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1.0 ABSRACT
Improving the efficiency of cable ladder tray installation involves a combination of product innovation,

modular solutions, application recommendations, material optimization, and effective work methods.

This paper explores various typical cable ladder tray applications, strategies and innovations aimed at increasing

the installation productivity of cable ladder tray systems in industrial and commercial construction environments.

Installation methods that enhance productivity not only reduce project costs but also improve construction schedule
timelines, overall quality and the projects profitability.

Analysis, case studies and real-world applications illustrate the efficiency benefits of implementing these methods.
This paper presents a series of “Manufacturer Recommended Methods” which when applied to a cable ladder tray
project, generate approximated installation savings of 260,000 pieces of material and 5,000 hours.

2.0 INTRODUCTION
National energy security and environmental concerns are driving the energy transition, while societies adoption of
new data technology is driving increased demand for products and services. These combined needs are driving
increased demand for new electrical infrastructure which the construction industry must deliver against a backdrop
of market constraints such as the availability and cost of product, labor and materials.

In the competitive landscape of industrial and commercial construction projects, the efficiency of cable ladder tray
installation methods significantly impacts project success. Increasing installation productivity is crucial for meeting
tight completion deadlines, controlling critical path risks and contract costs. This paper examines
methods and recommendations that contribute to installation efficiency, higher installation productivity and
provides insights into their effectiveness.

It is important that early consideration be given to cable ladder tray installation methods and efficiency. The early
selection of a cable ladder tray system that best mitigates installation time, materials and labor is recommended.

This recommendation should ideally be considered and evaluated during project front end engineering design.

3.0 INSTALLATION REQUIREMENTS
The following cable ladder tray installation requirements shall be considered. ~ We investigate industry standard
practice and manufacturer recommended methods for each requirement, determining their material optimization
and installation efficiency potential.
3.1 Tray Jointing
3.2 Cover Restraint
3.3 Thermal Expansion
3.4 Support Structure

CT INNOVATIONS 21 Waterway Avenue, Ste 300, CT INNOVATIONS

772Q

www.toughinnovations.com The Woodlands, TX 77380, U.S.A.

M: support@toughinnovations.com
@toug

PROPRIETARY AND CONFIDENTIAL. THE INFORMATION CONTAINED IN THIS DOCUMENT IS THE SOLE PROPERTY OF CT INNOVATIONS. REPRODUCTION IN PART OR AS A WHOLE WITHOUT THE WRITTEN PERMISSION OF CT INNOVATIONS IS PROHIBITED.




TD_l J_G-|-| TOUGHTray Systems

. : CT INNOVATIONS
SUPPORT SAVINGS Improved Installation Efficiency

TT-W006

3.1  Tray Jointing

Cable ladder tray straight sections and fittings (elbow, tee, cross) must be connected by means of jointing to
construct a mechanically continuous tray system. We shall consider two methods of ladder tray jointing:
a) Splicing using loose splice plates.

b) Linking using pre-installed link connectors.

a) Splicing: as shown in the below image, the splice plate is supplied as a separate loose item with hardware
(bolt, nut, washer) also supplied as loose items. The plate has plain holes, typically square to captivate the
bolt to splice (join) the straight sections and fittings.

6-Hole Splice Plate

F p===a0 EFFICIENGY QuaNTITY MATERIAL INSTALL INSTALLATION
Ll L o Pieces OPTIMIZATION TIME (HRS) ErricieNcy ()
INDUSTRY STANDARD PRACTICE 18 0.00% 0.166 0.00%

b) Linking: as shown in the below image, the link connector is supplied factory pre-installed to straight
sections and integral to fittings with hardware (bolt, nut) supplied as loose items. The link
connector has plain square holes to captivate the bolt and to link (join) the straight sections and fittings.

Straight Sections Linked 2-Hole Integral Link Connector

TTUGH QUANTITY MATERIAL INSTALL INSTALLATION

SUPPORT SAVI:\llGS EFFICIENCY P D O T E o
Y IECES PTIMIZATION IME (HRS) FFICIENCY (%)

MANUFACTURER RECOMMENDATION 8 +55.56% 0.033 +80.12%
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3.2  Cover Restraint

The cable ladder tray system may require covers to be connected to the tray by a means of restraint suitable
to mechanically restrain the covers in service while providing means to easily remove covers for inspection
and maintenance. We shall consider two methods of cover restraint:

a) Cover Clamps.
b) Cover Fixings.

a) Clamps: as shown in the below image, the cover clamp is supplied as a separate loose item with hardware
(bolt, nut, washer) also supplied as loose items. The cover clamp is supplied in heights and widths to match
the tray height and width the cover must be secured too. The cover clamp wraps around the cover and
tray, has plain holes for the hardware, tightening of the hardware clamps the cover to the tray.

2-Piece Wrap Around Cover Clamp Installed 2-Piece Wrap Around Cover Clamps
’/ 5_—_ QuANTITY MATERIAL INsTALL INSTALLATION
Erriciency
PiecEs OPTIMIZATION TIME (HRS) ErriciENcy ()

INDUSTRY STANDARD PRACTICE 8 0.00% 0.166 0.00%

a) Fixings: as shown in the below image, the cover fixing torx screw is supplied as a loose item. The screw

secures all cover widths and cover types. Installing the screw mechanically secures the cover to the tray.

Cover Installed to Straight Section sover Installed to Fitting

TOUGH QuaNTITY MATERIAL INsTALL INSTALLATION
11| EFFICIENCY

SUPPORT SAVINGS PiecEs OPTIMIZATION TIME (HRS) ErriciENcy ()

MANUFACTURER RECOMMENDATION 2 +55.56% 0.016 +90.36%
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3.3 Thermal Expansion

Continuous straight tray runs must be provided with expansion joint gaps that allow the continuous straight
tray run to thermally expand and contract in service. We shall consider two methods of providing the tray
runs with expansion joint gaps:

a) Expansion splice plates.

b) Expansion connector kits.

a) Expansion Splice Plates: as shown in the below image, the expansion splice plate is supplied as a separate
loose item with hardware (bolt, nut, washer) also supplied as loose items. The plate has plain holes for the
bolt to splice (join) the straight sections while allowing a lin gap between sections.

VY
4-Bolt Expansion Plate 6-Bolt Expansion Splice Plate Installed Expansion Splice Plate 1in Gap
// === UANTITY MATERIAL INsTALL INSTALLATION
r L= = B FrricNcy Q '
PiecEs OPTIMIZATION TIME (HRS) ErriciENcy ()
INDUSTRY STANDARD PRACTICE 26 0.00% 0.199 0.00%

b) Expansion Connector Kits: as shown in the below image, the expansion splice plate is supplied as a
separate loose item with hardware (bolt, nut, washer) also supplied as loose items. The plate has plain
holes for the bolt to splice (join) the straight sections while allowing a lin gap between sections.

‘All}.\‘

Expansion Connector Kit Expansion Kit Installed into Link Connector lin Gap

TOUGH QuaNTITY MATERIAL INsTALL INSTALLATION
17| EFFICIENCY ,

SUPPORT SAVINGS PiecEs OPTIMIZATION TIME (HRS) ErriciENcy ()

MANUFACTURER RECOMMENDATION 8 +69.23% 0.033 +83.42%
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3.4  Support Structure

The cable ladder tray must be supported by means of a structural support system. Structural support types
range from I-beam sections to strut channel and all-thread rod to wire rope. For the optimization of tray

support structure and its installation time we shall consider two methods:
a) Industry Standard Practice (NEMA VE 2) Method.

b) Manufacturer Recommended (TOUGH Support Savings) Method.

a) Industry Standard Practice: as shown in the below images, cable ladder tray structural support locations
and support quantities are detailed for a range of tray fittings. The support locations and quantities are

as recommended by industry standard practice NEMA VE 2[RRI

A= B 2ft (0.6m) VE2 s
Max T“ ! 2ft (0.6m) | o ! 2t (0.6m) |
yd _~ Steel Support (typ.) | Max Max
’ |
° K Ny / \ /;l s
/ l f
/S ) [ A \
/ | \
/& - / / \
",' h N\ L k C t . N —
f i ink Connector (typ.) Link Connector —\\ s
| ( . *Center support not
~ Support elbow on center of arc. required on 12in radius
*Center support is not required | tee. Center support is
on 12in radius 30"and 45 elbows. 2ft (0.6m) required on other radius.
2ft (0.6m) M \
ax
M?X @ = 30°,45°,60°,90° Straight sections rf‘mft be
. supported once within
“Straight sections must be supported each blue hatched area.
once within each blue hatched area.
Steel Support (typ.)
-—n)=-
SUPPORT MATERIAL INsTaLL | INSTALLATION SUPPORT MATERIAL INsTALL | INSTALLATION
Qv pcs) | OprviizatioN | Tive @RS) | ErFFiciENcy (4) Qv pcs) | OprivizaTioN | Tive ERS) | EFFiciENcy (%)
3 0.00% 15 0.00% 6 0.00% 3.0 0.00%
VE2 1 \Y =V e
7~ ) 7]
ot e
‘,v“/ A Support straight sections
/ X once within blue hatched
[ ‘Vertical elbow at top 2ft (0.6m) area.
1 7-/ of tray runs should be Max ’
) supported at each end.
Link Connector (typ.) e e eme ame | 2ft (0.6m) 2ft (0.6m)
@ = 30°, 45°, 60°, 90 Max L Max
. = ! I I i
Vertical elbow at the bottom ’,,Z JF P I I /l J_
of cable tray runs should be f A i
supported at the top of the  Steel Support I / | I !
elbow and supported once Link Connector ‘ - .
within blue hatched area. f -/ “Center support is not
[ j I required on 12in radius
| 2ft (0.6m) fittings. Centre support
' ~ / Max 5 required for all other
) ' / AP
4 E//A o radius fittings.
' .-//
2ft (0.6m) —‘-——L- x Steel Support (typ.)
Max -y
SUPPORT MATERIAL INsTALL | INSTALLATION SUPPORT MATERIAL INsTALL | INSTALLATION
Qv pcs) | OprivizaTioN | Tive ERS) | EFFiciENcy () Qv pcs) | OprivizaTioN | Tive ERS) | EFFiciENCy (%)
4 0.00% 2.0 0.00% 8 0.00% 4.0 0.00%
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b) Manufacturer Recommendations: as shown in the below images, the cable ladder tray structural support

locations and support quantities are detailed for a range of tray fittings. Support locations and quantities
are as recommended by the manufacturer TOUGH Support Savings.
TELGH
UPPORT SAVIN

TOUGHTray Horizontal Tee

2ft (0.6m)
2ft (0.6m)
—-1 |—— / — Max |-¢—

Max

2ft (0.6m)
__4_..-4-"".“ Max r
/,,.»-"" Steel Support

— ‘ I |

Tt i T 77 .
\/ ] i

AT 4 A

£ |

o
/
[
I
."]‘ \ |
\TOUGHLink
f N, Connector TOUGHLIn
N Connector
v’ \ | / r=s—— Support each straight
AN section once within
2ft (0.6m) , » TOUGHTray 2ft (0.6m)
M Horizontal Elbow Max : blue hatched area.
ax
"\ Support each straight section once
Within blue hatched area. Steel Support
- e _
SUPPORT MATERIAL INsTALL | INSTALLATION SUPPORT MATERIAL Instarn | INSTALLATION
Qv pcs) | OprivizaTioN | Tive ERS) | EFFICIENCY (%) Qv pcs) | OprivizaTioN | Tive ERS) | EFFICIENCY (%)
2 +33.33% 1.0 +33.33% 3 +50.00% 1.5 +50.00%
/ ‘-‘ i Y
TOUGHTray_ @ 4 ’
Vertical Outside Elbow < N \ !
“~
f
1 \ Support elbow at top 2ft (0.6m) ‘ TOUGHTray
of vertical run at link Max Horizontal Cross
connector. /) /
2ft (0.6m) ﬁ / 2ft (0.6m)
Max Max

==
=374~ 10ft (3.0m) .
. Rl 77 g

__._I\__<

g -
|
Support elbow at TOUGHLink
bottom of vertical [
. Connector .
run at link | — Support each straight
connector. | x / 2ft (0.6m) section once within
: ) TOUGHTray Max A blue hatched area.
' ﬂ/"’ (o) Vertical Inside Elbow
' / Steel Support
— _B x
g
SUPPORT MATERIAL InstaLL | INSTALLATION SUPPORT MATERIAL InstaLL | INSTALLATION
Qv pcs) | OprivizaTioN | Tive @RS) | ErFFiciENcy (%) Qv pcs) | OprviizatioN | Tive @RS) | ErFFicieNcy (4)
2 +50.00% 1.0 +50.00% 4 +50.00% 2.0 +50.00%
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a) Industry Standard Practice: as shown in the below images, cable ladder tray structural support locations
and support quantities are detailed for a continuous straight tray run expansion joint. The joint, support
locations and quantities are as recommended by industry standard practice NEMA VE 2. | L 77

Expansion Splice Plate |

Straight sections should
be supported once within
the hatched area® '\

. 20ft (6.0m)
(Straight Section)

/TOUGHLink Connector

2ft (0.6m) , 2ft(0.6m)
Ll el
max max

Steel Support (typ.)

F=——1/4 Span —

20ft (6.0m) max 20ft (6.0m) max

= (Support Span) - (Support Span) -
J =74 EFFICIENGY SUPPORT MATERIAL INSTALL INSTALLATION
74 N N
| [ T { a] Qry@ecs) | OprivmizaTIoN | TiME HRS) | EFFICIENCY (%)
INDUSTRY STANDARD PRACTICE 2 0.00% 1.0 0.00%

b) Industry Standard Practice: as shown in the below images, cable ladder tray structural support locations
and support quantities are detailed for a continuous straight tray run expansion joint. The joint, support
locations and quantities are as recommended by manufacturer TOUGH Support Savings.

i Y protSwines. (T

SUPPORT SAVINGS

, 20ft (6.0m)
Expansion ’ (Straight Section) TOUGHLink Connector

Cartridge Kit

# 3
Lf 1/4 Span —J \“'Stee[ Support (typ.)

20ft (6.0m) max 20ft (6.0m) max
(Support Span) (Support Span)

SUPPORT MATERIAL INSTALL INSTALLATION
Qry@ecs) | OptiMizATION | TIME HRS) | EFFICIENCY (%)

TTUGH| Erpciency

SUPPORT SAVINGS

\/]

MANUFACTURER RECOMMENDATION 0 +100.00% 0.0 +100.00%
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4.0  TABULATION OF INSTALLATION METHODS
This tabulation provides a summary of the installation methods detailed within Section 3.0.  The below data will
show each methods efficiency in optimizing materials and installation productivity. Green colored cells indicate the
method is highly efficient. Red colored cells indicate the method is not efficient.

SecTION 3.1 SecTION 3.2 SecTION 3.3 SecTION 3.4

PRODUCTIVITY TRraY JOINTING COVER RESTRAINT ~ THERMAL EXPANSION | SUPPORT STRUCTURE
L.S.P. M.R. I.S.P. M.R. I.S.P. M.R. I.S.P. M.R.

Ml 0.00% | +55.56% | 0.00% | +55.56% | 0.00% | +69.23% | 0.00% | +52.17%

OPTIMIZATION

LRSI ABE IO 0.166 0.033 0.166 0.016 | 0.199% | 0.033 11.50 5.50

TIME HRS)

i 0.00% | +80.12% | 0.00% | +90.36% | 0.00% | +83.42% | 0.00% | +52.17%

ErriciENCY

*[.S.P. = Industry Standard Practice NEMA VE 2 | M.R. = Manufacturer Recommendation TOUGH Support Savings

5.0 PROJECT EXAMPLE OF WORKED METHODS
We now evaluate the installation methods when applied to a cable tray project. Based on the below
Table 5.1 cable tray material take-off, we will calculate the installation methods material optimization and
installation efficiency which are summarized in the following Table 5.2

The calculations and comparisons will consider the following:
a)  Material Optimization (%).

b) Installation Time (Hrs.).

c) Installation Efficiency (%).

CABLE TRrRAY SysTEM MATERIAL TAKE-OFF

Item # QuanTITY UoM CaBLE TRAY DESCRIPTION NEMA VE 1
1.0 4500 1-Piece StrAIGHT SECTION 36”W 20ft L 20C
1.1 9000 1-Piece COVER STRAIGHT SECTION 36”W 10ft L -
2.0 400 1-Piece HorizontaAL ELsow 36”W 36”R 20C
2.1 400 1-Piece Covir HorizonTtaL ELBow 36”W 36”R -
3.0 150 1-Piece HorizontaL TEE 36”W 36”R 20C
3.1 150 1-Piece Cover HorizonrtaL TEE 36”W 36”°R -
4.0 100 1-Piece HorizontaL Cross 36”W 36”R 20C
4.1 100 1-Piece Covir HorizontaL Cross 36”W 36”R -
5.0 400 1-Piece VERTICAL INSIDE ELBOW 36”W 36”R 20C
5.1 400 1-Piece Coovir VERTICAL INSIDE ELBOW 36”W 36”R -
6.0 400 1-Piece VERrTICAL OUTSIDE ELBOW 36”W 36”R 20C
6.1 400 1-Piece Covir VERTICAL OUuTsIDE ELBOW 36”W 36”R -
7.0 1500 1-Pair Expansion Joint Kir 36”W 20C
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BLE 6.2 : MATERIAL TAKE-OFF INSTALLATION METHODS ANALY

MATERIAL MATERIAL INSTALLATION | INSTALLATION

Quantity | OPTIMIZATION TiME Erriciency

ITEm| TrAY DESCRIPTION UoM | Qry (PCS) (%) (HRS) (%)

LS.P. MR. | ISP. | MR. [ LSP. | MR. | ISP. | MR
1.0 | Straight Section 36”W 20fi L. 1-Picce | 4500 54,000 | 24,000 | 0.00 | +55.56 | 498.0 | 99.0 0.00 | +80.12
1.1 | Cover Straight 36”W 10ft L 1-Picce | 9000 | 216,000 | 54,000 | 0.00 | +75.00 | 4,482.0 | 432.0 0.00 | +90.36
2.0 | Horizontal Elbow 36"W 36"R 1-Picce 400 8,400 4,000 | 0.00 | +52.38 | 66.4 13.2 0.00 | +65.73
2.1 | Cover Elbow 36”W 36”R 1-Picce 400 6,400 1,600 | 0.00 | +75.00 | 1328 12.8 0.00 | +90.36
3.0 | Horizontal Tee 36”W 36”R 1-Picce 150 6,300 1,650 | 0.00 | +73.81 | 24.9 4.9 0.00 | +65.06
3.1 | Cover Tee 36"W 36"R 1-Picce 150 3,600 900 0.00 | +75.00 | 74.7 7.2 0.00 | +90.36
4.0 | Horizontal Cross 36”W 36”R 1-Picce 100 6,200 1,200 | 0.00 | +80.65 | 16.6 3.3 0.00 | +65.06
4.1 | Cover Cross 36"W 36”°R 1-Picce 100 3,200 800 0.00 | +75.00 | 66.4 6.4 0.00 | +90.36
5.0 | Vertical IS Elbow 36"W 36"R 1-Picce 400 8,000 2,000 | 000 | +75.00 | 66.4 13.2 0.00 | +65.06
3.1 | CoverIS Elbow 36”"W 36"R 1-Picce 400 6,400 1,600 | 0.00 | +75.00 | 1328 12.8 0.00 | +90.36
6.0 | Vertical OS Elbow 36"W 36"R |  1-Piece 400 8,000 2,000 | 000 | +75.00 | 66.4 13.2 0.00 | +65.06
6.1 | Cover OS Elbow 36"W 36"R 1-Picce 400 6,400 1,600 | 0.00 | +75.00 | 1328 12.8 0.00 | +90.36
7.0 | Expansion Joint Kit 36"W 1-Pair 1500 39,000 | 12,000 | 0.00 | +69.23 | 2985 | 49.5 0.00 | +90.06

TaBLE TOTALS:

372000 107350

6058.7 680.3

7.0 SUMMARY
With consideration to the data presented within Table 6.2, we can summarize the available cable tray installation

methods material optimization and installation efficiencies:

a) Industry Standard Practice Installation Methods.

Industry Standard Practice does not optimize cable tray materials or reduce cable tray installation time.
It demonstrates installation inefliciency, resulting in high cable tray material content and installation time.

b)  Manufacturer Recommended Installation Methods.
Manufacturer Recommendations optimize cable tray materials and reduce the cable tray installation time. It
demonstrates installation efficiency, optimizing cable tray materials by 264,650pcs and reducing the cable
tray installation time by 5,378.4 Hours. Resulting in cable tray installation productivity gains of up to 90%.
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8.0 CONCLUSIONS

Cable ladder tray industry standard practices and installation methods present efficiency challenges which can be
easily mitigated by the selection and implementation of alternate manufacturer recommendations. Based on the
findings of this paper, we recommend:

a.  Cable tray selection should consider the impact of the installation methods at the earliest possible stage of a
project. This is recommended to be during project FEED.

b. Selecting a cable ladder tray system designed to optimize materials and reduce installation time, that delivers

quantifiable efficiency and productivity gains.

9.0 REFERENCES & TOOLS
To aid in the evaluation of cable ladder tray installation efficiency, the following technical papers and quantification
tools are available to the reader and recommended by the author.
a. TOUGH Support Savings Calculator
b.  TT-WO005: Structural Design Efficiency

c. TT-WO004: Mitigating Critical Path Risks

Visit, view and download from: https://www.toughinnovations.com/resources

Mark Vincent Bowman

Chief Specification Officer
CT INNOVATIONS
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