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Анотація. Стаття присвячена питанням напружено�деформованого стану (НДС) елементів нерозрізної
транспортно�монтажної рами (НТМР) при транспортуванні окремих конструкцій морських платформ
при облаштуванні морських родовищ. Родовище імені В. Філановського є найбільшим щодо запасів
нафти родовищем, відкритим в Росії за останні 10 років. У 2013 році побудовано 77 км підводного
нафтопроводу зовнішнього транспорту нафти і 61 км підводного газопроводу, а також 40 км міжпромис�
лового нафтопроводу і 40 км газопроводу, які пов'язують родовища ім. Філановського та ім. Юрія
Корчагіна. Одним з гідротехнічних споруд є льодостійка сталева платформа (ЛСП). Дана споруда
являє собою два сталевих опорних блоки, об'єднаних між собою багатоярусною сталевою палубою. У
2014 р. на опорні основи будуть встановлені верхні будови платформ. Виготовлення палуби здійсню�
ють на суднобудівному заводі в Астрахані, а подальше транспортування до місця облаштування вима�
гає спеціальної сталевої конструкції – НТМР, яка дозволить транспортувати багатоярусну сталеву
палубу на точку облаштування на баржі. У роботі наведені дані досліджень НДС елементів НТМР під
багатоярусну сталеву палубу льодостійкої сталевої платформи (ЛСП). НТМР являє собою систему
перехресних сталевих важких ферм. Розроблено просторову модель системи «багатоярусна сталева
палуба – нерозрізна транспортна – монтажна рама». Досліджено НДС елементів просторової моделі
при навантаженнях на період підведення і установлення палуби на НТМР, переміщення НТМР з палу�
бою по будівельному майданчику до навантаження на баржу, уснановлення НТМР із закріпленою на
ній палубою на баржу і період транспортування по річці і морю відповідно до рекомендованих нормова�
них хвильових навантажень. Надано результати чисельних досліджень НДС елементів НТМР.

Ключові слова: багатоярусна палуба, льодостійка сталева платформа (ЛСП), нерозрізна
транспортно�монтажна рама (НТМР), кінцевий елемент, метод кінцевого елемента, розрахункова
модель.
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Аннотация. Статья посвящена вопросам напряженно�деформированного состояния (НДС) элементов
неразрезной транспортно�монтажной рамы (НТМР) при транспортировке отдельных конструкций
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морских платформ при обустройстве морских месторождений. Месторождение имени В. Филановско�
го является самым крупным по запасам нефти месторождением, открытым в России за последние 10
лет. В 2013 году построено 77 км подводного нефтепровода внешнего транспорта нефти и 61 км подвод�
ного газопровода, а также 40 км межпромыслового нефтепровода и 40 км газопровода, которые связы�
вают месторождения им. Филановского и им. Юрия Корчагина. Одним из гидротехнических сооруже�
ний является ледостойкая стальная платформа (ЛСП). Данное сооружение представляет два сталь�
ных опорных блока, объединенных между собой многоярусной стальной палубой. В 2014 г. на опорные
основания будут установлены верхние строения платформ. Изготовление палубы осуществляется на
судостроительном заводе в Астрахани, и дальнейшая транспортировка к месту установки требует
специальной стальной конструкции – НТМР, которая позволит транспортировать многоярусную сталь�
ную палубу на точку обустройства на барже. В работе приведены данные исследований НДС элемен�
тов НТМР под многоярусную стальную палубу ледостойкой стальной платформы (ЛСП). НТМР
представляет собой систему перекрестных стальных тяжелых ферм. Разработана пространственная
модель системы «многоярусная стальная палуба – неразрезная транспортно – монтажная рама».
Исследовано НДС элементов пространственной модели при нагрузках на период подводки и установ�
ки палубы на НТМР, перемещение НТМР с палубой по строительной площадке до погрузки на баржу,
заведения НТМР с закрепленной на ней палубой на баржу и период транспортировки по реке и морю
при рекомендованных нормированных волновых нагрузках. Представлены результаты численных
исследований НДС элементов НТМР.

Ключевые слова: многоярусная палуба, ледостойкая стальная платформа (ЛСП), неразрезная
транспортно�монтажная рама (НТМР), конечный элемент, метод конечного элемента, расчетная
модель.
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Abstract. The article deals with issues concerning the stress�strain state (SSS) of a continuous transport�
mounting frame (СTMF) elements while transporting separate offshore platform structures in the process
of offshore field development. The field, named after Vladimir Filanovsky is the largest oil reserve field
discovered in Russia during the past 10 years. In 2013 77 km of submarine pipeline external oil transportation
and 61 km of submarine pipeline and 40 km interfield pipeline and 40 kilometers of the pipeline were built,
which bind them to the Filanovsky field and Yuri Korchagin field. One of the waterworks is ice�resistant
steel platform (LSP). The given construction represents two steel support blocks of interconnected multi�
tiered steel deck. Topsides will be installed on support bases in 2014. Deck construction is performed on the
shipyard in Astrakhan and the further transportation to maintenance site demands specific steel construc�
tion – CTMF, which will allow transportation of multilayer steel deck on the barge point arrangement. SSS
research data of CTMF elements for multilayer steel deck of ice�resistance steel offshore platform (ISOP)
are given in the work. CTMF represents the system of cross heavy steel trusses. Dimensional model of the
«multi�layer steel deck – Continuous cutting transport – mounting frame» has been developed. One has
investigated element SSS of the dimensional model under load for a period liner and install deck on CTMF,
removing of CTMF with the deck on the building site prior to loading onto the barge, CTMF placing with
deck attached to it on a barge and during transport on the river and the sea under recommended normalized
wave loads. The results of SSS numerical studies of CTMF elements are given.

Keywords: multilayer steel deck, ice�resistant steel offshore platform (ISOP), continuous transport�
mounting frame (СTMF), finite element, finite�element method, design model.
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Problem statement

V. Filanovsky field is named after the famous oilman
Vladimir Filanovsky, who made a great contribu�
tion to the development of oil branch of the country.
Lukoil announced the opening of the largest multi�
layer oil and gas field in the license area «North», on
the  structure «South�Rakushechnoje», which is lo�
cated 220 km from Astrakhan [1, 2]. According to
the results of international experts, this field is the
largest oil reserves field discovered in Russia in the
last 10 years [3].

«Lukoil» plans to install topsides on support
bases of the platform in 2014. It is planned to start
the first stage with four waterworks in 2014 – con�
ducting gas and oil pipelines to shore facilities and
further to the gas processing plant [3].

One of the main waterworks is ice�resistant steel
offshore platform (ISOP) presented in Figure 1.
This construction represents  two steel support unit,
united by the multi�tiered steel deck. Technological
crew’s accommodation, casing, drilling rigs are lo�
cated on the deck [6, 13, 14].

Construction of the steel deck now is practical�
ly completed. For delivery of the deck with techno�
logical equipment has been designed continuous
transport�mounting frame (CTMF).

The first variant of CTMF represents the space
system of cross beams and has weight of 1 400 tons.
The second variant of CTMF – the space system of
cross heavy steel trusses.

The goal was maintaining the strength and stiff�
ness characteristics of CTMF and the weight must
not exceed – 1 000 tons. For calculations of weight
steel deck with production equipment was set –
11 264 tonnes and accounting for all dynamic stresses
resulting from the airborne and pitching transport
barge [9–12].

Purpose of calculating. Design model creation

While performing a design, one should provide re�
sistance of CTMF elements and compliance of their
constructions  with the relevant regulations [4, 5, 8]
in the transportation mode of CTMF with the in�
stalled�tiered superstructure deck (SD) on the con�
struction site on special lifting devices – «Skid�
shoes» of the company «MAMMOET» to the dock,
moving on the barge and transportation of CTMF
by means of SD on the barge on the river and the
sea, taking into account wind and pitching.

CTMF has been created on the basis of initial
data provided by the customer and takes into ac�
count all the geometrical parameters of the SD and
«skid�shoes» location.

Continuous transport�mounting frame is a sys�
tem of cross heavy trusses located mutually perpen�
dicular to each other. CTMF is formed by the fol�
lowing elements (Fig. 1):

– longitudinal trusses on digital axes;
– transverse trusses on lattergram axes;
– braced trusses set by between the transverse

trusses provide the perception of the load from
the SD and CTMF geometric immutability.

According to technology requirements (technical
conditions of the customer) there should be heavy�
duty units of bottom chord in longitudinal trusses,
under which, in compliance with the technology,
jacks for subsequent sliding of transport frame on
the transport barge with USP and CPP (deck con�
stractions) based on it are installed.

Longitudinal and transverse trusses are designed
as heavy�duty trusses with chords cosisting from
channels and lattice elements from jointed flange
beam. At the same time, the requirements for ac�
ceptable element misalignment  converging into a
single node have been observed. Cross�sections of
longitudinal and transverse trusses is shown in Fig. 2.

Technological requirements for longitudinal
trusses have reinforced nodes of the lower belt. For
lifting the SD under the reinforced nodes mounted
jacks. Next is the sliding of the CTMF with the SD
on a transport barge (TB), that is shown in Fig. 3.

High�strength steel sheet with special require�
ments for welding in terms of carbon dioxide was
used while cross�section grouping of CTMF bear�
ing and braced elements.

Figure 1. General view of dimensional model CTMF.
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Design model complies with RMRS (Annex 2
Part II. Corps ISOP [4]).

Models are made in the software package «Lira 9.6.»
Finite element types:

– spatial rod type 5 [15] with axial, shear, bending
and torsional rigidity corresponds to a one�di�
mensional rod elements and beam elements [4];

– type 42 and 44 square triangular shell finite ele�
ment [15] with axial, shear, bending and torsion�
al stiffness, the respective plates and shells [4].

The number of first and second models: 273806 nodes;
270117 elements. Quantity for the third model:
275751 nodes; 274236 elements.

Models include the basic and special elements
TMF construction.

Allocations are made:
– for the first variant (load on CTMF from SD)

allocations of CTMF are made in the bottom.
At the points of contact with CTMF jacks. They
are made by means of limited movements in three
directions X, Y, Z. The load is applied on top of
the frame at the points of support on it of USP;

– for the second variant (moving by means of
jacks) allocations of CTMF are made above at
the points of contact of CTMF  with CTP T.
They are made by means of   limited movements

Figure 3. СTMF location: a) during sliding of SD on CTMFi; b) during winding up of SD on the point installation
of ISOP.

a) b)

Figure 2. Cross�sections of bearing trusses: 1–1, 2–2 – longitudinal trusses; 3–3, 4–4 – transverse trusses.
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in three directions X, Y, Z. The load is applied at
of the bottom at the points of support on  of
CTMF on the jacks;

– for the third variant (load on CTMF from SD)
allocations of CTMF are made  in the bottom.
The load on the frame applied in the points,
where SD rests upon it, taking into consider�
ation horizontal loads from pitching.

Loads are modeled close to reality and have been
applied as a batch of concentrated forces. Design
scheme, the appointment of rigidities, movement
unions, load are set in the editing program «Design
scheme. Lira 9.6». Calculation results are visually
shown in «Graphical analysis. Lira 9.6» and in the
form of tables «Printing tables and Documentation.
Lira 9.6» [15].

Design loads

Loads are divided into two categories: weight and
caused by environmental exposure (not by weight)
[4, 5]. Each category includes fixed and variable
load. Fixed loads include[4, 5, 7]: net weight bear�
ing and enclosing structures.

Variable loads are divided into movable (long
term and short term) – pressure from the jacks, wind,
and special – dynamic caused by pitching [5, 7]. List
loadings calculation scheme shown in Table.

 Load variables included in up loading L5, 6, 9,
10 from action of jacks attached to the installation
location of jacks.

Design load combinations (DLC)

1. Moving of  SD with  CTMF over the building
site by means of skids «MAMOET» (L1–2 + L6).

2. SD and CTMF in assembly with (L1–3 + L4+L5).
3. Transporting of the whole CTMF with SD over

the building site by means of «MAMOET» skids
to the dock stage 1. (L1+L3+L6+L9) scheme
with fixation in the points of skid installation.

4. Moving of the whole CTMF and SD around
the building site by means of skids ALE to the
dock stage 1 (L9) scheme with allocations at
the points of UCT supprting.

5. Moving of the whole SD with CTMF by means
of barge stage 2 (L1+L3+L6+L7) scheme with
allocations at the points of skid installation.

6. Moving of the whole CTMF and SD around
the barge stage 1 (L10) scheme with alloca�
tions at the points of SD supporting.

7. Transportation of SD and CTMF on the barge
taking into consideration wind and pitching
(L1–3 + L7). Pitching motions.

8. Transportation of SD and CTMF on the barge
taking into consideration wind and rolling
(L1–3 + L8). Rolling motions.

Limit strength criteria

Verification truss elements (of shelves, wall – cross
sections) for stress made by the following formulas
(p. 2.4.2.3; 2.4.2.4 [4]): in determining the stresses

Table. List of loaded design scheme

Load number Load name Remark 

L1 CTMF empty weight – 1000 tones Calculated 
L2 SD weight without wind – 11264 tones provided by customer 
L3 SD weight with wind provided by customer 
L4 Horizontal force of the wind on SD provided by customer 
L5 Horizontal inertial loading on CTMF while moving by means 

of skid of the firm «MAMOET»  
provided by customer 

L6 Horizontal inertial loading on CTMF while moving by means 
of skid-shoes of the firm «MAMOET»  

provided by customer 

L7 Load on CTMF from SD while transporting by means of the 
barge on the sea (pitching) 

provided by customer 

L8 Load on CTMF from SD while transporting by means of the 
barge on the sea (rolling motions) 

provided by customer 

L9 Load from jack groups (skids) of Company «MAMMOET» at 
moving on the construction site (to the pier) Step 1. 

provided by customer 

L10 Load from jack groups (skids) of Company «MAMMOET» at 
moving on the barge Step 2. 

provided by customer 
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in the rated cross section of truss elements limiting
strength criteria TT and transportation:

,2652521 МPаRdx −=⋅≤ησ

,2652521 МPаRdy −=⋅≤ησ

МPаRdxy 15114457,0 1 −=⋅⋅≤ ητ ,

where xyyx τσσ ,,  – sets of stresses in structures at
the point;

68,01 =η  – safety factor (table 2.4.2.5 [4]);
МPаRd 370390 −=  – calculated yield stre�

ngth of the steel used in the brand D40W steel
thickness 30 and 30 to 50 mm.

Calculation results

Due to the calculations one received normal and
tangential stresses in the elements of the CTMF of
displacement element node mosaic from the calcu�
lated load combinations.

The highest travel capacity on Z�axis is obtained
with a combination of loads of DLC number 8, the
maximum value was 33.6 mm in the nodes of the
bearing plates of bond trusses along the axis II.

It is connected with the fact that the SD center
of mass, which is based on CTMF is shifted towards
the axis II of 2.0 m, the results are shown in Fig. 4.

Taking into consideration difficult conditions of
СTMF bearing on the transport barge and further
while sea transportation under conditions of pitch�
ing and rolling mode to analyze the level of stress in
the elements CTMF and displacements of its sites
was one of the worst load combinations – to DLC
number 8.

Figure 5 shows the deformed circuits of the most
loaded truss with mosaics transverse longitudinal,
transverse normal and shear stresses and displace�
ments along the Z axis from the RSN number 8.

Longitudinal and transverse normal and shear
stresses in the most loaded elements have values

252... 258x МPаσ = − + ,
238... 231y МPаσ = − + ,
122... 126xу МPаτ = − + ,

which is below the calculated level of allowable
stresses. A maximum deflection of the cantilever on
the site was – 22.4 mm, which is less than 1/400 of
elimination, and on the medial portion of the trans�
verse truss midspan deflection was – 14.62 mm, it is
less than 1/1000 of the span.

Fig. 6 shows the deformed circuits of the most
loaded longitudinal truss with mosaics of longitudi�
nal and transverse normal and shear stresses and dis�
placements along the Z axis from the DLC  number 4.

 

Figure 4. Displacements on Z�axis are obtained with a combination of loads of DLC number 8.
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Longitudinal and transverse normal and shear
stresses in the most loaded elements have values

 242... 253x МPаσ = − + ,
233... 225y МPаσ = − + ,

 142... 150xу МPаτ = − + ,
which is below the calculated level of allowable stress�
es. A maximum flexure on the console division was
+28.2 mm, which is less than 1/400 of the span, and on
the medial portion of the transverse truss midspan de�
flection was +65.4 mm that is less than 1/600 of the

span.  Stresses in the transport frame elements are pre�
sented as contour plots of stress, see Figure 6. In the
results of the calculation the most loaded elements of
transport frame from three loading variants are pre�
sented. Voltage elements in the computer model for
different schemes of loading.

Construction of elements and nodes of CTMF, their
pairing together was based on analysis of the calcula�
tion results of the dimensional model. In the walls and
shelves of CTMF truss elements on separate sites and

Figure 5.  Calculation results: а) longitudinal normal stresses in the CTMF transverse element truss; b) transverse
normal stress in the  CTMF transverse elements truss; c) vertical displacement for interface elements of CTMF
transverse truss; d) vertical displacement for interface elements of longitudinal CTMF truss.

 a)

b)

c)

d)
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places of interfaces and change in section, where
surge was discovered, one provided constructive
measures to reduce stress levels, which are as fol�
lows:

· a smooth transition in the change field cross sec�
tions at least 1 to 5, or on radius;

· Installation of additional edges in the junction
of adjacent elements;

·  an increase in the thickness of sheet metal in the
zone of high stress.

Conclusion

CTMF developed design model allowed us to de�
termine the cross section of bond and bearing truss
elements and defined in the stresses from the rated
load combinations and compare them with the cal�
culated resistances. Also determine the maximum
displacement nodes and compare them with admis�
sible values.

Results of calculation allowed to project design
CTMF to transport SD on the installation point.

a) b)

c) d)

Figure 6. Calculation results: а) design scheme with a dedicated – longitudinal bearing truss of CTMF; b) longitudinal
normal stresses in the upper zone of the longitudinal truss; c) transverse normal stress in the upper zone of the
longitudinal truss; d) shear stresses in the upper zone of the longitudinal truss.
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