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41°26"14"N 45°01"13"E)

INTRODUCTION
This report was prepared pursuant to the contract between “Georgian Water and Power”

LLC and “Georgian Technical University” dated January 2026.

The bridge survey was based on the Aqueduct Survey Services List issued by the Purchaser,
“Georgian Water and Power” LLC.

The survey methodology is based on over seventy years of experience of the Bridge Testing
Center of the Georgian Technical University and on the requirements of the current normative
documents: «CHull 2.05.03-84. Moctsl u TpyOsl. HopMer mpoektupoBanus», «CHull I11-43-75.

Mocts! u TpyOsI. [IpaBuia nmpousBoacTsa u npueMkn pador», « CHull 3,06,07-86. MocTs! u TpyOBI.
[Iparwmia o6cnenoBanuii u uctbiITanuiny, «'OCT 8829-94. M3 nenus cTpouTenbHbBIE KEJIe300eTOHHBIC
1 OCTOHHBIE 3aBOJICKOTO HW3TOTOBJICHHA. METOIbl MCIBITAHWSA HarpykeHueM. [IpaBuna OIEHKH
MPOYHOCTH, )KECTKOCTH U TpelHOCTOUKOCTHY, « BCH 4-81. MHCTpYyKIIUS O IPOBEACHUIO OCMOTPOB
MOCTOB ¥ TPpy0 Ha aBTOMOOMIBHBIX Aoporax», «['OCT 25192-82. beronsl. Knaccudukanus u odiue

TexHudeckue TpeboBanus», «EN 1992-2 : Eurocode 2: Design of concrete structures — Part 2»,«EN
1998-2: Eurocode 8: Design of structures for earthquake resistance — Part 2 Bridges», «kEN 1993-2:

Eurocode 3: Design of steel structures — Part 2».
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General data of the aqueduct

1. Location of the aqueduct - coordinates — 41°26 "14"N, 45°01 "13"E;
2. River - Mtkvari:

3. Aqueduct scheme - 9x18.00+5.00+11x18.00+5.00+9x18.00 m;

4. Aperture on the axis of the aqueduct - 530.33 m;

5. Aqueduct length - L=531.73 m;

6. Aqueduct gauge - I'=4.00 m;

7. Span — 18.00 and 5.00 m long steel span;

8. Number of main beams in the span: — 2 pieces;

9. Distance between the axes of the beams: - 1.00 m;

10. Aqueduct piers: - 0.53 m diameter steel-clad reinforced pile-pilars and reinforced concrete

crossbar;
11. Steel water pipe diameter: - ©0.82 m;
12. Number of steel water pipes: - 2 pieces;
13. Distance between the axes of the steel water pipes: - 3.15 m;

14. Steel water pipe inclination: - 0.07 %;
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41°26"14"N 45°01"13"E)

1. Brief description of the aqueduct

The aqueduct on the Mtkvari River (location coordinates — 41°26"14”N 45°01 13 ”E) was built in
the 1960s of the last century.

The design documentation of the aqueduct could not be found, as a result, its actual dimensions
could not be compared with the design data, therefore the description of the aqueduct and the graphical
part presented in the report (actual geometric dimensions of the aqueduct structures) are given based on
the analysis of the data obtained as a result of field and measurement work carried out by the group.

According to field survey works, the aqueduct is located on the plan straight, on the facade (the
head of the crossbar) with a slope of 0.13%, inclined towards the left bank of the Mtkvari. The aqueduct
crosses the riverbed of the Mtkvari at an angle of almost =90°. The height of the aqueduct (the distance
from the water pipe head mark to the water level mark) was 7.10 m.

According to the steel span structure, the aqueduct is a thirty-one-section, precast girder system,
with a scheme of 9x18.00+5.00+11x18.00+5.00+9x18.00m. The length of the aqueduct (the distance
between the axes of the piers along the aqueduct) was 531.73 m, the overall gauge according to the
carriageway (I') was 1.50 m, and the diameter of the water pipeline steel pipes according to the outer edges
was 4.00 m.

The aqueduct consists of piers, steel span structures and water pipes made of steel. Steel support
parts are installed on the piers (water pipes are installed on the support parts in turn) and span structures.
Reinforced concrete slabs of the prefabricated structure and a railing are arranged on the spans (not along
the entire length of the aqueduct).

The diameter of the water pipe was @820 mm. The size between the axes of the water pipes in the
transverse direction of the aqueduct was 3.15 m, the size between the inner edges was 2.40 m. The
connection nodes on each water pipe in the longitudinal direction of the aqueduct were two each. The
installation of the water pipe on the support part was carried out by means of a steel yoke of the upper and
lower, arcuate cross-section, composite (substrate sheet, wall, angle, stiffener) construction. The
connection of the yokes to each other and to the upper balancing steel sheet of the support part is carried
out by means of bolts.

The water pipes are supported on a single-roller steel support section installed on the transverse
pier consoles of the aqueduct.

The structure of the support section consists of a lower and upper support plate, balancing sheets
and a roller. The size of the lower support plate along the aqueduct longitudinally and transversely was
450 mm, height - 60 mm, taking into account the cross-stiffening pads - 120 mm. The size of the upper

plate along the aqueduct longitudinally was 250 mm, transversely - 500 mm, height - 60 mm. The length
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of the roller was 200 mm, diameter 270 mm. The steel support parts are fastened to the reinforced
concrete crossbar using @28 mm diameter A-I class reinforcement anchors with a screw - M22.

The supporting structure is the pier itself. The numbering of the piers and span structures is given
in the direction upstream of the river flow.

The aqueduct has 32 piers. Reinforced concrete pumps are installed on the pier crossbars N5, N17
and N32 (unlike the other piers) to support the water pipe. Structurally, the remaining piers, except for
the above, are identical to each other, each of them consists of two steel stands with a diameter of @530
mm (with a wall thickness of 12 mm) and a reinforced concrete crossbar with a rectangular cross-section
mounted on them. The distance between the pier axes varies along the length of the aqueduct and varies
within the range of 4.90+18.20 m. The distance between the pier axes of the stand along the aqueduct was
3.10 m. The size of the reinforced concrete crossbar along the aqueduct was 0.7 m, in the transverse of the
aqueduct was 4.80 m, and the height was 0.60 m. One vertical rubber pipe is installed in the pier and
crossbar structure of N26. The depth of the pipe installed in the upper shoulder post was 3.40 m, and the
depth of the lower shoulder pipe was 4.30 m. 2 steel insert details (rails) were installed in the upper girdle
of the reinforced concrete crossbar. The support of the span structure was carried out on the insert detail.

The steel spans of the aqueduct are of individual construction. The spans are covered with spans
of length 1=17.65+18.0 and L=5.0 m. Each span consists of two main beams with an I-shaped cross-section,
which are connected to each other across the aqueduct by transverse connections and reinforced concrete
slabs of the carriageway installed on them. The distance between the axes of the main beams across the
aqueduct was 1.00 m, the height was 0.60 m, and the shelf size (width) was 0.16 m. The vertical sheet of
the main beams is through-walled (hexagonal cutout with dimensions of 310x340 mm), the connection of
the beam building blocks is carried out by means of additional steel sheets of different sizes (vertical
150052010 mm, horizontal 600x100x14 mm). The transverse connection structure is a paired steel
channel with a N10 profile and an equal-width angle with a cross section of 56x56x5 mm. The transverse
connections are connected to the vertical sheet of the main beam by means of a stiffening rib. The
longitudinal connections in the beam are located at the level of the lower girdle of the main beam. The
longitudinal connection is an equal-width angle with a cross section of 56x56x5 mm, which is connected
to the lower girdle of the main beam by a 12 mm thick steel sheet. The steel elements of the beam structure
are connected to each other by welding.

Reinforced concrete prefabricated walkway structure is installed on the span structure.

The walkway structure consists of reinforced concrete slabs and railing installed on the main beams
of the span structure. The size of the reinforced concrete slab was 1.50 m across the aqueduct, 1.00 m long,

and 0.08 m high (thickness). The wearing layer installed on the reinforced concrete slabs is an asphalt
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concrete coating with a thickness of 2.0+3.0 cm. The railing structure on the walkway consists of posts,
handrail, and horizontal fillers located at a pitch of 1.00 m along the aqueduct. The structure of the post is
a 1.27 m long, 50x50x5 mm cross-section, equal-width angle with a cross-section of 40x40x4 mm, and the
filler is ¥12 mm diameter A-I class reinforcement. The height of the railing from the surface of the
reinforced concrete slab of the carriageway was 1.10 m.

A 62 mm diameter polyethylene pipe (for carrying a fiber optic cable) is suspended from the
water pipe of the lower (river flow) side of the aqueduct.

A staircase structure for accessing the carriageway of the aqueduct is installed adjacent to the 11th

span building.
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2. Investigation of the aqueduct

In January 2026, the staff of the Bridge Testing Center of the Georgian Technical University
investigated the aqueduct on the Mtkari River (location coordinates — 41°26"14"N 45°01"13"E).

The field work of the aqueduct investigation included planning the crossing, measuring the
aqueduct structures (visible part) and their visual and instrumental inspection.

According to the analysis of the study results, the slope of the upper (in the direction of the river
flow) branch water pipe (the slope was taken at the head and bottom of the aqueduct - above the support
section of the water pipe on piers N1 and N32) along the aqueduct was 0.07%, and the slope of the lower
branch water pipe was 0.06%.

For the purpose of the overall assessment of the aqueduct's load-bearing structures, the strength
characteristics of concrete were determined using the Silver Schmidt non-destructive testing method. The
concrete class of the reinforced concrete crossbar is B25 determined by the compression stress.

During the investigation, the reinforcement spacing, class, and thickness of the protective layer
concrete in the reinforced concrete crossbar structure of various piers were checked. In a number of cases,
the ,,NJJ-105 Hand Search “ scanner was used for this purpose.

According to the results of the inspection, it was determined that in the construction of
the pier crossbar N1, the vertical rods (hangers) of the reinforcement are located with a pitch of
200+250 mm. In the construction of the pier crossbar N6 - with a pitch of 160+200 mm. In the
construction of the pier crossbar N9 - with a pitch of 100-190 mm. The diameter of the working
reinforcement in the crossbar was ¥¥28 mm, class A-III. The number in the upper and lower girdle
of the crossbar was four pieces each. The minimum thickness of the concrete protective layer in
the crossbar construction was determined as 30 mm. According to the analysis of the investigation
results, the thickness of the steel post wall of piers N8, N10 and N11 (the numbering of the piers
is given from the direction opposite to the river flow) was @12 mm. In the N11 pier post, the
diameter of the vertical rod was @14 mm, of the the horizontal (spiral) was @6 mm, and the
minimum thickness of the protective layer was determined to be 70 mm.

The results of the measurements of the aqueduct structures (actual geometric dimensions) are given
in the form of a graphic part in Appendix I.

According to the results of the research carried out during the investigation of the aqueduct, a
number of damages and defects were identified, namely:

1. On the reinforced concrete crossbars of the piers, there are worn-out areas and cracks of the

concrete protective layer, reinforcement rods are visible (Appendix II. Fig. 1.1);
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2. In the junction of the reinforced concrete crossbars and steel posts, a large fraction (stone) filler
was observed (Appendix II. Fig. 1.2);

3. There are no support structures on the pier crossbars N2, N4, N7, N8 and N10 (Appendix II. Fig.
1.3);

4. The support structures of piers N1, N2, N3, N9, N11, and N12 do not have a roller (circular cross-
section roller), which is why the support node of the water pipe on the pier is broken (Appendix II. Fig.
1.4);

5. The steel bracket structures on the water pipe are displaced and do not coincide with the axis of
the support structure on the pier crossbar, in addition, some of them do not have an upper bracket structure
(Appendix II. Fig. 1.5);

6. The roller of the supporting part on the piers is bent to the extreme, in addition, the roller of the
supporting parts on piers N3, N6, N11, N12 and N31 has fallen out of the balancing structures (Appendix.
II. Fig. 1.6);

7. In the construction of the crossbar, the anchors in the lower support plate fastening node of the
steel supporting part are missing a wrench;

8. The steel elements of the span structures are rusted (Appendix. II. Fig. 1.7

9.Deformed longitudinal connections were observed in the span structures (Appendix. II. Fig. 1.8);

10. The main beam of the upper side of the 9th span structure is deformed (Appendix II. Fig. 1.9);

11. The main beam of the lower side of the 10th span structure is deformed (Appendix II. Fig. 1.10);

12.The longitudinal beams of the 29th and 30th span structures are displaced in plan (Appendix II.
Fig. 1.11);

13. The concrete of the protective layer of the reinforced concrete slabs of the carriageway is
damaged, and in some sections it is completely absent (Appendix II. Fig. 1.12);

14. The railing structure on the carriageway does not extend over the entire length of the aqueduct;

15. In the riverbed, near the posts of the piers, trees and plants are piled up (Appendix. II. Fig.

1.13);
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3. Analysis of the stress-strain condition of the span
3.1. Design loads
3.1.1 Permanent loads

Table 3.1 Permanent loads for a single span

Load Name Normative Volumetric Reliability Reporting value
meaning t/m weight t/m? coefficient t/m
Water load i
arerfoadim 1006 10 10 1006
pressure mode

Note: The weight of the span structure and water pipeline is automatically calculated by the program,
taking into account the sections and material weights of the elements of the calculation model.

3.1.2 Temporary Loads
Pedestrian Load

The pedestrian load consists of a uniformly distributed load equal to 560 kg/m?.

A description of the pedestrian load model is given in Drawing 3.1.

o~ S~
//;/\A =560.0 ke/ 2 /,’[;,/—\({A\

| A 1

DWG. 3.1

Temperature load

Tmax = 41 OC
Tmin = —24 OC
To=10°C

(Data taken from the Technical Regulation - Construction Climatology’)
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Seismic Load

Type 1 - Horizontal Elastic Spectrum Function

0_40E75 4~
0.35€75

0.30E75 \
EI.EEE'?EJ‘ \

0.20€75

0. 15675 \

0_10ETS

Spectral Data

0_05€75 e S
-‘-'-"l—l-_

0. 0ETS
0.0l 1.01 2.01 2.01 4. 01 S5.01 .01

Pericd (sec)
Fig. 1.1

EURO2004 H-ELA: G=B,S=1.2,Tb=0.15,Tc=0.50,Td=2.00,AgR=0.12g,I=1.2, Damping=5.00

Type 1 - Vertical elastic spectrum function

0.432€53

d_2B2€E52

F.3232€52

b.2B2&32

*-__'

r.322€52 \

Oo.lB2E52

0.132€53 \'

0.0B26525 \
0.0226525 \m.—\__

—. 0172475
0.0l 1.01 2.01 2.01 2.01 S.01 E.0L

Pericd (sec)

Spectral Data

Fig. 1.2
EURO2004 V-ELA: G=B,S=1.00,Tb=0.05,Tc=0.15,Td=1.00,AgR=0.12g,I=1.2,Damping=5.00

(A - dimensionless seismic coefficient taken from the Technical Regulation - "Seismic-Resistant

Construction”)
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3.2. Results of calculations on the span deformations

The bridge span was calculated for the load provided by the norms in the program Midas Civil 2025.

~2aN

MIDAS/Civil
POST-FROCESSCR
BEAM STRESS
COMBINED
1.23
1.04
0,54
0.5
0.5
0.25
0.00
-0.14
-0.33
-0.53
-0.72
-0.92

CBS: SLCB-9
MBX : 21
MIN : €23

UNIT: kN/cm*2

VIEW-DIRECTION
wfe

Fig. 3.1 Stress induced in a water pipe on the pier by self weight (1.23 Kn/cm? Stage2-2:self weight)

PN

MIDAS/Civil
FOST-PROCESSOR
BEAM STRESS
COMBINED
4.05
3.40
2.76
2.12
1.48
0.3
0.00
-0.45
-1.08
-1.74
-2.32
-3.02

CBS: SLCB-1
MAX : 21
MIN : 623

UNIT: kN/cm~2
VIEW-DIRECTION

Fig. 3.2 Stress induced in a water pipe on the pier by permanent loads (4.05 Kn/cm? Stage2-2:sL.CB-1)
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BN

MIDAS/Civil
FOST-PROCESSOR
BEAM STRESS
COMBINED

-0.63
-1.75
-2.97
-3.98
-5.11
-6.23
-7.35
-8.47
-8.58
-10.71
-11.83
-12.35

CBS: SLCB-2

MR : 622

MIN : €21

UNIT: kN/cm*2

VIEW-DIRECTION

b

Fig. 3.3 Stress induced in a water pipe on the pier by permanent and temporary loads (12.95 Kn/cm?

PostCS: sLCB-2)

R

MIDAS/Civil

POST-PROCESSOR
DISPLACEMENT
Z-DIRECTION

0.24
0.00
-0.17
-0.38
-0.59%
-0.80
-1.01
-1.22
-1.43
-1.63
-1.84
-2.05

CB5: 5LCB-9

MAX : 1014

MIN : 1030

UNIT: mm

VIEW-DIRECTION

.0 ‘«!ﬁ’

Z: 0.500

Fig. 3.4 Deflection of the water pipe on the pier Dzfrom self weight (2.05 mm Stage2-2: Self weight)
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%g,/ V

Fig. 3.5 Deflection of the water pipe on the pier Dzfrom permanent loads (6.74 mm Stage2-2: sLCB-1)

W

S

MIDAS/Civil
POST-PROCESSOR
DISELACEMENT
Z-DIRECTION

€.05
4.59
3.12
1.65
0.00
-l.28
-2.75
-4.21
-5.68
-7.15
-8.61
-10.08
CBS: SLCB-2
MR : 662
MIN : 1159
UNIT: m

VIEW-DIRECTION

‘«!ﬂ

Fig. 3.6 Deflection of the water pipe on the pier Dz from permanent and temporary loads (10.08 mm

PostCS: sLCB-2)

MIDAS/Civil
POST-PROCESSOR
BEAM DIAGRAM
MOMENT-y
35.74
26.79
17.82
8.89
0.00

-17.9¢

UNIT: Ki*m
VIEW-DIRECTION
‘NL’

Fig. 3.7 Bending moment My induced in a water pipe on the pier from self weight (Mmax = 62.72 Kn.m

PostCS: Self weight)
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MIDAS/Civil
POST-PROCESSOR

BERM DIAGRAM

MOMENT-y

CBS: SLCB-1

MAX : 1011
MIN : 21

UNIT: XN*m

VIEW-DIRECTION
K:-0.812

Fig. 3.8 Bending moment My induced in a water pipe on the pier from permanent loads (Mmax = 206.01

Kn.m PostCS: sLCB-1)

MIDRS/Civil
FOST-FROCESSOR
BEAM DIAGREM
MOMENT-y

157.92
122.62
87.32
52.02
0.00
-13.58
-53.88
-89.18
-124.48
-159.78
-195.08
-230.39
CBS: SLCB-2
MY : 1145
MIN : €21
UNIT: Hm
VIEW-DIRECTION
b

Fig. 3.9 Bending moment My induced in a water pipe on the pier from permanent and temporary loads

(Mmax = 230.39 Kn.m PostCS: sL.CB-2)
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o

- =

MIDAS/Civil
BOST-PROCESSOR.
BERM STRESS
COMBINED
6.30
5.08
3.85
2.62
1.40
0.00
-1.08
-2.28
-3.50
-4.73
-5.9¢
-7.18
CBS: SLCB-%
e rra—

MIN : 7390
UNIT: kN/cm~2

VIEW-DIRECTION

o2 ‘ﬁ!’

2: 0.500

Fig. 3.10 Stress induced in the span beams by self weight (7.18 Kn/cm? Stage2-2:self weight)
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MIN : 7390

UNIT: kli/cm~2
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‘N!f’

Fig. 3.11 Stress induced in the span beams by permanent loads (18.62 Kn/cm? Stage2-2:sLCB-1)
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MIDAS/Civil
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n

Fig. 3.12 Stress induced in the span beams by pedestrian loads (11.65 Kn/cm? PostCS: Pedesrial)
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Fig. 3.13 Stress induced in the span beams by permanent and temporary loads (19.35 Kn/cm? PostCS:

sLCB-2)
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41°26"14"N 45°01"13"E)

MIDAS/Civil
POST-PROCESSOR

DISPLACEMENT
Z-DIRECTION

0.00

-2.80

-5.59

-2.39%

-11.18

-13.98

-16.78

-19.57

-22.37

-25.17

-27.96

-30.76

VIEW-DIRECTION

Fig. 3.14 Deflection of the span beams Dz from self weight (30.74 mm Stage2-2: Self weight)

e
o

o

L

\L’
Z: 0.500 -
MIDAS/Civil
POST-PROCESSOR
DISELACEMENT
2-DIRECTION
0.00
-7.42
-14.85
-22.27
-29.70
-37.12
-44.55
-51.97
-59.40
-66.82
-74.25
-81.67
CBS: SLCB-1
MRX : 1183
MIN : 5480
UNIT: mm

VIEW-DIRECTION

\!ﬁ’

Fig. 3.15 Deflection of the span beams Dz from permanent loads (81.67 mm Stage2-2: sLCB-1)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

MIDAS/Civil
EOST-EROCESSOR

DISPLACEMENT
Z-DIRECTION

0.00

4.3

—a.27

e 1350

e -18.54

-23.17

—27.81

3244

-~ -37.02

- ~41.71

-45.35

-50.32

o ST: PEDESTRIAL

UNIT: mm

VIEW-DIRECTICN

a2 ‘q!f’

Z: 0.500

Fig. 3.16 Deflection of the span beams Dz from pedestrian loads (50.98 mm PostCS: Pedesrial)

MIDAS/Civil
POST-PROCESSOR

DISPLACEMENT
Z-DIRECTION
0.00
-7.42
-14.85
L -22.27
o -28.70
-37.12

e
-44.55
-51.97
= -59.40

7 -g6.82

= -74.25

- -81.67

e

VIEW-DIRECTION

o0 ‘\'f’

Fig. 3.17 Deflection of the span beams Dz from permanent and temporary loads (81.67 mm
PostCS: sLCB-2)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

MIDAS/Civil
POST-PROCESSOR

BERM DIAGREM
MOMENT-y
101.05
91.83
82.61
73.40
64.18

ul'
i1 H' o
PiL I .
H] '

-0.33

‘H H CBS: SLCB-9
N ¥RX : sea2
H MIN : 8787
UNIT: K*m
VIEW-DIRECTION
X:-0.612

Fig. 3.18 Bending moment My induced in the span beams from self weight (Mmax = 101.05 Kn.m PostCS:
Self weight)

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM
MOMENT-y
268.97
244.45
219.92
195.40

o

48.25

"l"'u o
/1

f
! =

VIEW-DIRECTION
K:-0.612

b

Fig. 3.19 Bending moment My induced in the span beams from permanent loads (Mmex = 268.97 Kn.m
PostCS: sLCB-1)
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r Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

MIDAS/Civil
POST-FROCESSOR
_ BERM DIRGRAM
MOMENT-y
167.93
152.62
137.31
122.00
106.65
51,38
76.08
60.77
45.46
30.15
0.0
-0.47

ST: PEDESTRIAL
MEX : 3006
MIN @ 8787

UNIT: Kf*m

VIEW-DIRECTION
1-0.612

Fig. 3.20 Bending moment My induced in the span beams from pedestrian loads (Mmax = 167.93 Kn.m

PostCS: Pedesrial)

MIDAS/Civil
POST-FROCESSOR
_ BERM DIRGRAM
MOMENT-y
268.98
244_46
219.93
185.41
170.88
146.3¢
121.83
97.31
72.78
48.26
0.0
-0.78

CBS: SLCB-2
MAX : g682
MIN : 8737

UNIT: Kim

VIEW-DIRECTION
¥:-0.612

Fig. 3.21 Bending moment My induced in the span beams from permanent and temporary loads (Mmax =

268.99 Kn.m PostCS: sLCB-2)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

i i

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGREM
MOMENT-y

52.40
45.61
38.82
32.04
25.25
18.46
11.67

4.89

0.00
-2.69
-15.47
-22.26

CBC: SELF WEIGHT
MIX @ €498
MIN @ €379

UNIT: K*m

VIEW-DIRECTION

o

Fig. 3.22 Bending moment My induced in the crossbars from self weight (Mmax = 52.4 Kn.m PostCS: Self

weight)

-+ EI' '| |

Fig. 3.23 Bending moment My induced in the crossbars from permanent loads

(Mmax = 52.86 Kn.m PostCS: Dead load)

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM
MOMENT-y

52.96
44.36
35.86
27.35
18.85
10.35

0.00
-6.66
-15.1¢
-23.67
-32.17
-40.67

CBC: DEAD LOAD
MIX : €498
MIN @ €379

UNIT: Kif*m

VIEW-DIRECTION

o
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGREM
MOMENT-y

€9.42
€1.76
54.10
46.42
38.79
31.13
23.47
15.81

8.16

0.00
-7.16
-14.82

CBC: PEDESTRIAL
MRX : €508
MIN @ €379

UNIT: K*m

VIEW-DIRECTION

o

Fig. 3.24 Bending moment My induced in the crossbars from pedestrian loads (Mmax = 69.42 Kn.m

- 3

PostCS: Pedesrial)

I
I
i

o |

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGREM
MOMENT-y

122.2¢
106.09
29.93
73.77
57.61
41.46
25.30

9.14

0.00
-23.17
-39.33
-55.45

CBC: CLCB-1
MAX : €508
MIN @ €379

UNIT: Ki*m

VIEW-DIRECTION

b

Fig. 3.25 Bending moment My induced in the crossbars from permanent and temporary loads (Mumax =

122.24 Kn.m PostCS: cLCB-1)
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r Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

MIDAS/Civil
FOST-FROCESSOR
_ EERM DIAGRAM
MOMENT-y

é9.30

46.33

23.76

0.00

-21.38

-43.95

-66.52

-89.08

-111.€5

-134.22

-156.7%

-179.36
CBC: CLCB-§
MRX : €508
MIN : €683
UNIT: Wif*m

VIEW-DIRECTION

o

Fig. 3.26 Bending moment My induced in the crossbars from permanent, temporary and seismic loads

(Mmex = 179.36 Kn.m PostCS: sLCB-9)

Fig. 3.27 Shear force Qy induced in the crossbars by self weight
(Qumax = 83.37 Kn PostCS: Self weight)

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM
SHEAR-z

83.37
€38.21
53.05
37.92
22.72

7.58

0.00
-22.74
-37.38
-53.08
-€8.21
-83.37

CBC: SELF WEIGHT

MIX : €687
MIN : €639
UNIT:

VIEW-DIRECTION

b
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

Fig. 3.28 Shear force Qy induced in the crossbars by permanent loads
(Qmax = 128.61 Kn PostCS: Dead load)

Fig. 3.29 Shear force Qy induced in the crossbars by pedestrian loads
(Qmax = 74.16 Kn PostCS: Pedesrial)

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGREM
SHEAR-z

128.60
105.22

81.84

53.45

35.07

0.00
-11.69
-35.08
-58.46
-81.8¢
-105.22
-128.61

CBC: DEAD LOAD
MAX : €379
MIN : €381

UNIT: &N

VIEW-DIRECTION

: \!ﬂ

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM
SHERR-z

T4.16

€0.68

47.18

33.71

20.23

6.7

0.00

-20.22
-33.71
-47.18
-60.68

-T4.16

CBC: PEDESTRIAL
MEX : €577
MIN : €579

UNIT:

VIEW-DIRECTION

b
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41°26"14"N 45°01"13"E)

MIDAS/Civil

POST-PROCESSOR
BEAM DIAGREM

SHEAR-z
201.76
165.08
128.39

91,71
55.03
18.34
0.00
-55.02
-81.71
-128.3%
-165.07
-201.76

CBC: CLCB-1
MAX : €687
MIN : €639

UNIT: &N

VIEW-DIRECTION

: \!ﬂ

Fig. 3.30 Shear force Qy induced in the crossbars by permanent and temporary loads (Qmax = 201.76 Kn

PostCS: cLCB-1)

MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM
SHEAR-z

B87.86

55.58

23.2¢

0.00

-4l.28
-73.57
-105.85
-138.14
-170.43
-202.71
-235.00
-267.29

CBC: CLCB-9
MIEX : €368
MIN : €639

UNIT:

VIEW-DIRECTION

b

Fig. 3.31 Shear force Qy induced in the crossbars by permanent, temporary and seismic loads (Qmax =

267.29 Kn PostCS: sLCB-9)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)

3.3. Checking the cross-section of the water pipe

Steel Checking Result

MIDAS/Givil
Company

Project Title

MiDAS—
uthor

File Name

p
1. Design Information

Design Code : Eurocode3-2:05
Unit System kN, m
Member No 31

2. Member Forces

Material : St3sp4 (No:1)

(Fy = 245000, Es = 206000000)
: Pipe (No:1)

(Rolled : Pipe).

Member Length : 1.00000

Section Name

+ 0.82

Outer Dia. 0.82000

Wall Thick 0.01000

Axial Force Fxx =-2145.1 (LCB: 2, PO3:l)

Area 0.02545 Asz 0.01272
Bending Moments My =-230.39, Mz = 0.00000 Sib 0%82335 g;b 0%;2‘535
End Moments Myi = -230.39, Myj =-159.78 (for Lb) Ybar 0.41000 Zbar 0.41000
Myi = -230.39, Myj =-158.78 (for Ly) "ry"e'y 0_;’;36045009 \r/:elz O_Ss°s‘f§9
Mzi = 0.00000, Mzj = 0.00000 (for Lz)
Shear Forces Fyy =0.00000 (LCB: 3, POS:1/2)
Fzz =-74.140 (LCB: 2, POS:I)
3. Design Parameters
Unbraced Lengths Ly =18.0000, Lz =18.0000, Lb =18.0000
Effective Length Factors Ky = 1.00, Kz = 1.00
Equivalent Uniform Moment Factors Cmy = 1.00, Cmz = 1.00, CmLT = 1.00
4. Checking Results
Axial Resistance
N_Ed/MIN[Nc_Rd, Nb_Rd] = 2145.05/4831.28 =0.444 <1.000 .........ccooeiiiiinnian. O.K
Bending Resistance
M_Edy/M_Rdy = 230.39/1247.28 = 0.185 < 1.000 .....covvrieriimriaiiiaiiieieee O.K
M_Edz/M_Rdz = 0.00/1247.28 = 0.000 < 1.000 ...c.iviiiniriiniiniieeeeis 0.K

Combined Resistance
Rcom = N_Ed/(A*fy/Gamma_MO0), Rbend = M_Edy/My_ Rd + M_Edz/Mz_Rd

Rc_LT1 = N_Ed/(Xiy*A*fy/Gamma_M1)

Rb_LT1 = (kyy*M_Edy)/(Xi_LT*Wely*fy/Gamma_M1) + (kyz*Msdz)/(Welz*fy/Gamma_M1)

Rc_LT2 = N_Ed/(Xiz*A*fy/Gamma_M1)

Rb_LT2 = (Kzy*M_Edy)/(Xi_LT*Wely*fy/Gamma_M1) + (Kzz*Msdz)/(Welz*fy/Gamma_M1)
= MAX[ Rcom+Rbend, MAX(Rc_LT1+Rb_LT1, Rc_LT2+Rb_LT2)]= 0.680 < 1.000 .... O.K

Rmax
Shear Resistance

V_Edy/Vy_Rd

V_Edz/Vz_Rd

= 0.000 < 1.000
=0.032 < 1.000
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

M IDAS)(CIVII Steel Code Checking Result
PROJECT TITLE :
Company Glient
MiDRS Author Flle Name
MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]
Fobrel mde i L S e b e e e +
| MIDAS(Modeling, Integrated Design & Analysis Software) |
| MIDAS/Civil - Design & checking system for windows |
|  Steel Member Applicable Code Checking |
Based On AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD@2,
AASHTO-LFD®6, AASHTO-ASD96, AISC-LRFD2K,
ATSC-LRFD93, AISC-ASDE9, Eurocode3-2:85,
BS595@-98, I5:80@-2007, IS:800-1984,
IRC:24-2010
|
(c)SINCE 1989
| MIDAS Information Technology Co.,Ltd. (MIDAS IT) |
| MIDAS IT Design Development Team |
| HomePage : www.MidasUser.com |
| MIDAS/Civil Version 8.,7.5 |
*, DEFINITION OF LOAD COMBTINATTIONS WITH SCALING LUP FACTORS.
LCB C Loadcase MName(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor)
11 Self weight({ 1.188) + Water( 1.888) + Pedestrial( 1.888)
2 1 self weight( 1.188) + Pedestrial( 1.808) + Temperature( 1,1088)
+ Water( 1.008)
31 Self weight( 1.188) + Temperature( @.778) + Pedestrial({ @.866)
4 1 Self weight({ 1.188) + Water( 8.788) + Pedestrial( ©.78@)
1 Temperature( 8.56@)
L Self weight( 1.8088) + Water( 1.0@0) + Pedestrial({ 1.800)
6 2 Self weight( 1.008) + Water( 1.888) + Pedestrial( @.7e8)
7 2 Self weight({ 1.880) + Water( ©.888) + Pedestrial({ @.3e0)
8 2 Self weight( 1.068) + Water( 1.888) + Temperature( @.778)
+ Pedestrial( @.3@e)
g 2 Self weight( 1.188)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

MIDAS/Civil

Steel Code Checking Result

PROJECTTITLE :

Client
Flle Name

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

*. PROJECT
*. MEMBER NO = 31,
*. LOADCOMB NO = Zs
*, UNTT SYSTEM : kN, m

*. SECTION PROPERTIES

Shape = P - Secti
Outer Dia. = a.8
Area = 2.54460e-802,

Ybar = 4.12088e-8081,
Wely = 5.09093e-083,
Iyy = 2.08728e-003,
iy = 2.86480e-001,
J 4.17456e-083,

*. DESIGN PARAMETERS FOR
Ly = 1.30060e+801,
Ky = 1.00080e+000,

*. MATERTAL PROPERTIES :
Fy = 2.456080e+085,

*. FORCES AND MOMENTS AT
Axial Force Fax
Shear Forces Fyy
Bending Moments My
End Moments Myi

Myi
Mzi

*. Sign conventions for
- Stress : Compressio
- Axial force: Tensio

ELEMENT TYPE = Beam

MATERIAL NO

: Designation = Pipe

on. (Built-up)

20, Wall Thick =
Avy = 1.c2@@0e-002,
Zbar = 4.1e@88e-281,
Welz = 5.69893e-883,
Izz = 2.BB72Be-8@3,
iz 2.86400e-001
Ciwp 1.00200e+028

1, SECTION NO =

0.818

Avz = 1.62000e-002

Qyb

1.64858e-801, Qzb = 1.64858e-861
Wply = 6.56133e-883, Wplz

= 6.56133e-0863

Iyz = ©.080eee+000

STRENGTH EVALUATION :

Lz = 1.86880e+201,
Kz = 1.00000e+000
Es = 2.06200e+208,

(I) POINT :
=-2.145@5¢+003
- 0.000002+000, Fzz
=-2.39385e+602, Mz
=-2.383850+002, Myj
=-2.30385e+002, My]
= 8.00000e+000, Mz]

Lb

MATERIAL NAME

=-7.41402e+801
= B.0e860e+000
=-1.59784e+882
=-1.59784p+802
= B.2e0p0e+a08

stress and axial force.

n positive.
n positive.

{ 3. Determine classification of tublar section(hollow pipe).
[ Eurocode3:85 Table 5.2 (Sheet 3 of 3) ]

. = SQRT( 2
-.d/t =DIR =
-. DTR < 98%e"2 (

35/fy ) = 8.98
82.88
Class 3

Semi-compact ).

1.50000e+881

= 5t3sp4

{for Lb)
(for Ly)
(for Lz)

[[0*111 APPLIED FACTORS.

( ). Calculate equivalent uniform moment factors (Cmy,Cmz,CmLT).

[ Eurocode3:85 Annex A. Table A.1, A.2 ]

-. Cmy,8 = 8.957
-. Cmz,8 = 1.848
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41°26"14"N 45°01"13"E)

MI DASfC“” | Steel Code Checking Result

PROJECTTITLE :

Company Client

MiDB Author . | Flle Name I

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

-. Cmy (Default or User Defined Value) = 1.e86@
-. Cmz (Default or User Defined VWalue) = 1.e88
-. CmLT (Default or User Defined Value) = 1.6@0
{ ). Partial Factors (Gamma_Mi}).
[ Eurocode3:85 6.1 ]
-. Gamma_M8 = 1.68
-. Gamma_M1 = 1.18
-. Gamma_M2 1.25

[[[*]11] CHECK AXIAL RESISTANCE.

{ ). Check slenderness ratio of axial compression member (K1/i).
[ Eurocode3:85 6.3.1 ]
-. K1/i = 62.8 <« 208.8 ---» 0.K.

( ). Calculate axial compressive resistance (Nc_Rd).
[ Eurocode3:85 6.1, 6.2.4 ]

-. Nc_Rd = fy * Area / Gamma_M@ = 6234.49 kNn.
{ 3. Check ratio of axial resistance (N_Ed/Nc_Rd).
N_Ed 2145.85
a e = 9.344 < 1.8880 ---> O0.K.
Nc_Rd 6234.49
( ). Calculate buckling resistance of compression member (Nb_Rdy, Nb_Rdz).
[ Eurocode3:85 6.3.1.1, 6.3.1.2 ]
-. Beta_A = peff / Area = 1.68@
-. Lambdal = Pi * SQRT(Es/fy) = 91.896
-. Lambda_by = {{Ky*Ly/iy)/Lambdal} * SQRT(Beta_A) = ©.6%9@
-. Nery = Pi"2*Es*Iyy / (Ky*Ly)"2 = 13897.94 kN.
-. Lambda_by > 8.2 and N_Ed/MNcry > 8.84 --> Need to check.
-. Alphay = 8.218
-. Phiy = 8.5 ¥ [ 1+ Alphay*(Lambda_by-8.2) + Lambda_by"2 ] = 8.789
-. Xiy = MIN [ 1 / [Phiy + SQRT(Phiy~2 - Lambda_by"2)], 1.8 ] = @.852
-. Nb Rdy = Xiy*Beta A*Area*fy / Gamma M1 = 4831.28 kN.
-. Lambda_bz = {{Kz*Lz/iz)/Lambdal} * SQRT(Beta_A) = ©.69@
-. Nerz = Pin2*Es=Izz / (Kz*Lz)"2 = 13897.94 kN.
-. Lambda_bz > 8.2 and N_Ed/Ncrz » @.@4 --> Need to check.
-. Alphaz = 8.21@
-. Phiz = 8.5 * [ 1+ Alphaz*{Lambda_bz-8.2) + Lambda_bz"2 ] = @.789
-. Xiz = MIN [ 1 / [Phiz + SQRT(Phiz*2 - Lambda_bz"2)], 1.8 ] = ©.852
-. Mb_Rdz = Xiz*Beta_A*aArea*fy / Gamma_M1 = 4831.28 kN.
{ ). Check ratio of buckling resistance (N _Ed/Nb_Rd).
-. Nb_Rd = MIN[ Nb_Rdy, Nb_Rdz ] = 4831.28 kN.
N_Ed 2145.05
e B mooimmommt oo = B6.444 < 1.888 ---> O0.K.
Nb_Rd 4831.28
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r Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

M IDAS)(CIVII Steel Code Checking Result

PROJECTTITLE :

Company Client

MiDRS [ Author . Flle Name I

[re*1 CHECK TORSIONAL RESISTANCE.

[[r*111 CHECK SHEAR RESISTANCE.

( ). Calculate shear area.
[ Eurocode3:85 6.2.6, EN1993-1-5:84 5.1 NOTE 2 |
-. Avy = 2*Area/Pi = 8.8162 m"2.
-. Avz = 2*Area /Pl = 8.8162 m"2.
( ). Calculate plastic shear resistance in local-z direction (Vpl_T_Rdz).
[ Eurocode3:85 6.1, 6.2.6 ]
-. Vpl_Rdz = [ Avy*fy/SQRT(2) ] / Gamma_M@ = 2291.50 kN.
-, Taut_Ed = T_Ed / Wt = @.88 KPa.
-. ¥pl_T_Rdz = [ 1 - Taut_Ed/(fy/SQRT(3)/Gamma_mM@) ]*Vpl Rdz = 2291.58 KkN.

{ 3. Shear Buckling Check.
[ Eurocode3:05 6.2.6 ]
-. HTR ¢« 72%*e/Eta ---> No need to check!

( ). Check ratio of shear resistance (V_Edz/vpl T Rdz)}.

( LCB = 2, POS = 1)
-. Applied shear force : V_Edz = 74,14 kN,
V_Edz 74.14
SR A S posEmneERAi e = 2.832 < 1.800 ---> O0.K.
vpl T Rdz 2291.58

(L1171

( ). Calculate elastic resistance moment about major axis.
[ EBurocode3:@5 6.1, 6.2.5 ]

-. kely = @.8851 m"3.
-. Mc_Rdy = Wely * fy / Gamma_M@ = 1247.28 kN-m.
( ). Check ratio of moment resistance (M_Edy/Mc_Rdy).
M_Edy 238.39
. mmmee— = mmememsseseeee- = B.185 < 1.200 ---> O.K.
Mc_Rdy 1247.28

[[[*]]] CHECK BENDING MOMENT RESISTANCE ABOUT MINOR AXIS.
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41°26"14"N 45°01"13"E)

Investigation of the aqueduct on the Mtkvari River (location coordinates —

M IDAS)(CIVII Steel Code Checking Result
PROJECT TITLE :
Company Client
MiDRS Author Flle Name
MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]
( ). Calculate elastic resistance moment about minor axis.
[ Eurocode3:@5 6.1, 6.2.5 ]
-. Welz = 8.8851 m~3.
-. Mc_Rdz = Welz * fy / Gamma_M@ = 1247,28 kN-m,
( ). Check ratio of moment resistance (M_Edz/Mc_Rdz).
M Edz 0.00
. e S e = B.ee8 < 1.800 ---> O0O.K.
Me_Rdz 1247.28

[Ir*111 CHECK INTERACTION OF COMBIMED RESISTANCE.

( ). Calculate Major reduced design resistance of bending and shear.
[ Eurocode3:85 6.2.8 (6.3@) ]
-. In case of V_Edz / Vpl Rdz < @.5
-. My Rd = Mc_Rdy = 1247.28 kN-m.

{ 3. Calculate Minor reduced design resistance of bending and shear.
[ Eurocode3:®5 6.2.8 (6.38) ]
-. In case of V_Edy / Vpl_Rdy < @.5
-. Mz_Rd = Mc_Rdz = 1247.28 kN-m.

{ ). Check general interaction ratio.
[ Eurocode3:85 6.2.1 (6.2) ] - Class3
N_Ed M_Edy M_Edz
-. Rmaxl = -------—-—---—-- § SenEoeE i Sonnats
A*fy/Gamma_Me My_Rd Mz_Rd
= 9.529 < 1.888 ---»> O0O.K.

( ). Calculate vield criterion for the elastic verification.

-. Sigx Ed = 129549.22 KPa.
-. Tau_Ed = 8.8 KPa.
[ sigx Bd "2 [ Taukd 172
. Rmax6_1 = [ --c-ccmcannnn ] P R e ]
[ fy/Gamma_M@ ] [ fy/Gamma M8 ]
= ©9.280 < 1.888 ---> O.K.
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r Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

MIDAS/Civil Steel Code Checking Result
PROJECT TITLE :
Company Client
I I i"] i E Author File Name

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

{ ). Check interaction ratio of bending and axial compression member,

[ Eurocode3:

N_Ed

. M_Edy

. M_Edz

- kyy

. kyz

. kzy

. kzz
Yy

. Xiz

. XILT

. N_Rk

. My_Rk

. Mz_Rk

. N_Ed*eNy
. M_Ed*eNZ

. Rmax_LT1

. Rmax_LT2

. Rmax =

@5 6.3.1, 6.2.9.3 (6.61, 6.62), Annex A ]

= -2145.85 kN.
= -238.39 kN-m.
= 8.08 kN-m.
= 1.1862
= 1.162
= 1.162
= 1.182
= 8.852
= @8.852
= 1.606
= A*fy = 6234.49 kN.
= Wely*fy = 1247.28 kN-m.
= Welz*fy = 1247.28 kN-m.
= 8.8 (Not Slender)
= 8.9 (Not Slender)
N_Ed M_Edy + N_Ed*eNy M_Edz + N_Ed*eNz
= mmemmo—memaooeo + kyy F ommmmemm e + kyz ¥ ommmmmmeem oo
Xiy*N_Rk/Gamma_M1 XiLT*My_Rk/Gamma_M1 Mz_Rk/Gamma_M1
= B8.680 < l.eed@ ---> O.K.
N_Ed M _Edy + N_Ed*eNy M _Edz + N_Ed*eNz
e e + K2Y ¥ —-ememmeeemremneae + kzZ ¥ oemmemenaemaaaae
Xiz*N_Rk/Gamma_M1 XiLT*My_Rk/Gamma_M1 Mz _Rk/Gamma_M1
= ©8.680 < l.988 ---> O.K,
MaxX[ MAX(Rmaxl, Rmax6_1), MAX(Rmax_LT1, Rmax_LT2) ] = ©8.688 < 1.888 ---> O0.K.

The cross-section meets the shear, axial compression, stability and bending conditions

according to Eurocode 3.
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

34. Checking the cross-section of the span beam

MIDAS/Civil Steel Checking Result
M —,, | Company Project Title
aan Author File Name

1. Design Information o
Design Code : Eurocode3-2:05 E"'—

Unit System kN, m
Member No : BBB2 o = y
Material : St3sp4 (No:1) § il
(Fy = 245000, Es = 206000000) e
Section Name ;|1 45-80 (No:6) o ?.ua'n
.
{Built-up Section). L
Member Length : 0.07150 { *

2. Member Forces Depth 0.60000 Web Thick 0.00900
Axial Force Fxx =-3.7078 (LCB: 1, POS:l) Jop Fdin D aou0n  TopE Thick 0010
Bending Moments My = 268.970, Mz = 1.82977 rea 00557 7o e
End Moments Myi = 268.970, Myj = 268.756 (for Lb} Qyb 0.11478 Qzb 0.00320

Myi = 268.070, My] =268.756 (forly)  vear 008000  Zbar  ©0.50000

Mzi = 1.82877, Mzj = 1.55687 (for Lz) ‘rf;e'!-' 0.3'30%1 ;’2 \rfe'Z 0.3510.';3612
Shear Forces Fyy =3.81673 (LCB: 1, POS:1/2)

Fzz =3.18045 (LCB: 2, POS:J)

3. Design Parameters
Unbraced Lengths Ly =18.0000, Lz =5.88000, Lb =5.88000

4.

Effective Length Factors Ky = 1.00, Kz = 1.00
Equivalent Uniform Moment Factors Cmy = 1.00, Cmz = 1.00, CmLT = 1.00

Checking Results

Axial Resistance

N_Ed/MIN[MNc_Rd, Nb_Rd] = 3.71/2427.50 = 0.002 = 1.000 ........coiciceiieene. OK
Bending Resistance

M_Edy/M_Rdy = 268.970/149.707 = 1.797 > 1.000 ....ccococevinviiiiiiceea .. NG

M _Edz/M Rdz = 1.8298/47.3671=0.039<1000 ......ccc.ccoiinnivninnninnnnn. 0K

Combined Resistance
RMRd = MAX[ M_Edy/Mny Rd, M_Edz/Mnz Rd ]
Rmax1 = (M_Edy/Mny Rd)*Alpha + (M_Edz/Mnz_Rd)"Beta
Rcom = N_Ed/(A"fy/Gamma_MO0), Rbend = M_Edy/My_Rd + M_Edz/Mz_Rd
Rc_LT1 = N_Ed/{Xiy*A*fy/Gamma_M1)

Rb_LT1 = (kyy*M_Edy)/{Xi_LT*Wply*fy/Gamma_M1) + (kyz"Msdz)/(Wplz*fy/Gamma_M1)

Rc_LT2 = N_Ed/{Xiz"A*fy/Gamma_M1)

Rb_LT2 = (Kzy"M_Edy)/(Xi_LT*"Wply*fy/Gamma_M1) + (Kzz*Msdz)/(Wplz*fy/Gamma_M1)

Rmax = MAX[ RNRd, Rmax1, (Rcom+Rbend), MAX(Rc_LT1+Rb_LT1, Rc_LT2+Rb_LT2)]= 1.849>1.000 .. N.G

Shear Resistance
MEEdy VY Rd “=0.008 <1008 ... coormemrartnnsss s s seessnasarinnn s ds P
V_EdeVz_ Rd =0.004 = 1.000 .iiiiieniieeranreseevneaennrnnnn e LUK
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

MIDAS/Civil Steel Code Checking Result
PROJECT TITLE :
Company Glient
MiDRS Author Flle Name
MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]
Fobrel mde i L S e b e e e +
| MIDAS(Modeling, Integrated Design & Analysis Software) |
| MIDAS/Civil - Design & checking system for windows |
|  Steel Member Applicable Code Checking |
Based On AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFD@2,
AASHTO-LFD®6, AASHTO-ASD96, AISC-LRFD2K,
ATSC-LRFD93, AISC-ASDE9, Eurocode3-2:85,
BS595@-98, I5:80@-2007, IS:800-1984,
IRC:24-2010
|
(c)SINCE 1989
| MIDAS Information Technology Co.,Ltd. (MIDAS IT) |
| MIDAS IT Design Development Team |
| HomePage : www.MidasUser.com |
| MIDAS/Civil |
*, DEFINITION OF LOAD COMBTINATTIONS WITH SCALING LUP FACTORS.
LCB C Loadcase MName(Factor) + Loadcase Name(Factor) + Loadcase Name(Factor)
11 Self weight({ 1.188) + Water( 1.888) + Pedestrial( 1.888)
2 1 self weight( 1.188) + Pedestrial( 1.808) + Temperature( 1,1088)
+ Water( 1.008)
31 Self weight( 1.188) + Temperature( @.778) + Pedestrial({ @.866)
4 1 Self weight({ 1.188) + Water( 8.788) + Pedestrial( ©.78@)
1 Temperature( 8.56@)
L Self weight( 1.8088) + Water( 1.0@0) + Pedestrial({ 1.800)
6 2 Self weight( 1.008) + Water( 1.888) + Pedestrial( @.7e8)
7 2 Self weight({ 1.880) + Water( ©.888) + Pedestrial({ @.3e0)
8 2 Self weight( 1.068) + Water( 1.888) + Temperature( @.778)
+ Pedestrial( @.3@e)
g 2 Self weight( 1.188)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

MI DASfC“” | Steel Code Checking Result

PROJECTTITLE :

Company Client

MiDB Author . | Flle Name I

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

*. PROJECT

*. MEMBER NO = 8682, ELEMENT TYPE = Beam

*. LOADCOMB NO = 1, MATERIAL NO = 1, SECTION NO = 6
*

. UNTT SYSTEM : kN, m

*. SECTION PROPERTIES : Designation = I 45-68

Shape = I - Section. (Built-up)
Depth = 8.600, Top F Width = ©.168, Bot.F Width =
Web Thick = 8.80%, Top F Thick = ©8.@14, Bot.F Thick =
Area = 9.98815e-063, Avy = 4.54400e-003, Avz = 6.17328e-003
Ybar = 3.00008e-992, Zhar = 31.80000e-001, Qyb = 1.14782e-801, Qzb
Wely = 1.82494e-883, Welz = 1.21811e-8€4, Wply = 2.866072-883, Wplz
Iyy = 5.47481le-004, Izz 9.7448%-006, Iyz = ©.000002+000
iy = 2.35065e-001, iz = 3.13612e-082
] = 4.47767e-007, Cup = 8.31641le-207
*, DESIGN PARAMETERS FOR STRENGTH EVALUATION :
Ly = 1.30@00e+001, Lz = 5.83@00e+08, Lb = 5.88000e+000
Ky = 1.08000e+0098, Kz = 1.00008c+00@
*, MATERIAL PROPERTIES :
Fy = 2.456060e+005, Es = 2,06880e+008, MATERIAL NAME = S5t3spd
*, FORCES AND MOMENTS AT (T) POINT :
Axial Force Fxx =-3.78781e+000
Shear Forces Fyy = 3.81673e+8080, Fzz = 2.81651e+066
Bending Moments My = 2.68978e+0@2, Mz = 1.82977e+8809
End Moments Myi = 2.68970e+002, Myj = 2.68756e+802 (for Lb)

Myi = 2.68976e+002, My] - 2.68756e+002 (for Ly)
Mzi = 1.82077e+000, Mz]j = 1.55687e+008 (for Lz)

*. Sign conventions for stress and axial force.
- Stress : Compression positive.
- Axial force: Tension positive.

.16@
014

3.200680e-063
1.93335e-084

[[[*11]1 CLASSIFY LEFT-TOP FLANGE OF SECTION (BTR).

{ 3. Determine classification of compression outstand flanges.
[ Eurocode3:85 Table 5.2 (Sheet 2 of 3), EN 1993-1-5 ]
-. e = SQRT{ 235/fy ) = 8.98
-. b/t = BTR = 4.19
-. sipmal = 128133.200 KPa.
-. sigma2 = 121894.175 KPa.
-. BTR ¢« 9*e ( Class 1 : Plastic ).
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)

M IDAS)(CIVII Steel Code Checking Result

PROJECTTITLE :

Company Client

MiDRS [ Author . Flle Name I

[re*1 CLASSIFY RIGHT-TOP FLANGE OF SECTION (ETR).

( ). Determine classification of compression outstand flanges.
[ Eurocode3:85 Table 5.2 (Sheet 2 of 3), EN 1993-1-5 ]

-. e = SQRT( 235/fy ) =  ©.98
-. b/t =EBTR= 4.19
-. sigmal = 148822.644 KPa.

-. sigma2 = 132983.620 KPa.
-. BTR < 9%*e ( Class 1 : Plastic ).

[[[*¥]]1] CLASSIFY LEFT-BOTTOM FLANGE OF SECTION (BTR).

( ). Determine classification of tension outstand flanges.
-. Mot Checking the Section Classification.

[[[*]1]1] CLASSIFY RIGHT-BOTTOM FLANGE OF SECTION (BTR).

( ). Determine classification of tension outstand flanges.
-. Not Checking the Section Classification.

[[r*111 CLASSIFY WEB OF SECTION (HTR).

( ). Determine classification of bending and compression Internal Parts.
[ Eurocode3:85 Table 5.2 (Sheet 1 of 3), EN 1993-1-5 ]

- = SQRT( 235/fy ) =  ©.98
-.d/t =HTR = 59.9
-. sigmal = 117453.281 KPa.

-. sigma2 = -116784.765 KPa.
-. Psi = [2%(Nsd/A)=(1/fy)]-1 = -8.997
-. Alpha = 8.582 > 8.5

-. HTR < 396*e/(13*Alpha-1) { Class 1 : Plastic ).

[[[*]11]1 APPLIED FACTORS.

{ ). Calculate eguivalent uniform moment factors (Cmy,Cmz,CmLT).
[ Eurocode3:@5 Annex A. Table A.1, A.2 ]
-. Cmy,@ = 8,999
-. Cmz,@ = 8.978
-. Cmy (Default or User Defined Value} = 1.800
-. Cmz (Default or User Defined Value) = 1.688
=. CmLT (Default or User Defined Value) = 1.@@0
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13"E)

M IDAS)(CIVII Steel Code Checking Result
PROJECT TITLE :
Company Client
I Hlnli ig Author Flle Name

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

( ). Partial Factors (Gamma_Mi).
[ Eurocode3:85 6.1 ]

-. Gamma_M@ = 1.60

-. Gamma_M1 = 1.1@

-. Gamma_M2 = 1.25
[[[*]1]1] CHECK AXIAL RESISTAMNCE.

—
[

Check slenderness ratio of axial compression member (K1/i).

[ Eurocode3:85 6.3.1 ]
187.5 < 200.0 ---> 0.K.

-. KI/i =

( ). Calculate axial compressive resistance {(Nc Rd).
[ Eurocode3:85 6.1, 6.2.4 ]
. Nc_Rd = fy = Area / Gamma_M@ = 2427.58 kN.

{ ). Check ratio of axial resistance (N_Ed/Nc_Rd).

N_Ed

3.71
______________ = 9.602 < 1.808 ---> 0.K.
2427.50

( ). Calculate buckling resistance of compression member (Nb_Rdy, Nb_Rdz).

[ Eurocode3:@
-. Beta_A

-. Lambdal

-. Lambda_by
-. Ncry

-. Lambda_by

-. Lambda_bz
-. Ncrz
-. Lambda_bz

5

<

6.3.1.1, 6.3.1.2 ]

Aeff [ Area = 1,888

Pi * SQRT(Es/fy) = 91.896

{{Ky*Ly/iy)/Lambdal} * SQRT(Beta_A) = ©.841
Pin2¥Es*Iyy / (Ky*Ly)"2 = 3435.51 kN.

8.2 or N_Ed/Ncry < 9.4 --> No need to check.

{{Kz*Lz/iz)/Lambdal} * SQRT(Beta_A) 2.858
Pifr2*Es*TIzz [ (Kz*Lz)"2 = 573.85 kN.
8.2 or N_Ed/Ncrz < 8.4 --> No need to check.

[T[*111 CHECK SHEAR RESISTANCE.

( ). Calculate shear area.
[ Eurocode3:@5 6.2.6, EN1993-1-5:84 5.1 NOTE 2 ]

-.eta = 1.2 (Fy < 460 MPa.)
-. Avy = 2*B¥tf = @.8845 m~2.
-. Avz = etathw™tw = 8.8e8s2 m"2.

{ ). Calculate plastic shear resistance in local-y direction (Vpl_Rdy).
[ Eurocode3:@5 6.1, 6.2.6 ]
-. Vpl_Rdy = [ Avy*fy/SQRT(3) ] / Gamma_M@ = 642.75 kM.
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41°26"14"N 45°01"13"E)

MIDAS/Civil Steel Code Checking Resul

PROJECTTITLE :

Company Client

MiDB [ Author . Flle Name

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

).

)

€D

)

65

Check ratio of shear resistance (V_Edy/Vpl_Rdy).

(LCB= 1,P05= 1)

-. Applied shear force : V_Edy = 3.82 kN.
V_Edy 3.82

e e = e = @.06 < 1.88@ ---> O0.K.
vpl_Rdy 642.75

Calculate plastic shear resistance in local-z direction (vpl_Rdz).
[ Eurocode3:85 6.1, 6.2.6 |
-. VWpl Rdz = [ Ave*fy/SQRT{3) ] / Gamma M@ = 873.22 kN.

Shear Buckling Check.
[ Eurocode3:85 6.2.6 ]
-. HTR > 72*efEta ---> Meed to check!

Calculate shear buckling resistance in local-z direction (Vbl_Rdz).
[ Eurocode3:85 6.1, 6.2.6, EN 1993-1-5:28@4 5.2 ]

-. Eta = 1.28
-. Lambda_w = hw / (86.4%tw¥e) = a.7586
-. Chi_w = ©.83/Lambda_w = 1.11
-. Vbw_Rdz = Chi_w*fy*hw*tw / [sqrt(3)*Gamma_M1] = 731.54 kN.
-. Af1 = 8.66823 m"2.
-. Af2 a 9.8823 m"2.
-. Mfk = AF1*¥Fy*(H-Zbar-tf/2) + AF2*fy*(Zbar-tf/2) = 326.98 kN-m.
-, rf = 1-[Ned/{(AF1+AF2)*Fy/Gamma_Ma}) = 8.9967(@<rfcl)
-. Mf_Rd = rf*Mfk/Gamma_Me = 324.99 kN-m.
-. In case of M_Ed < Mf_Rd
-. a =Ly = 18.6668 m.
-. bf = min(B, 3@%e*tf) = 2.1688 m.
- = a*| 9.25 + (1.6%bF*tfr2%fy)/ (twrhw 2%fy) | = 4.8168 m.
-. Vbf_Rdz = (bf*tf*2*fy)/(c*Gamma_M1)*[1-(M_Ed/Mf_Rd)"2] = B.47 kN.
-. Vb_Rdzl = Vw_Rdz + Vf_Rdz = 732.81 kN.
-. Vb_Rdz2 = Eta*fy*hw*tw / [sqrt(3)*Gamma_M1] = 793.83 kN.
-. Vb_Rdz = min[ Vbw_rdzl, Vbw_rdz2 ] = 732.81 kN.
Check ratio of shear resistance (V_Edz/vb_Rdz).
( LCB = 2, POS = 1)
-. Applied shear force : V_Edz = 3.18 kN.
V_Edz 3.18
. mmmem—ae = mmmmmesmeeeeea- = @.884 < 1l.008 ---> O0.K.
Vb_Rdz 732.81

[[[*]]] CHECK BENDING MOMENT RESISTANCE ABOUT MAJOR AXIS.
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M IDAS)(CIVII Steel Code Checking Result

PROJECTTITLE :

Company Client

MiDRS [ Author . Flle Name I

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

. Calculate plastic resistance moment about major axis.
p J
[ Eurocode3:@5 6.1, 6.2.5 ]

-. Wply = 8.8821 m~3.
-. Mc_Rdy = Wply * fy / Gamma_Ma = 586,19 kN-m,
( ). Check ratio of moment resistance (M_Edy/Mc_Rdy).
M_Edy 268.97
. e S e e = B.531 < 1.888 ---> O.K.
Me_Rdy 5B6.19

[Ir*111 CHECK BENDING MOMENT RESISTANCE ABOUT MINOR AXIS.

( ). Calculate plastic resistance moment about minor axis.
[ Eurocode3:®5 6.1, 6.2.5 ]

-, kWplz = @.0002 m~3,
-. Mc_Rdz = Wplz * fy / Gamma_Me = 47.37 kN-m.
{ 3. Check ratio of moment resistance (M_Edz/Mc_Rdz).
M_Edz 1.83
—————— R — - 9,839 < 1,088 ---> O0.K,
Mc_Rdz 47.37

[[[*]]] CHECK LATERAL-TORSTONAL BUCKLING RESTSTANCE,

( ). Calculate lateral-torsional buckling resistance (Mb_Rd).
[ Eurocode3:85 6.1, 6.3.2 ]

-. Por = @.388

-. G5 = Es / [ 2*(1+Por) 1 =79238769.231 KPa.

-. MNer = Pir2*Es*Izz [ Lu"2 = 573.85 kN.

-. psi = 8.e08

-. €1 = 1.285

-. Mcr = C1 * Ncr * SQRT [ (Cwp/Izz) + (Gs*Ixx)}/Mcr ] = 282.57 kN-m.
-. Lambda_LT_bar = SQRT [ Wply*fy / Mcr ] = 1.338

-. Lambda_LT_bar@ = 9.2e8

-. Lambda_LT_bar = 1.338 » Lambda_LT bare = 8.2e0

-. M_Ed/Mcr = ©.952 > Lambda_LT bare”2 = 8,049

If Lambda_LT_bar > Lambda_LT_bar® and M_Ed/Mcr > Lambda_LT_bare~2,
Allowance for lateral-torsional buckling necessary.

-. Alpha_LT = @.768

-. Phi LT = 8.5 * { 1+Alpha_LT*(Lambda_LT bar-@.2) + Lambda LT bar~2 } = 1.828
S XL LT = MIN [ 1 / {Phi_LT + SQRT{Phi_LT~2 - Lambda_LT_bar~2)}, 1.0 ] = @.325
-. Mb_Rd = Xi_LT*Wply*fy / Gamma_M1 = 149,71 kN-m.

pg. 40



——

Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)

MIDAS/Civil

Steel Code Checking Result

PROJECTTITLE :

Company

MIDAS .,

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

( ). Check ratio of lateral-torsional buckling resistance

M_Edy

268.97

1.797 > 1.80¢ --->

(M_Edy/Mb_Rdy).

Not Acceptable !

[[r*111 CHECK INTERACTION OF COMBINED RESISTANCE.

( ). Calculate Major reduced design resistance of bending
[ Eurocode3:85 6.2.8 (6.3@) ]
-. In case of V_Edz / Vpl_Rdz < @.5
-. My_Rd = Mc_Rdy =

( ). Calculate Minor reduced design resistance of bending
[ Eurocode3:85 6.2.8 (6.30) ]

586.19 kN-m.

-. In case of V_Edy / Vpl Rdy < @.5
-. Mz_Rd = Mc_Rdz =

47.37 kN-m.

{ 3. Check general interaction ratio.
185 6.2.1 (6.2) ] - Classl or Class2
M_Edz

[ Eurocode3
-. Rmaxl =

{ ). Check interaction ratio of bending and axial force member.

[ Eurocode3
i =
i ta i
-. Alpha =
-. Beta =

-. N_Ed < 8
-. N_Ed ¢ @

-. Mny Rd =

N_Ed
N_Rd
8.572

<

M_Edy
My_Rd
1.880

Mz_Rd

-==>

0.K.

185 6.2.9 (6.31 ~ 6.41) ] - Classl or Class2
N_Ed / Npl_Rd
MIN[ (Area-2b*tf)/Area, 8.5 ] = ©.500

2.080

MAX[ 5*n, 1.8 ] =

.25*Npl_Rd
S¥hwtw*fy fGamma_M@ =
Therefore, No allowance for the effect of axial force.

Mply Rd

-. Rmaxy = M_Edy / Mny_Rd =

-. N_Ed < hw*tw*fy/Gamma_Me =

Therefore, No allowance

-. Mnz Rd =
-. Rmaxz =

-. Rmax2 =

Mplz Rd

M_Edz / Mnz_Rd =

[ | M_Edy

[
[ | Mny Rd |

@.321

<

1.068

2.6882

1.000

8.531

8.839

|(Alpha)

--->

686.87 kN.
638.13 kN.
5@6.19 kN-m.
< 1.088 ---» O0.K.
1988.68 kN.
for the effect of axial force.
47,37 kN-m.
< 1l.868 ---> O0O.K.
| M_Edz |~(Beta) ]
-------- ]
| Mnz Rd | 1
0.K

and shear.

and shear.
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MIDAS/Civil Steel Code Checking Resul
PROJECT TITLE :
Company Cliant
I H"Jli ig Author Flle Name

MIDAS/Civil - Steel Code Checking[ Eurocode3-2:@5 ]

( ). Check interaction ratio of bending and axial compression member.
[ Eurocode3:85 6.3.1, 6.2.9.3 (6.61, 6.62), Annex A ]

-. N_Ed = -3.71 kN.
-, M_Edy = 268.97 kN-m.
-. M_Edz = 1.83 kN-m.
-. kyy = 1.906
-. kyz = 8.954
-. kzy = @8.526
-. kzz = 1,851
-. Xiy = 1.pea
-. Xiz = 1.908
-. KiLT =  B8.325
-. N_Rk = A*fy = 2427,58 kN.
-. My_Rk = Wply*fy = 586,19 kN-m.
-. Mz_Rk = Wplz*fy = 47.37 kN-m.
-. N_Ed*eNy = 8.8 (Not Slender)
-. N_Ed*eNZ = ©.8 (Not Slender)
N_Ed M_Edy + N_Ed*eNy M_Edz + N_Ed*eNz
-. Rmax_LT1l = —----—-----omm - + kyy * ommmmmmmme e + kyz * —---mmmmeme
Xiy*N_Rk/Gamma_M1 XiLT*My_Rk/Gamma_M1 Mz_Rk/Gamma_M1
= 1.849 » 1.8880 ---»> Not Acceptable !
N_Ed M_Edy + N_Ed*eNy M_Edz + N_Ed¥eNz
-, Rmax_LT2 = =----=cocmomnmaa- + k2y ¥ e + kg ¥ mmmmmmmmee e
Xiz*N_Rk/Gamma_M1 XiLT*My_Rk/Gamma_M1 Mz_Rk/Gamma_M1
= B8.991 < 1.886 ---> O0.K.
-. Rmax = MAX[ MAX(Rmaxl, Rmax2), MAX(Rmax_LT1, Rmax_LT2) ] = 1.849 > 1,000 ---> Not Acceptable !

The cross-section meets the shear, local strength, axial compression, and bending conditions, but

fails to meet the stability condition according to Eurocode 3.
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

3.5. Checking the cross-section of the crossbar

RC Beam Checking Result

Mipns| o

Project Title

File Name

1. Design Information
Member Number 8689

Design Code
Unit System
Material Data

KPaBeam Span :

: Eurocode2-2:05
D kN, m
: fek = 25000,

4.8 m

Seclion Properly: Cap (No: 7}

2. Section Diagram

[EMND-1]
I3
* E: 5 O " .
f s
<] o
o
i | 3 L3 *
—-— -
a7
] .
TOR : 4-d28,
TOP2 :
BOTY : 4-d28,
BOTZ :

STIRRUPS : 2.0-d6 @250

3. Bending Moment Capacity

Negative Moment (M_Ed)

{-) Load Combination No.
Factored Strength (M_Rd)

Check Ratio (M_

Ed/M_Rd)

Positive Moment (M_Ed)
{+) Load Combination No.
Factored Strength (M_Rd}

Check Ratio (M_|

Ed/M_Rd)

Using Rebar Top (As_top)
Using Rebar Bot {As_bot)

4. Shear Capacity

Load Combination No.

Factored Shear Force (V_Ed)
Shear Strength by Conc.{V Rdc)
Shear Strength by Rebar.(V_Rds)
Using Shear Reinf. (Asw)

Using Stirrups Spacing

Check Ratio

fyk = 390000, fyw = 210000

a7

TR o 4-d28,
TOPZ :
BOT1 :
BOTZ :
STIRRUPS : 2.0-d6 @250

4-d28,

END-1
179.36

437.04
0.4104

100.88

437 .04
0.2308

0.0025
0.0025

END-I
9

267.29
152.31
2474
0.0001
2.0-d6 @250
10.8047

.
0,045
s

0.6

i.

ey

[END-J]

.

a7

TOP1 : 4-d28,

TOPZ :

BOT1 : 4-d28,

BOTZ:

STIRRUPS : 2.0-d& @250

MID
146.07

437.04
0.3342

104.67

437.04
0.2385

0.0025
0.0025

MIiD

]
266.00
152.31
2474
0.0001
2.0-d6 @250
10.7627

END-J
80.01

437.04
0.1831

106.36

437.04
0.2434

0.0025
0.0025

END-J
g

263.42
162.31

2474
0.0001
2.0-d6 @250
10.6486
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MIDAS/Civil

RC Beam Checking Result

PROJECT TITLE :

Company

l“ii[);igi . Author

Client

File Name

MIDAS/Civil - RC-Beam Checking

[ Eurocode2-2:85 ]

MIDAS(Modeling, Integrated Design & Analysis Software)
MIDAS/Civil - Design & checking system for windows

RC-Member{Beam or Column) Analysis and Design
Based On  AASHTO-LRFD16, AASHTO-LRFD12, AASHTO-LRFDE7,

AASHTO-LRFD@2, AASHTO-LFD96, ACT318-82,

CSA-56-0@, Eurocode2-2:85, SNiP 2.05.83-84%,

SP 35.1333@.2811, SNiP 2.85.83-84%(MKS),
SP 35.13338.2011(MKS), IRC:21-2008,

IRC:112-2811

(c)SINCE 1989

MIDAS Information Technology Co.,Ltd.
MIDAS IT Design Development Team

(MIDAS IT)

HomePage : www.MidasUser.com

MIDAS/Civil

* . DEFINITION OF LOAD COMBINATIONS WITH SCALING UP FACTORS.

e 1

1 1

12 2

13 2

14 1

Self weight( 1.1e@)
Self weight( 1.1e@)
Self weight( 1.108)
Temperature( @,960)
Self weight( 1.ee@)
RS-x(RS)( @.808)
Self weight( 1.8ee)
RS-y(RS)( ©.30@)
Self weight( 1.888)
RS-z{RS)( ©.889)
Self weight( 1.888)
Self weight( 1.008)
RS-x(RS)(-2.808)
Self weight( 1.eea)
RS-y{RS)(-@.869)
Self weight( 1.888)
RS-z(RS)( @.808)
Self weight( 1.0e@)
RS-x{RS)( ©.860)
Self weight( 1.eea)
RS-y(RS)( @.808)
Self weight( 1.86@)
RS-z(RS)( 2.800)
Self weight( 1.188)

Water( 1.868) +

Temperature( 1.18@)

Water( 8.70@) +
Water( 1.e€8) +
Water( 1.06@) +
Water( 1.008) +

Water( 1.e08) +
Water( 1.88@) +

Water( 1.0068) +
Water( 1.868) +
Water{ 1.@06) +
Water( 1.008) +

Water{ 1.@8e) +

Pedestrial{ 1.68e)
Pedestrial({ 8.708)
Pedestrial{ @,3e@)
Pedestrial{ 8.3ee)
Pedestrial{ ©.38@)

Pedestrial( 1.888)
Pedestrial{ @.3e@)

Pedestrial{ @.38@)
Pedestrial{ @.388)
Pedestrial( @.3e@)
Pedestrial( @.3ee)

Pedestrial{ @.3e@)
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MIDAS/Civil RC Beam Checking Result
PROJECT TITLE :
Company Client
MiDE Author File Name
MIDAS/Civil - RC-Beam Checking [ Eurocode2-2:@5 ]
15 1 Self weight({ 1.128) + Water( 1.28@)
16 1 Pedestrial( 1.860)
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MIDAS/Civil RC Beam Checking Result
PROJECT TITLE :
Company Client
MIDE Author File Name
MIDAS/Civil - RC-Beam Checking [  Eurocode2-2:85 ]
* MIDAS/Civil - RC-BEAM Analysis/Design Program.
* PROJECT :
* DESIGN CODE : Eurocode2-2:85, FLUNIT SYSTEM : kN, m
* .MEMBER 1 Member Type = BEAM, MEMB = 6689
* DESCRIPTION OF BEAM DATA (iSEC = 7) @ Cap
Section Type : Rectangle (RECT)
Beam Length (Span) = 8.508 m.
section Depth (Hc) = 8.608 m.
Section Width (Bc) S 8.7ee m.
Concrete Strength (fck) = 250080.800 KPa.
Main Rebar Strength (fyk) = 390008 .808 KPa.
Stirrups Strength (fyw) = 2100808.808 KPa.
Modulus of Elasticity (Es) = 2080000006.002 KPa.
*.FORCES AND MOMENTS AT CHECK POINT <I» :
Positive Bending Moment P-M_Ed = 180.88 kN-m., LCB = 5
Negative Bending Moment M-M_Ed = 179.36 kN-m., LCB 9
Shear Force V_Ed = 267.29 kN. , LCB = 9

* ,REINFORCEMENT PATTERN :

Location i di( m.) Rebar Asi( m*2.)
Top 1 @.845 4-d28 ©.08246
Bottom i @.845 A4-d28 8.88246

Stirrups : 2.08-d6 @258

[L[*]]] ANALYZE NEGATIVE BENDING MOMENT CAPACITY.

{ ). Compute design parameters.
-. lambda = @.88@8 ( fck <= 58 MPa.)
-. eta = 1.8800 ( fck <= 5@ MPa.)
-. Gamma ¢ = 1.635 (for Fundamental).
-. Alpha_cc= @8.85 (Default or User Defined).

-, fecd = Alpha_cc * fck / Gamma_c = 13806.000 KPa.
-. Gamma_s = 1.1142 (for Fundamental}.
-. fyd = fyk / Gamma_s = 350800.000 KPa.

{ ). Check area of tensile reinforcement (Rectangular-beam).
-. fyk = 3980066.6008 KPa.
-. fctm = 8.3 * fck"(2/3) = 2563.23 KPa.

-. As.min = Max[ @.26*(fctm/fyk)*bt*d, ©.8613*bt*d ]

= 0.0087 m"2.
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MIDAS/Civil RC Beam Checking Result
PROJECT TITLE :

Company Client

WDE Author | File Name

MIDAS/Civil - RC-Beam Checking [ Eurocode2-2:@5 ]
-, As.max = 8.84 * (Bc*Hc) = 9.08168 m"2.,
-. As.prov = 8.8825 m"2.
-. As.min < As.prov < As.max =---> O0.K !
{ ). Search for neutral axis...... Unit : kN., m,
Trial c C T Ratio
1-st 8.119 864.52 862.41 1@@.245
2-nd 8.116 841.77 862.41 97.607
3-rd 8.117 853.14 862.41 98,926
4-th 8.118 858.83 862.41 99,585

{ ). Check moment capacity.

-. € = @.11880 m.

-. a = lamhda * ¢ = @.8944 m.

-. L = eta*fcd®(hf*bf+Bc*({a-hf)) = B58.83 kN.
-. T = fyd * As = 862.41 kN.

-. hc = 2.3080 m.

-. M_Rd = C*{hc-a/2) + T*(d-hc) = 437.24 kN-m.
-. M_Ed/M_Rd = 08.418 ---> 0.K !

[[[*111 ANALYZE POSITIVE BENDING MOMENT CAPACITY.

{ ). Compute design parameters.
-. lambda = @.868@ ( fck <= 58 MPa.)
-. eta = 1.8828 ( fck <= 58 MPa.)
-. Gamma_c = 1.635 (for Fundamental).
-. Alpha_cc= 8.85 (Default or User Defined).

-. fed = Alpha_cc * fck / Gamma_c = 13800.680 KPa.
-. Gamma_s = 1.1142 (for Fundamental}.
-. fyd = fyk / Gamma_s = 3508020.0880 KPa.
{ ). Check area of tensile reinforcement (Rectangular-beam).
-, fyk = 300000.0000 KPa.
-. fetm = 8.30 * fck~(2/3) = 2563.23 KPa.
-. As.min = MAX[ 8.26*(fctm/fyk)*bt*d, @.8813*bt*d ] = 0.8087 m~2.
-. As.max = 8.84 * (Bc*Hc) = @.e168 m 2.
-. As.prov = @.8e25 m"2.
-. As.min < As.prov < As.max ---> O.K !
{ ). Search for neutral axis...... Unit kN., m
Trial c C T Ratic
1-st 8.119 864.52 862.41 16@.245
2-nd e.116 841.77 862.41 97.687
3-rd ©.117 853.14 862.41 98.926
4-th 8.118 B58.83 862.41 99,585
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MIDAS/Civil RC Beam Checking Result
PROJECT TITLE :
Company Client
mm Author File Name
MIDAS/Civil - RC-Beam Checking [  Eurocode2-2:85 ]

. Check moment capacity.

- G = ©.1189 m.

-. a = lamhda * ¢ = @.8944 m.

-. C = eta*fcd*(hf*bf+Bc*(a-hf)) = 858.83 kN.
-. T = fyd * As = 862.41 kM.

-. hc = ©.3802 m.

-. M_Rd = C*(hc-a/2) + T#(d-hc) = 437.84 kN-m.
-. M_Ed/M_Rd = 8.231 ---> 0.K !

[[[*#]1]] ANALYZE SHEAR CAPACITY.

()

Compute design parameters.
-. Gamma_c = 1.635 (Tor Fundamental).
-. Alpha_cc= 8.85 (Default or User Defined).

-. fed = Alpha_cc * fck / Gamma_c = 136@8.888 KPa.
-. Gamma_s = 1.1142 (for Fundamental).
-. fywd = fyw / Gamma_s = 218751.367 KPa.
-. Nu = 0.6%(1.8-fck/250) = 8.54@ (fck in MPa)
. Calculate shear strength of concrete.
-. V_Ed = 267.286 kN.
- d = 8.555 m.
-, bw = a.7a8 m,
-0 K = MIN[ l.@+sqrt(2ee/d), 2.8 1 = 1.6083 (by d unit is mm).
-. Asl = 8.88246 m*2. (Area of tensile reinforcement).
-. Rhol = Asl/(bw*d) = 8.90634
-. C_Rdc = ©.18/Gamma_c = 9.0918
-. V_Rdel = | C_Rdc*K*(1@8*Rhol*fck)(1/3) ]*bw*d = 152.312 kN.
-. V_Rdc2 = [ 8.835*K"(3/2)*sqrt{fck) J*bw*d = 158.772 kN.
-. V_Rdc = MAX[ V_Rdcl, V Rdc2 ] = 152.312 kN.
-. Viwd = V¥_Ed (V_Rdc < V_Ed) ---> Shear reinforcement is required.

. Check crushing of concrete.

-. Theta = 45,8008 (deg)
-. V_RdMax= 1.8*Nu*fcd/{cot(Theta)+tan{Theta)}*bw*B.9%d = 1200.822 kN.
-. V_Ed < V_RdMax ---> Acceptable !!!
. Calculate required shear reinforcement. ( Aswl = 8.2€883 m"2. }
= hsw/sl = Vwd / (@.9%Fywd*d) = 2.8@245 m~2/m.
-. Calculate spacing sl = 9.82314 m,
-. Rhow = @.88*sgrt(fck)/fyw = 8.88175 (by concrete and steel classes).
-. Smaxl = Asw / (bw*Rhow) = 8.84613 m.
-. Smax2 = ©.75%d = 8.41625 m.
-. Applied spacing s max = MIN[ s1, Smaxl, Smax2 ] = 8.682314 .
-. N_leg = 2
-. Asw/s_max = N_leg*Aswl / s_max = 8.88245 m 2/m.
-. Aswmax/s_max = 8.5%1.@*Nu*fcd*bw/fywd = ©.810898 m"2/m.
-. Asw/s_use = N_leg=Aswl / s_use = 0.28823 m*2/m.
-. Asw/s_max > Asw/s use ---> Not Acceptable !!!

Calculate shear strength of reinforcement.
-. V_Rds = Asw/(s*B.9*d*fywd*cot(theta)) = 24.738 kN.
-. V_Ed/V_Rds = 1@.80472 ---> Not Acceptable !!!
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MIDAS/Civil RC Beam Checking Result
PROJECT TITLE :
Company Client
WDE Author File Name
MIDAS/Civil - RC-Beam Checking [ Eurocode2-2:@5 ]
[[[*]]1] CHECK STRESS LIMITATION.
{ ). Calculate stress of bottom.
-. LCB = 12
-. k1 = 9. 68808
~. k3 = 0.80600
{ Assumed Uncracked Section )
=. Mu = 188.88 kN-m.
-. n = 12.18154( Long Term ).
-, fctm = @.38 * fck™(2/3) = 2563.23 KPa.
-, frl = (1.6 - H/1888) * fctm = 2563.23 KPa.
-. fr = MAX[ fctm, frl ] = 2563.23 KPa.
-. Z_bar = 0.30800 m.
-, Tyy = 0.81618 m"4,
-. Ss_con = Mu*(H-z_bar)/Iyy = 187@.85527 KPa.
-. S5_stl = Mu*(d-z_bar)*n/Iyy = 19363.13169 KPa.
Ss_con < fr ===> 0.K !
Ss_stl < k3*fyk=312000.00000 KPa. ===> 0.K
{ ). Calculate stress of top.
-. LCB = 13
-, ki = 9.60800
-. k3 = 2.80000
{ Assumed Uncracked Section )
-. Mu = 37.28 kN-m.
-.n = 12.18154( Long Term ).
-, fctm = 8.38 * fck~(2/3) = 2563.23 KPa.
- frl = (1.6 - H/1B@@) * fctm = 2563.23 KPa.
-, fr - MAX[ fctm, frl ] - 2563.23 KPa.
-. z_bar = @.38800 m.
-, Iyy = 0.81618 m"4.
-, Ss_con = Mu*(H-7z_bar)/Tyy = 691.83999 KPa,
-. Ss_stl = Mu*(d-z_bar)*n/Iyy = 7155.24216 KPa.
Ss_con < fr ---» 0.K !
Ss_stl < k3*fyk=31200.06080 KPa. “==> 0.K !

[[[*1]] CHECK DEFLECTIONS.

pg. 49



——

41°26"14"N 45°01"13"E)
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MIDAS/Civil RC Beam Checking Resuft
PROJECT TITLE :
Company Client
Iuilni E Author File Name
MIDAS/Civil - RC-Beam Checking [ Furocede2-2:85 ]

{ ). Compute Maximum Deflection.
-« LCB = 12 (Charactristic).

-, Position = 8.258 m, From i-end{Node 6918).
-. DAF = 1.808 (Deflection Amplification Factor)
-. Def = -8.575e-886 * DAF = -8.575e-886 m.
-. Def_Lim =1L / 256.082 = 8.8124 m.
Def < Def Lim ---> 0Q.K !

The section meets the axial compression, stability and bending conditions, but fails to meet

the shear condition according to Eurocode 2.
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4.Conclusion

Based on the analysis of the investigation results and recalculation of the aqueduct on the Mtkari
River (location coordinates — 41°26 "14”"N 45°01 "13”E), the following conclusion is made:

* The stability condition of the main beams of the aqueduct is not met;

* The shear condition of the aqueduct crossbar is not met;

* Based on the above conditions and due to the fact that the customer failed to submit the design
and/or detailed drawings of the aqueduct, the subsidence of the aqueducts could not be determined, and
therefore, it was not possible to check their cross-section using non-destructive methods alone. Therefore,
it was considered inexpedient to check the cross-section of the post.

From all of the above, it can be concluded that the aqueduct requires rehabilitation and

reconstruction works, taking into account the relevant operational requirements.
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5. Recommendations
1) The damaged protective layer of the reinforced concrete crossbars of the piers requires rehabilitation;
2) The load-bearing beams of the steel span structures require rehabilitation-reconstruction;
3) The damaged reinforced concrete slabs of the carriageway require rehabilitation;
4) The carriageway structure requires rehabilitation with the arrangement of asphalt pavement and railing;
5) The supporting parts require rehabilitation, taking into account the roller, upper and lower balancing
sheets and fastening nodes in the crossbar;
6) The structures of the rotated and displaced bracket (upper and lower yoke of the composite structure)
require rehabilitation;

7) It is necessary to adjust the heights of the supporting cross-sections of the water pipes.
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Annex 1

Plan (sheet 1)
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Plan (sheet 2)
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General view of the aqueduct (sheet 4)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01'13"E)
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General view of the aqueduct (sheet 5)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01'13"E)
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General view of the aqueduct (sheet 6)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —

41°26"14"N 45°01"13”E)
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General view of the aqueduct (sheet 7)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26"14"N 45°01"13"E)
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o Investigation of the aqueduct on the Mtkvari River (location coordinates —
"II 41°26"14"N 45°01"13"E)

O, = ~— 1 1 " O
IS #4 #4 Pl IS 4 prdii
[=1245 | 56%5 [=1245 |_56%5
x#3 #4 44 43
(10) 100x46 /71245 L 56x5 1=1245 L 66%5 | ||| I=1245 | 56x5 (10Y) 100x46
@ - s | | | | ——@
1
@) ® © ©®

OO~~~ OO~ O~ O~~~ O~ O~ OO0~ O~~~ O~~~ O~ 0~ O~~~ -0 O~0~0-0-0

AB:C:D ﬁz

@ ®)
| |
| l
! ﬂ] W w
@ I e i @ — #2 1=1030 #2 1=1030 ey =
/{109 160746 =
I #3
(10Y) 100x46
@ = = @
J ]
® ®
P IC #3 L=040
‘(// (10Y) 100x46
1 /
76 | 4L 4L
e o/
FI6Tb.5: ‘

L 6565bDI b(VIIS0 IMICIFTIR0S IR 0IISISI0;

J

Steel span structures
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)

Y

Fig. 1. Damaged protective layer concrete of reinforced concrete crossbar
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
I"I 41°26°14"N 45°01"13"E)

Fig. 2. View of the connection node between the reinforced concrete crossbar and the steel post
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)
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Fig. 3. Water pipe without supporting parts
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)

Fig. 4. Support parts without rollers
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
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Fig. 5. View of the steel support structures of the water pipeline
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)
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Fig. 6. Bearing roller falling out of the balance sheets
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)

Fig. 7. Rusted steel elements of the span
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)

Fig. 8. Deformed longitudinal connections

Fig. 9. Deformed beam of the upper side 9th span
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26°14"N 45°01"13"E)

Fig. 13. View of a fragment of the riverbed
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
"" 41°26°14"N 45°01"13"E)

Fig. 15. Determination of the reinforcement location and the protective layer of concrete using "NJJ-105
Hand Search “
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Investigation of the aqueduct on the Mtkvari River (location coordinates —
41°26"14"N 45°01 '13"E)
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