximum displacement along Z axis is -4.098 mm, so serviceability condition is
satisfied.

3.4.2. 1ststiffening ring

As can be noticed, the bending moment is small comparatively to axial forces, thus bending
moment can be neglected and considered that beam is subjected to compression. The verification
should be made for:

o Resistance

Page
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Ny,
o= Tn < Ren
5.243-1
0 =———=0.262 (MPa) < 10.4 (MPa)
0.02
Condition is satisfied.
o Stability
Nyn
= <R
o A" cll
l 2.99
1= = 104.18
lmin 27.7
The coefficient ¢ for A > 70 is equal to:
3000
¢ =—7=0275
= 021 953 (MPa) < 104 (MPa)
77009-0275 ¢ A ira

,where A=b-h=100-200 = 20000 mm? = 0.02 m?
Condition is satisfied.

3.4.3. 2" stiffening ring

As can be noticed, the bending moment is small comparatively to axial forces, thus bending

moment can be neglected and considered that beam is subjected to compression. The verification
should be made for:

o Resistance

Ny,
0= Tn < Rey
9871-1
0 =——=0.058 (MPa) < 10.4 (MPa)
0.02
Condition is satisfied.
o Stability
Ny,
g = (pcz < RCII
l 1.83m
1A=L = — 63.76

imin 27.7mm
The coefficient ¢ for A < 70 is equal to:

2

A

Page
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98711
?=002-0675

Condition is satisfied.
3.4.4. Column C-1

= 0.731 (MPa) < 10.4 (MPa)

The verification should be made for:
o Resistance

Nyy

o= T S RCII
21.3-1
0=~ = 03 (MPa) < 10.4 (MPa)
Condition is satisfied.
o Stability
N
0= (p_)iz < Repy
(o
l 5.58 m
1= = 744

The coefficient ¢ for A > 70 is equal to:

3000
¢ =—5=0542
=219 _ 554 (MPa) < 10.4 (MPa)
770071-0542 ¢ ' 4

,where A = mR? = 3.14 - 150> mm = 70650 mm? = 0.071 m?

Condition is satisfied.

Page
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4. CONCLUSION

The structural analysis of new roof structure was made. The following conclusion can be stated:

1.

All elements and loads were modeled in FEM software SCAD++. Beam elements were
modeled as bars with given rigidity and section proprieties as showing in Annex 1. Wooden
shingles were modeled as load.

Because of large angle, snow load was considered to be equal to zero.

As can be seen from analysis, all efforts are evenly distributed along beams. Small
discrepancy can be noticed in beams B — 1 and B — 2. These is caused due to the angle at
which theses beams are placed relative to other beams.

The analysis of roof elements pointed out that main beams are subjected to a combined
stress (compression and bending), and stiffening rings are subjected to compression.

From analysis of the most subjected beams, one could notice that they pass verification, i.e.:
Omax < Reqr

From the verification could be pointed out that stiffening rings have a resistance reserve
more than 80 %.

The structural resistance and stability of all structure it-self is ensured.

Page
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ANNEX 1 Section proprieties

00 . 3500

"5h0- 00 s0o. . 1w0bo . 500 - 2000 - 2500
i
‘75? D; D]'D |5q0| | ‘IDP.D | :ISP.D; | 20?.0 | ?SP D; | 3DP.D | IBSIFQ
Figure 10 Beam section 300 x 300
Geometry description
Point no. Y Z
1 0.00 mm 0.00 mm
2 300.00 mm 0.00 mm
3 300.00 mm 300.00 mm
4 0.00 mm 300.00 mm
General results
Area
A = 900.000 cm2
Center of gravity
Yc = 150.00 mm
Zc = 150.00 mm
Perimeter
S = 1200.00 mm
Principal system
Angle
alpha = 0.0 Deg
Moments of inertia
IX = 113945.726 cm4
ly = 67500.000 cm4
4 = 67500.000 cm4
Radii of inertia
iy = 86.60 mm
iz = 86.60 mm
Shear areas
Ay = 750.000 cm2
Az = 750.000 cm2

4
1

Page
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Elastic section moduli

Shear rigidity factors

Plastic section moduli

Maximum distances

Central system

Moments of inertia

Radii of inertia

Maximum distances

Arbitrary system

System position

Moments of inertia

Radii of inertia

First moments of area

Maximum distances

Wely
Welz

Wy

Wply
Wplz

Vy
Vpy
Vz
Vpz

lyc
lzc
lyczc

iyc
izc

Vyc
Vpyc
Vzc
Vpzc

yC
zC'
ly
4

ly'z'
iyc
izc
Sy'
Sz’

Vy'
Vpy
Vz'
Vpz

4500.000 cm3
4500.000 cm3

600.000 cm2
600.000 cm2

6750.000 cm3
6750.000 cm3

150.00
150.00
150.00
150.00

67500.
67500.
0.000

86.60
86.60

150.00
150.00
150.00
150.00

150.00
150.00

67500.
67500.
0.000

86.60
86.60

0.000
0.000

150.00
150.00
150.00
150.00

mm
mm
mm
mm

000
000
cmé

mm
mm

mm
mm
mm
mm

mm
mm

000
000
cmé

mm
mm

cm3
cm3

mm

mm
mm

cmé
cmé

Angle= 0.0 Deg

cmé
cmé
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[ 10?’“ 1

Figure 11 Beam section 100 x 200

Geometry description

Point no. Y Z
1 0.00 mm 0.00 mm
2 100.00 mm 0.00 mm
3 100.00 mm 200.00 mm
4 0.00 mm 200.00 mm

General results

Area

A = 200.000 cm2
Center of gravity

Yc = 50.00 mm

Zc = 100.00 mm
Perimeter

S = 600.00 mm
Principal system
Angle

alpha = 0.0 Deg

Moments of inertia

IX = 4579.061 cm4

ly = 6666.667 cm4

4 = 1666.667 cmé
Radii of inertia

iy = 57.74 mm

iz = 28.87 mm
Shear areas

Ay = 166.667 cm2

Page
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Az = 166.667 cm2
Elastic section moduli

Wely = 666.667 cm3

Welz = 333.333 cm3
Shear rigidity factors

Wy = 133.333 cm?2

Wz = 133.333 cm2
Plastic section moduli

Wply = 1000.000 cm3

Wplz = 500.000 cm3
Maximum distances

Vy = 50.00 mm

Vpy = 50.00 mm

Vz = 100.00 mm

Vpz = 100.00 mm
Central system
Moments of inertia

lyc = 6666.667 cm4

lzc = 1666.667 cm4

lyczc = -0.000 cm4
Radii of inertia

iyc = 57.74 mm

izc = 28.87 mm
Maximum distances

Vyc = 50.00 mm

Vpyc = 50.00 mm

Vzc = 100.00 mm

Vpzc = 100.00 mm
Arbitrary system
System position

y¢' = 50.00 mm Angle= 0.0 Deg

zC' = 100.00 mm
Moments of inertia

ly' = 6666.667 cm4

1Z' = 1666.667 cm4

ly'z" = 0.000 cm4
Radii of inertia

iyc = 57.74 mm

izc = 28.87 mm
First moments of area

Sy = -0.000 cm3

Sz’ = -0.000 cm3
Maximum distances

Vy' = 50.00 mm

Vpy' = 50.00 mm

Vz' = 100.00 mm

Vpz' = 100.00 mm

Page
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Figure 12 Column section @300

Geometry description

Point no. Y z
1 -150.00 mm 0.00 mm Angle =180.0 Deg
2 150.00 mm 0.00 mm Angle =180.0 Deg

General results

Area

A = 706.858 cm2
Center of gravity

Yc = 0.00 mm

Zc = 0.00 mm
Perimeter

S = 942.48 mm
Principal system
Angle

alpha = 0.0 Deg
Moments of inertia

IX = 78860.395 cm4

ly = 39760.782 cm4

1z = 39760.782 cm4
Radii of inertia

iy = 75.00 mm

iz = 75.00 mm
Shear areas

Ay = 636.173 cm2

Az = 636.172 cm2

Elastic section moduli

Page
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Wely = 2650.719 cm3

Welz = 2650.719 cm3
Shear rigidity factors

Wy = 530.144 cm2

Wz = 530.144 cm2
Plastic section moduli

Wply = 4500.303 cm3

Wplz = 4500.303 cm3
Maximum distances

Vy = 150.00 mm

Vpy = 150.00 mm

Vz = 150.00 mm

Vpz = 150.00 mm
Central system
Moments of inertia

lyc = 39760.782 cm4

lzc = 39760.782 cm4

lyczc = -0.000 cm4
Radii of inertia

iyc = 75.00 mm

izc = 75.00 mm
Maximum distances

Vyc¢ = 150.00 mm

Vpyc = 150.00 mm

Vzc = 150.00 mm

Vpzc = 150.00 mm
Arbitrary system
System position

y¢' = 0.00 mm Angle= 0.0 Deg

zc' = 0.00 mm
Moments of inertia

ly' = 39760.782 cm4

1Z' = 39760.782 cm4

ly'z" = -0.000 cm4
Radii of inertia

iyc = 75.00 mm

izc = 75.00 mm
First moments of area

Sy = 0.000 cm3

Sz' = 0.000 cm3
Maximum distances

Vy' = 150.00 mm

Vpy' = 150.00 mm

Vz' = 150.00 mm

Vpz' = 150.00 mm

Page
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ANNEX 2 Efforts in main beam

N M, Makc. g KH™M M, Makc. g KH*M

MpuBRAzKa 0 M MpuBRAzKa 0 M

[T

Makc. | 35,705 KH Makc. |14 73 KH™M Makc. g KH*M
MpuBAzka 0 M MpuBAzka 5.214 M MpuBAzka 0 M
M, Makc. g KH*M Q. Makc. |5 55 KH a, Makc. g KH
Mpuesska | g M Mpuesska | g M Mpuesska | g M

i
il

Makc. g KH™ M Makc. |5 55 KkH Makc. g kH
Mpuesska | g M Mpuesska | 1q 427 M Mpuesska | g M
AnuHa cTep#Ha 10,427 M A
AniHa rubroi YacTi 10.427 M Z :
KomBHawma sarpysernid C1 - "(L1)*1+L2)*0.95] '
: Yi
U P qeemeee em
Figure 13 Beam B-1
N M\- Matc. 0 kH* M M‘ [ ET 0 KH* M
Mpueaska | M Mpueaska | M
Makc. [ 35,607 kH Makc. [ 14,73 KH*M Makc. | KH*M
Mpueaska |5 M MpuEaska [ 5 514 M Mpueaska |5 M
My Makc. [ KH* M Q. Makc. [ 555 kH Q, Makc. | kH
Mpueazka 0 M Mpvsazka 0 M MpueazKa 0 M
Makc, 0 KH*M Makc, -5.65 kH Makc. 0 KH
MpueazKa 0 M Mpueazka 10.427 M MprEAzKa 0 M
AnuHa cTepsHA 10.427 M 7 h
[nHa rubikoil YacTu 10,427 M 1 E
KomBuHawA sarpymeHii C1 - "(L1)*1+L2)*0.9 '

Figure 14 Beam B-2
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M M, Make. [ KH™M M, Make. [ KH™M
MpueAsKE | o M Mpueazka [ M
Makc. -78.651 wkH Makc. 18,739 KH™*M [ FT 0 KH*M
MNpuBasKa 0 M MpuBR3Ka 5,445 M MNpuBRAsKa 0 M
My Makc. 0 KH" M @, Maxc 5.383 KH Q,  Maxc 0 KH
Npueazka | o M Mpueaska | g M Mpueazka [ M
Makec. [ KkH* M Marc. [ g ag3 KH Markc. [ KH
Npueszka | o M Mpueaska | 10 59 M Mpueazka [ M
AnuHa cTep#HA 10.89 |m N
AmaHa rbkoi yacTk 10,89 ™ 4 |
KomBuHaLMA sarpymweHmil C1 - "(L1)*1 0
1 Y,
I Beccced .
Figure 15 Beam B-3
M M, Maxe. [ KH™M M, Maxe. [ KH*M
Mpueazka 0 M Mpueazka 0 M
Makc, 27.634 kH Makc, 18.739 KH™m Makc, 0 KH*m
MpueAzka [ M MpuEAZKE | 5 445 M MpueAzka | o M
My Makc. 0 KH*M Q.  Makc. 6.883 KH G,  Makc 0 KH
MpuBAska [ M Mpueaska | 5 M MpuBAska | g M
Make. [ KH™ Make. [ 5 853 KH Make. [ H
Mpuesska | g M MpuBsAsKE [ 10,39 M MpuesAska | g M
ONWHE CTeMHHA 10,89 m 2
LmiHa rrbKoi YacTk 10,89 M 1
KombuHawaa sarpyseqai C1-"(L1)
Yy
B .

Figure 16 Bea, B-4

Page

22




Project: “Technical Expertise and develop Detailed Technical Design for
conservation/restoration works of Bender Fortress”

N M, Makc. 0 KkH™ M M, Makc. 0 KH™M

MNpuBAzKa | o M MpueAzka | g M

I

Makc. -26.605 kH Makc. 18.739 KH* M Marc., 0 KH*mM
MpWBA3KE | g M MPWBASKE | 5, 445 M MpuBAsKa | M
My Marc. 0 KH* M Q.  Makc. 6,883 kH Q, Makc. 0 kH
Mpueaska | g M Mpuenazka | M Npuesska [ M

e,
A

Marc. [ g KH*m Makc. [ _g 533 kH Makc. [ KH
Mpueszka 0 M MpuBaAzka 10,89 M MNpueszka 0 M
AnuHa CTepsHA 10.89 m A
Anita rubkoi 4acTi 10.89 m 4 E
KoMBMHALWA SarpyeHnid C1 - "(L1)3 D
: Y,
S PR AR AR
Figure 17 Beam B-5
N My Maxc. 0 KH™M M,  Maxc. 0 KH™ M
MpuBAzKa 0 M MpuBAzKa 0 M
Makc. -25.864 KH Makc. 18.739 KH™ M Marc. ] KH™ ™M
MpuBAzKa 0 M MpuBAzKa 5,445 M MpuBAzKa 0 M
My Make. [ KH*=M Q. Maxc. [5 533 KkH G, Maxc. [g KkH
Mprenska | g M Mpueazka |5 M MpweaAzka | g M
Make. [ KH™M Make. [ 5 553 kH Make. | g kH
MNpreaska | g M MpueAsKka | 10 5g M MpueaAzka | g M
OnKHa cTepkHA 10,83 m 2 A
AmHa radicoi YacTi 10,89 m 1

KomBuHawA sarpyeHi C1 - "(L1)

Y1
------ e

'
'
'
]
]
'
'
'
]
[ o coooodooooood NN

Figure 18 Beam B-6
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M M, Makc. [ KH™m M. Makc. [y KH*m

MpueaAzka | 5 M MpuBAzKa | 5 M

e

I ]

w,

Marc. 25.628 KH Makc, 18.739 KH™ M Makc, 0 KH*M
MpHERzKa 0 M MpueAsKa 5.445 M MNpHERzKE 0 M
M, Makc. [q KH™ M Q. Makc. [ g a3 xH a, Makc. [ wH
MpuBAsKa 0 M MpusAska 0 M MNpuBAsKa 0 M
Makc. [q KH™ M Makc. [ 5 833 xH Makc. [ g wH
MNpuBAzka | 5 M Mpueazka | 15 59 M MpuBAzKa | 5 M
AnvHa cTepsHA 10.89 M N
AmiaHa rbKoi YacTi 10.89 M Z H
KombuHaws sarpysermin C1 - (L 1)*1+] 8
: Y;
--- [ NEELLEEL ERRte-
Figure 19 Beam B-7
il M, Makc. [ KH™ M M, Marc. [ KkH™n
MpvBeAska 0 M MpvBAsKa 0 M
Make. | 5,965 KH Make. [ 15,739 KH*M Makc. [ KH™M
MpueAzka 0 M MpuEAzKa 5.445 M MpuBRzKa 0 M
My Makc. [ g KH™ M Q, Makc. |5 833 KH Q, Marc. [g kH
Mpusaska | g M Mpussaska | g M Mpuesska | g M
Make. [ KH*M Make. [ 5 853 kH Makc. [ kH
MpueAzka 0 M MpuEAzKa 10.89 M MpuBRzKa 0 M
[nvHa cTepskHa 10,89 M »
AnvHa rufkoi yacTk 10.89 M Z
KombuHaws sarpyseerii C1 - "{L1)*14
¥y

Figure 20 Beam B-8
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M M, Marc. 0 KH* M M, Marc. 0 KH™ M
MpuBAKa | M MpuBAKa | M
Makc, -26.778 KH Makc, 18.739 KH™M Makc, 0 KH™M
Mpusaska | g M MpuBAsKE | 5 445 M Mpusaska | M
My Make. 0 KH*M Q. Make. 5.883 KH G,  Makc. 0 KkH
MNpueazka 0 M MNpueAzka 0 M MNpueAzka 0 M
Makc. [ KkH*m Makc. |5 33 kH Makc. [ g kH
MpuBAzKa 0 M MpuBAzKa 10.89 M MpuBAzKa 0 M
AnuHa cTepsHA 10.88 m "
O nvHa rubKoit yacTi 10,89 ™ Z 1
KombuHawma sarpyseHan C1 - (L 1) j
i ¥,
Figure 21 Beam B-9
N M, Marc. [ KH* M M, Makc. [ KH*M
MpuBaAzka 0 M MpuBaAzka 0 M
Makc. -27.829 KH Makc, 18.739 KH* M Makc, 0 KH*M
MpueAzka 0 M MpueaAska 5.445 M MprBAzKa 0 M
My, MaKc. [ KkH*M Q. MaKc. [g 333 KH Qy Makc. [ KH
MpuBAska | o M MpuBAzKa | M Mpuesska | o M
Marc. [ KH*M Marc. [_g a3 KH Makc. [ KH
Mpueazka [ g M Mpueazka | 15 59 M MpuBeaska | g M
AnvHa cTepHA 10.89 M "
[inuHa rufikoi yacTi 10.39 ] Z :
KomBuHawma zarpymeHmil C1 - "(L1)*1+] ]
: Y4
I P D I

Figure 22 Beam B-10
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M M, Makc. 0 KH™M M. Makc. o KH™ M

MpuBAzka 0 M Mpueazka 0 M

I

Marc, -28.775 KkH Maikc, 18.739 KH™ ™ Maikc, i) KH™M
MpueRzka | g M MpMBAZKA | 5 445 M Mpueaska | o M
Mo Marc. 0 KH*M Q. Make. [ ag3 kH Q, Makc. [ kH
MpueRA3Ka | o M MpueAzKa g M MpueAsKE | o M

M.
Bl

Marc, 0 KH*M Matec. 5.883 KH Matec. 0 KH
MpuBRsKE 0 M MpHBRZKE 10.89 M MpHBAsKa 0 M
JnuHa CTepHHA 10.89 ™ »
AnaHa rubikoi Yact 10.89  |m 4 ;

KoMBHaws sarpyseriil C1 - "(L1)*1
Ty

Figure 23 Beam B-11

Page

26




Project: “Technical Expertise and develop Detailed Technical Design for
conservation/restoration works of Bender Fortress”

ANNEX 3 Efforts in 1° stiffening ring

N M, Makc. [ KH™M M, Marc. [ KH™M
NpueAzKa 0 M MpuBRzKa 0 M

MaKe. [ 4,375 KH MaKe. [g,21 KH™M Make. [ KH™M
MpuBAska [ o M MpuBaska [ § 435 M MpuBaska [ M
My Makc. [ KH™ Q. Makc. [ 993 kH Q, Marc. [ KH
Mpveaska [ o L MNpueaska [ o M MpuBssa | g M
Make. [ KH% Makc. [ 293 KkH Marc. [ KH
MpvBeAsKa [ o M MpHBAZKE [ 2,371 M MpuBAzKa | M

AnuHa cTepmHA 2871 M

AniHa rivbroil YacTi 2871 M = ’I’?’ 50
Komburaws sarpysermil C1 - "L 1)*1+H]] '
gl
- H Yy
R SR A =1
H o™
8 :
100
Figure 24 Beam R1-1
l M, Maxc. 0 KH*M M. Maxc. 0 KH™ ™
MpuBRsKa | M MpuBAsKa | g M
Mare. | -5,243 KH Mawe. | 0,228 KH*M Make. | g KH™M
MpuBRsKE | 0 M MpuBRAsKE | 1,496 M MpuBAsKa | g M
My Makc. 0 KH*M Q. Makc. 0,305 wH G, Makc. 0 KH
MpuBRsKE | M MpuBRsKa | M MpuBAsKa | g M
Marc. |0 KH™ M Makc, | -0.305 KH Makc, | KH
MpweRAsKa | o M Mpueazka | 2,992 M MpuBsAzka | g M
OnuHa cTepHHA .M
; Z,4
AniHa ruBKoil YacTk .M .
KoMBHaLWR sarpyseHiad C1 - . v
LapHKpel B y3ne 1 Ux U 0 ;
LapHKpel B y3ne 2 Ux U 0

Figure 25 Beam R1-2
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N M, Makc., ] KH*M M, Marc., i) KH™M
MpuBRzKa | g M MpueRzka | g M
Makc. | 4,887 KH Makc. | 0,17 KH™ M Marxc. | g KH™M
MpuBRAsKa | g M MNpwvBRAsKa | 1,29 M MpuBAsKa | O M
Ms Makc. 0 KH™M 2, Makc, 0.263 KH Q, Maxc, ] kH
MpHEAsKa | O M MpuBRzKa | g M MpueRzka | g M
Makc. | g KH™ M Makc. | 0,263 KH Marxc. | g KH
Mpueaska | g M MpuesAska | 2,579 M Mpuesazka | g M
AnKHa CTepKHA M
P ZM
A niHa rvBroi YacTH .M |
KombuHawa sarpymenan C1 - ] v
0 1
-
Figure 26 Beam R1-3
N M, Makc. i] KH™ M M, Maxc. ] KH™M
MpueAsKa | O M MpuBEAsKa | g M
Make. | 4,132 =H Markc, |g,182 2 KH™ Marc. | g KH™M
MpwBAsKa | o M MpueAska | 1,338 M MpuBEAsKa | g M
M, Markc. li] KH™ M Q, Makc. 0.272 KH A, Maxc. ] kH
MpwBAsKa | o M MpueAsKa | O M MpuBEAsKa | g M
Marec. | g KH™M Marc. | 9,272 KH Marc. | g KH
MpwBAsKa | o M MpuBAsKa | 2,672 M MpuBEAsKa | g M
LrnvHa cTepHHA M
= Z
AnuHa rbKoi yacTu LM
KomBuHawa sarpysermid C1 - v
1
Bl Bt EEEE-

Figure 27 Beam R1-4
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M M, Makc. 0 KH™M M, Makc, i KH*M
Mpuenzka | g M MpueRzKa | g M
Makc. [ 4,132 KH Makc, (0,182 KH™M Makc, | g KH™M
MpUBA3KE | M MNpWBAzKa | 1,335 M MpWBR3KE | M
M, Maxc. i] KH™"M A, Makc, 0.272 KH Q, Makc, 0 KH
MpuERAzKE | O M MpueRzka | g M MpueaAzka | g M
Makc. | g KH™M Makc. | 9,272 kH Makc. | g KH
MpUBA3KE | M MpuBRAska | 2,672 M MpMBR3KE | M
LnuHa cTepxHA .M
s z,A
AmaHa rubkoil yacTu .M \
KombuHaw A sarpyseHain C1 - j v
0 1
b=
Figure 28 Beam R1-5, R1-6, R1-7, R1-8, R1-9, R1-10
M M, Makc. a KH™ M M, Makc. a KH™M
MpuERAzZKE | O M MpueRAzKa | O M
Makc. | 4,119 KH Makc. | 0, 168 KH™m Makc. | o KH™ M
MpueRAzKa | g M MpuERzZKa | 1,283 M MpueRAzKa | O M
M, Marc. a KH™M Q. Makc. 0.261 KkH 3, Makc. a KH
MpuMeRzKE | O M MpUERAZKE | O M MpUEAZKE | O M
Makc. | g KH* M Makc. | 0,261 KH Makc. | g rH
MpueRAzKa | g M Mp1ERAZKE | 2,555 M MpueRAzKa | O M
LnWHa CTepHHA .M
. 4
LniaHa rubroi YyacTk .M .
KoMBMHELMA 3arpyseHid C1 - , v
: 1
i

====1----n

Figure 29 Beam R1-11
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ANNEX 4 Efforts in 2" stiffening ring

N M, Makc, i) KH*M M, Marc. ] KH™ M
Mpuesska | o M Mpuesska | o M
Markc. | -9,157 ®kH Makc. | 0,079 KH*M Marc. |0 KH* M
MpueaAska | 1,757 M Mpueaska | 0,878 M MpueAska | o M
My Marc, 0 KH™M Q. Makc. 0.179 KH 2, Marc. ] kH
Mpwesska | g M Mpuesska | o M Mpuesska | o M
Marc. | g KH™ M Makc. | 40,179 H Marc. |0 kH
Mpueaszka | g M MpuesAska | 1,757 M MpueAska | o M
AnKHa CTepsHA VM
. z,d
AnvHa rubKoi YacTk VM H
KoMBMHALWA 3arpyseHmid C1 - . v
1 1
EEE EEFTE EEETS-
Figure 30 Beam R2-1
il M, Matc, 0 KH™M M, Marc, 0 KH*M
MpueaAzka | g M MpueaAzka | g M
Makc. | 9,857 kH Makc. | 0,036 KH*M Makc. |0 KH*M
Mpueazka | g M MpuBaAzka | 0,919 M Mpueazka | g M
M. Maxc., 0 KH™M @, Makc., 0.187 kH @, Makc, 0 kH
MpueAzka | g M MpueAzka | g M MpueAzka | M
Make. |0 KH*M Makc. | 0,187 ®H Makc. |0 kH
Mpueazka | g M MpuBRAzka | 1,837 ™ MpueaAzka | g M
LnuHa CTepKHA .M
- z4
AnuHa rubkoi yactn .M H
KombuHawan sarpyxermi C1 - 0 ¥
0 1
e

Figure 31 Beam R2-2
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N M, Markc. 0 KH™M M, Makc. 0 KH*M
MpreRAzKa | 0 M MpreaAzKa | 0 M
Makc. | 9,176 KH Makc. [ 0,053 KH™M Makc. | o KH™nM
MpueRAska | 0 M MpWBRAsKE | 0,739 M MpuesAska | 0 M
My Make. 0 KH™M @, Maxe, 0.161 KH Q. Make, 0 KH
MpweRAzKa | 0 M MpweAzKa |0 M Mpweazka | 0 M
Makc. | g KH*M Makc. | 0,161 KH Makc. | g KH
MpreAzKa | 0 M MpweAzKa | 1,577 M MpreaAzKa | 0 M
LnuHa CTepHHA .M
; Z, 4
AnHa rubkoi yacTh LM H
KoMBMHELMA 3arpyseHi C1 - , ’
b 1
--t-r- -
Figure 32 Beam R2-3
M M, Makc. 0 KH™M M, Markc, i KH*M
MpuBAsKE | M MpMBRZKE | M
Makc. | -7, 795 KH Makc, | 0,068 KH™M Make. | g KH*M
MpWEASKE | O M MpuERAsKa 0,817 M MpueAzKa | 0 M
M, Marc. ] KH*M [, Makc, 0.167 KH Q, Marc, 0 KH
MprERAzKE | O M Mpuenzka | g M MpueRzKa | g M
Makc. | g KH™M Makc. | -g.167 KH Makc, | g KH
MpWBEAsKE | O M MNpuBAzKa | 1,635 M MpuBRzKE | M
LnuHa cTepsxHA .M
; Z,m
AnaHa rubroil yacTi .M H
KoMBMHALLAR ZarpyseHid C1 - 0 v
0 1
RO S

il il

Figure 33 Beam R2-4, R2-5, R2-6, R2-7, R2-8, R2-9, R2-10

Page

31




Project: “Technical Expertise and develop Detailed Technical Design for
conservation/restoration works of Bender Fortress”

N M, Marc. o] KH™M M, Marc. 1] KH™M
MpMBRA3KE | M MpMBA3KE | O M
Makc, | -7, 771 KH Makc, | 0.063 KH™M Makc. | g KH™M
MpuBAsKa | M MNpwBAsKa | 0, 785 M MpuBAsKa | g M
M, Maxc, 0 KH™M @, Makc, 0.16 KH @, Marc, ] KH
MpUBRA3KE | M MpMBRA3KE | M MpMBA3KE | O M
Makc, | g KH*M Makc. | -0.16 KH Makc. | g KH
MpuBAsKa | M MNpwBAsKa | 1,569 M MpuBAsKa | g M
LAnuHa cTepsHA .M
- z,
A nuHa rbicol 4acTk .M |
KoMbHaLMA sarpysweHnin C1 - : v
i 1
ERT Y EEEE

Figure 34 Beam R2-11
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ANNEX 4 Structure displacements
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Figure 35 Displacements along X axis
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Figure 36 Displacements along Y axis
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& Mepemewerns x
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Figure 37 Displacements along Z axis
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Figure 38 Total displacement
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