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Tverums

Degradacija — pakapeniska kvalitates samazinasanas
Monitorings — novérosanas un analizes sistéma.

Deformacija ir buves vai tas elementu stavokla izmaina ekspluatacijas laika
Telpiskas un temporalas izmainas (buvju izmainas telpa un laika)

1zSkir deformaciju veidus:

— Vertikalas deformacijas (btves / blivelementu “sésanas”);

— Horizontalas deformacijas (blves / buvelementu “slidésana”);
— Telpiskas deformacijas (buves / buvelementu telpiska izliece).



Noverosanas metodika — punktu stavokla
telpisko izmainu noteiksana laika

Punktu koordinatas

0. cikls Sakuma To X0 Vo Ho
stavoklis

1. cikls atkartojosais T1 X1 V1 H1

2. cikls atkartojosais T2 X2 V2 H>

n. cikls atkartojosais Tn Xn Yn Hn



Absolutas vai summaras deformacijas

AX1 = X1 — Xo AX2 = X2 — Xo AXn = Xn — X0
AY1 = Y1 — Yo AY2 = Y2 — Yo AYn = Yn — Yo
AH1 = H1i—Ho AH2 = H2 — Ho aHn = Hn — Ho

Relativas vai daléjas deformacijas
OT1i=T2-T1 OTn=Ths1—=Thn Laika intervals [ frekvence
OX1 = X2 — X1 OXn = Xn+1 — Xn

Oy1=y2—vy1 OYn = Yn+1 — Yn
OHi=H2—H: OHn = Hn+1 — Hn



Garas laika rindas
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180 14961 [ 1970 | 1980 | 1991 | 1997 | 2007 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
——M1| 0 |-119 223 | 308 | 327 | 325 | 356 | 352 | 353 | 361 | -%6.6 | -3%5 | 3.0
—==M2 | 0 | 95 224 | 336 | -301 | 408 | 456 | 458 | -46.6 | -46.7 | 431 | 432 | 43.3
——M3 | 0 | -89 | 200 | 291 | -331 | -326 | -37.0 | -37.0 | -37.8 | -38.0 | -38.7 | -38.3 | -38.9
M4 | 0 | 72 | 178 | 336 | -410 | 410 | 468 | 46.8 | -47.8 | -478 | -43.4 | -43.4 | 487
e 0 53 | -156 | -322 | 422 468 | -B38 | -B41 ) -B54 | -BH9 | -BGES AT | -BE3
——M6 | 0 | 37 | 103 | 174 | 216 | 188 | 204 | 203 | 209 | 207 | -212 | -21.0 | -21.0
——M7| 0 | 39 | 53 | 56 | 56 | 41 | 19 | 20 18 | 18 | 18 | -20 | -20
s [ & 0 -3.5 -4.9 54 BT -4.0 -20 -1.9 22 -1.7 -1.7 -1.8 -1.9

M9 | 0 | -105 | 218 | -408
- M10| 0 | 128 | -204 | 313 | -350 | 348 | 381 | -377 | -38.0 | -38.0 | -39.1 | 402 | -40.1
e ] 11 0 160  -3681 | -51%9 | 597  -8852 | -T31 | T30 -FAT | -T/2 | -T61 772 | -TTQ
—=M12| 0 | 371 | 756 |-1045 |-1163 | -1309 | -147.0 | -147.2 | 1484 | 1517 | -1530 | -154.4 | -1559
—M13| 0 | 362 | 747 |-1056 | -1189 1357 |-1542 | -155.0  -156.8 | -158.6 | -161.0 -1626 | -1639

M14| 0 | -353 | 739 |-1031 | -1163 | -131.0 |-1492 | -1500 -1516 | -153.2 | -1554 | -156.7 | 1578

M15| 0 | -28.6 | -63.8 | -89.8 | 991 |-1097 |-1224 | 1229 | -123.4 | -1252 | 1267 | -127.0 | -1279
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M10, M11 un M12

1961 1970 1980 1991 1997 2007 2016 2021

0 -128 | -204 313 -350 -348 -37.0  -401
0 -190  -361 -519 -597 -652 -730 -779
0 -3F1 | -f56 1045 -116.3 -1309 1472 -1559

sienas zimju M10, M11 un M12 summara sésanas milimetros
1961, 1970, 1980, 1991_,1997_, 2007_, 2016. un 2021. gada.

(ar punktéto liniju attélota lineara prognoze)



Vairak noverojumu apliecina tendences
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Konstrukciju slogosana

= Tilta celtna siju slogosana un izlieces Slogoganas
noteikSana ar statisku dinamometru. Svara Relativa laiks

Cikla
nosaukums (min.)

ekvivalents | celtspéja

= Slogosanai noteikts svara ekvivalents
170 tonnas (100% celtna celtspéjas) un

tonnas

0_CIKLS 11:16
212,5 tonnas (125% celtna celtspéjas). 170t_1x 11:29 13 min.
0_CIKLS_2x 11:31 2 min.
170t_2x 11:46 15 min.
= SlogosSana atkartota tris reizes ar izvéléto 212t_2x 11:54 8 min.
secibu: 0_CIKLS_3x 11:58 151 min.
, 170t_3 12:03 min.

1) 0 tonnas (atslogots jeb 0%), =% :
212t_3x 12:09 6 min.
2) 170 tonnas (100%), 0_CIKLS_4x 12:15 6 min.
3) 212,5 tonnas (125%), — 220 > min.
212t_4x 12:28 8 min.

4) 0 tonnas (atslogots jeb 0%). 0-ATSLOGOTS ~ 12:33 5 min.
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Slipuma Monitoringa prizmu lodes un

SENsors noverojumi ar tehimetru TS60
(AB/ VID / LB)

/

=

Augstprecizas niveléSanas
lata un novérojumi ar
elektronisko nivelieri DiINi12

Trisasu slipuma
NANOQO sensors

Parvietojuma optiskais sensors
(O DS — Optical Displacement Sensor)

-

™




Sensoru apraksts

D k sensors

Nivelieris Zeiss DiNil2 Nolasijumu izskirtspéja 0,01 mm (0,00001 m);

(ser. Nr. 70624A) Paaugstinajumu atkartojamiba 0,1 mm (0,0001 m);
Tahimets Leica TS60 Lenkiska precizitate 0,57

(ser. Nr. 886619) Attalumu precizitate 0,6 mm + 1ppm;

Monitoringa prizmu Nostiprinatas magnétiska korpusa.

lodes Prizmas diametrs @ 30 mm un augstums 30,8 mm, ar
sudraba parklajumu;

Lodes izgatavoSanas precizitate: £ 0,1 mm;
GrieSanas precizitate: 2”

Novirzes pielaide no prizmas centra: £ 0,1 mm;
Slipuma sensors Iz8kirtsp&ja 0,0001 ° (jeb 0,00175 mm / m)

(9. paaudze) Atkartojamiba £ 0,0005° (jeb + 0,0087 mm / m)

Parvietojuma |zSkirtspéja 0,1 mm;

optiskais sensors (obs Atkartojamiba + 0,15 mm:
— Optical Displacement Sensor) - !

Trisasu slipuma |zSkirtspéja 0,0001° (jeb 0,00175 mm / m);
NANO sensors Atkartojamiba £ 0,0005° (jeb + 0,0087 mm / m)

Izmanto invara barkoda latas.

Automatiska prizmas centra
identifikacija.

Augstas precizitates apalas
mini prizmas (3 gab.),

Diapazons = 0,0025°
(x 0,0436 mm/m)

Diapazons + 90°



Rezultati

Svara Tahimetrs TS60 Nivelieris
ekvivalents Laiks | Cikla nosaukums AB VID LB DiNi12
tonnis [mm] [mm] [mm]

m 11:16 0_CIKLS 0.0 0.0 0.0 0.00 0.0 0.0 0.0
_ 11:29 170t_1x -5.1 -7.5 -4.7 -8.04 -8.0 -4.5 -6.5
m 11:31 0_CIKLS_2x -0.8 -1.0 -0.6 -1.60 0.0 0.2 -0.3
_ 11:46 170t_2x -5.7 -8.2 -5.1 -9.17 9.1 -5.0 -7.5
_ 11:54 212t 2x -6.6 9.5 -5.9 -10.51 -10.4 -5.6 -8.7
m 11:58 0_CIKLS_3x 0.3 -1.1 -0.7 -1.89 -1.2 0.2 -1.5
_ 12:03 170t_3x -5.6 -8.0 -5.0 -9.14 -8.7 4.8 -7.6
_ 12:09 212t_3x -6.6 -9.5 -6.0 -10.68 -10.3 -5.8 -8.9
m 12:15 0_CIKLS_4x -0.9 -1.2 -0.8 -2.08 -1.1 -0.2 -1.5
_ 12:20 170t_4x -5.4 -7.8 -4.7 -9.07 -8.6 -4.7 -7.4
_ 12:28 212t_4x -6.5 9.5 -5.8 -10.86 -10.3 -5.8 -8.9
m 12:33 0-ATSLOGOTS 03 0.3 04 -1.41 -0.2 0.1 0.9



Rezultati
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Nepartraukti vai reala laika noverojumi

= Sarezgitas un kritiskas
infrastrukttras objekti;

= Paaugstinatas drosibas prasibas;
= Dinamisku darbu izpildes laika;

= Vairaku faktoru ietekme (blvdarbu
tehnologiskie procesi, satiksme,
vides un laika apstakli, u.c.)

= Sistemu kombinacija

Rigas Tehniska universitate 14


../pirmais_deformācijas_tests[Full_HD_1920x1080].mp4

Citas saites

= KULTURAS PIEMINEKLU UZRAUDZIBA
https://www.youtube.com/watch?v=2fzeQbY2vyE &t

=14s

= TUNELU MONITORINGS
https://www.youtube.com/watch?v=0fg-nhPgVkI
= SENCEIVE SENSORI
https://www.youtube.com/watch?v=vsmyimVUO00Q

= DZELZCELU MONITORINGS, NOGAZES,
UZBERUMI U.C. INFRASTRUKTURA

https://www.youtube.com/watch?v=gW4aMu20r9U
= CELU INFRASTRUKTURA

https://www.youtube.com/watch?v=CWDw2VUoDy
k&list=PLOtd7rOVk_IVIWIiXTB7XSIInOWBWSsIYXO

Rigas Tehniska universitate

= GeoMosNow MONITORINGA
PROGRAMMATURA

https://www.youtube.com/watch?v=i izKm cDIM

https://www.youtube.com/watch?v=So03YABBB40cC

15


https://www.youtube.com/watch?v=2fzeQbY2vyE&t=14s
https://www.youtube.com/watch?v=2fzeQbY2vyE&t=14s
https://www.youtube.com/watch?v=2fzeQbY2vyE&t=14s
https://www.youtube.com/watch?v=Ofg-nhPgVkI
https://www.youtube.com/watch?v=vsmyimVU00Q
https://www.youtube.com/watch?v=qW4aMu2Qr9U
https://www.youtube.com/watch?v=i_izKm_cDIM
https://www.youtube.com/watch?v=So3YABBB4oc

Paldies!

Blvju degradacijas monitorings

MartinS Reiniks
RTU Geomatikas katedras docents
martins.reiniks@rtu.lv

27.06.2023.
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