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Abstract

From the point of view of modern construction, damage to reinforced concrete laiigleck
buildings is particularly interesting. The construction of this building is very divers&heir

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 laxdplock 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 largeblock buildingsare 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 ollapse.

As is known, the reinforced concrete skeleton of orsory 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 bredketolumns 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 loadbearing elements are atsa 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 selfoofing (coils, trusses) or suction coils may fall from the
columns. Hard masonry fi is easily damaged, especially if it is a stone pile. The filling cracks
or goes beyond the coils and completely collapses. Labdmck filling is characterized by
cracks and shifting in the joint seams.

A reconstructionreinforcement-strengthening concet was developed for one specific group
of dilapidated residential buildings large-block buildings.

The concept of restoratiofreconstruction and strengtheningreconstruction for largeblock
multi -storey buildings will be developed for the strengtheningroup among the masseries
groups (types) of capital buildings.

Three methods of restoratiofreconstruction of damaged largblock multi-story buildings

are proposed: in the inner space of the building, metal indirect and systeariable rigid, in
today'sterminology - 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 theilding 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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| stiffness and materials

Assign to elements of the model

Stiffness:

A%

&9 4. Plate H 16 (consoli 16sm B20)

[Imaterials:

D.Option | 1

+

Sk IKR

<no> <no>

<no>

[Jrilot reinforcement:

Properties | RC I Steel I Brickworkl PRtypel

List of stiffness types

B[ 1. Plate H 40 (gadakvrebi B20)

&P 2. Flate H 40 (kedlebi B20)

Q 3. Plate H 40 (fanjris queda nawili B20)
2] 4. Plate H 16 (consoli 16sm B20)

Q 5. Plate H 30 (sadzirkveli 30sm B20)
Q 6. Plate H 40 (wertl 40sm B20)

ﬂ 7. Plate H 80 (wert2 80sm B20)

Set as current one

Add>>

Display...
Copy

Delete

k? >>| BTH L

4

N

[Jist for fragment
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B Design combinations of forces (DCF)

=S

Number of DCF table

[

E | 8

Name of DCF table |SNIP_1

Building code SNIP 2.01.07-85*

safety factor K
for ULS

<
HERSE

Load case No.

El = |Load case 1

| for LS

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
Account of sign variabiliy 1 100 |0o90 [100 |oo00 000 000 oG
# ofthe group of mutuall
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 Brake I:I < L
Summary table for DCF calculation E
L.. Loadcase.. Type DCF parameters DCF coefficients
1 Loadcasel Dead(0) 0000000 110 1.00 1.00 1.00 0.90 1.00
2 Loadecase2 Live(l) 1000000120100 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
4
- . ” = n”
20157 2 )L A
m Table of oad cases x
- % Earthquake analysis parameters (Georgia, PN 01.01.-09) *
Parameters row No. hd Eﬂ " J a ysisp g
%
Load case Mo. go
Dynamic load case type Earthquake (PN 01.01.-09)-(53) w
U e aTaleEE Tor % of modal masses Soil category I ™

mode shapes

Mo, of corresponding
static lnad case

[

Sum mode shapes with the same

frequency O

Method for summing up Method SRSS Parameters
components

Damping parameter, in proportion of 1

Mass matrix @ Diagonal O Consistent

Summary table of dynamic analysis:

# L. Loadcase Type Loadcas.. Dynamictype values

1 3 Loadcase3 EAR... 53 200 ... 1.00 3 0.00 1 2 0.05 1.00 0.30 1.13 1.00 1.00 0.
4 loadcase4 EAR.. 53 200.. 1.0030.00120.051.000.301.131.00 1.00 0.

< >

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

Values of design coefficients according to PN 01.07.-09
Coef. of nonlinear deformation of soil KO (table 4.1}
Coef for account of allowed damages K1 (table 3)

Structural design coefficient K2 (table 4)

Coefficient of responsibility of the structure K3 (table 5)

Coefficient for energy dissipation Kpsi (table 6)

Direction cosines of earthquake load resultant in global system

cX ‘m}m | oY |‘]'}C"}D | cz |DDDDD \ CX'CX+CY'CY +CZ*CZ = 1

Diagram J

X ?

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

v ?
3"

<

T2 D i

68



B Table of dyna

mic load

4]
<«

Parameters row No.

Load case No.
Dynamic load case type Earthquake (PN 01.01.-09)-(53)

Number of analysed

T [Hor % of modal masses

Mo, of corresponding

static Inad case l:l

Sum mode shapes with the same n

frequency

Method for summing up Method SRSS Parameters
components

Darmping pararmeter, 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 4.7)
Coef for account of allowed damages K1 (table 3)
Structural design coefficient K2 (table 4)

Coefficient of responsibility of the structure K3 (table 5)

Coeffi

# 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.
< >

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

s ?
AL

<

itfor energy dissipation Kpsi (table 6)

Direction cosines of earthquake load resultantin global system

cx 00000 |y [10000 | (7 [0.0000 |

v/ X

Diagram

?

1.0

10

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

[176 7 .20 i

(@) - load case (code 1)

B | Create dynamic load cases from the static ones

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

ped

Generate mass matrix according to:

Dynamic load case No.

Mo. of corresponding
static load case

Conversion factor

h o
+

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

v X ? |~

w501k

”

AR N B T T B
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I —
0.793 0.693 0.5 0497
Load case 1
Displacements along X (G)(G)
Units of measurement - mm

A5 1T 111X, L

-1.88 -164 -L41
Load case 1
Displacements along ¥ (GXG)
Units of measurement - mm

o

N

s

®ﬁ|¢

Il [ I/ Il

EHHH

-0.00219 0.00219 0.0003 0.199

R

Eal

H
e

T

[
0235 0000244 0.000244 0.0245

A6 1 I 1A Ay AT AT



183 137 132 127 EvE) ETE] 12 107 101

Load case 1
Displacements along Z (GXG)
Units of measurement - mm

TATE 1 Il Z t T 4T

~
[ [ Il Il 1C ][ I[ Il Il |
0478 0418 0358 0208 0239 0179 0119 0,056 ~0.00351 0.00351 0.0506 0119 0179 0239 0208 0351
Loadease 1
Displacements along UX (GYG)
Units of measurement -1ad * 1000
A imammni o
mama: T mans (] 4
H H s / ¢ @
H i HH e . .
i i AT /
. /
26 ’ 4
" T / i
n4 - / K
1 5 ;
HH ;
192 ! o & J
I 52 S e H ;
16 i J
1 HEE I H B
0 F i’ J
@ ‘ : O]
56 ! 5t g BERAREaE:
LT - i
O | f o ®
" = RREE! - H
; nas A
---ﬁ-n ----- e oW Y O
O i B e Dl deie s | A &)
I
0 H i
" iiri ERAmARE
22 JE H H
= H I T
=, iEmanaEny} T
. ABEBAERS aan) AuE a
/ EmEHEgEsas) szARRNE)
.
Zy s s . s s

"A8ME T I T AU A e T AT
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L[| | E—— IC 1C - 1C 1C I[ 1L | [
0152 0.133 0114 -0.0051 00761 -0.0571 -0.058 0019 000137 0.00157 0019 0.038 00571 0.076L 0.0051 0114 0133
Load case |
Displacements along UY (G)G)
Usits of measurement - rad * 1000
fiRnamens amn amna:
A 320210 IOMO)
H J / /
wATATL s
i /
256 g ’
T ’ ya
24 ’ ke
T 7
192 - H i
T T S/
16 I J
T

=

N i ‘ i

©

”
k

~

S T CRE IR R BRI V)25 I I VI B

1L 1L I ] |

I | | m— IC 1 1L 1l
0334 0312 026 0208 0156 0104 0052 000334 0.0033¢ 0052
Displacements along UZ (G)G)

Units of measurement - rad * 1000

[—
010+ 0156 0208 026 0312 0364

B

inas

i ;

HH

sy 1

(2o = HREL
Qi ihe

20 1Tl 11 AUz, T

DR

0137

0416



| E—— ]
-16.3 -116 578 0.165 0.165 578
Load case |
Stress Mx.
Units of measucement - (t*m)'m

116

A
T

19.2 | i
At

128 i

64 T Fit
-3 H IRSEE]

®
©

o

<

| I I
] 404 462

289 )

<

|
106 931 198 665 532 399 266 Ek
Load case 1
Stress My
Units of measuremeat - (t'm)/m

Il Il Il
0,106 133 166

5|

T s

P

I
s

/

S

!

FH A

J
%

2k

=]
gEEiietE

©
.

I~ (I A I P

°
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| —— — Il IC Il 1L IL Il Il [— ]
198 183 137 213 457 .18 0198 157 a3 17 183 28 274 2 366
Load case |
Stress My
Usits of measurement - (t5m)m
fiss mmamin: T 8 i
: : ® ©
T/ / 7
i EmmAmmmAR ARN s
i /
256 s v
;i . s
D T s/ K
X iy imml WEasamanar ;
,;E%- HHHH .
192 T T’”’ J
1 1 H A
i ini J

16 ! i J

I LT HEE] I iEmEam; ;

18 Ao i :%% /

- ] t inm .

T 7|H|1—:F T
- HHH
L)k m AR inman;
HE T
22 . H H e
E= Secan: sEetiis: Soe
% mam: s
ES| EmETanEE| amaa: H
. i Rl t t
/ sk aaa: i T
’
Zy I ; / ’ s / .

I ) (| [
155 135 116 96,7 14 K
Load case 1
Sizess N
Units of measurament - t/m2.

<

 E—
g 387

I[
183

Il
141

Il f Il [— ]
37 58 774 %7 116 133 141

mmmn: .
EEmEEY ’

il

HE R
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54
Load case |

Stress Ny

Units of measurement - t/m

| E— | I Il IL 1L
-438 -393 -327 -262 -196 -131

]
55 117 117 G 7

FECECEECORRO O

Sz

oy é 8 :::1:’7"”” 5

e A e N1 A Bl aa A

©

x ° < < A o < o

N O [ [ [ [ | 1 ] 1l ] 1l Il 1l | — ]
-122 -106 Sl -159 -60.3 456 -304 -152 -1.06 106 152 304 456 60.3 758 st 106
Load case |
Stres On
Units of measurement - t'm
A e
i e b imi 3 4
HoH jw;i% PR . ! @
S amsEaay msstmun: jini uijamai /

o
j
HiEi

g

I
=

J

T e .
T'_"%: p

.

&
By,

T

=

J

o '
,,,?i 77777 S % ]
HHr EEEE: 5 :

S
.

2601 14T T . AT 1@,
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e S | — Il Il I I Il IL 1L
-112 104 -893 44 -395 446 -298 -149 -L12 112 149 28 446
Load case |

Stress Qy
Units of measurement - tim

] [ [ —
3 104 11

744 )

=

T

h
-~

=

%ﬁz
O

a%%
©

=

LR ATy T e T e AT 1 .Qy),

I [ [ | 1L
458 3 EE 428 L9 09 399
Loadcase 1

Stress Rz

Units of measurement - t/'m2

T 2801 141y . LA L 1R, 11



-167 143 953 476 187 167 476 953 143 191 238 286 333 381

o he - © ©
e S @
;;ﬁ%au //
’W:ﬁ%;‘ //
W”%& y
HHE L ik B ©
—~%%;‘. [ ()
i A
=
‘ ;ﬁEE%

‘No. ! EIGEN H FREQUENCIES : PERIODS :DISTRIBUTION : MODAL
VALUES  f------cmmmmmmmmmmeooooo o : COEFFICIENT : MASS
rad/s : Hz : 5 : : %

1 143.892792 12.00 1.91 ©.5235 @.002825 .0 0.0
2 224.,120754 14,97 2.38 2.4195 @.297826 1.6 1.6
3 282.251894 16.80 2.68 @.3738 -1.233528 58.5 60.1
4 699.297786 26.44 4,21 @.2375 -0.000632 .0 60.1
5 799.349290 28.27 4,50 @.2221 -@.040407 .0 60.1
6 833.476229 28.87 4.60 @.2175 @.007191 .0 60.1
7 1214.341448 34.85 5.55 ©.1802 ©.100381 0.0 60.1
8 1238.215758 35.19 5.60 ©.1785 -0.008036 0.0 60.1
9 1346.290634 36.69 5.84 2.1712 -0.093938 0.0 60.2
10 1534.239382 39.17 6.24 @.1603 ©.001760 0.0 60.2
11 1638.400204 40.48 6.45 2.1551 ©.047813 0.0 60.2
12 1680.295349 48.99 6.53 @.1532 -8.147473 0.0 60.2
13 1775.887672 42.14 6.71 2.1490 9.99P731 0.0 60.2
14 1920.652807 43,83 6.98 2.1433 ©.014004 0.0 60.2
15 2339.161404 A8.36 7.70 ©.1298 -8.167289 2.1 60.3
16 2490.845723 49.91 7.95 ©.1258 ©.8085823 0.0 60.3
17 2585.988956 50.06 7.97 @.1255 -8.011338 .0 60.3
18 2801.038774 52.92 8.43 @.1187 -8.201548 0.8 61.1
19 3064.91e300 55.36 8.82 2.1134 ©.02087@ 2.8 61.1
20 3343.393706 57.82 9.21 @.1086 ©.002142 .0 61.1
21 3540.276222 59.50@ 9.47 @.1055 ©.286853 2.1 61.3



(= I N o RV R I UU I ST

NN R R R ERRERPB BB
F® WK NO VR WNRE®

EIGENVALUES, FREQUENCIES, PERIODS OF VIBRATIONS, LOAD CASES 4 (mod. 53)
EIGEN FREQUENCIES PERIODS :DISTRIBUTION : MODAL
VALUES 1--------"""------------- B it : COEFFICIENT : MASS

rad/s Hz : 5 : %

143.892792 12.08 1.91 @.5235 1.449772 68.8 68.8
224.,128754 14.97 2.38 ©.4195 -0.,000423 0.0 68.8
282.251894 16.8@ 2.68 0.3738 2.802875 0.0 68.8
699,297786 26.44 4,21 8.2375 2.083136 B.e 68.8
799,349290 28.27 4,50 ©.2221 2.801462 0.0 68.8
833.476229 28.87 4,60 0.2175 2.815687 0.0 68.8
1214.341448 34 .85 5.55 8.1882 8.805154 B.a 68.8
1238,215758 35.19 5.60 2.1785 -8,825498 0.8 68.8
1346.2980684 36.69 5.84 2.1712 0.0804983 0.8 68.8
1534.239382 39.17 6.24 2.1683 p.084328 B.a 68.8
1638.480204 40.48 6.45 2.1551 -8,838981 0.8 68.8
1686, 295349 48.99 6.53 2.1532 -8.836892 0.8 68.8
1775.887672 42.14 6.71 8.1496 9.824306 B.a 68.8
1920.652887 43,83 6.98 2.1433 -8.,0817801 0.8 68.8
2339.161404 48,36 7.78 2.1298 0.019729 0.8 68.8
24908 .845723 49,91 7.95 8.1258 1.177947 1.8 69.9
2585,988956 50.06 7.97 @.1255 0.090602 0.8 69.9
2801.838774 52.92 8.43 2.1187 -8.818599 0.8 69.9
3B64.91a300 55.36 8.82 2.1134 -0.272436 8.2 78.8
3343,393706 57.82 9,21 2.19086 -8,382992 0.2 70.2
3540.,276222 59.58 9.47 2.1855 -8.020093 0.8 78.2
oL TR TP AN T I s S R ¥ 1 Ot [ TN B S " T (N
S T v KT T T S AU N NN IR & B T W B B
1, "2 " 1A, 1 7L 0Ty T oud e da A
A U PR T B
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Parameters row Mo.

Load case No.

Dynamic load case type Earthquake (PN 01.01.-09)-(53)

Tor
L]

Sum mode shapes with the same O
frequency

Number of analysed
mode shapes

Mo, of corresponding
static load case

Method for summing up
components

Damping parameter, in proportion of 1

Method SRSS ~

Mass matrix @Diagona\

Summary table of dynamic analysis:

ped

W Stiffness and materials
Assign to elements of the model

Stiffness:

7. Plate H 80 (wert2 80sm B13) |

o= =4 g

[materials: D.Option | 1 +
<no <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

R? »» OTHE

s

[ Set as current one |

% of modal masses

() Consistent

st for fragment

~ ~

CAC L e

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)
Farameters
Coef for account of allowed damages K1 (table 3)
Structural design coefficient K2 (table 4)

Coefficient of responsibility of the structure K3 (table 5)

Coefficientfor energy di 1 Kpsi (table 6)

# L. Loadcase.. Type @Loadcas.. Dynamictype values
1 3 loadcase3 EAR.. 53 200..
4 Load case4 EAR.. 53 200..

1.0030.00120.24 1.000.301.13 1.00 1.00 0.
1.00 3 0.00 1 2 0.24 1.00 0.30 1.13 1.00 1.00 0.

p

cx 10000 | oy [00000 | ¢z (00000 |

> Diagram v X

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

Direction cosines of earthquake load resultantin global system

?

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

JI?

»8(C o7 T+7¢ 7 2D A

~ <



W Table of dynamic load cases X

& 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
N R — Relative acceleration of soil A 0.24
Sta.tic =] caze 9 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
Methad 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
Summary table of dynamic analysis:

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 Load case 4 EAR... 53 200... 1.0030.00120.241.00 0.30 1.13 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 ?

X (T T i S ) I

B | Create dynamic load cases from the static ones >

Generate mass matrix according to:

(@)-load case (code 1)
()~ density of elements (code 2)

Dynamic load case Mo. -
No. of corresponding -

static load case

h
+

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 ? |~
A0 T k7 s T Ty 4 4



I
0878 0767 0657
Load case 1
Displacements along X (GIG)

Units of measurement - mm

153 128 102 0766 051

204 -179
Load case 1
Displacements along Y (GXG)
Units of measurement - mm

B | — 1L

I
0548 0438 0329 0219 E3T

%4 HH AR EEf

T
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11
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000286 0.00286 011 0219
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0286

1 1L
0253 ~0.000333 0.000338

256

192
2

16
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146 ED 134 129 123 117 E1NY 105 994

Load case 1
Displacements along Z (G)G)
Units of measurement - mm
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| [ | | e | m— I[ IL I[ I[ Il Il IL |
0549 048 0411 034 0274 0206 0.137 00683 000306 0.00406 00685 0157 0206 0274 0343
Load ease |
Displacements along UX (GXG)

Units of measurement - rad * 1000
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I
0175 0153 0131 0108 -0.0875 00657 00438 20219 000157 000157 00219 00438 00657 0.0875 0.109 0.131
Load case |
Displacements along UY (G)G)
Units of measurement - rad * 1000
nu T
T T 1 2 3 4
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