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Safety Moment
Here are five quick tips to remember before leaving your house and while 
walking, running or biking:

1. Don’t wear headphones; Use your ears to be aware of your 
surroundings.

2. Carry identification including your name and phone number. Include 
any medical information.

3. Don’t run or bike alone.
4. Wear reflective material if you must run before dawn or after dusk.
5. Look both ways before crossing a street and obey traffic signs and 

signals. 



Schedule

9:00 to 10:30  
10:30 – 15 minute break

10:45 to 11:45
11:45 Q&A and wrap up



Outline of this Course
1. Overview of the NEC
2. What’s a Data Center?
3. Applicable NEC Articles

Article 110.26 Clearances
Article 250  Grounding
Article 392 Cable Tray
Article 480 Battery Systems
Article 645 IT Equipment

Article 646 Modular Data Centers
Article 725 Cabling
Article 770 Fiber Optic Cable
Article 800 Communication
NFPA 72 and 75

4. Looking Back - Looking Forward  - Trends
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Codes Vs Standards

Codes are set of rules or definitions that specifies the 
minimum acceptable attributes for a particular product, 

service, result and technical issue.
For example: National Fire Prevention Association (NFPA) 
obligates the incorporation of Fire Protection into building 

construction.



Codes Vs Standards
Standards are sets of the detailed requirements and guidelines

developed as good practices.
Example:  ANSI/BICSI 002-2014, Data Center Design and 

Implementation Best Practices

Codes are required for safety; Standards are guidelines for 
proper operation 



Purpose of Codes
 Ensure public health and safety throughout a 

building.
 Most have come into play “after-the-fact” as a 

learning experience from a major tragedy.
 They are primarily concerned with

o Construction requirements
o Hazardous materials or equipment used in the building
o 75% of all codes and standards deal with fire
o Energy conservation
o Accessibility



History of US Codes
 First on record was in 1625 in what was 

know as New Amsterdam (New York).  

 Addressed fire prevention and governed 
the types of roofing materials that could be 
used to protect from chimney sparks.

 Chicago fire of 1871 caused many large 
cities to create their own municipal  
building codes



National Fire Protection Association (NFPA)
NFPA's code and standard-making process began in 1896

The National Fire Protection Association (NFPA) is a United 
States trade association, albeit with some international 

members, that creates and maintains private, copyrighted 
standards and codes for usage and adoption by local 

governments.



National Electrical Code
NFPA 70

The initial Code was developed in 1897
It is generally updated every 3 years

Each cycle the NFPA receives about 3 to 4 thousand 
recommended changes in which about a forth result in 

changes



National Fire Protection Association
NFPA develops about 300 Codes,
some of the ones relevant to us include:

 NFPA 70    National Electrical Code
 NFPA 70E Standard for Electrical Safety in the Workplace®
 NFPA 72  National Fire Alarm and Signaling Code
 NFPA 13  Standard for the Installation of Sprinkler Systems
 NFPA 75  Standard for the Fire Protection of IT Equipment
 NFPA 101 Life Safety Code



Purpose of NEC 90.1
(A) Practical Safeguarding. The purpose of this Code is the practical 
safeguarding of persons and property from hazards arising from the use of 
electricity. This Code is not intended as a design specification or an 
instruction manual for untrained persons.

(B) Adequacy. This Code contains provisions that are considered necessary
for safety. 



Scope of NEC  90.2

(A) Covered. This Code covers the installation and removal of electrical 
conductors, equipment, and raceways; signaling and communications conductors, 
equipment, and raceways; and optical fiber cables and raceways for the following:

(1) Public and private premises, including buildings, structures, mobile homes, recreational 
vehicles, and floating buildings
(2) Yards, lots, parking lots, carnivals, and industrial substations
(3) Installations of conductors and equipment that connect to the supply of electricity
(4) Installations used by the electric utility



Scope -Not Covered

1. Ships and watercraft other than floating buildings
2. Mines
3. Railways
4. Communication equipment under the exclusive control of 

communication utilities



Code Adoption  90.4

This Code is intended to be suitable for mandatory application by 
governmental bodies that exercise legal jurisdiction over electrical 
installations, including signaling and communications systems, and 
for use by insurance inspectors. 



Code Adoption  90.4

The authority having jurisdiction for enforcement of the Code has the 
responsibility for making interpretations of the rules, for deciding on the 
approval of equipment and materials,  and for granting the special 
permission contemplated in a number of the rules. 
All materials and equipment used under the requirements of the Code are 
subject to the approval of the AHJ. 



Code Adoption

Some localities do not adopt the NEC, but, even in those localities, 
installations that comply with the current NEC are prima facie evidence 
that the electrical installation is safe.
By special permission, the authority having jurisdiction may waive 
specific requirements in this Code or permit alternative methods where 
it is assured that equivalent objectives can be achieved by establishing 
and maintaining effective safety.





Code 
Arrangement



Using the NEC

Use the NEC Handbook 
as an expert opinion of 
the Code.
The editorial notes, in 
blue, provide insight to 
the meaning of the Code.



Using the NEC

Most Definitions are in Chapter 1 
General, Article 100 however each 
section may have additional 
definitions

For example, there are a number of 
definitions in Article 800



Using the NEC
There are many technical words used in the NEC. It is crucial that you 
understand the meanings of words.  Important to us includes: 

Information Technology Equipment (ITE):  Equipment and systems rated 
1000 v or less, normally found in offices, that are used for creation and 
manipulation of data, voice, video, and similar signals that are not 
communications equipment as defined in Part I of Article 100 and do not 
process communications circuits as defined in 800.2. and do not process 
communication circuits as defined in 800.2.



Using the NEC
Communication Circuit: The circuit that extends voice, audio, video, 
data, interactive services, telegraph (except radio), outside wiring for 
fire alarm and burglar alarm from the communication utility to the 
customer’s communication equipment up to and including terminal 
equipment.

Plenum. A compartment or chamber to which one or more air ducts 
are connected and that forms part of the air distribution system.



Using the NEC
Composite Optical Fiber Cable:  A cable containing 
optical fibers and current-carrying conductors.

Conductive Optical Fiber Cable: A factory assembly 
of one or more optical fibers having an overall 
covering and containing non-current-carrying 
conductive member(s) such as a metallic strength 
member(s), metallic vapor barrier(s), metallic armor 
or metallic sheath.





What’s a Data Center



What’s in a Data Center



What’s in 
a Data 
Center

MDA



What’s in a 
Data Center

From ANSI/TIA-942-A



How’s it 
configured?

From ANSI/TIA-942-A



How’s it configured?

From ANSI/TIA-942-A

MDA – Main Distribution Area 
HDA – Horizontal Distribution Area
ZDA – Zone Distribution Area
EDA – Equipment Distribution Area



How’s it 
configured?

From ANSI/TIA-942-A



NEC Code Articles

Article 110.26 Clearances
Article 250  Grounding
Article 392 Cable Tray
Article 480 Battery Systems
Article 645 IT Equipment

Article 646 Modular Data Centers
Article 725 Cabling
Article 770 Fiber Optic Cable
Article 800 Communication
NFPA 72 and 75



Code 
Arrangement



Article 110.26 
Clearances



Article 110.26 
Clearances



Article 110.26 
Clearances



Article 250  
Grounding



Article 250  
Grounding

Bad
NEC 250.94 Bonding for 
Communication Systems



Article 250  
Grounding

Good
NEC 250.94 Bonding for 
Communication Systems



Grounding   TIA 607- B



Grounding
TIA 607- B



Article 392 Cable Tray



Article 392 Cable Tray



Article 392 Cable Tray



Article 480 Battery Systems



Article 480 Battery Systems



Safety Shower -
Monitoring



Article 645   IT Equipment

Article 645 is NOT MANDATORY
• Just because there is IT equipment in the room does not mean that 
Article 645 must be applied
• Article 645 allows alternate construction from Chapter 3 and parts of 
Article 725 of the Code, such as permits certain non-plenum rated cable 
under floors and allows the cabling to be unsecured



Article 645   IT Equipment
645.4 Special Requirements for IT Equipment Room. The alternative wiring 
methods are acceptable where all of the following  6 conditions are met:
(1) Disconnecting means complying with 645.10 are provided.
(2) A heating/vent/air-conditioning (HVAC) system is provided as identified below:

a. A separate HVAC system dedicated for information technology 
equipment. 
b. An HVAC system that serves other occupancies and serves the IT 
equipment room is provided with fire/smoke dampers

(3) Information technology and communications equipment installed is listed.



Article 645  IT Equipment
645.4 Special Requirements for IT Equipment Room (continued)
(4) The room is occupied by, and accessible to, only those personnel needed 
for the maintenance and functional operation of the installed information 
technology equipment.
(5) The room is separated from other occupancies by fire-resistant- rated 
walls, floors, and ceilings with protected openings.
(6) Only electrical equipment and wiring associated with the operation of the 
information technology room is installed in the room.



Article 645   IT Equipment-
Advantages

The advantages to using this option are:
•Relaxed restrictions on cabling installed below the raised floor that is used 
as an HVAC air path.
•Electrical raceway restrictions are reduced.
•Cable tray may be used beneath the raised floor.
•Raceways and devices are not required to be securely fastened.
•Corded equipment receptacle connections may be made below the raised 
floor.



Article 645   IT Equipment-
Disadvantages

•An approved, manually initiated means to disconnect power to all 
electronic equipment in the space. "EPO" system.
•A separate HVAC system that is dedicated for the ITE space use. 
•The ITE space can only be occupied by personnel needed to maintain and 
operate the installed ITE equipment.
•The ITE space must be have fire-resistant-rated walls, floors, and ceilings.

•Finally, having the EPO system and HVAC shutdowns will not 
increase the availability (uptime) of the computer equipment. 



Article 645 IT Equipment-Exceptions
(B) Remote disconnecting controls shall not be required for critical operations data 
systems when all of the following conditions are met:

(1) An approved procedure has been established for removing power and air 
movement.
(2) Qualified personnel are continuously available.
(3) A smoke-sensing fire detection system is in place.
(4) An approved fire suppression system is in place.
(5) Cables installed under a raised floor, other than branch circuit wiring, and 
power cords are installed in compliance with 645.5, or Table 645.10(B)(5).



Article 645 IT Equipment-Exceptions

Only those data systems designated as critical in function based 
on that definition are permitted to implement the provision for 
not installing the remote disconnect control covered in 
645.10(A).

Critical Operations Data System. An information technology
equipment system that requires continuous operation for reasons of 
public safety, emergency management, national security, or business 
continuity.



Reliability



Break



Article 646 
Modular Data Centers



Article 646 
Modular Data Centers



Article 646 Modular Data Centers

• Scalability
• Quick deployment
• Low PUE
• Mobility

Why? 



Article 646 Modular Data Centers
PUE is Power Usage Effectiveness (PUE) is a metric used to 
determine the energy efficiency of a data center. 
PUE is determined by dividing the amount of power 
entering a data center by the power used to run the 
computer infrastructure within it.
PUE is therefore expressed as a ratio, with overall efficiency 
improving as the quotient decreases toward 1.



Article 646 Modular Data Centers
• Issues fire stopping, grounding, disconnecting means.



Article 725 Cabling
Class 1, Class 2 and Class 3 Remote-Control, Signaling and Power-Limited 

Circuits
725.1 Scope. This article covers remote-control, signaling, and power-limited circuits 
that are not an integral part of a device or of utilization equipment. 

Informational Note: The circuits described herein are characterized by usage 
and electrical power limitations that differentiate them from electric light and power 
circuits; therefore, alternative requirements to those of Chapters 1 through 4 are 
given with regard to minimum wire sizes, ampacity adjustment and correction 
factors, overcurrent protection, insulation requirements, and wiring methods 
and materials.



Article 725 Cabling
Class 1, Class 2 and Class 3 Remote-Control, Signaling and Power-Limited 

Circuits

From Article 800:



Article 725 
Cabling



Article 725 Cabling

Plenum Areas



Article 725 Cabling
Hot Isle containment



Article 725 Cabling



Article 770 Fiber Optic Cable
770.1 Scope. This article covers the installation of optical fiber
cables. This article does not cover the construction of optical
fiber cables.



Article 770 Fiber Optic Cable



Article 800 Communication



Article 800 Communication



Article 800 Communication
• Part I General
• Part II Wires and Cables Outside and Entering 

Buildings
• Part III Protection
• Part IV Grounding Methods
• Part V Installation Methods Within Buildings
• Part VI Listing Requirements



Article 800 Communication



Article 800 Communication

• Part I General



Article 800 Communication

• Part I General

Article 300.4  Protection against 
Physical Damage

Article 300.11  Securing and 
Supporting



Article 800 Communication
• Part II Wires and Cables Outside and Entering 

Buildings



Article 800 Communication
• Part II Wires and Cables Outside and Entering 

Buildings



Article 800 Communication
• Part II Wires and Cables Outside and Entering 

Buildings



Article 800 Communication

Part III Protection



Article 800 Communication

Part III Protection



Article 800 Communication

Part IV 
Grounding 
Methods



Article 800 
Communication

Part V Installation Methods 
Within Buildings



Article 800 Communication

Part V Installation 
Methods Within 
Buildings



Article 800 Communication



Article 800 Communication
Part VI Listing Requirements



NFPA 72 
 NFPA 72  National Fire Alarm and Signaling Code

In addition to the core focus on Fire Alarm systems, this 
Code includes requirements for Mass Notification 
Systems and Distributed Antenna Systems (DAS).



NFPA 72 
 NFPA 72  National Fire Alarm and Signaling Code

Mass Notification 24.4.3                                             DAS  24.5.2.2

.



NFPA 75 
 NFPA 75  Standard for the Fire Protection of IT Equipment

This standard covers the requirements for the protection of 
information technology equipment and information technology 
equipment areas from fire damage by fire or its associated 
effects--smoke, corrosion, heat, and water.



NFPA 75 



NFPA 75 



Looking 
Back

Looking 
Forward



What year 
were these?



1927 1956



Looking Back- 1899 
NEC 1899
41 pages



Looking Back- 1925 
NEC 1925
182 pages



Looking Back- 2002-2005-2008 
2002 Article 690  Solar Photovoltaic Systems

Article 692  Fuel Cell Systems
2005 Article 353  High Density Polyethylene Conduit

Article 506  Zone 20, 21 and 22 Locations for Combustible Dusts etc.
Article 682  Natural and Artificially made Bodies of water

2008 Article 355 Reinforced Thermosetting Resin Conduit
Article 522  Control Systems for Permanent Amusement Attractions
Article 626  Electrified Truck Parking Spaces
Article 708  Critical Operations Power Systems (COPS)



Looking Back- 2011-2014 
2011 Article 399  Outdoor Overhead Conductors over 1000v

Article 694  Wind Electric Systems
Article 840  Premise-Powered Broadband Communication Systems

2014 Article 393  Low Voltage Suspended Ceiling Power
Article 646  Modular Data Centers
Article 728  Fire Resistant Cable Systems



2017 Revisions

Article 425  Fixed Resistance and Electrode Industrial Process Heating 
Equipment

Article 691  Large-Scale Photovoltaic Electric Power Production Facility
Article 706  Energy Storage Systems
Article 712  Direct Current Microgrids

Added section to Article 725.144 PoE



Who are we?

Cable pullers
Cable terminators
Cable testers
Cable labelers



We’re more than that !
We design and install:

Security systems
Data Electronics
Wireless Access points
Public Address Systems
Building Automation
A/V Systems

And we’re looking to do more!



Looking Forward

What’s easy to predict ?
• New buildings
• Building renovations
• Higher bandwidth, WDM & MTP
• More wireless including DAS



Looking Forward

What’s easy to predict ?
• More PoE
• Bigger video screens
• More non-metallic components
• Better insulators
• Less data in our phones/computers



Current Trends
Green Design

Energy efficiency
Sustainability

Battery advances
Home automation
Artificial intelligence
Mass transportation 
advances

Smart cities
Modular Data Centers
Wider tolerances on IT equipment
Diversified power 

Wind farms
Photovoltaic panels



Trends that impact us
• More Data Centers - moving data away from our 

palms to the cloud
• Focus on Energy efficiency
• Modular Data Centers – Standardization
• Automation – Home – City
• Photovoltaic systems



Conclusions

1. Data Centers are becoming more standardized.
2. More non-metallic devices are being used.
3. Insulation materials are getting better.
4. Power generation is becoming more diverse.



Summary
1. Know how the NEC is organized
2. Know where to find Data Center related codes items and 

how to interpret them.
3.  Carefully consider new opportunities by looking at the 

past changes and current trends



Contact info

Leo.Marsh@ch2m.com


