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- Wilhout extra safely faclors.
, v lkN)deadload (DL) and fuid ¡ord (FL)
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Seismic factor:0,729
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Marrmum loads al the baseplaie ol lhe loading arm:
- W¡lhoul exlra safety faclors
'V [kN] deadload (oL) and llurd load (FL)
- l-l [kN] wiñdload (WL)worsl dkeclion and earlhquake load (EL)
- ¡,1 IkNmlwiñdload (WL) worsl direction and earlhquake load (EL)

Seismic factoí 0,729
Wind speed: 40 m/s

v (kN) H (kN) [¡ (kNm) N,4 LA length (m)Tag no Ratingldent. no.

419 267 2500 9,75x10,0x9.5P1s2057810 MU 1,LA.OO2 10" - 150#
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ANEXO 2. MEMORA DE CALCULO DE LOS BRAZOS

DE CARGA



ANEXO 3. ANCLAJE PROPUESTO



Manuel Dias Mateo

From:
Sent:
To:
Cc:

Subject:

Manuel Dias Mateo
Ftiday, )anuary 26,2018 9:53 AM
Rafael Bastida Martinez
Laura Moreno del Campo; Gines Lozano Roca

FW: Talara Project.020700222 Addit¡onal anchor Bolts

Buenos d¡as

Rafael, tenemos aprobación delvendedor, procedo a l¡berar la El para la ¡nstalación de los pernos.

Un saludo

Manusl D¡as Maleo
Ciül & Structural Engineer

TECNICAS REUNIDAS TALARA S.A.C.
Proyecto Moderniración Refinoría de Tálara
Carretera Negr¡tos S/N Edilicio de TRT Chataneros
Talara*Piura-Peru
Exlenslón t€léfono fljo: 614100
Móvil: +51 942866613
¡.

§rlt Antu" a" i-p.imir este e-máil p¡ensa bien si es nocosario hacerlo.

From: KANON.nI / Sjoerd Hett¡nga Imailto:sh@kanon.nl]
Sent: Friday, January 26, 2018 8:11 Alvl

To: Rafael Bastida Mart¡nez <rbastida@tecnicasreunidas.es>; KANON.nI/ Martine Luhrs <ml@kanon.nl>; KANON.nI

I Manuei A. Riera <mar@kanon.nl>; KANON / Henr¡k Laseur <hl@kanon.nl>
C€: Rafael Mart¡n Tamayo <mtamayo@tecnicasreunidas.es>; L¡na Monto¡ro Cordero
<monto¡ro@tecn¡casreunidas.es>; Borja Sanfeliz C¡enfuegos <bsanfeliz@tecnicasreunidas.es>; Manuel D¡as Mateo
<md¡as@tecn¡casreunidas.es>

Subiect: RE: Talara Project. 020700222 Additional anchor Bolts

Dear Rafael,

The plates are used as a distance keeper between the anchors to have them rema¡n the¡r position dur¡ng pour¡ng of
the concrete.
When you drill the anchor rods, you don't need these plates.
Your structural eng¡neer has to dec¡de if the proposed f¡xing of the anchors will be suff¡c¡ent.

Best regards,

5Joerd Hett¡nga
Proiect Manager

KANON Load¡ng Equipment BV

Edisonweg 27
3899 AZ ZEEWOLDE

The Netherlands
Chamber of Commerce Lelystad 08013878

I



+31 (0)6 1314 7478
+31 (0)36 527 9777
+31 (O)35 5219770
sh@konon.nl
www.kdnon.nl

P pb¡¡c con¡¡¿er t¡c cnviro.m€nt b.lor. p.irt¡n8 thh.-rn¿il
fhe ¡nlormalion djspatched bylhi5 e-ñ¿¡lmersqe ir é¡([6ively iñteñded for the addressee{s) and rEy rot b€ pass€d on to, or m.de.tr¿¡lable lor use by ¿ny person other
theñ th€ ecdr€ssec(s). KANON rulás out ¡ny ¿nd 

"very 
lbtdity reruhin8lrorn ány electronic tr¡llJrn¡es¡oñ.

Vani Rafael Bastida Martinez [¡]Ajltp:rbastida@tecnicasreunidas.esl
Verzonden: donderdag 25 januari 2018 23:02
Aan: KANON.nI / Sjoerd Hettinga; KANON.nI / Martine Luhrs; KANON.nI / Manuel A. Riera; KANON / Henr¡k Laseur
CC: Rafael Martin Tamayo; L¡na Monto¡ro Cordero; Boia Sanfeliz Cienfuegos; Manuel D¡as Mateo
Onderwerp: RE: Talara Project. 020700222 Additional anchor Bolts

Dear Sjoerd,

Could you please respond to our request?

fhanks you for your support, th¡s ¡s an urgent issue for us

KR.

Rafael Bast¡da Martínez
D¡v. lndustrial / Dpto. de Proyectos
GERENTE DE PROYECTO DE AREA 3
TÉCNICAS REUNIDAs DE TALARA s.A.c
Proyecto Modern¡zación Refinería Talara
Carretera NeBritos s/n. Planta ne1.

Edificio de Tecnicas Reunidas de Talara.
Talara-P¡ura-Perú
felf: (+51I 01 7014132
Ext:614132
Telf Móvil: +51 942988596

De: Rafael Bast¡da Martinez
Enviado el: martes, 23 de enero de 2078 !2:26
Para: 'KANON.nl / Sjoerd Hetting a'<sh@kanon,nl> ; KANON.nI / Martine Luhrs <ml@kanon.nl> ; KANON.nI / Manuel
A. Riera <mar@kanon.nl> ; KANON / Henr¡k Laseur <hl@kanon.nl>
CC: Rafael Martin Tamayo <mtamavo@tecn¡casreunidas-es>; Lina Monto¡ro Cordero
<montoiro(otecn¡casreunidas.es>; Borja Sanfeli¿ Cienfuegos <bsanfeliz@tecnicasreunidas.es>, Manuel D¡as Mateo
<m d ia s@tecn¡casre un ida s.es>
Asunto: RE:Talara Project. 020700222 Addit¡onal anchor Bolts

Dear Sjoerd,

Thank you for yout prompt answer

2

Mob¡le: :

Telephone:
Fax:

E-mail:
web:



Due to the fact that Loading Arms in Jetty Ne1 w¡ll be ¡nstalled on exist¡n8 concrete, our civil department has the
following proposal in order to proceed w¡th the civilworks minim¡zing impactE on existint Jetty.

1.) Drill ex¡st¡ng concrete
2.) lnstall anchor bolts
3.) Do no install nuts and plates (as marked bellow) ¡ns¡de concrete
4.) LJse chemical anchoring in order to fullfill the foundat¡on

roo#troo
lll

+4

Please tell us if you any comment to this proposal

Kind regards,

Rafael Bastida Martínez
Div. lnduEtr¡al / Dpto. de Proyectos
GERENTE DE PROYECTO DE ÁREA 3
TECNICAS REUNIDAS DE TALARA s.A.c
Proyecto Modern¡zac¡ón Ref¡nerfa Talara
Carretera Negritos s/n. Planta ne1.

Ed¡ficio de Tecnicas Reunidas de Talara.
Talara-P¡ura-Perú
Telf: (+51)01 7014132
Ext: 614132
Telf Móvil: +51 942988596

3
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TNSTnUCOót{:

Mediante la presente instrucción de ingeniería, se def¡ne el detalle de los pernos a colocar en la losa del MU-1

para la ¡nstalación de brazos de carga, así como del recrecido poster¡or a real¡zar.

La ubicación de los brazos de carga a instalar se muestra a continuación:

3000 3000 3000 3000 3000 3000

1230

400

Cada uno de los brazos de carBa, tiene una serie de pernos, que han de ser instalados de acuerdo a la siguiente

d¡sposición:

Página 1 de 4
Este documento es prop¡edad de Técnlcas Reunidas. Su Íeprcducción §n porm¡so Wv¡o pgr esc¡to está esticlamente

ptoh¡b¡da.
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rN§TRUCC¡ÓN DE TNGENIERfA (ENGTNEERTNG TNSTRUCfl ON)
REFER¡NCIA OOCUME ÍO/PTANO (¡ndlcar .evls¡ón ):

0207GMU-CrV-DRW-701-R00
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emlg¡óñ |

23/01118

cÓDlGo fEl-N. d. phño.¡a-NNNN)

Et-o2070-MU-CrV-DRW-701-R00-0001

ASUNTO DETALLE DE INSTAI.ACIóN DE PERNOS Y DEI. RECRECIDO POSTERIOR A UECUTAR PARA tA INSTALACIÓN

DE LOS BRAZOS DE CARGAS EN MU-1
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PROYECTO MODERNIZACION REFINERIA TALARA
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Página2 de 4
Esto docu¡toolo es propiedad do Tácn¡cas Rounidas. Su rcWoducción s¡n rÉrm¡so Wvio por esüito eslá eslrictamenta

ptoh¡b¡da.
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PROYECTO MODERNIZACION REFINERIA TALARA

Í!af¡iaa5 ttiJNroAt
INSTRUCCIÓN DE INGENIERÍA
(ENGINEERING INSTRUCTION)

Página 3 de 4
Esle documento os propi\dad da Técn¡cos Raunidas. Su rcproducc¡ón §n petm¡so prcvio pot escito eslá estdcta¡ñenté

prohib¡da.

Los pernos y las tuercas a ¡nstalar serán pernos galvan¡zados de 1000 mm de longitud y métrica M36 y serán

sum¡nistrados por e¡ Vendor.

En lugar de con planchas en su parte infer¡or, puesto que la losa es existente, estos serán ¡nstalados med¡ante

adhes¡vo epóxico, manten¡endo las dimensiones y empotramiento dados en el detalle anterior. Así, la instrucc¡ón

será:

"Repicar supedicie de la losa existente hostd descubt¡r los aceros, ontes de tolodrur, limpior y rellenaÍ con resind

epóx¡ca HIT RE 5oo V3 dntes de insertor pernos M36 qdlvonizodos con Lernp = 640 mm; P = 360 rnm; Ltotal =

7000 mm."

Una vez colocados los pernos e instalados los brazos de carga, se realizará un recrecido posterior de 200 mm bajo

la placa del brazo de carga, mediante la utilización SIKAGROUT 212 con grav¡lla de 10 mm de tamaño máximo, de

acuerdo a lo indicado en la ficha técnica del producto (adjunta).

I

i

¡

l2 con rávilla.

tos 200 mm,
n rellenados

n SIKAGROUT

No se instalarán estas planchas al ubicarse sobre losa
existente. Se utilizará anclaje qufmico.

La aplicac¡ón del GROUT se extenderá 100 mm hacia el exterior del borde de la placa, ¡nstalando además dos

conjuntos de cercos de 1/2 " alrededor de los pernos, estando el primero a 50 mm del NSP y el segundo a 10O

mm.
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Página 4 de 4
Este docuñenlo es prcp¡edad de Técntcas Roun¡das. Su reptoducción s¡n parm¡so prev¡o por escr¡to está e§ictanente

Ptoh¡b¡da.

PROYECTO MODERNIZACION REFINERIA TALARA

INSTRUCCIÓN DE INGENIERíA
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KANON LOADING EQUIPMENT
Ed¡sonweg 27
389942 Zeewolde
Holland

Design calculat¡on MLA according OCIMF

of a l\¡arine Loading Arm with single inboard line

Kanon document number r

Kanon revision number :

Client document number
Client revision number

Made by

Date of creation
Date of issue

Dimensions
D¡ameter product line
Products

Loading arm ident no
Tag no

Purchase order
Ordered by
Owner

P.O. box 385
3840 AJ Harderwijk

P152057807.1
1

J Hendriks

1 1 January 2016
28 February 2017

9750 x 10000 x 9500 mm
10" nominal diameter
Sulphuric Acid (98%)

P1 52057B10
tvul -LA-002

Tecnicas Reunidas
Petro Peru

Notes revision 1

Date
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Tecnicas Reunidas for Petro Peru
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Tecnicas Reunidas for Petro Peru

GENERAL

The lvlar¡ne Loading Arm model 260 is a selfbearing type.
By means of a counterweight mounted at the tail of the inboard arm the inner arm is balanced.
The counterweight ¡s coupled with a pantograph construct¡on to the outer arm to balance
the outboard arm with the same counterweight. The load¡ng arm ¡s balanced for empty condition

lf ¡ce build-up is applicable according OCIMF 4.2.6 the calculation follows

OPERATING / LOADING CONOITIONS.

The loading arm attitudes can be deducted from lhe operating envelope drawing A2-P152057809
The calculated cases are defined OCIMF table 17 for the empty counterwe¡ghted cond¡tlon.
Table 17 defines the load combinat¡ons and allowable stressfactor combinations.

The loading arm is constructed in a way that the TL (=Thermal Load) doesn't result in ser¡ous
add¡tional stresses. These very small stresses are not calculated.

As soon as the loading arm is connected to the ship the load¡ng arm should be switched into float¡ng /
freewheel mode. A warning signal will be given if the loading arm is connected to the sh¡p and not switched
¡nto floating within 2 minutes. (Adjustable from 1 to '10 min.).

3

WLS
WLo

DL

6mm
No insulation

10 mm 25 mm 6mm
lnsulat¡on

10 mm
x
x
x
x

N.A.
x

N.A.
x

N,A.
x

N.A.
x

x
x
x
x

N.A.
N.A.
N.A,
N.A.

N.A.
N.A.
N.A.
N.A.

The allowed PCA by Kanon ¡s tested to be maximum for:
Sw¡veljoint 10" SAN 812 is 630000 N

Sw¡veljoint 10" SAN 812 is 630000 N

Sw¡veljo¡nt 10" SAN 812 ¡s 630000 N

Swiveljoint 10" SAN 812 is 630000 N

at riser
at inboard heel
at inboard apex
at outboard / triple

Material constants A106 Grade B SW steel
Modulus of elasticity

o max

78,5 N/dm3
2'10000 N/mm'z

149 N/mm'?

Table of tensile-, yield- and allowable stresses for the used material in N/mm'accord¡ng OCIMF 4.2.2

l\ilateria I o tensile eldo o OCll\.,|F Kanon Saf factor o max

tros n

a llowance

A106 Grade B

A333 Grade 6
4312 TP3O4L
A312 TP316L

414
414
483
483

241
241

1t2
172

1,08
1,08
1,08
1,08

149
149
106
106

0

0

0

0

Case no Mode Loading Combination Allowable Stress (o) K x Sd

1

2

3
4
5

6

7

I
9
10

Stored
Stored
¡,4anoeuvr¡ng
Connected
Connected
Connected
Emergency Release
Emergency Release
l\4aintenance
Hydrostatic test

DL+WLs
DL+EL
DL+WLo
DL+WLO
DL+FL+PLrWLo
DL+FL+PL+WLoITL
DL+WLo
DL+FL+PL+WLo
DL+WLm
DL+FL+PLt+WLo

1,2x Sd
1 ,2x Sd
0,9x Sd
0,8x Sd
0,8x Sd
1 ,5x Sd
1,1x Sd
1 ,'1x Sd
0,9x Sd
'1 ,3x Sd

Table 17 - Design Load Cases (OCIMF 1999)

Rev. 1 / 28-02-2017
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Tecnicas Reun¡das for Petro Peru

USED ABBREVIATIONS

Area w¡th a flat shape
Area with a cylindrical shape
Cross section of pipe
Area corrected with shape factor
Bearing width of baseplate
Distance of product pipes at apex
D¡stance counterweight to center column
D¡stance of parallel rod to centreline column in Z-direction
Distance of product pipes at support angle
Width of triple assy
Distance of product pipes at triple assembly
Force coéfficient wind effects flat or angular
Force coétf¡c¡ent wind effects round
Force coéfficient wind effects round
D¡ameler of vapor or st¡ffening pipe
Dead Load
D¡stance to point of gravity from centreline of column
Earthquake load
Load
Axial Load
Rad¡aL Load
Load through DL
F¡U¡d Load
Load ¡n Z direction
Gust effect factor
He¡ght of the riser or column
Height of the jetty
Angle
Height of stiffen¡ng construction on lnboard at heel
Angle between inboard and riser
Angle between ¡nboard and outboard
Load through the frictions in the arm
Height of stiffening construction on outboard at apex
Height between datum and LLW
Height of the tr¡ple assy
Location x ¡n inboard
Cr¡tical Length for buckling
Length inboard tail
Length of the inboard arm
Support distance from ships manifold
D¡stance from po¡nt of gravity of counteMeight to inboard pivot

Length of the outboard arm
Length of tail for parallel rod
Moment
lnboard momenl
Outboard moment

Ao
AP
Ared
b
Bapex
Bcw
Bpar
Bsupp
Bt
Btras
t
C;
D

DV

DL
dZ
EL
F

Fax
Frad
FDL
FL
Fz
Gust
Hc
Hj
HK

Hi
Hkt
Hko
HL
Ho
Hw
Ht
lBx
Lb
Lci
L¡

LN¡AN

Lco
Lo
Lpo
M

l\¡ i

Mo

4
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Tecnicas Reunidas for Petro Peru

MROT
MTY
Mx
N/y

Mz
OBx
p
pwind
PCA
PIPE D
PIPE S
PL
PLI
Rlx
5
S

Sb
Se
Sd
Sv
T
TF
TFX
TFY
ÍFZ
TL
Tr\¡
Tt\ilX
TMY
rMZ

WLm
WLo
WLs
WP
XA
XB
XC
Xz

YB
YC
Yz
Zg
zi
Zo

Rotat¡on moment
Sum of moments over the Y-axe
Moment over the X-axis
Moment over the Y-axis
Moment over the Z-ax¡s
Location x in outboard
pressure in barg
W¡nd pressure in N/m' ( qz in OCIMF )
Swivel Load in N calculated acc OCIMF
Outside p¡pe diameter
Wall thickness of pipe
Pressure Load
Test pressure ¡oad
Locat¡on x in riser
Stress
Wall thickness
Bend¡ng stress
Equiv. stress
Design stress
Wall thickness cf vapour or stiffening pipe

Shear stress
Sum of loads
Sum of loads in X-direction
Sum of loads in Y-direction
Sum of loads in Z-direction
Thermal load
Sum of moments
Sum of moments ¡n X-d¡rection
Sum of moments ¡n Yd¡rect¡on
Sum of moments in Z-direction
Wind Load
Wind load in maintenance mode
Wind Load while operating
W¡nd Load ¡n stored condition
Section modulus of pipe in cm3
X-coordinate of point A
X-coordinate of point B
X-coordinate of point C
Distance to centreline of column in x direction
Y-coordinate of po¡nt A
Y-coordinate of po¡nt B
Y-coord¡nate of point C
Distance from centre to Datum in y d¡rection
Gradient height
Distance to centre of gravity for inboard effect
D¡stance to centre of gravity for outboard effect

Rev. 1 / 28-02-2017



Tecnicas Reunidas for Petro Peru 6

Dimensions and references
Used in calculations IVILA26O DI

=co

=om Bsupp

Lci Li Ho

o-J

26 oB1
Rt1

27
o
-

22

Rt2

o82

oB3

Z1 E

Btras

z5 tB1 Z3 tB3

=

ZB

24 IB2o(J
-J

m

NI

Bt

Rev. 1/ 2A-02-201¡
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Location of swivel joints
Used In calculations N/LA26O SI

Swivel 3

Swivel 4

Swivel 2
Swivel 5

Swivel 6

Swivel 'l

Y
Z

X

Tecnicas Reunidas for Petro Peru 7
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BALANCE OF THE LOADING ARM
Tag. nr: ¡/U 1-LA-002

Length Column
Length ¡nboard arm
Length outboard arm
lnboard tail length
Outb. ta¡l length for par. rod

Diameter Wallthickness
273,1 9,27

0,0 0,00
273,1 9,27

0,0 0,00
273,1 9,27

0,0 0,00
762,0 15,87

Hc 9750mm
'10000mm
9500mm
4000mm
3B00mm

Design pressure
Corros¡on allowance

Specific Gravity
S.G. water

10,4 barg
0,0 mm

'18,4 N/dm'
10 Nidm'

Product Sulphuric Acid (98%)
Size 10" nominal diameter

Volume Empty balanced
Mator¡al 4106 Grade B

L¡
Lo
Lci

Lpo

st
Nm

m
rn m

Outboard arm
Oulboard hydraul¡cs
Bridge between triples
lnboard arm structure

1606,9
2633,6

49,4
0,0

4873,9

16069
26336

494
0

48739
228

10,0
10,0
10,0

160688
263362

4935
0

132471
1140

2,
4,

0,

5
7

B

5
0
0

70133
2344

0
0
022 B 5 0lnboard raulics 0

520,0r¡ple assy

2nd PR ARM z1D
mN m

0
0

0
0

0
0

e assy n
10,0

0 000
0,000

00
0,0
0,0

Outboard arm 2nd
lnboard arm product

o
N m m m

Vapour l¡ne inboard (or 2no buckling rod)
Parallel structure
Parts counterweighls
Hydraulic cylinders slewing B0/35x400
Hydraulic cylinders inboard 160/90/90x'1350
Hydraulic cylinders outboard 160/90/90x'1 1 50
Valve block
Electric & hydraulic pip¡ng (weight 499)

0,0
634,4

43,6
41 8,8
37 3,2
140,0
150,0

12,5%

0
0

6344
5302
436

4188

1400
1500

'17990

0,c
0,0
3,0

-4,0
0
0
0
0
0
0

0
0
I
9
0
0
0
0
0
0

0,0
0,0

-3,8

0
0
0
0
0
0

0
0

-24106
-'101 13

0
0
0
0
0
0

ng or

Pi lolerance

ng rod)

1904
-2120

CONTENT-
Empty balanced
Triple assy
Outboard arm
lnboard arm R
lnboardarmL/vapour
Riser

10,0
10.0
9,8

0
0
0
0
0

10,0
10,0

5,0
5,0

0

0
0
0
0
0

4,8
0
0
0

0
0
0
0
0

L

lml
F

tNl
zi

lml
Mi

lNml
Zo
lml

tulo

lNml

TOÍAT 132757 [,1 inb max= 56{J436 ¡l outb max= 19U912

0
0
0

000
000

1,582
0,'1 60

1 ,582
0,160

P¡vot + adjusting ¡nboard (broodjes)
Outboard adjusting (broodjes)
Counterwe¡ght plate I i liquid
Counterwe¡qht plate 2l vapout
Riser turning part
Riser (including insulat¡on)

39
-12

70041
70041
10624
62497

-4
-4
-4
-4

0
0
0
U

lx'1

xla ance werg in

0,400

166 -9

0,1
0,0

1062,4
6249,7

-154
50

-280166
-36

-95438

7
ffiU

0N correcttons

10467ER

Rev. 1/ 2A-O2-2017

Triple
Triple vapour
Outboard product
Outboard vapour
lnboard R
lnboard L,/vapour
Riser

2.9
-1.4
-1,4

ISTRUCfIJR [,40



LOADS IN MARINE LOAOING ARM BY DEADWEIGHT IN STORED POSITION
Tag nr: MU1-LA-002

L¡quid Pipel

I

Pipe 2 Vapour

No lce build-up is calculated to DL

Btras
Bapex
Bsupp
Bpar
Bcw

-1057,4
-s68,2
-1080,6
-930,1
-934.7

BIiasv

Bsuppv

Bcwv

0,0

-

0,0>.{
0,0

Centre line riser
+

Empty balanced

St v
mm rn m

Outboard arm
Outboard hydraulics
Bridge between triples
lnboard arm structu¡e

26336
494

0
48739

-568
0

-1081
0

-14963
0
0

-s2668
0

42405
42899
42899
91638
91866

-31954
-31954
-31954
-84622

p e assy

lnboard h draulics

Nm
d7 Xn v

mm rn

0

friple assy 2nd
Oulboard arm 2nd
lnboard arm product

0
0
0

0
0
0

0
0
0

0
0
0

0
0

STRUCTURE F v
m N

X

NmmrIl

Vapour line ioboard (or 2nd buckling rod)
Parallel structure
Parts counterweights
Hydraulic cylinders slewing 80i35x400
Hydraulic cylinders inboard 1 60/90/90x1 350

0
6344
5302
436

4188,0
0,0

3732,0
0,0

1400
1500

'17990

0
0

-5900
-4932

0
-3015

0
-2762

0
0
0
0

0
0

6344
1'1646
12082
16270
16270
20002
20002
21402
22902
40892

0
0

-5900
-10832
-10832
-'13848
-'13848
-16609
-'16609
-16609
-16609

P] e tolerance

Hydraullc cylinders outboard 1 60/90/90x1 1 50

ind bracing (or l st buckl ng r -540
-540
-930
-930

0
-720One side

One side
0

-7 40
0
0
0
0

Valve block
Electric & hydraulic piping (welght A99)

v
m

X

Nm

Oulboard arm
lnboard arm R
lnboardarmL/vapour
Riser

0
0
0
0

-568
0

-1081
0

0
0
0
0

0
0
0
0

0
0
0
0

í e assy

231 1454

Pivot + adjusting inboard (brood.ies)
Outboard adiusling (broodjes)
Counlerweight plate 1 / liquid
Counte.weight plate 2l vapout
Riser turning part
Riser (including insulation)

-467
0
0

-935
0
0
0

2x)

'166702 Nm

ala boan we h t ns

No ice or snow build-up

TOTAL 345987 N

3111

-654

0
0

71
0
0
0

39
-12

70441
7004'1
10624
62497

.101231
-101231
-166702
-166702
-166702
-166702

114578
114566
184607
254649
26527 3
327770

Rev. 1 /

Tecnicas Reun¡das for Petro Peru

Tr¡ple assy / riser
Z outboard arm / riser
lnboard arm / riser
Parallel structure / riser
Counterweighl / riser

0

t -j6609
Tca

28-02-2017



Tecnicas Reunidas for Petro Peru

FORCES IN MARINE LOADING ARM BY WIND IN THE STOREO POSITION

Tag. nr: lvlU 1-LA-002

Columnheight
Jetty height
Height triple assy
Width triple assy
L inb
L outb
Length inboard tail
C'wght parallel rod
Centre of c'wght
Datum-LLW

Hc
HJ

Ht
Bt
L¡

Lo
Lci

Lpo
Lco

LLW

9750
5100
1806

óé¿
10000

9500
4000
3800
1363

0

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

10

W¡nd
Exposure

alfa
Zg

H
(.
c;

Gust
Hkl

Hko

40 m/s
D

'11,5

213
0,174 =2laffa

1,7
0,7 ot 1 ,2

0,85
0'

11"

Hkl 0" Angle between inboard and riser

HkO 11" Angle between ¡nboard and outboard

TMx Windmoment related to baseplate [Nm]

Tmy Windmoment related to centre column [Nm]

Exposureccoversopenterrainw¡thscatteredobstructionshavingheightsgenerallylessthan.l0m'

Exposure D should be generatly used for loading arms except where Exposure C could be justified'

Exposure D covers flat unobstructed locatlons which are exposed to wind flowing over open water for a distancB ol at least 1,6km

Exposure D extends 4,1km inland from the shoreline.

The Wind Load ls based on a design wind speed of 40 m/s

wh¡ch is the speed at 4,6 mtrs above low low water.

For other heights the wlndspeed ¡s corrected accord¡ng 4.2 8 of OCI[/F

Wind
Tr¡ple assy
Outb arm ex ta¡l
Ta¡l outb arm
Parall.struc.
lnb arm ex ta¡l

Counterwe¡ght
Ta¡l ¡nb arm
Column

XA- EAco=o,z tAco=1,2
0,00 1,01 0,00
0,37 2,34 0,98
0,15 0,93 0,39
0,16 0,00 1,60
0,44 7,51 2,62
5,58 0 0

0 1,77 0,00
0 7,43 0,00

Yz
14622
20187
26715
21504
19850
12187
12850

9975

Xz
1813

906
-363

-1118

Ared
o,71
3,43
I ,37
,lo
9,1 5

9,48
1)l
5,20

pw¡nd

1237
1309
1374
IJ¿.)

1199
1210
1158

Fz
742

3818
1604
2465

10152
9659
1271

5117

TMx
7069

64679
99342

139785
289525
357983
367832
392779

TMv
1346
4807
4225
147 0

147 0

-'1o42
-1042
-1042

TF
742

4561
6165
8630

18782
28441
29712
34829

0
-260

0

0

Rev. 1 / 28-02-2017



Tecn¡cas Reunidas for Petro Peru

FORCES IN MARINE LOADING ARM BY WIND WHILE MANOEUVRING / OPERATING
Tag. nr: lvlU 1-LA-002

11

Columnheight
Jetty height
Height triple assy
Width triple assy
L ¡nb

L outb
Length inboard ta¡l
C'wght parallel rod
Centre of c'wght
Datum-LLW

9750
5100
'1806

ItJl
10000
9500
4000
3800
r 363

0

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

Hc
Hj
Ht
Bt
Li

Lo
Lc¡

Lpo
Lco

LLW

Wind
Exposure

alfa
Zg

H

Co
Gust

Hkt
Hko

17 ,5 m/s

11 ,5
213

0,174 =zlalf a
1,7

Q,7 ot 1,2
0,85
75'

135.

Wind
Tr¡ple assy
Outb arm ex tail
Tail outb arm
Parall.struc.
lnb arm ex tail
Counterwe¡ght
Ta¡l inb arm
Column

XA- XAco=o,z »Aco=1,2

0 0,00 1,01

0,37 0,00 3,31
0,15 0,00 1,32
0,16 0,00 1,60
0,44 0,00 10,13
5,58 0 0

0 0,00 1,77
0 7,43 0,00

Yz
11785
15063
18388

16144
14496

oo7 (

Xz
17886
13773
8014
-543
4830
-5044
-1932

0

Ared
1 ,21
4,60
1 ,84
a 10

12,91
9,48
2,12
5,20

pwind
228
238
246
244
241
236
236
222

Fz

931
385
454

2643
1905
425
979

TMx
1569

10843
15965
21491
50683
68586
72510
77285

TMy
4197

17017
20106
19859
32625
23015
22194
22194

TF
235

1165
1551

2005
4648
6554
6979
7958

Hkl 75' Angle between inboard and riser
HkO 135' Angle between inboard and outboard

Tl\4x Windmoment related to baseplate
Tmy Windmoment related to centre column

lNml
lNml

Rev. 1 / 28-02-2017



Tecn¡cas Reunidas for Petro Peru

FORCES IN MARINE LOADING ARM BY WIND WHILE MAINTENANCE
Tag. nr: N¡U 1-LA-002

12

Columnheight
Jetty height
He¡ght triple assy
Width tr¡ple assy
L ¡nb

L outb
Length ¡nboard ta¡l
C'wght parallel rod
Centre of c'wght
Datum-LLW

9750
5100
1806

10000
9500
4000
3800
I JO.1

0

mm
mm
mm
mm
mm
mm
mm
mm
mm
mm

Hc
Hj
Ht
Bt
LJ

Lo
Lci

Lpo
Lco

LLW

Wind
Exposure

alfa
Zg

H

c;
Gust

Hkl
Hko

'17,5 m/s
D

1'1,5
¿tJ

0,174 =Aafia
1,7

O,7 or 1 ,2
0,85
104'

45.

W¡nd
Tr¡ple assy
Outb arm ex ta¡l

Ta¡l outb arm
Parall.struc.
lnb arm ex ta¡l
Counter¡',eight
Ta¡l ¡nb arm
Column

EA- XAco=o,z lAco=t,z
0 0,00 1,01

0,37 0,00 3,31
0,15 0,00 1,32
0,16 0,00 1 ,60
0,44 0,00 10,13
5,58 0 0

0 0,00 1,77
0 7,43 0,00

Yz
6635
9984

134C9
16339
13640
16519
15334

9975

Xz
1560
5631

11332
6014
4851

-1941
0

Ared
1 ,21
4,60
1 ,84
a 10

12,91

9,48

5,20

pwind
204

241
234
242
239
222

TMx
326

4559
7590

12647
34568
56827
6',|228
66003

TMv
331

5211
9346

12051
24504
19216
18381
r 8381

TF

1079
1444
1894
4461
64 10

6840
7819

Hkl 104' Angle between inboard and riser
HkO 45" Angle between inboard and outboard

TlVx Windmoment related to baseplate
Tmy Windmoment related to centre column

lNml
lNml

Rev. 1 / 28-02-2017
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867
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D

C.A.

ST

Outboard
Product

273,1
o'l

0,0
o'¡

Length of outboard arm
We¡ght of Tr¡ple assy

Vapour
-mm
-mm
-mm
-mm

0mm
25191 Nm

6650 Nm

Stored

Manoeuvring

Lo
DL
Foutb

9500 mm
16069 N

42405 N

Apipe

Wp¡pe

lpipe

Wght

lv
Wghtv

7683 mm'?

490181 mm¡

66934185 mm4

603 N/m

52530 mm3

3002116 mma
160 N/m

Stiffen¡ng of outboard pipe with a pipe

Dv 1 14,3 mm
Sv 6,0 mm
Av 2041 mm2

PL
Des¡gn pressure

Stress in axial direction

Stress in tangent¡al direct¡on

Stress ¡n radial direction

Equivalent skess von N.4ises

pd 10,4 bar

oaxpL=pd'(D-2's)/4-s

otanpL=pd*(D-2*s)/2*s

oradpL= -pd/10

oévu

tangent
a ngle

1,0

7

14

-1,0

13

N/mm'z

N/mm'

N/mm'z

N/mm'

N/mm'

oB1
Oetermining the stresses in the stiffening p¡oe by break¡ng

down the radial weightload to ax¡al loads in the ma¡n p¡pe and stiffenrng pipe

Lo
Ho

9500 mm
1007 mrn

10,00
6,1 0"

Outboard hor¡zontal

Force ¡n ax¡al direct¡on by DL:

Stress in axial d¡rection by OL:

Stress in axial direction by DL + PL:

OB1/4 reinforcement
Mwind WLs

Mwind WLo
CaSe 1 DL+WLS

Case 3 DL+WLo

FaxoL

O?X9¡

OáXg¡p¡

196949 N

26 N/mm'?

33 N/mm'?

49 N/mm'?

13 N/mrn'1

55 N/mm'
39 N/mm'

ooerÁwr"

ooev¿wro

oe
qe

<1,2x Sd =
<0,9x Sd =

179N/mm'
134N/mm'

Force in axial direction by DL in stiffening pipe

Stress in stiffening pipe:

Z-deflection 38 mm

Z-deflectionfactor 252

Faxsff

OáX51¡

at kiple assy

185427 N

91 N/mm'¿ <1,0x Sd = 149N/mm'

> .150

Rev. 1 / 28-02-2017
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oB2
Data of outboard p¡pe st¡ffened by a parallel pipe.

Plate he¡ght between pipes
D¡stance of the pipes
Point of inertia
Moment of Inertia

Section modulus product pipe
Soction modulus vapour pipe

The non stiffened length will be:
Lob2 1866 mm
r\4b 31305 Nm

Stress at bending moment in product pipe:

Stress at bending moment in stiffening p¡pe:

Stress in axial directron by DL + PL

Pho
hohOB2
zo92
lob

Wob
Wobv

mm
mm
mm
mm

mm3
mm3

50
244

51

165724756

882891
663714

obprod

obstif

oax

35 N/mm'

47 N/mm'?

43 N/mm'z

<1,0x Sd =
<1 ,0x Sd =
<1 ,0x Sd =

149N/mm'?

149N/mm'
149N/mm'

Case 'f

Case 3

o oezws

ooezwt,

oe
UE

3 N/mm'z

i N/mm'?

38 N/mm'
36 N/mm'?

N¡wind WLs

f\¡wind WLo
DL+WLS

OL+WLo

1385 Nm

438 Nm

Stored

l\¿anoeuvring

o83
Non slitfenéd longth:

Lob3 831 mm
Mb 13360 Nm

Stress in axia direct¡on by DL + PL

ob
oax

27 N/mm'?

34 N/mm'

1 ,2 N/mm'

0,4 N/mm'?

28 N/mm'
28 N/mm':

Compression product p¡pe

Elongation stiffening pipe

at triple assy

Case 1

Case 3

ooegwe

ooe¡wb

oe
oe

Mwind WLs

l\.4wind WLo
DL+WLS

DL+WLo

617 Nm

195 Nm

Stored

Manoeuvrlng

<1,2x Sd =
<0,9x Sd =

<1,2x Sd =
<0,9x Sd =

179N/mm'?

134N/mm'

179N/mm'?

134N/mm'?

Oeflection through DL when outboard arm is horizontal.
xl1 1,160 mm
xl2 4,364 mm
xl1+xl2 5,52 mm
Y-deflection 55 mm
Y-deflectionfactor 172 > 150

Rev. 1 / 28-02-2017
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INBOARD ARM
Tag. nr: NIU l -LA-002

Forces working on the ¡nboard support structure are the windload, deadload and earthquake load. These
forces are discribed below:

DL = Fkiple't Foutb + Fpari

= 155,5 kNm

WLs = [,4WLsl81290
= 124,7 kNm

EL = MELIBl29O
= 402,1 kNm

The OCIMF gives us several cases to cons¡der. Relevant cases 1 and 2 arc listed below:

Case 1 = DL+WLs
CaSe2 = DL+EL

Case 1 = DL+WLS
= 280,2 kNm

without plate betuveen ¡nboard suppotTs

15

Case 2

Highest value at lB1

DLTinb + ElTinb
557,6 kNm

557,6 kNm

EL calculated from grav¡ty po¡nt to ground level

Rev. 1 / 28-02-2017



F

IN'I

dz
fmml

Mx

tNml
Triple '16069 -1057,4 -16991,5
Outboard 25921 -568,2 -14726,8
Fpari 581 I 0 -1 163,0 -67583,4
lnboard 48063 -1 168,3 -56149,1

Tecnicas Reunidas for Petro Peru 16

Deadload moment due to asymmetrical design

DLTinb =
DLTinb =

155450,8 Nm
155,5 kNm

+

N/WLslB12g0

Eafthquake load

'124731952,4 Nmm
124,7 kNm

402103335,6 Nmm

402.1 kNm

t\¡ELtB1290

Rev. 1 / 28-02-2017

W¡nd load ¡n stored pos¡t¡on



l\.4odulus of elasticity
Shear modulus G

lnboard suooort oiDes:
Oistance between support pipes
Diameter support pipes
Wall th¡ckness support p¡pes

Area of a singe support pipe
Moment of inertia of a single support pipes

Assemblv inboard suDoort structure:
Support p¡pes

Centroid about x
C.t.c. distance of support pipes along x
Centroid about y

Combined area

Combined moment of ¡nertia x

Combined moment of inertia y
Combined moment of resistance x
Combined moment of res¡stance y

Load at po¡nt lB1

Stress (MbilVx_supp)
Deflection y
Deflection factor

Tecnicas Reunidas for Petro Peru

B

D

s
Apipe
lpipe

3x pipe:
Zx
Hy
Zy
XA_supp

lr-.rpp

lr_",r,
Wx_supp
Wy_supp

M¡.u, 155459641 Nmm

ob 41 N/mm'?

f 14 mm
150 < 709
lnboard deflection satisfied.

210000 N/mm2
81000 MPa

17

E

G

1200 mm
168,3 mm

7,1 mm
3596 mm'z

1 1701864 mma

I 68,3 x 7,1
600

1039,2
346

107 87

2623948840

2623952436

3835341
3377159

mm
mm
mm
mm2

mm

mm

mm3
mm3

tB1
Highest load in y-direction caused by DL, WLs or EL. See sheet 'Forces inboard at ¡81'.

Load in x-direction caused by OL. See sheet 'Forces inboard al lB1'.

Rev. I / 28-02-2017

INBOARD ARM
Tag. nr: lv1U1-LA-002

LBngth inboard

Highest load at point lB1

Stress (MbryVy_supp)
Oeflection y
oeflection factor

Li '10000 mm
M¡,", 557554176,3 Nmm

ob 165 N/mm'z

f 50,59 mm
150 < 198
lnboard deflection sat¡sfied.



Tecnrcas ReuniCas for Petro Peru

PARALLEL CONSTRUCTION
Tag. nr: IVU 1-LA-002

SF
Sy

2,0 Safety factor for buckling
240 N/mm'

l\,4aximum compression load ¡n parallel rod
Fbuckling 38895 N

Lb
Ig
I
c

Zcen c*
É

E

14000 mm
111

71

1756032 N

Sx-r,nu,

Sfauc

Su,,*
f max

Lb/f

I

N

Section A-A

18

Pipes parallel structure:
B 475 mm
D 88,9 mm
s 5,5 mm
Apipe 1439 mm'
lpipe 1256504 mma

Sc 14 N/mm'

D

S

a Apipe

Assembly parallel structure:
3x p¡pe: 88,9 x 5,49
Zx 237 .5
Hy 411,4
Zy 137

XApar 4316

lp"r, = lpary 166061681

i =i rqA
'paf x 'pat y

Wparx 588976
Wpary 521074

mm
mm
mm
mm2

mm4

mm

mm3
mm.

B

229 N/mm'
986751 N

986751 N

25,4 0ké

11101545 Nm

21 N/mm'

6mm

2154

6344

0

0

6344

0

3172

3172

N

N

N

mm

N

N

Weight parallel structure including F paR cw

Number extra CW

ñtelñ

a1

§

a2

Rev. 1 / 28-02-2017
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RISER
Tag. nr: lvlU 1-LA-002

9750 mm
'10,4 baf

Earthquake data
ASCE 7-10 Cs xy 0,300

Cs yz 0,315
lmportance Factor 1,0

Site Class D
The loads at the top of riser / heel are

DL
WLS
WLo
WLm
EL

Neck of bearing
765,0 mm

15,9 mm
0,0 mm

15,87 mm

PL
Stress ¡n axial direction
Stress ¡n tangential direction
Stress in radial direct¡on
Equ¡valent stress von Mises

saxpL =pd*(D-2's)/4.s
otanpr =pd-(D-2*s)/2's
oradpL= -pd/10
oevu

Stored
Stored
Manoeuvring
Connected
Connected
Connected
Emergency Release
Emergency Release
Maintenance
Hydrostat¡c test

Force
265273 N

29712 N

6979 N

6840 N

98530 N

Torque
1667 02
78143

4467
5459

273199

Nm
Nm
Nm
Nm
Nm

DS
SSW

Corrosion allowance
SSW 

*

37349
2621218607

6852859
N.A.
N.A.
N,A,
N.A.

mm2
mm(
mm3
mm4
mm3
mm4
mm3

AS
ls
WS
lx

lz
Wz

Rt1
Just under the bearlng:
Distance heel / inboard - bottom upper bear¡ng
Distance heel / inboard - pin locking dev¡ce
Stress caused by Dead Load

Stress caused by Fluid Load

Stress caused by Wind Load stored

Stress caused by ERC release part of triple assembly

Stress caused by Seismic Load

at baseplate and bear¡ng p¡pe assumed

Stress caused by Wind Load while operating

Stress caused by Wind Load while ma¡ntenance

HS

HI

oa
ob

12,0 N/mm'?

24,0 N/mm'
-1,0 N/mm'
21,7 N/mm'?

618 mm
5000 mm

7,1 N1mm'?

24,3 N/mm'

1 .4 N/mm'?

0,8 N/mm'
4,1 N/mm'z

27,5 N/mm'z

2,6 N/mm'
39,9 N/mm':

0,2 N/mm'
1 ,3 N/mm'?

0,2 N/mm'
i ,4 Ni mm'

36 N/mm'
71 Nimm'?
33 N/mm'
33 N/mm'
31 N/mm'
31 N/mm'
60 N/mm'?
55 N/mm'?
33 N/mm'
37 N/mm'z

PLt
1 8,0
36,0
-1,6
32,6

<'1,2x Sd =
<1 ,2x Sd =
<0,9x Sd =
<0,8x Sd =
<0,8x Sd =
<1,5x Sd =
<1,1x Sd =
<1,1x Sd =
<0,9x Sd =
<1 ,3x Sd =

PL-ax
PL-tan
PL-rad

Dl-ax
DL-b

oa

.T

ob

ob

,T

ob

,T

ob

f
ob

WLs{
WLs-b

FL-ax

ERC-b

Equivalent stress von [/¡ses
Case I DL+WLS
CaSe 2 DL+EL
Case 3 DL+WLo
Case 4 OL+WLo
Case 5 DL+FL+PL+WLo
Case 6 DL+FL+PL+WLo+TL
Case 7 DL+WLo
Case I DL+FL+PLtWLo
Case 9 DL+WLm
Case 10 OL+FL+PLI+WLo

oe
oe
oe
oe
oBv¡¡
o€v¡¡
oe
oevu
oe
o€v¡¡

EL{
EL-b

WLo{
WLo-b

WLm-t
WLm-b

179N/mm'?
179N/mm'
134N/mm'?
'119N/mm'?

1 1gNi mm'¿

223N/mm'
164N/mm'
104N/mm'?
134N/mm'
193N/mm'

Rev. 1 / 28-42-2017

Length of column
Design pressure
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RISER
Tag. nr: N,4U 1-LA-002
Height of stiffen¡ng from bottom of baseplate
Gravity point of the total arm based from the baseplate

20

The loads at top of baseplate st¡ffening are

HSt
Hg

3050 mm
8421 mm

Torque
166702 Nm
286550 Nm

57479 Nm
47614 Nm

1064633 Nm

DL
WLS
WLo
WLm
EL

Force
345987 N

34829 N

7958 N

7819 N
108951 N

Bearing pipe

PL
Skess ¡n axial direct¡on
Stress in tangential direction
Stress in radial d¡rection
Equivalent stress von Mises

oaxPL =pd.(D-2',s)/4-s
otanft =pd'(D-2's)/2's
oradpL= -pd/10
o€vn¡

Dr
Sr

Corrosioñ allowance
Sr'

37200
2589862758

7 216447
N.A,
N.A,
N.A.
N,A,

mm2
mm¡
mm3
mm4
mm3
mm'(
mm3

762,0 mm
15,87 mm

0,0 mm
15,87 mm

lr

lx

lz
Wz

1 2,0 N/mm'
23,9 N/mm'?
-1 ,0 N/mm'?

21 ,6 N/mm'

PLt
17 ,9
35,9
-1,6
32,4

<1,2x Sd
<1,2x Sd
<0,9x Sd
<0,8x Sd
<0,8x Sd
<1,5x Sd
<1,1x Sd
<1,1x Sd
<0,9x Sd
<'1,3x Sd

PL-ax
PL-tan
PL-rad

Rt2
At top of baseplatest¡ffening, directly above the stiffening plates:

Stress caused by Dead Weight Dl-ax
DL.b

oa
sb

9,3 N/mm'?
23,1 N/mm'?

1 ,4 N/mm'z

0,9 N/mm'
39,7 N/mm'

26 1 N/mm'1

2,9 N/mm'?

147,5 N/mm'?

0,2 N/mm'
8,0 N/mm'

0,2 N/mm'
6,6 N/mm'

FL-ax

WLS{
WLs-b

ERC.b

Stress caused by fluid load

Stress caused by Wind Load stored

Stress caused by ERC release part of triple assembly

Stress caused by Seismic Load

at baseplate and bearing p¡pe assumed

Stress caused by W¡nd Load wh¡le operating

Stored
Stored
l\¡anoeuvring
Connected
Connected
Connected
Emergency Release
Emergency Release
lvlaintenance
HydÍostatic test

oa

,T

ob

ob

I
ob

.T

ob

Stress caused by Wind Load while máintenance ,T

ob

Equ¡valent stress von M¡ses

Case 1 DL+WLS
Case 2 DL+EL
Case 3 DL+WLo
Case 4 DL+WLo
Case 5 DL+FL+PL+WLo
Case 6 DL+FL+PL+WLo+TL
Case 7 DL+WLo
Case B OL+FL+PL+WLo
Case I DL+WLm
CASE 1O DL+FLTPLt+WLO

oe
oe
oe
oe
oevv
oev¡¡
oe
oevv
oe
oevu

72
180
40
40

37
66
60
39
41

N/mm'
N/mm'
N/mm'
N/mm'?
N/mm'
N/mm'
N/mm'?
N/mm"
N/mm'
N/mm'

WLo-t
WLo-b

WLm{
WLm-b

'181N/mm'?

181N/mm'
136N/mm'?
121N/mm'
12'1N/mm'?
227Nimm'?
166N/mm'
166N/mm'
136N/mm'
197N/mm'

Rev. 1 i 28-02-2017
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BASE PLATE
t\tu1-LA-002

The IVLA baseplate and its gussets are designed to mount the arm on the jetty / berth.
Only the area close to and under the stiffened parts of the baseplate will really bear the loads of the MLA.
The beai-ing width for concrete stress, under the gussets and lhe r¡serpipe, welded on the baseplate is calculated acc.
D 1302 of the Rules of Stoomwezen (RTOD) (Dutch law for pressure vessels)

Which results in following data of baseplate:

Bearing stress on concrete through dead load and total moment

Stress caused by Dead Load
Stress caused by Total rnoment
Equivalent stress
Allowable stress concrete

Fbolt = ((4'»lv/pcd) - F.DL) / N anchor

Tens¡oned cross section
Fbolt / At
Allowable stress for 8.8 anchors = yield stress / 2,5

Rev. 1 /

1800 x 1800
50
36

2n

240

mm
mm
mm

I

727762 mmz
169536144 mm3

197679143584 mm1

N/mm'¿

N/mrn'?

0,48 N/mm'
9.78 N/mm'z

'10,26 Ni mm',
20 N/mm'

86571 N

817 mm'
'1 06,0 N/mm',
256,0 N/mm'

2g-02-2017

od
ob
oe
o zmax

Fbolt

F deadload
F fluid load

345987 N

53594 N

ON
399582 N»V=

F lateral
Case 1

Caso 2

DL+WLS
DL+EL

Stored
Stored

,H=
M deadload moment
M Enc

M wind stored position

Seismic load
Se¡smic load moment
M inlet nozzle

Case 1

Case 2

Case 7

Stored
Stored
Emergency Release

»M=

For: Baseplate surface
Baseplate th¡ckness
Diameter anchorbolts
Number of anchors

Allowable stress concrete
Yield stress in base plate

Strength check of anchors through total moment:

The 32 anchorbolts are positioned at a pcc of 2093 mm.

The anchorbolts M36 wiil have following maximum tensile stress:

At
ot
oe

34829 N

108951 N
108951 N

166702 Nm

188580 Nm

392779 Nm
108951 N

'1491959 Nm
0Nm

559481 Nm
1658661 Nm
251699 Nm

1658661 Nm

DL+WLs
DL+EL

OL+WLo



KANON LOADING EQUIPMENT
Ed¡sonweg 27
389942 Zeewolde
The Netherlands

P.O. box 385
3840 AJ Harderwijk

P152057807.4
0

HJS

14 January 2016
28 February 2017

9750 x 10000 x 9500 mm
10" nominal diameter
Sulphuric Acid (98%)

P152057810
t\4u1-LA-o02

Tecnicas Reunidas
Petro Peru

EARTHQUAKE DESIGN LOAD CALCULATION accord¡ng ASCE 7-10

of a Marine Loading Arm type MLA260 with double inboard line

Kanon document number
Kanon revis¡on number

Client document number
Client revision number

Made by

Date of creation
Date of issue

Dimensions
Diameter product line
Products

Loading arm ident no
Tag no

Purchase order
Ordered by
Owner

,ltl
1/,

tt rytu
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GENERAL

Th¡s seperate earthquake design load calculat¡on for I/arine Load¡ng Arms calculates the crit¡cal moments
At baseplate
At he¡ght of st¡ffen¡ng from bottom of baseplate
At neck of sw¡veljoint

These critical moments shall be implemented at the'STATIC- and DESIGN CALCULATION according OCIMF"

Follow¡ng chapters of the ASCE 7-10 have been used to develop th¡s calculation:

3

Chapter 1

Chapter 1 1

lmportance factor
Risk categorization
Symbols
Design response spectrum
Mapped acceleration parameters
Site class

Sus, Sivr

eos, vD1

Seismic des¡gn category
Redundancy
Direction of loading
Analysis procedure select¡on
Equ¡valent lateral force procedure
Non bu¡lding structures not similar to buildings
Structural design requirements
Respons modification coefficient

Seismic respons coefficient ¡n XY direction

Se¡smic respons coefflcient in YZ direction

Lateral seismic force related to baseplate

Seismic moment related to baseplate

Seismic moment related above st¡ffening baseplate

Lateral seism¡c force related to neck first swiveljoint

Seism¡c moment related to neck first swiveljoint

Chapter 12

Chapter 15

The following values, determined within this calculation, shall be ¡mplemented ¡nto the OCIMF caiculat¡on:

C" rt
C.-

Mep

Ms"

INECK

Mrecx

N

Nm

Nm

N

Nm

Rev. 0 / 28-02-2417



Tecnicas Reunidas for Petro Peru 4

Location of swivel joints
Used in calculations N/ILA26O DI

Swivel 3L

Swivel 3R

Swivel 2L Swivel 4

Swivel 2R
Swivel 5

Swivel 6

Swivel I

Y
Z

X

Rev. 0 / 2A-O2-2017
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ANALYTIC PROCEDURE

Risk Category
Risk Calegory ll

Site Class
Site Class D

F"

F,

Sos

Sor

l

D

1 ,00

Section / Table / Equat¡on
Table 1 .5-l

Table 11.6-1 and 11.6-2
12.5

Table 12.6-1

11 .4.2

Table I .5-2

11 .4.1

Caution, zeer dikwand¡ge riser, grote eer 1 1.4.1

Table 15.4-2

Table 1 1.4-1

f able 11.4-2

11 ,4.3

11 .4.3

't1.4.4

1't.4.4

t"

ss
s1

R

1,00

2,64

0,67
,(\

1,0000

1,5000

2,6420

1,0050

1 ,761 3

0,6 700

Seismic Design Category D
Highest value (100% XY + 30% YZ) and (100% YZ + 30oÁ XYI

Equivalent Lateral Force Analysis Section '12.8

Rev. 0 / 28-0?_-2017
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Tecnicas Reunidas for Petro Peru

CALCULATION PROCEDURE 1

-9ps

Tc

To

t¿

9

3

a

. S,,
T

S¡.¡

cs 0,8806667

J¿r'l ¿

Equat¡on 12.8-3 and 12.8-4

Equation 15.4.1

Equation 15.4.2

Equation 12.8-1

T,T" t.0

PerÍod, f (sec)

TS

0,076 s

0,380 s

100,000 s

345987 N

103851 N

XY

0,896 Hz

1,116 s

0,300

0,077 > 0,03

0,268

0,940 Hz

1 ,064 s

0,31 5

0,077 > 0,03

0,268

TL

Txv

c"

Cs xv 0,300

tYz

lyz

C. vz 0,31 5

k 1,308 k 1 ,282

345987 N

108951 N

6

Rev. 0 / 28-02-2017
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Section / Table / Equation
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F¡n 1607 N

Fout 21 155 N

Fourgre,L 5182 N

Fpon 6344 N

F,"" 35928 N

Fcw 145264 N

Fws ro,. 12g26 N

Fco. 73121 N

Fn¡sr 44560 N

¡--?3667N

Fra xv 550 N

Fourxy 13215 N

Ferxv SlBl N

Fpnn xv 4421 N

F,"sr" 21790 N

Fcwxv 33775 N

Frrr 3352 N

Fcotxy 10422 N

Faesr x, 11145 N

-í63EEl- r.r

XY

l\,1xy 1110199 Nm

Frqr¿ 577 N
Fourvz 13704 N

Fo¡ v¿ 5322 N

Fp¡¡ vz 4575 N

F¡sy¿ 22610 N

Fc* 
"z 35723 N

F¡¡tz 3537 N

Fcor vz 11131 N

Fnes¡r¿ 11771 N
--ló-s§51-r.r

CALCULATION PROCEDURE 2

At baseDlate

345987 N

103851 N

1,308

345987 N

108951 N

1,282

YZ

¡lyz 1158899 Nm

l\¡yz 826593 Nm

t\¡Yz 21 1341 Nm

hTR

hout

hor

IINB

h|r

hcol

9522

15087

2161 5

16404

14750

7087

7750

487 5

7 494

mm

mm

mm

mm

mm

mm

mm

mm

mm

kk

N

Nm

N

Nm

Al baseolate and anchorbolts

Hlghest value (100% XY + 30% YZ) and (1oÜya YZ + 3OVo XY)

At hoioht of stiftenino from bottom of baseolate

Hst 3050 mm

Highesl value (1000/. XY + 30% YZ) and (100o/o YZ + 30% XY)

At neck of sw velio nt

¡,4s

108951

1491959

lvlss

793452 Nm

1064633 Nm

[¡xy 206193 NmHc 9750 mm

Hneck 9132 mm

Hs

sts

618 mm

0mm

Highest value (100% XY + 30% YZ) and (10004 YZ + 30oA XY)

F

t\4

98530

27 3199

Rev. 0 / 28-42-2017



ANEXO 4. PLANOS MUELLE EXISTENTE
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