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Nowadays, it is crucial to reduce the cost of the overall project so that the 
competitiveness of offshore oil and gas without compromising on quality 
or safety can be achieved. This study investigates how to define the longest 
cable tray support span considering constructability in order to reduce the 
number of supports which is a chief cost of a cable tray system. This study 
presents not only material and geometry frequently used for cable tray but 
also the formula to estimate the maximum cable load which can be installed 
within cable tray. To verify the longest span without increasing the cross-
section of cable tray, finite element modelling approach was employed 
based on ANSYS and comparisons were made between numerical analysis 
and simplified hand calculation. The constructability for the longer span 
obtained from finite element analysis has been validated in view of manual 
handling of the cable tray. It is shown that the optimal span suggested in 
this paper can lead to a better economic benefit without degrading the 
constructability. For instance, as the span is longer, the cost of material as 
well as construction manpower can be saved. It is also expected that this 
approach will contribute to enhance the competitiveness of offshore oil and 
gas.
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1. Introduction

Global oil and gas markets have faced a significant 
change with dramatic rise in the US production of shale 
oil and gas. US shale oil production has increased from 
approximately 0.4 million barrels a day in 2007 to more 
than 4 million barrels a day in 2014 [1]. As a result, it has 
incurred the sharp decline in the global price of oil after 
2014 and the investment of offshore oil and gas had been 
significantly dropped due to relatively high production 
unit price. In order to recover the offshore oil and gas 
market, there is effort to reduce the general cost level of 
offshore oil and gas projects without compromising on 
quality or safety. For instance, offshore standardization 

Joint Industry Project (JIP) was established with various 
participants such as HHI, DSME, BV, ABS, DNV-GL, 
Chevron, TechnipFMC and others to reduce cost and in-
crease predictability in international offshore EPC projects 
by using standardized materials, design and procedures 
for construction and commissioning in 2015 [2]. 

A cable tray system is used to support the insulated 
electrical cable used for power distribution, control and 
communication in the electrical wiring. Cable tray system 
has various shapes and sizes in the market. In the design 
of a cable tray, the most significant cost driver is the cost 
of the supports. The number of structural steel supports 
needed in cable tray installation is mainly determined by 
the support span. Typically, 3m is the maximum support 

*Corresponding Author:
Erkan Oterkus, 
University of Strathclyde, United Kingdom; 
Email: erkan.oterkus@strath.ac.uk 



47

Sustainable Marine Structures | Volume 02 | Issue 01 | January 2020

Distributed under creative commons license 4.0 DOI: https://doi.org/10.36956/sms.v2i1.311

span employed in offshore oil and gas. However, total 
installed cost for cable tray can be lower if a longer span 
than industrial practice is utilized in offshore industry.

The simplest way to achieve the longer span is to en-
hance the cross-section of cable tray. Recently, there were 
several trials to employ the longer span with thicker cable 
tray in offshore industry to reduce the overall cost. De-
spite the cost savings, there are also the negative points 
caused by the heavier cable tray at longer span. For in-
stance, if the weight of cable tray remarkably increases at 
longer span, it will cause difficulty in cable tray handling 
and installation. It is the main reason that more than 3m 
span length is not generally applied to offshore industry.

Although 3 meter is the commonly employed support 
span for cable ladder horizontal run in offshore oil and 
gas industry, it is required to study whether longer span 
can be utilized without degrading the constructability. To 
achieve it, first, the maximum cable weight allowed by ca-
ble ladder space needs to be defined then the longest span 
which can meet both NEMA VE 1and IEC 61537 under 
the largest load condition shall be evaluated in the view of 
constructability.

There are several standards to give suggestion for the 
critical bending moment of the elastic lateral torsional 
buckling (LTB). However, their formulas are hard to ap-
ply to find the failure load of the cable ladder.

In all equations of critical bending moment, the un-
braced length of the beam is important variable to deter-
mine the Mcr. However, it is difficult to clearly define the 
unbraced length of the beam in cable ladder structure be-
cause the rung structures of cable ladder partially restrain 
the lateral displacement of the side rail as indicated in 
Figure 1.

Figure 1. Partial lateral restraint of cable ladder [13]

Through finite element analysis to verify the effect of 
rung at bucking, it has been recognized that the shorter in-
terval between rungs has greater eigen buckling factor (see 
Table 1).

Table 1. The effect of rung interval length for LTB

Span between support Interval of rung
Eigen Bucking 

factor

Total Span: 3.6m
Load over span: 6755N

300mm
(Total rung Qty: 12ea)

1.2

Total Span: 3.6m
Load over span: 6755N

600mm
(Total rung Qty: 6ea)

0.5

In addition, the latest version of Eurocode 3 does not 
specify the method to calculate the elastic critical bending 
moment for the LTB of beams. The old version of Euro-
code 3 named ENV 1993-1: 1992 had the 3-factor for-
mula incorporated though, and the formula is now found 
in NCCI [3]. However, NCCI states the expression of Mcr 
only for uniform straight members that the cross section is 
symmetric around the minor axis.  

For cases not covered by NCCI, critical moment may 
be determined by a buckling analysis of the beam pro-
vided that the calculation accounts for all the parameters 
liable to affect the value of Mcr : 

(1) Geometry of the cross-section
(2) Warping rigidity
(3) Position of the transverse loading with regard to the 

shear centre
(4) Restraint conditions
Therefore, it is very complicated and difficult work to 

check the lateral torsional buckling of cable ladder struc-
ture indicated in Figure 1 via hand calculation. So, by 
using numerical methods for the elastic buckling solution, 
the elastic buckling analysis of the cable ladder needs to 
be performed to find the failure load of cable ladder as 
well as the optimal span.

There are various studies in the literature for the anal-
ysis of cable trays. Amongst these, Kalupa [4] presented 
guidelines to be used in the design of cable tray sys-
tems particularly for electrical industry. Desmond and 
Dermitzakis [5] provided effective-length factors for the 
buckling of cable-tray supports used at nuclear power 
facilities. Reigles et. al. [6] presented a review of test data 
and conclusions to develop a design methodology for the 
seismic qualification of safety-related cable tray support 
systems. Masoni et. al. [7] performed shaking-table tests on 
full-scale three dimensional cable tray systems. In another 
study, Huang et. al. [8] performed shaking table tests to 
investigate the seismic performance and damping ratio of 
cable tray systems in nuclear power systems. Huang and 
Mosalam [9] developed a finite element model of the cable 
tray for time history analysis under the effect of selected 
ground motions. 

In this study, how much span can be longer than off-
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shore practice without increasing the cross-section of ca-
ble tray is investigated. The geometry including thickness 
and material which are the most often used for cable tray 
is described for finite element analysis (FEA) and hand 
calculation to verify the optimal span. It also provides a 
method to estimate the maximum cable weight which can 
be installed in a cable tray. In addition, it suggests how to 
determine the longest span via FEA considering construc-
tability. Finally, it presents the positive impacts induced 
by the optimal span which is obtained from this study.

2. Methodology

To define optimal cable tray support span, this research 
will conduct quantitative analysis for cable tray buckling 
and deflection at the maximum cable load. The approach 
adopted is described as below:

Step 1: To define the material property and geometry 
for the cable tray.

Step 2: To define the criteria to determine the optimal 
span 

Step 3: To calculate the maximum cable load
Step 4: To conduct finite element analysis
Step 5: To conduct simplified hand calculation.
Step 6: To do the verification of result.

2.1 Step 1: Define Material Property and Geome-
try

Stainless steel ANSI 316L (EN 1.4404) ladder type is 
selected for this study because it is the most frequently 
used in offshore oil and gas industry. The mechanical 
properties for EN 1.4404 from British Standard European 
Norm is indicated in Table 2.

Table 2. The mechanical property of EN 1.4404 [10-12]

Mechanical property Value

Poisson’s ratio 0.3

Elastic modulus (GPa) 200

Yield strength (MPa)
Proof strength 240

Tensile strength (MPa) 520~670

In general, I beam profile can carry more load than C 
channel beam profile. Therefore, C channel beam shape is 
selected for side rail of cable ladder in order to define the 
longest span allowed in worst condition. Figure 2 and Ta-
ble 3 provides information about the product, OE 150 of 
Oglaend system [13] which is one of well-known channel 
type products. 

Table 3. The data for geometry

Geometry data Value

Side rail height (mm) 150

Thickness of side rail (mm) 1.5

Rung length (mm) 900

Moment of Inertia Ixx for the side rail (mm4) 933,170

Figure 2. Channel type side rail [13]

2.2 Step 2: Define Criteria to Determine the Opti-
mal Span

There are two kinds of load test methods to verify opti-
mal support span. One is the destruction load test at simple 
beam and the other is the deflection load test at continuous 
beam. The optimal support span shall meet both load test 
criteria at the greatest cable load which is defined in step 3.

2.2.1. NEMA VE-1 Destruction Load Test

Figure 3 shows the NEMA VE 1 safe rated load test 
(destruction load test) at simple span. In this load test, 
both ends of straight section shall be supported directly on 
a 65mm diameter round steel bar or heavy wall steel tube 
fastened to a rigid base. Then, the load which is 1.5 times 
(safety factor) of the maximum cable weight defined in 
step 3 distributed uniformly along the span. In this study, 
the span increases with interval of 300mm until it causes 
the collapse [14].

Figure 3. Safe rated load test with simple span according 
to NEMA VE-1

DOI: https://doi.org/10.36956/sms.v2i1.311
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2.2.2 IEC 61537 Deflection Load Test

The other method is the safety working load (deflection 
load) test on multiple span based on IEC 61537. The test 
shall be conducted with the samples consisting of two 
or more cable ladder lengths over multiple support span 
given in Figure 4. Cable ladders shall be placed on fixed, 
rigid supports which shall be horizontal and level with 
a width of 45mm±5mm. The ladders shall not be fixed 
to the supports unless a fixing method is declared by the 
manufacturer in which case this fixing method shall be 
used [15]. 

The load, 1.7 times (safety factor) of the maximum 
cable load, shall be uniformly distributed on end span, in-
termediate span and cantilever and each support and splic-
ing(joint) shall be positioned according to Figure 4. The 
vertical deflection at mid-span shall be measured at the 
points near the side rails and its result shall be less than 
1/100 of span without collapsing in order to meet the IEC 
criteria but buckling and deformation of the cable ladders 
is permissible.

The span increases with interval of 300mm until the 
collapse is caused or the vertical deflection is more than 
1/100 of span.

Figure 4. Deflection load test with multiple span accord-
ing to IEC 61537 type test II

In addition, transverse deflection (rung sagging) is not 
considered in this study as it is theoretically not affected 
by support spacing space. Thus, transverse displacement 
is not discussed here.

2.3 Step 3: Calculate Maximum Cable Load

National Electrical Code (NEC) states the high voltage 
power cables shall be installed in a single layer with cer-
tain distance between two cables. However, control and 
communication cables which has no heat generation prob-
lem can be stacked together in several layers as long as 
the sum of the cross-sectional areas of all cables does not 
exceed 50% of fill area of the ladder [16]. 

Figure 5 shows the ladder fully filled with control ca-
bles versus the ladder fully filled with high voltage cables. 
As indicated in Figure 5, the cross section of cable ladder 
can be more occupied with the cables when it is fully 
filled with control cables. Therefore, the largest cable 
weight can be estimated based on the case that the sum 
of control cables cross section equals to 50% of fill area 
of the cable ladder. Following is formula to calculate the 
maximum cable load depending on ladder cross section. 

The largest cable load per one-meter ladder is
Max.Cable Load(kg/m)=N×m                                         (1)

where

                          (2)

and Δh is effective height (mm) = H - Hr, H is side rail 
height (mm), Hr is rung height (25mm), W is ladder width 
(mm), A is cable cross section (mm2), N is maximum ca-
ble quantity within ladder cross section, and m is cable 
weight per meter (kg/m).

Once the maximum cable weight is calculated, the 
greatest total load can be obtained by adding the ladder 
unit weight to max. cable unit load as 
Max.load(N/mm)=Max.Cable load per mm(N/mm)+Cable 
ladder weight(N/mm)

2.4 Step 4: Conduct Finite Element Analysis

Finite element analysis (FEA) to find the optimal tray 
support span is performed by using the commercial soft-
ware, ANSYS Mechanical Ansys Parametric Design Lan-
guage (APDL) Product Launcher 2019 R1. The Figures 6 
and 7 show the flow diagram for NEMA VE 1test and IEC 
61537 test.

Figure 5. The comparison for cable fill allowance

DOI: https://doi.org/10.36956/sms.v2i1.311
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2.4.1 Build the FEA Model

ANSYS shell elements, “SHELL 181”, which is a four-
node element with six degrees of freedom at each node, 
was selected to analyze the stability and the displacement 
of the ladder when the largest cable load was placed. 
Figure 8 indicates the direction of the coordinate system. 

Modeling for cable ladder was performed based on mate-
rial property and geometry data shown in Table 2, Table 
3, and Figure 2. For meshing, free mesh is used for this 
study. On top of that, the splicing modeling is not consid-
ered for IEC 61537 deflection test because the bending 
moment at the position of splicing is as small as negligible 
when it has been placed on 1/4 of span.

Figure 6. NEMA-Test flow diagram

Figure 7. IEC-Test flow diagram

DOI: https://doi.org/10.36956/sms.v2i1.311
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2.4.2 Apply Boundary Conditions and Loads

The boundary conditions for the round steel bar sup-
ports are shown in Figure 9. The midpoints of both webs 
are restrained in x, y and z direction on the first support 
and only in y direction on other supports. However, there 
is no restraint of rotation in all direction.

The unit load is applied to the elements on the top of 
rung. Since a rung is spaced in every 300mm, the value of 
pressure on elements is 

                 (4)

where 
Unit load = (Maximum cable unit load + ladder unit 

weight) × Safety factor                     (5)
and rung area is 900mm × 41.7mm=37,530mm2, IEC 

safety factor = 170%, and NEMA safety factor= 150%.

2.4.3 Perform the Analysis of Deflection and 
Stress

The elastic static analysis is conducted to verify wheth-

Figure 8. Directions for the coordinate system

Figure 9. Boundary condition for supports

DOI: https://doi.org/10.36956/sms.v2i1.311
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er the vertical deflection and Von-Mises stress at mid-span 
do not exceed the criteria in Table 4 when the greatest ca-
ble load is placed.

Table 4. The criteria of deflection and stress

Test type Max. deflection at side rail.
Max Stress (yield 

stress)

NEMA destruction load 

test

NA,
only record for 

comparison
<240 MPa

IEC deflection load test
<1/100 of span without 

collapse
<240 MPa

The maximum vertical deflection at mid-span shall be 
measured at the points near the side. In other words, the 
rung sagging displacement (transverse sagging) should be 
excluded in the calculation of the vertical displacement. 
For accurate measurement of displacement and stress, 
those values need to be obtained by using “path opera-
tion”. Figure 10 shows the path of measuring point in AN-
SYS. 

 

Figure 10. Path for measuring stress and deflection

Table 5 indicates the coordinate of location for “define 
path” in order to measure the max. stress and max. dis-
placement at mid-span.

2.4.4 Conduct Eigenvalue Buckling Analysis

Eigenvalue buckling analysis estimates the theoretical 
buckling strength of an ideal elastic structure. It predicts 
the structural eigenvalues for the given conditions such as 
load and constraints. If the eigenvalue under the largest 
load condition is less than 1, the cable ladder will collapse 
at the placed load. So, when the result is less than 1, the 
span of support shall be reduced to avoid the buckling of 
side rail [17]. 

2.5 Step 5: Conduct Simplified Hand Calculation

The maximum vertical sagging displacement and the 
greatest bending stress at middle of span can be estimated 
based on following simplified formula.

Assumption:
(1) The material is linear elastic
(2) The side rail is prismatic, which means that 

cross-section remains constant throughout its length.
Maximum vertical deflection for simple span in Figure 

11 is

                 (6)

With              (7)

where E is Elastic modulus (N/mm2), I is Moment of 
Inertia of side rail (mm4), L is Support span (mm), x is 
Distance from pin support, w is Load per unit length (N/
mm), and δmax is Maximum deflection (mm).

Table 5. The coordinate of location for “define path”

Test Code Span
(mm)

Location #1 Location #2

X(mm) Y(mm) Z(mm) X(mm) Y(mm) Z(mm)

NEMA VE1 3000 1500 0 0 1500 147 0

NEMA VE1 3300 1650 0 0 1650 147 0

NEMA VE1 3600 1800 0 0 1800 147 0

NEMA VE1 3900 1950 0 0 1950 147 0

NEMA VE1 4200 2100 0 0 2100 147 0

IEC 61537 3900 4875[1] 0 0 4875[1] 147 0

Note:
[1] Middle position of intermediate span in multiple span test.

DOI: https://doi.org/10.36956/sms.v2i1.311
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Figure 11. Simple beam with UDL

When cable ladders are installed across several sup-
ports with UDL as Figure 12, the maximum sagging dis-
placement is

 (8)

where E is Modulus of elasticity (N/mm2), I is Moment 
of Inertia of side rail (mm4), w is Load per unit length(N/
mm), L is Support span (mm), δmax is Maximum deflection 
(mm), and E and I are constant.

Figure 12. Continuous simply supported beam with over-
hanging

Maximum bending stress at middle of span is

                                        (9)

with
        (10)

              (11)
where M is bending moment at the middle of span 

(N∙mm), L is support span (mm), w is load per unit 
length(N/mm), I is moment of Inertia of side rail (mm4), y 
is vertical distance away from the neutral axis(mm), and 
σmax is Maximum bending stress at the middle of span (N/
mm2).

Figure 13 shows the bending moment diagram for the 
continuous span of IEC 61537. Bending moment for each 
position indicated in Figure 13 can be calculated as 

             (12)
    

      (13)
   

      (14)
  

      (15)

    
      (16)

     (17)
where w is load per unit l ength(N/mm) and L is inter-

mediate span length (mm).

M2

Distance from left of beam

M1 M3 M4 M5 M6

Figure 13. Bending moment diagram for IEC 61537 test

2.6 Step 6: The Validation of the Result

The validation of the result is performed in two ways; 
one is to compare the result of FEA and the result of hand 
calculation and the other is to verify the constructability 
for the greatest span obtained from FEA. 

The comparison is made for the deflection and bending 
stress. If the difference between two outputs is too large to 
be neglectable, the errors shall be corrected until the gaps 
reach the acceptable range or a justification for the errors 
shall be addressed.

In addition, it is required to be validated whether the 
weight of cable ladder is suitable to handle and install at 
site when the longest span in FEA is applied. In current 
practice, the cable ladder is manually handled and in-
stalled by maximum of two workers. Therefore, the max-
imum weight of cable ladder shall be less than two times 
of the maximum recommended weight for manual lifting 
defined in National Institute for Occupational Safety and 
Health (NIOSH). In other words, if the ladder weight is 
more than 46.26kg, more manpower may be required to 
handle and install the cable ladder at new span.

23.13kg×Number of worker(2 persons)≥The weight of 
cable ladder 46.26kg≥The weight of cable laddder

where 23.13kg is the maximum recommended weight 
for manual lifting without injuries in ideal condition [18]. 

3. Results

3.1 Maximum Load

Table 6 shows the result of the maximum load calcu-
lation. For the finite element analysis and the hand calcu-
lation, the safety factor defined in each standard shall be 
multiplied with the sum of cable weight & ladder weight.

In this study, only data for width 900mm is considered 
because NEMA VE-1 states the test shall be conducted 
with the greatest width [14]. 

DOI: https://doi.org/10.36956/sms.v2i1.311
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3.2 Finite Element Analysis

Numerical analysis has been carried out for both 
NEMA VE-1 destruction load test and IEC 61537 deflec-
tion load test. 

3.2.1 NEMA VE-1 Destruction Load Test

By using formula (4), the test pressure distributed on 
the top of each rung has been calculated as 

The Figure 14 shows the largest vertical deflection 
(vertical sagging of side rail) which is measured at mid-
span. It significantly increases as span increases.

Figure 14. Maximum vertical deflection for simple span

Figure 15 is the trend for Von-Mises stress as span 
increases. Although the longer the span is, the larger the 
Von-Mises stress is, the maximum Von-Mises stress at the 
mid-span did not reach the yield stress of material up to 
3.9m span. 

Figure 15. Max. Von-Mises stress for simple span

Based on the stress contour in Figures 16, the largest 
stress was observed at boundary condition location po-
sition of support, but it was neglectable because of the 
minor area. Other than the stress at boundary condition 
location, the greatest bending stress was induced on top 
flange of side rail at mid-span where the largest vertical 
displacement took place. 

Figure 16. Von-Mises stress contour for NEMA destruc-
tion test with 3.6m span

Table 6. The summary of maximum load

Width of ladder

[mm]

Max. Cable weight (A)

[N/mm]

Ladder weight (B)

[N/mm]

Max. load(C)

(A)+(B)

[N/mm]

NEMA Test

(C)*1.5[1]

[N/mm]

IEC Test

(C)*1.7[2]

[N/mm]

300 0.430 0.057 0.487 0.730 0.828

450 0.645 0.062 0.707 1.060 1.202

600 0.860 0.068 0.928 1.392 1.577

750 1.075 0.073 1.148 1.722 1.951

900 1.290 0.078 1.369 2.053 2.327

Notes:
[1] NEMA safety factor: 150%
[2] IEC safety factor: 170%

DOI: https://doi.org/10.36956/sms.v2i1.311
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Figure 17 shows the result for eigenvalue buckling 
analysis when 0.0164 N/mm2 is uniformly distributed on 
the top of rung. As a result, the elastic critical bending 
moment reached between 3.6m span and 3.9m span be-
cause eigenvalue buckling factor in this region became 
less than 1. Therefore, it concludes that the largest span of 
NEMA test simulation is about 3.6m.

Figure 17. Eigenvalue buckling factor for simple span

3.2.2 IEC 61537 Deflection Load Test

The pressure for each rung for deflection load test is:

The finite element analysis for IEC 61537 load test 
was performed only at the longest span (3.6m) which met 
NEMA VE-1. Figure 18 is stress contour for multi-span 
(IEC 61537) condition. As for simple span (NEMA VE-1 
load test), the greatest stress was found at the boundary 
condition of the support and it is neglectable due to the 
minor area near hole.  Other than the stress at support po-
sition, the maximum bending stress occurred on the top 
flange of side rail at middle of intermediate span where 
the largest vertical displacement was observed.

Figure 18. Von-Mises stress Contour for IEC deflection 
test with 3.6m span

Figure 19 is deformed shape of buckling for IEC test. 
Eigen buckling factor is 2.16 which is almost 2 times of 
Eigen buckling factor in simple span load test.

Figure 19. Deformed shape of buckling for IEC deflection 
test with 3.6m span

Table 7 is comparison of results between NEMA load 
test (simple span) and IEC load test (multiple span). All 
outcomes of the multiple span are much more positive 
than that of simple span.

Table 7. Simple span versus multi-span at 3.6m span

Value

NEMA-simple 

span

(A)

IEC-multi span

(B)
Criteria (A)/(B)

Max. deflection

at mid-span (mm)
12.6 2.9 ≤39[1] 4.34

Max. bending stress

at mid-span (N/mm2)
129.4 51.0 ≤240[2] 2.54

Eigenvalue

buckling factor
1.10 2.16 ≥1 0.51

Notes:
[1] 1/100 of 3600mm
[2] Yield stress of material

In summary, 3.6m is the maximum span which doesn’t 
reach critical bending moment for buckling, yield stress 
and 1/100 of deflection.

3.3 Simplified Hand Calculation

The simplified hand calculation has been carried out up 
to the longest span (3.6m) which doesn’t reach buckling 
in numerical analysis. Figures 20 and 21 show the results 
for the maximum deflection and bending stress at the 
mid-span. As a result, the vertical deflections of the cable 
ladder were less than 1/100 of span over whole test span. 
Moreover, both cases (IEC load test & NEMA load test) 
did not reach the yield stress of material.

DOI: https://doi.org/10.36956/sms.v2i1.311
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Figure 20. Max. deflection at the middle of span

Figure 21. Max. bending stress at the middle of span

3.4 Comparative Analysis

As given in Table 8, a comparison is made with the 
hand calculation results and results obtained from FEA. 
Overall, the results present a good correlation. The max-
imum error is about 10% in the deflection of 3.6m span 
(IEC) and it might occur because not only the effects in-
duced the holes in the web were not considered in simpli-
fied hand calculation but also allowing the beam to rotate 
around the longitudinal axis.

3.5 Constructability Verification

The straight length of cable ladder shall be at least 
equal to the longest span (3.6m) obtained from FEA be-
cause more than two splicing units between supports are 
not allowed [14]. In other words, the straight length of cable 
ladder is not able to be shorter than support span, 3.6m in 
order to minimize its weight

The weight of 3.6m cable ladder is 

It concludes the longest span from FEA is acceptable 
in view of material handling because its weight meets the 
criteria(≤46.26kg) in section 2.6.

3.6 Case study

Table 9. Input data for case study [19]

Data description Data detail Remark

Project A liquified natural gas 
terminal facility

Supplied cable ladder straight 
section 7620m

Support material cost $100 the lowest 
cost

Splicing unit material cost (per 1 
pair) $10/pair [1]

Labor rate $60 ($/hour)

Support installation time 6 hour/ea

Cable ladder splicing time 0.25 hour/pair

Note:
[1] This cost is obtained via personal communication.

To estimate the benefits from the longer support span, 
a liquified natural gas (LNG) terminal facility project was 

Table 8. Hand calculation versus FEA

Span

(m)

Max deflection at mid-span

(mm)
Max bending stress at mid-span (N/mm2)

Hand Cal.(A) FEA(B) (A)/(B) Hand Cal.(C) FEA(D) (C)/(D)

3(NEMA) 5.8 6.3 0.93 92.8 93.5 0.99

3.3(NEMA) 8.5 9.1 0.94 112.3 111.4 1.01

3.6(NEMA) 12.0 12.6 0.95 133.6 129.4 1.03

3.9(NEMA) 16.5 17.2 0.96 156.8 153.4 1.02

3.6 (IEC) 3.2 2.9 1.10 55.1 51 1.08
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selected for the case study. This LNG facility had been 
built by using B-line’s products and all required informa-
tion for the case study is available in the paper generated 
by B-line. This study explains what kinds of benefits com-
pared to the design based on 3m span can be obtained by 
utilizing 3.6m support span which is quite feasible in view 
of constructability.  

The case study was carried out as following steps.
Step 1: To define the input data for case study.
The information from B-line’s LNG facility project 

was used for the case study. Table 9 shows the input data 
to evaluate the economic impacts of longer span. 

Step 2: To estimate the reduced quantity of support.
According to B-line’s bill of material for target proj-

ect, total 7620m cable ladder straight section had been 
supplied. By using total length of cable ladder straight 
section, minimum required support quantity for each span 
can be calculated as

Minimum support Qty(ea)=

where

As a result, total 423ea structural steel support for cable 
ladder straight section can be roughly reduced by chang-
ing the support span from 3m to 3.6m.

Step 3: To calculate the positive cost impacts for sup-
port material.

The cost for 423ea steel structural support is:

Step 4 To evaluate the cost savings for splicing unit.
The splicing units of cable ladder are demonstrated in 

Figure 22. The splicing units are used for connecting the 
two pieces of cable ladder straight section. In general, one 
pair splicing unit is required for each support span length 
because cable ladder straight section length is equal to 
support span length to minimize its weight. Thus, reduced 
splicing unit quantity is same as the saved support quanti-
ty.

Figure 22. Splicing unit for cable ladder [13]

Splicing unit material coat savings ( )
=Reduced splicing unit Qty(pair)
×Unit price of splicing unit ( /pair)
4,230 ( )=423 (ea)×10( /ea)
Step 5 To obtain the labor cost savings for cable ladder 

support installation.
Labor cost savings for cable ladder support installation 

are:
=Labor rate( /hour)×Manhour for installation(hour/ea)
×Saved support Qty(ea)
152,280 ( )=60 ( /hour)×0.25(hour/pair)×423(pair)
Step 6 To get the labor cost decrease for cable ladder 

splicing.
The labor cost impacts for cable ladder splicing can be 

calculated as below:
=Labor rate( /hour)×Manhour for splicing(hour/pair)
×Reduced splicing unit Qty(pair)
6,345 ( )=60 ( /hour)×0.25(hour/pair)×423(pair)
Step 7 To summarize the benefits of new span.
Total economic benefits by employing optimal span, 

3.6m are summarized in Table 10. Compared to 3m sup-
port span design, about 205,155$ can be lower by utilizing 
the 3.6m support span.

Table 10. Summary of cost savings

Description Cost savings ($)

Cable ladder support material 42,300

Splicing unit material 4,230

Labor cost for support installation 15,2280

Labor cost for cable ladder splicing 6,345

Total cost savings 205,155

4. Discussions

In cable ladder system design, although the cable 
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weight is a chief factor to determine the support span, the 
method to calculate maximum cable load had not been 
well defined in earlier research studies. By using the for-
mula derived in this research, the maximum cable weight 
to be installed on the ladder can be estimated. 

The cable ladder which is a kind of slender steel beam 
might fail due to lateral torsional buckling before yielding 
the plastic hinge. Through FEA, the greatest span has been 
estimated as 3.6m when the C channel side rail in Figure 2 
is applied. Compared to the span length of offshore prac-
tice, it makes 20% improvement without increasing the 
cross-section of cable ladder and contributes to reduce the 
overall ladder system cost such as material cost, labor cost 
and others.

In view of constructability, the weight of 3.6m straight 
ladder is suitable for manual handling and installation and 
it is able to give more attractive results when it is applied 
to the larger project that the proportion in the straight run 
of cable ladder is greater. 

Although there were some approaches to extend the 
span by increasing the thickness of side rail, it might be a 
big challenge in view of constructability. For instance, it 
not only causes the difficulty of material handling because 
of getting much heavier but also increases the risk of inju-
ry during the installation of heavier ladder.

Finally, although the optimal span in this study does 
not give the large cost saving in view of total project cost, 
it can be one of contributions to save offshore oil and gas 
project cost.

5. Conclusions

The findings from this study can be summarized as:
According to data from previous projects, the domi-

nated maximum cable ladder support span is 3m. Both 
NEMA VE-1 and IEC 61537 are the mainly used stan-
dards to determine the largest support span in offshore oil 
and gas industry. However, there is no well-defined guid-
ance to estimate the greatest cable weight which can be 
filled on the cable ladder.

On top of that, the formulas in the structural steel de-
sign standard such as CAN/CSA S16-14, Eurocode 3 are 
difficult to be used to get the critical bending moment of 
cable ladder due to its geometry partially restrained by 
rung. 

(1)According to NEC, control cables can be filled much 
more in cross section of cable ladder compared to pow-
er cables because they do not cause the heat generation 
problem. Therefore, the largest cable weight which can be 
calculated by assuming 50% of fill area of cable ladder is 
fully filled with the control cables.

(2)Based on the side rail geometry frequently used in 

offshore industry, FEA has been conducted to find the lon-
gest span which meet both NEMA VE-1 and IEC 61537. 
As a result, optimal span is 3.6m which is 0.6m longer 
compared to the offshore typical practice. Moreover, the 
weight of cable ladder for new span is still suitable for 
material handling without additional manpower.

(3)When a longer span was applied to a liquefied nat-
ural gas terminal facility as case study, about 17% cost 
saving could be obtained for cable ladder support system. 
Although the proportion of cable ladder support system in 
the cost of the project is small, it can be one of the contri-
butions to save offshore oil and gas project cost.
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