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Abstract

From the point of view of modern construction, damage to reinforced concrete large-block
buildings is particularly interesting. The construction of this building is very diverse. Their
use has a short history. Therefore, the systematization of damages and generalization of
results for such buildings is more difficult. Below are some statements sufficiently
substantiated with factual material. It is similar to the skeleton of large-block buildings. But
the resistance of reinforced concrete building blocks is, of course, much higher than the
resistance of stone piles. Therefore, the blocks themselves are rarely damaged by earthquakes.
Relatively weak points of large-block buildings are the edges of the blocks, the support nodes
on the roofing panels and other connections. In these places, cracks, broken corners and
other injuries develop during earthquakes. As a result of the collapse of this connection, the
building can completely collapse.

As is known, the reinforced concrete skeleton of one-story buildings is a frame. Seismic
loading mainly induces forces in the frame columns. But due to the high resistance of the
columns, their damage is rare. In a single case, there is a break of the columns in the section
of anchoring in the foundation or near it. Cases have been described where prefabricated
columns fell due to insufficient anchoring in the foundation. In the buildings in question, the
joints of the load-bearing elements are also a weak point. In case of insufficient fixing, the
roofing slabs may fall or the roofing slabs themselves may fall from the columns or the
supporting elements of the self-roofing (coils, trusses) or suction coils may fall from the
columns. Hard masonry fill is easily damaged, especially if it is a stone pile. The filling cracks
or goes beyond the coils and completely collapses. Large-block filling is characterized by
cracks and shifting in the joint seams.

A reconstruction-reinforcement-strengthening concept was developed for one specific group
of dilapidated residential buildings - large-block buildings.

The concept of restoration-reconstruction and strengthening-reconstruction for large-block
multi-storey buildings will be developed for the strengthening group among the mass-series
groups (types) of capital buildings.

Three methods of restoration-reconstruction of damaged large-block multi-story buildings
are proposed: in the inner space of the building, metal indirect and system-variable rigid, in
today's terminology - seismic isolators, with the arrangement of additional frames; with iron-
concrete pylons built on the entire height and perimeter of the building and arranging loggias
in their space; By building pylons along the longitudinal facades of the building and building
a floor/floors on top of the building, along with arranging additional frames with seismic
insulators if necessary.
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Japan’s earthquake-proof planning

Different degrees of earthquake
resistance are built into buildings
in quake-prone Japan
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30639 d90mbg935d0 9bmds 2953056350009 08 HEGHZOMMZJO0M MMITIOOMS3

©330M9dAs  996mds. 03009 3mb3MgGHMEo  dmbs3gdgdo  MMIWwgdoz  J399MmoSs

BoBg9b9d0:
| Stiffness and materials <
Assign to elements of the model
[] stiffness: v
4] 4. Flate H 16 (consoli 16sm B20) | R id
[Imaterials: 1B + ‘;"';
<no> <no= <no=>
[Jrilot reinforcement: g -
Properties | Rc | Steel | rickwork| PR type | o
List of stiffness types
B[ 1. Plate H 40 (gadakvrebi 520)
&P 2. Flate H 40 (kedlebi B20)
Q 3. Flate H 40 (fanjris qveda nawili B20)
42| 4. Plate H 16 (consoli 16sm B20) +
&P 5. Plate H 30 (sadzirkveli 30sm B20)
&P 6. Plate H 40 (wertl 40sm B20) +
& 7. Plate H B0 (wert2 80sm 820)
Add>>
Display...
Copy
Delete
\v >>| BTH L
*
Set as current one
LR P

[Jist for fragment

3b6.1 (30bLEHOY 30900l LoboliEg900)
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B Design combinations of forces (DCF)

Number of DCF table El s & = g B 5 7
Name of DCFtable  [SNIP_T | ?
safety factor K
ildi SNIP 2.01.07-85* w
Building code forULS
_ for SLS [100 |
Load case No. El S |L03d casel |
RoadcaaslinE Dead (0) v A Default .
# of group of integrated 0 DCF coefficients
temporary load cases - - : : -
i o # 1 main 2main | Spec(E) SpecinE) §combin. B combin. 7 combin. 8o
:f;“”‘°fs'9”f"a”ab'l'l'ty 1 100 |0o90 [100 |oo00 000 000 oG
ofthe group of mutua
e o b | |2 [100 09 08 085 000 000 000 0
## ofthe accompa- 0 0 3 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.4
nying load 4 o000 o000 100 000 000 000 000 OC
Load factor
Duration coefficient
Do not consider for analysis by SLS
Restrictions for cranes and brakes
Crane I:I Erake I:I G v
Summary table for DCF calculation i] F;i
L.. Loadcase.. Type DCF parameters DCF coefficients
1 Loadcasel Dead(0) 0000000 110 1.00 1.00 1.00 0.90 1.00
2 Lloadcase2 Live(l) 1000000120 1.00 1.00 0.95 0.80 0.95
3 Loadcase3 Earhquake (5) 5011000100000 0.00 0.00 1.00
4 loadcased4 Earhquake (5) 5011000100000 0.00 0.00 1.00
A

m Table of oad cases X
- S W Earthquake analysis parameters (Georgia, PN 01.01.-09) X
Parameters row No. hd
v
Load case No. (4]
Il e Earthquake (PN 01.01.-09)-(53) v
Number of analysed F I i
mode shapes Cor % of modal masses Soil category
Mo, of correspondin Relative acceleration of soil A
stétit [ [age & I:l in proportion of acceleration of gravity g)
Sum mode shapes with the same D Values of design coefficients according to PN 01.01.-09
frequency
Coef. of nonlinear deformation of soil KO (table 4.1} 1.0 ™
Method for summing up Method SRSS ~ Parameters
components Coef for account of allowed damages K1 (table 3) 03 o
Damping parameter, in proportion of 1
Structural design coefficient K2 (table 4)
Mass matrix @ Diagonal O Consistent

Summary table of dynamic analysis:

3H6.2 (©53306003900)

Coefficient of responsibility of the structure K3 (table 5)

# L. Loadcase Type Loadcas.. Dynamictype values
1 3 loadcase3 EAR.. 53 200..
4 loadcase4 EAR.. 53 200..

1.00 3 0.00 1 2 0.05 1.00 0.30 1.13 1.00 1.00 0.
1.00 3 0.001 2 0.051.00 0.30 1.13 1.00 1.00 0.

Coefficient for energy dissipation Kpsi (table 6)

Direction cosines of earthquake load resultant in global system

cx [10000 | gy [00000 [ ¢z (00000 |

Diagram J

- Allowed deviation for frequencies of summed up
mode shapes (in % of frequency)

X ?

CX*CX+CY*CY+CZ*CZ=1

s ?

356.3 (LYoLdMMO sG3MM3s 1)
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W Table of dynamic lo x
3 ) Earthquake analysis parameters (Georgia, PN 01.01.-09)
Farameters row No. =
N
Load case No. ao
Dynamic load case type Earthquake (PN 01.01.-09)-(53) ~
Number of analysed Soil cate 1l
T [Hor % of modal masses Qi category
T di Relative acceleration of soil A 0.05
stgtig l;ggiz@gn g l:l in proportion of acceleration of gravity g)
Sum mode shapes with the same M Values of design coefficients according to PN 01.01.-09
frequency
_ Coef of nonlinear deformation of soil KO (table 4.7) 1.0
Method for summing up Method SRSS ~ Parameters
components Coef for account of allowed damages K1 (table 3) 03
Darmping pararmeter, in proportion of 1
Structural design coefficient K2 (table 4)
Mass matrix © Diagonal O Consistent
Coefficient of responsibility of the structure K3 (table 5) 1.0 ~
S table of d lysis:
Dol S ST e S Coefficient for energy dissipation Kpsi (table 6) 1.0 ~
# L. Loadcase.. Type Loadcas.. Dynamictype values
3 Load case 3 EAR... 53 200... 1.00 3 0.00 1 20.051.00 0.30 1.13 1.00 1.00 0.
2 4 |oadcase4 EAR.. 53 200.. 1.0030.00120.051.000.301.13 1.00 1.00 0.
Direction cosines of earthquake load resultantin global system
X \U-WW | cy |1-C“3“3'D \ cz7 |U-C“3“3'D \ CX'CX+CY'CY+CZ'CZ=1
< > Diagram v X ?
Allowed deviation for frequencies of summed up
mode shapes (in % of frequency) v ] ?

3b6.4 (LYoLIMMO sGHZMMIS 2)

B | Create dynamic load cases from the static ones X

Generate mass matrix according to:

(@) - load case (code 1)

)

{(_)- density of elements {code 2)

Dynamic load case No.

+

Mo. of corresponding
static load case

Conversion factor

Summary table:
Dynlo.. Statlo..  Factor Code
3 1 09 1
3 2 05 1
4 1 09 1
4 2 05 1

v X ? |~
3H6.5 (©sEH3060m3900L d9bsdndgdo)
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Load case 1
Displacements along X (G)(G)
Units of measurement - mm
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Load case
Displacements along Z (GXG)
Units of measurement - mm
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Load case 1
Displacements along UX (GXG)
Units of measorement - rad * 1000
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Load case |
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Displacements along UY (GHG)
Units of measurement - rad * 1000
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Load case
Displacements along UZ (G)G)
Units of measurement - rad * 1000
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Load case |
Stress Mx.

Units of measurement - (t“m)'m
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Loadcase 1
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Load case |
Stress N
Units of measurement - Um2
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EIGENVALUES, FREQUENCIES, PERIODS OF VIBRATIONS, LOAD CASES 3 (mod. 53)

EIGEN

PERIODS

:DISTRIBUTION
COEFFICIENT

MODAL

MASS

%

[T T N o R R R

T N T T QS Sy iy
(R e R - N R U N
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ETIGENVALUES, FREQUENCIES, PERIODS OF VIBRATIONS, LOAD CASES 4 (mod.

PERIODS
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Assign to elements of the model

ped

[~] stiffness: "
7. Plate H 80 (wert2 80sm 815) | R
[materials: D.option | 1|2 + .a_}""a
<Noz <no <No>
["]Pilot reinforcement: g -
Froperties | RC I Steel | Er\ckworkl PR typel -

List of stiffness types

&@#{ 1. Piate H 40 (gadakvrebi B1S)

&P 2. Plate H 40 (kedlebi B15)

Q 3. Plate H 40 (fanjris qveda nawili B15)

&} 4. Piate H 16 (consoli 165m 815) Y

&9 5. Plate H 30 (sadzirkveli 30sm B15)

&® 6. Plate H 40 (wertl 40sm 815) ¥

Bl 7. Piate H 80 (wert2 80sm B15)

Add>>
Display...
Copy
Delete
Rv »» OTHE
s
[ Set as current one |
? 4

st for fragment

3H6.7 (306LEOY 30900l LoboliE900)

W Table of dynamic *
5
Parameters row Mo. @ J
Y]
Load case No. ao
Dynamic load case type Earthquake (PN 01.01.-09)-(53) v

Number

mode shapes

Mo, of corresponding
static load case

of analysed % of modal masses

Tor
L]

Sum mode shapes with the same O

frequency

Method for summing up Method SRSS v FParameters
components

Damping parameter, in proportion of 1

Mass matrix @ Diagonal O Consistent

Summary table of dynamic analysis:

Earthquake analysis parameters (Georgia, PN 01.01.-09)

Soil category

Relative acceleration of soil A
in proportion of acceleration of gravity g)

Values of design coefficients according to PN 01.01.-09

Coef of nonlinear deformation of soil KO (table 4.1) 10 ~

Coef for account of allowed damages K1 (table 3) 03 ~

Structural design coefficient K2 (table 4)

Coefficient of responsibility of the structure K3 (table 5) 10 “

# L. Loadcase.. Type @Loadcas.. Dynamictype values
1 3 Loadcase 3 EAR... 53 200.. 1.0030.00120.241.000.301.131.00 1.000.
4 Load case 4 EAR... 53 200.. 1.0030.00120.241.000.301.131.001.000.
< >
Allowed deviation for frequencies of summed up
mode shapes (in % of frequency) W ?

Coefficientfor energy di

p

Direction cosines of earthquake load resultantin global system

X \‘W‘I’ \ cy |ﬂ-”‘3“3HJ | cz |U-C“3“3'D | CX*CX+CY'CY+CZCZ7=1

Diagram v x ?

1 Kpsi (table 6) 1.0 e

3H6.8 (LyoLdMMO sGHZOM3s 1)
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B Table of dynamic lo X
5 W] Earthquake analysis parameters (Georgia, PN 01.01.-09)
Farameters row No. -
N
Load case No. 4]
Dynamic load case type Earthquake (PN 01.01.-09)-(53) ~
Number of analysed . I
Y [TJor % of modal masses Soil category
Relative acceleration of soil A 0.24
Mo, of corresponding
ey p— l:l in proportion of acceleration of gravity g)
Sum mode shapes with the same D Walues of design coefficients according to PN 01.01.-09
frequency
Coef of nonlinear deformation of soil KO (table 4.1) 10
Method for summing up Method SRSS Parameters
CIITITEE Coef. for account of allowed damages K1 (table 3) 03
Darnping parameter, in proportion of 1
Structural design coefficient K2 (table 4)
Mass matrix @ Diagenal O Consistent
Coefficient of responsibility of the structure K3 (table 5) 1.0 b
Summary table of dynamic analysis:
& )] b Coefficient for energy dissipation Kpsi (table 6) 1.0 ~
# L. Loadcase.. Type |Loadcas.. Dynamictype values
3 loadcase3 EAR.. 53 200.. 1.0030.00120.241.000.301.13 1.00 1.00 0.
2 4 |oadcase4 EAR.. 53 200.. 1.0030.00120.241.000.301.13 1.00 1.00 0.
Direction cosines of earthquake load resultant in global system
cx 00000 | oy [10000 [ ¢z 00000 | gxecxscyeoy - cziez-n
< > Diagram v x ?
Allowed deviation for frequencies of summed up
mode shapes (in % of frequency) J ?

396.9 (LyoLdMMO IGHZOMIS 2)

B | Create dynamic load cases from the static ones >

Generate mass matrix according to:

(@)-load case (code 1)

o

()~ density of elements (code 2)

Dynamic load case Mo. -
No. of corresponding -

static load case

+

Conversion factor

Summary table:
Dynlo.. Statlo.. Factor Code
3 1 09 1
3 2 0.5 1
4 1 09 1
4 2 05 1

v X | ? |~
396.10 (©s3300m3900L d9bsdgd9d0)
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Load case 1
Displacements zlong X (GHG)
Units of measurement - mm
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Load case 1
Displacements along Y (GXG)

Units of measurement - mm
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Load case 1
Displacements along Z (G)G)
Units of measurement - mm
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Load case |
Displacements along UX (GXG)
Usits of measurement - rad * 1000
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Load case |
Displacements along UY (G)G)
Units of measurement - rad * 1000
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Load case |
Displacements along UZ (G)G)
Units of measurement - rad * 1000
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Loadease |
Stress M
Units of measurement - (t*m)'m
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Load case |
Stress My

Units of measurement - (t*m)'m
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Loadcase 1

Siress My,

Units of measurement - (t*m)/m
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Load case |
Stress N
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Units of measurement - U
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Load case
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EIGENVALUES, FREQUENCIES, PERIODS OF VIBRATIONS, LOAD CASES 3 (mod. 53)

PERIODS

EI

GEN

:DISTRIBUTION
COEFFICIENT

W00 =~ v W M

R e s
P ® 0NN R WN R ®
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EIGEMVALUES, FREQUENCIES, PERIODS OF VIBRATIONS, LOAD CASES 4 (mod. 53)

‘No. EIGEN : FREQUEMNCIES . PERIODS :DISTRIBUTION : MODAL
VALUES  f----mmmmmmmmmm oo . — : COEFFICIENT : MASS
rad/s : Hz : 5 : : %

1 13@.757860 11.43 1.82 @.5492 1.457548 68.8 68.8
2 198.258993 14.08 2.24 @.4466 -@.081793 a.a 68.8
3 262.963161 16.22 2.58 8.3873 -0.082936 8.0 68.8
4 599,987231 24.49 3.9@ B.2564 8.801225 e.o 68.8
5 685.504444 26.18 A4.17 8.2399 0.000862 e.o 68.8
6 821.808324 28.67 4.56 8.2191 -8.815485 e.o 68.8
7 1838.556946 32.23 5.13 @.1949 -@.885386 a.a 68.8
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