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Advancement

QUIENES SOMOS

Kinemetrics Inc., es una empresa americana
con mas de 55 afios de gxgexi\en%é%%&*el

SY

] SO MNEAR 4, NS N AT
Monitoreo de Terrem \ﬁacto e&&\\\x\\

Infraestructura Critica (Irwstalaciones de \“‘\\
Natural Licuado, Plantas de gl SIS
Instalaciones Petroleras, Pres De
Tuneles y Edificios Altos).
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Kinemetrics: Plataformas de

xinemetrics  N|onitoreo de Infraestructura

Advancement through Innovation

Aprovechando mas de 55 anos de Tecnologia Innovadora para
ofrecer Monitoreo y Gestion deInfraestructura Revolucionarios

Continuidad
Operativa de Puentes
y Gestion de Activos

Tecnologia de
Deteccion para

Continuidad
Operativa para
Plantas Nucleares

Monitoreo Continuidad Plataforma Oper aciones
Ambiental lider a Operativa y Completa de Continuas y
Nivel Mundial Resiliencia para Gestion y Seguras para

Monitoreo de Instalaciones GNL

Presas

Estructuras Criticas
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SEEEES INSTRUMENTACION SISMICA DE EDIFICIOS:
@Y USOS PRACTICOS, BENEFICIOS OPERATIVOS
Y RESPUESTA POST-SISMO

Continuidad

Operativa y
Resiliencia para
Estructuras Criticas




HISTORIA Y EVOLUCION DE LA INSTRUMENTACION
SISMICA

1932: Nicolas H. Heck (U.S. Coast and Geodetic Survey)
observa en Japdn la instrumentacion sismica en edificios.

Inicia la instalacion de acelerdgrafos en EE. UU. para medir
respuesta estructural durante sismos.

1933: Primer registro significativo en el terremoto de Long
Beach. Datos usados para introducir requisitos sismicos en

Nicholas H. Heck

codigos de construccion de California. 1932 1933 Long Beach Earthquake
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Avances tecnoldgicos en las décadas siguientes impulsan la
expansion del monitoreo.
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REQUISITOS EN LOS ANGELES

Los Angeles Bullding Code
Californla Bullding Code 2016 with amendments

° Desd e 1 965 : International Buliding Code 2015 with amendments
N Edi'ﬁCiOS 2 6 pisos y 2 51574 m2 INFORMATION BULLETIN / PUBLIC - BUILDING CODE

E DBSREFERENCENG.: LABC 1613.10 Effective:  01-01-2020
« Edificios > 10 pisos, cualquier area.

==="%li'=——=pocuMENT NO.:  P/BC 2020-048 Revised:
DEPARTWMENT OF BUILDING AND SAFETY Previmsly |ssued As: P/BC 2017-D48

SPECIFICATIONS FOR STRONG-MOTION

3% ACCELEROGRAPHS & REQUIREMENTS FOR INSTALLATION
) ) AND SERVICING
, iCOBI 3 High Dynamic Range SCOPE:
. .
[ ] M In II I IO 3 I n Strul I Ientos. Strong Motion Accelerograph This Information Bulletin shall apply to any building which contains one or more sirong motion
° accelerographs required by Section 1613.10 of the 2020 Los Angeles Building Code (2020 LABC).
‘.‘b'
sétano, altura intermedia - A
4 7/ ", Strong-motion must be i systems, small in size, easily serviced
and stable over long periods of time without attention. Recording should be at least equal in quality
and accuracy fo that of the U.S. Coast and Geodetic Survey’s standard strong-motion sei:
aZO ea . which have been in use since 1931,
The following are il for digital installed in buildings to fulfill requirements
of LABC Section 1613.10
. . * United States Geographical Survey (USGS) approved Accelerographs
L] M a nte n I I I I Ie nto a n u a I O r + California Geological Survey (CGS) approved Accelerographs. (See
Www.conservation.ca.gov/ i y qmts-triaxi pdf)
M « Accelerographs approved by the Department of Building and Safety in accordance with
pe rSO n a Ce r I I Ca O . the minimum standards set forth below:
- 3 A. Accelerographs
CAT-5 Interconnecting cable & of three . Land Ty
2. Natural frequency - above 40 cps
. 3. Damping - approximately 70 percent critical
 Datos accesibles a LADBS vy al ! e
y B. Recording
7 . e <% 1. Sampling Rate - A minimum of 200 samples per second.
~ii 2. Time of Recording - From at least 20 seconds before the ground shaking begins
p u I CO . " until 30 seconds after the last triggering level motion.
3. Cycles - At least 30 separate automatic operations without a necessity of servicing
up to the recording capacity of the accelerograph (40 minutes or longer).

4. Rms Noise - System noise shall be less than 40 micro-g's measured over 0-80 hz.

‘Az 32 coversd enity under Tie Il of Ehe Amenicans with Dizabilties At the City of Loz Angeie: does not discrminate on the Easlz of dzabilty snd, upan request, wil rovide.

Page 10f4
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ORIGEN DEL CSMIP (caLIFORNIA STRONG-MOTION INSTRUMENTATION PROGRAM)

« San Fernando 1971:; dafos severos en
hospitales e infraestructura.

* Inicio de una politica estatal basada en

datos sismicos reales.

 Creacion del CSMIP para instrumentar y
registrar movimientos fuertes.

Advancement Through Innovation | © 2018 - 2025 Kinemetrics
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ORIGEN DEL CSMIP

California

%;‘ Department of Conservation

ﬁﬁ’ California Geological Survey

DR, eI
CALIFORNIA
GEOLOGICAL SURVEY

CSMIP: California
Strong-Motion Instrumentation Program

. Creado por el Servicio Geoldgico de California.

. Mision: recopilar y difundir datos sismicos para Ingenieros, Cientificos
y Autoridades.

. Red de casi 1400 estaciones, con alrededor de 1600 registradores,
mas de 10000 sensores y cerca de 12000 canales.

. Composicion actual: 937 estaciones de Campo Libre, 27 Edificios, 115
infraestructuras como Puentes, Tuneles y Presas

Advancement Through Innovation | © 2018 - 2025 Kinemetrics



IMPACTO EN CODIGOS Y DISENO

 Datos usados por Sismdlogos, Ingenieros, Funcionarios y
Equipos de Emergencia para:

 Modificar disposiciones sismicas en codigos.
 Apoyar planes generales de gobiernos locales.
* Priorizar recursos post-sismo.

» Megjoras en cddigos: férmulas empiricas para parametros
como el periodo fundamental.

* Imperial Valley 1979 (El Centro): dafios en Imperial County
Services Building; los datos permitieron identificar la causa y
prevenir fallas similares.

» Northridge 1994: sacudidas mayores a o previsto; aumento
de fuerzas sismicas de disefio en zonas cercanas a fallas.

» Confirmacién de la efectividad del aislamiento de base.

Ej. aislamiento de base

Advancement Through Innovation | © 2018 - 2025 Kinemetrics



ESTADO DE LA RED PREVIO A LA MODERNIZACION ®

« 1,600 registradores, 1,100 obsoletos.
* 900 mddems analdgicos en uso.

» Recursos insuficientes para mantenimiento y
modernizacion.

* Limitaciones para integrar con ShakeAlert (solo
en estaciones de suelo) y para evaluaciones
remotas de edificios.

* Muchos equipos Kinemetrics ain operativos tras
décadas, reemplazados para mejorar
capacidades y optimizar la red.

Sylmar Olive View Medical Center instrumentado en 1986

Advancement Through Innovation | © 2018 - 2025 Kinemetrics



PROYECTO DE ACTUALIZACION DE LA RED CSMIP

600 Acelerégrafos 350 Registradores Multicanal
Para modernizar las estaciones de Para actualizar los Sistemas de Monitoreo Estructural existentes y
Campo Libre existentes y nuevas para reemplazar sensores antiguos

la alerta temprana de terremotos

350
400 Obsidians 1700
Obsidian Acelerémetros
EpiSensor
190 (de 350)
Registradores Multicanal

Dolomite+

Integracion con Alerta Temprana y Monitoreo Estructural en Tiempo Real.

Advancement Through Innovation | © 2018 - 2025 Kinemetrics



PROYECTO DE ACTUALIZACION

National Forest

. e i Ry gl ol
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» 72 edificios prioritarios en todo el estado | b
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PROYECTO DE ACTUALIZACION

Oak Center Towers, Oakland, CA (2025)

Advancement Through Innovation | © 2018 - 2025 Kinemetrics



EJEMPLO DE ESTACION DE MONITOREO

Distribucion de Sensores

« Sensores distribuidos en
diferentes niveles del
edificio.

 Registradory
comunicaciones seguras.
Tipicamente en el sétano.

Advancement Through Innovation | © 2018 - 2025 Kinemetrics

Pleasant Hill - 3-story Commercial Bldg
(CSMIP Station No. 58348)

SENSOR LOCATIONS
Roof —
2
3rd Floor
2nd Floor I' 3 4f ) ﬂ
e Ground Floor
N/S Elevation Roof Plan
N!Nref *
Structure Reference
Orientation: Nref = 360°
]‘ 131" ]‘
- | I— | — | E— —
6
11
T % 1 10.[ :|' 7 8t 9.[:
ll Concrete Shear hlls—/ E
B  —  —  — ]
Ground Floor Plan 3rd Floor Plan

01/16/79



EJEMPLO DE ESTACION DE MONITOREO

Portal de Acceso a Datos de CSMIP

E Stations in Strong Motion Data ¢ X +

Acceso a datos para
Ingenieros,
Administradores y
Autoridades.

Advancement Through Innovation | © 2018 - 2025 Kinemetrics

< C 1t strongmotioncenter.org,

Strong motion center

CESMID) strong-Motion Data set

Home  Archives  Search@ -~  Earthquake/Station Maps ~ About

Stations with Strong Motion Records in CESMD

@ Cavoma Geological Survey
G5 - L5

U5, Geological Survey
USGS - NSMP

@ N.Cald Selsemic Netwark
USGS_NCSH

@ 5 Calif Setsmic Netwark
USGS + Caltech

@ Derkeley Digital Seismic
Network  BDSN

O Othor Netwarks

O Ground Station
O Structure Station
{) Abandoned Stavon

search stations...

Display Seismic
Networks

Mote: Station Epicentars are
appromats when viswed 2t high

zoom levels

Keyboard shortcuts | Map datz 82023 | Terms of Use

-

- Choose a Station -

Municipality Office, Kirtipur

08KTP

Pulchowk Campus, Tribhuvan Univ, Patan
08PTN

Univ Grants Comm., Sanothimi Bhaktapur
08THM

Dept. Geology, Tribhuvan Univ, Kirtipur
asTVU

Anchorage - AT&T Tower, BH

ARAKIE

Anchorage - Signature Fit Sup

AAKZ204

Anchorage - FCC

AAK207

Anchorage - AT&T Surface Stn

AAK216

Anchorage - St James Ortho Ch

AAKZ21

Anchorage - Chapel by the Sea

Centro de Ingenieria de Datos de Movimiento Fuerte
https://www.strongmotioncenter.org/
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EJEMPLO DE ESTACION DE MONITOREO

Reporte Producido por CSMIP

Los Angeles - S4-story Office Bldg CG5 Sta 24629
Acrd of Fri Jul 5, 2019 20:20: 21.0 POT (NTP)
Freguency Band Processed: 15.0 secs to 40.0 Hz
CISN/CSMIP Preliminary Strong Motion Processing - Subject to Revision

LERATION y(g)

.025 —Chn 18 Penthowse: N. Wall - E#

Acceso a datos para ’

-.025
025 r— Chn 15 46th Floor: M. Wall - £

Ingenieros, o A

1
-.025

Administradores y
Autoridades.

.025

Chn 11 36th Floor: M. Wall - E

-.025
.025 —Chn 6 Ground Floor: N, Wall - E

0 A i:MWMWwMW

-.025 L
L0285 —Chn 3 Level P& N. Wall - E

L025 —Con 2 Level P& N. Wall - Up _

R -0102 g
] ———-—WMWNM« v s e
-.025 L _
L0285 —Ohn 1 Level P& 5. Wall - Up A
L -.00m g
0

B ¥Structure Reference Orientation: M= 40 deg 1

-_025 1 L L L 1 1 1 L L L 1
0 10 20 3 40 50 0 70 80 90 100 110 120

24529-G0526-19487.02 07/12/19 02 02: 44 Time (sec) CE24620 SelsCe vG7.64.68 98R PCO9
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EJEMPLO DE ADQUISION Y PROCESAMIENTO DE DATOS

@& QuickTime Player File

Edit View Window Help

File - -
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CASO TORRE GLORIETA INSURGENTES

Edificio de 25 Niveles y 4 Sotanos

< i g iy g i P
I P e
IR (o S o e e
gsta) |a3(|:londen24 : .Slstems g: ======= ;
AatSIS /ut:f, e . ensores, Reportes ::mz_.::::.
utomaticos, Alarmas. ' 70 EREPY e s ' R
‘ o 1B FERTY T N S MR TR i
« Colaboracién con CIMET ey 8 G s o N RO S
Arquitectos y CTC Ingenieros. o o v e oy | ]
| SEI WY I RN L :f!
. ‘ : - NN P S PO N ey gy e
« Uso efectivo en sismos posteriores [ i e e

iy B “ 4 P G SR IR gk -
como el M7.4 Oaxaca 2020. S M o el o |
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CASO TORRE GLORIETA INSURGENTES

Panorama General de la Solucidon

Alarm Level & Expected Damage Plan de ReSpueSta

Moderate (Por el Cliente)

Light-To—-Moderate

Light

None
Palw )
B - Not Available
Ee W R B -
LEY [rr—

L
Sy "-»ﬂ:,m.

2 "‘I‘M.
J!f.gm

_ SAFE REPORT

TS Torr Gheotn 210 g
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CASO TORRE GLORIETA INSURGENTES

Reporte de Seqguridad

Advancement Through Innovation | © 2018 - 2025 Kinemetrics

m OPEN SysTEMS & SERVICES SAFE REPORT

KINEMETRICS automatic impact assessment due to building movement

EVENT: 2020-06-23 15:31:04 UTC SITE: Torre Glorieta de la Insurgentes

Alarm Level Description

IDR Limit 3 Exceeded T
IDR Limit 2 Exoseded

1DR Limit 1 Exceeded

No IDR Limit Exceeded

No Information Available

Estac Drift Y-Dir
N10-P5
N10-n06 -
nog-P8 - 2
PB-52 -

Estac Drift X-Dir
Ni0-PE -
N10-n0G -0
nNos-PE -G
FB-52 -

Torre Drift Y-Dir
NAZ-52 -
NAZ-N12 ~
N1z-n11 - e
NN -
N10-M09 - O
Nog-Noe -
NOB-E01 - g0al
E01-52 -

Torre Drift X-Dir
NAZ 52 - HOEN
NAZ-N12 - EE0E
N1z -
N1 10 - S
W10-N0o - SE0E
NOB-MOE - 0E
NOB-ED! - EO0E
E01-52 - e

0 05 1 15
¥ Peak Interstory Drift Ratio (%)

Flaor

~
e
n

Y

o ol sy pareom o iRy wilh e sy Vb, e o s cosed o aeped o s oo ooty o ety
by use of this rapon, Content is subject o limitations from process assumptions and uncartaintiss.
(@ =

page 10f3 e creatad by autopro v2.2 X on 2020-07-08 16.24:43 CDT MsURGENTES 20 ©

Data: preprocessed | Units: g | Y-Scale: global | Time Window: 307(s) | Color Code: by dir

SAFE REPORT

assessment due to building movement

ITE: Torre Glorieta de la Insurgentes

ES2T Peak=0.01

ENET Peak=002

NAUT Peak=0 03

o

N11L Pesk=0.03

NAZT Peak=005

by use of this raport, Content is subject fo |

page 2of 3 e created by autopro v2.2 X on 2020-07-08 16:24:49 CDT

Kinemetrics Ine. shall have no labiy or responsibility to any person or entity with respect to any labifty, loss or damage caused or alleged to be caused directly or indirectly




CASO TORRE GLORIETA INSURGENTES

Plan de Respuesta a la Emergencia

PARA LA TOMA DE DECISIONES
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P pclon de vibracion leve.

»No hay pardida del equilibrio.
wMovimiento leve de objelos colganies.

De leve a moderado

Actiodnde slertamiento uk
»Percepcion de vibraci derada.
»Necesidad de abrir el compés de las plernas
para no perder el equilibrio,

»Golpeteo de objetos colgantes y en piso.

4=

De moderado a fuerte

vParospoién de movimients fusrie

vNacesidad de aujetarse para no perdar of
equilibrio.

»Oaita yfo rupturs de objelos colgantes y an piso
»Desplazamiento de mabiiario

De fuerte a violento
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divisorion (mampostocia
ablurocm, oristal)

sinterrupcion de oparncion por
evindin, evoluaciin y poaitslen falles
&1 Servioios basicos.

»Suspension de actividades do 2
2 12 horas.
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con personal de s Direocion
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de nfrasstructyen
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mieda intenso y
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loroaduras
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CASO AEROPUERTO INTERNACIONAL FELIPE ANGELES

Terminal de Pasajeros (Mddulo H) & Torre de Control

* Instalacidon en 2022: Sistema
OasisPlus con Dos Registradores, 11
Sensores & 6 Sensores, Reportes
Automaticos, Alarmas.

e Colaboracién con UAM & UNAM

» Uso efectivo en sismos posteriores
como el M7.7 Coalcoman,
Michoacan 19-09-2022.
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CASO AEROPUERTO INTERNACIONAL FELIPE ANGELES ®

Panorama General de la Solucidon

Alarm Level & Expected Damage Plan de ReSpueSta
Moderate (Por el Cliente)
Light-To—-Moderate

Light

None

Not Available
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CASO AEROPUERTO INTERNACIONAL FELIPE ANGELES

Safe Report Terminal de Pasajeros

SAFE REPORT

KINEMETRICS automatic impact assassmant due Io building movemant
EVENT: 2022-09-19 18:05:59 UTC SITE: AIFA - Terminal de Pasajeros, Modulo N
Alarm Level Description
Peak Dritt = 1% or lsclator Di 30cm “M‘E ot H
=13 or or =
= ROS  woowow [’N
Peak Drift = 0.5% or laolator Diap = 15.6em aa | ¥

Peak Drift = 0.42% of lsolator Disp = 15cm
No Limits Exceaded

-
No Information Availsble 3 )]

Kinemetrics doas nof guaranies datselion, ocai

e of g, AN byvals e s 24.2m —

sncaddines of uier-apaciod pask Kersiarny S r
Any guaiiative descrip
It Bhon beme ame pamr-provided and iy covte vy,

o arpecind damage o any ciher 10.5m
a.om _ o Pox PEy. P72 Pax
Pix, Ply, Plz

P, P10y, P112 P8x
- -

Superstructure Drift ~2.6m
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(Péx - Pdx)/10.5m -SOGEE  .

o 0s 1
Peak Drift Ratio (%)

Base lsolators
Py - P2y OO .
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1] 2 10 15 20 25 30

Peak Displacement (cm)
10! R Spectra (Damp = 0.025) ) 0 Response Spectra (Damp = 0.25)
——mx || |
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SAFE REPORT

KINEMETRICS automatic impact assassment due to building movamant

EVENT: 2022-09-19 18:05:59 UTC SITE: AIFA - Terminal de Pasajeros, Modulo N

Hinamadrics fo. shall hawe na KabWity or rasponsiily fo any parsan or aniily with maspect 1o any Aabiity, oss or damage caused ar afogod b be causod dinectly or lndiroctly
by use of Mis rapart. Confant is subject io Amitaticns from proooss assumpiions and wncerainios.
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Peak Sensor Values (*denctes maximum)

ch D Floor Axls Ace (mg) Vel (mm/s) Disp (mm)
1 Pix cin x 388 13,01 691
2 Pay cin " 507 17.39 7.08
3 Pz cin z 3.40 10.52 185
4 Pax PB 4 515 17.67 710
5 Pax PB x 401 13.00 602
& Pay PB ¥ 6.93 17.58 707
7 Prz PB z 378 10.34 384
1 Pax NIV 4 292 TE1 2065
9 Pax NIV x 7840 20 35+ 714
10 Pioy NIV W 6.85 15.57 T.15%
1 P11z NIV z 417 10.29 a84
2D Displacemant (3s trace) X-Dir - Abs. Displacemant (cm)
Ch Peak
o — WV "J!'EW&W ; Péx 0.27
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. |
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FB el Pax 0.71
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~
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02 | A

\ L) i -
\ / Ly | |l'_| Lk ds gt
(Y ol atodd .
08 N P CIM | el {Ih _gﬁiﬁH,.-ﬂ Pix 0.69
Péx v Plly | |
-0.8 Pix v B2y
-0 -06 -04 -02 0 02 04 06 08 ] 50 100 150 200 250 30D
x (cm) Time (s}

Kinamedrics o shak have no Kabiy or responsBidy fo any persan or sy with respect 4o any Kaby, boss or damage caused' ar alagod b b causod directy or inckraoky
by use of fis regart. Confant is subject do Amitations irom process assumplions and uncamaindos.

[T

page 20f3 « created by autopro wi.x on 2024-08-06 15:33:24 COT W’ G SEDENA =~ _J(_



CASO AEROPUERTO INTERNACIONAL FELIPE ANGELES

Safe Report Torre de Control

SAFE REPORT

automatic impact assassmeant dus o building movamant

SITE: AIFA - Torre de Control

KINEMETRICS
EVENT: 2022-09-19 18:06:10 UTC
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SAFE REPORT

KINEMETRICS automnatic impact assessmant due to building movemant

EVENT: 2022-09-19 18:06:10 UTC SITE: AIFA - Torre de Control
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Kinemetrics
222 Vista Avenue
Pasadena, CA 91107
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Phone; +1-626-795-2220
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sales@kmi.com

linkedin.com/company/kinemetrics
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