
) DOCUMENT RESUME

ED 154 484

TITLE ' .Minimum Check List for .Mechanical and EleCtrical'
Plans and Specifications. Fburth Revision. SChool
Planning Guide Series, 4.

.

INSTITUTION North Carolina StateDept. of Publid instruction,
Raleigh. Div.. of 'school Planning.

PUB DATE '' Oct,,75 .

. ,

.'
ROTE 75p.; For a related dodumenti ese

i
BD 082 51; Not

,available in paper copy due to ssal print siWof
s

'Original document
1.

.

,

EDRS PRICE MF-$0.83 Plus Postage. HC got vailable from =RS:
D1SCRIPTORS BUilding Design; *Check Lists; Design Needs;

'Diagrams; *Electrical Systems; Equipment Standards;
, *Facility Guidelines; Illumination Levels;

*Mechanical Egnipmnt; *PluMbing; Specifications.

'IDENTIFIERS North 'Carolina
. ,. °. .'.

.-'

BA 010 571

ABSTRACT
`Characteristics expected; of desigts and plans for'

)

.
. .

-_- plmmbing,,,mechanical.,:and'electriCal systems .in the.educationdl..
facilities oftNorth Carolina are itemized. Each. recommendation is
identified as, legally mandatory, adviSable with eiceptions, (it/n=111y
accepted practice.' (PGD) ,

... ,)- .
, 4

. ,
.

II

/

7

7;

.

C.

*************404******************************44********************
* Rep4pductions supplied by EDRS'are the best that can be made *
* frob the'original document". *
*********************************************************************4**

N :

I



1

.)

-.4

... .

'
z

11° U.S pEPARTMEV EoOF HlliLTI: , 1
"ti417CATION &WELFARE f

.... NATIONAL INSTITUTE OF
EDUCATION

,

THIS -OOCUMENT HAS PEEN REPRO.
DUCIO EXACTLY A$ RECEIVED FROM
THE R5ONOR ORGANIZATION ORIGIN -

4 ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT 'NECESSARIFY REPRE
SENT OFFICIAL NATIONAL IN TITUTE OF
EDUCATION PONTION OR. POLICY

4

CI-Etc Oft
FOR ,MECHANiCAL AND
ELECTRICAL PLAM
-.AND SPECIFICATION$,

a
J

C

,

ti

C'
4

a

a.

-7,

'PERMISSION TO REPRODUCE YHIS
MATERIAL IN MICROFICHE ONLY
HAS BEEN GRANTED BY

9
)1/0 k-0

/UsA.0

TO THE EDUCAkIONAC RESOURCES
INFORMATION CENTER (ERIC) AD
USERS OF THE ERIC SySTEM.

.

.p

4



4

e

CONTENTS
FOREWORD

f

MINIMUM CHECK LIST
..k)11 MECHANICAL AND ELECTRICAL PLANS AND SPECIFICATIONS
DIVISION OF SCHOOL RLANNING N. C. DEPTOF PUBLIC INSTRUCTION 1976

.PREFACE

PLBG ® PLUMBING

CHARTPLUMBING FIXTURE RECOMMENDATIONS

MECH MECHANICAL

0

4-8
8

9-24
'BOILER P11)ING DIAGRAM STEAM 20

BOILER PIPING ISIAGRAM-rWATER 21

TYPICAL STOKER.CONTROCDIAGRAMSTEAM 22

TYPICAL STOKER CONTROL DIAGRAMWATER 23
'4, DIAGRAMGAS TRAINS. FOR BURNER CONTROL

S
24

ELECT 'ELECTRICAL AND LIGHTING

WIRINGAND EQUIPMENT DIAGRAM

DIAGRAM -SHOWING GROUNDING METHODSSINGLE BUILDING
DIAGhAM SHOWING GROUNDING METHODS MULTIPLE BUILDINGS
TYPICAL ,ELECfRIPAL.SUMM4RY

RECOMMENDED ILLUMINATION LEVELS. FOR SCHOOLS

ABBREVIATIONS
AGA ' AMERICAN GAS ASSOCIATION
DEM DIVISION OF ENVIRONMENTAL MANAGEMENT
DNER N. C. DEPT. OF NATURAL AND ECONOMIC RESOURCE N'
IBR INSTITUTE OF BOILER AND RADIATOR MANCIFACTOW
IES ILLUMINATING ENGINEERING SOCIETY
NFPA NATIONALFIRE PROTECTION ASSOCIATION 4

NEC NATIONAL ELECTRICAL CODE 1975

t NFC
NSF
NCBRR
NCGS
NCSBC
SBI
UL

25-39
35

e
36

37

38

/39

NATIONAL FIRE CODES
NATIONALSANITATION FOUNDATION
N. C. BOILER RULES AND REGULATIONS 1974

GENERAL STATUTES (AMENDED TO 1975)
N. . STATE BUILDING CODE .1967
STEEL BOILER INSTITUTE
UNDERWRITERS LABORATORIES, INC.



.f.- 7 7, i , z.

. .
1 ,...

Q .,

FOREWORD. .; FOREWORD .
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Studehtszteachers, parents, administrators, architects and engineers are very much aware of the Importance of the i

physical environment to the educational proceseMuch progress has been made toward improving ,the environment,
primarily the 'result of considerable effort on the part of educators and those engineers and architects Involved in the
designOf,public school facilities. At the same time, a dOncetted effort has been made to Improve the design andinstalia-
tion of the total me0anicai and electrical systems, all to the best Interests of the students and the school systems. This,
too, has been a Joint effort,on- the part of educators, engineers and architects.for the most part, fhe results have been '

very gratifying, .

, >,.. -, .,,,
This Minimum Check Litt, or "red book", was developed about fifteen years.ago by the Division of School Planning to

serve as a means, of communication betwi3en school kagencies and the design professions. It is and should remain a
"minimum" cpeck list that includes concise, pertimint,.and Well-chosen comments without being voluminous. Such is the,
intention of this fourth revision. It should 6e notedittakt the Minimum Check List represents the thinking of a representative e
cross' section Of the design _professions.i

..

.,
..,

.

.
,

. .

This publication is one of many that have been prepared and distributed by. the Department of Public instruction as
an aid to the ever changing process of planning and developing public education facilitieg.

1_

"'"
October, 1975

4

.A. Cialg Phillips
State Superintendent of Public instruction
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PREFACE
,

This is the fourth revision of the Minimum Check List Since its origin In 1960 by the Division of School Planning. I) has

been widely used .1p-the4levelopment and review of mechanical and eletCtrical plans and specilications by engineers,
architects and superinteridents in planning public school facilities. Apparently the Minimum Cho& List has been well
received as a planning tato', for these fifteen years. The Division of School Planning is pleased to make available this fourth,

revision. ri the hose that It wilt continue to be a useful publication. v

Appreciation is expressed to .the folloWing individuals for their assistance in preparing this revision.

Private Practicing Engineers: Representing4tate of N. C. Agencies:

J. A. BaserJr., Raleigh R. B. Boyd, Jr., Deept. of ineuranpe . .'
H. C. Cease, Raleigh,. J. L. Hauser, Dept. of Insurance
B. A. Harnrick, Jr., Charlotte J. F. Stamey, Dept. of Human Reiources .

W. F. Humbert, Ill, Winston-Salem B. F. Whitley, Dept. of Labor ,

W. G.
0 ..Smith, Durham C.X. penning, Division of Plant Operation

4 D. T. O'Kelley, Division of Plant Operation
H. K. Winslow, Division of Insurance
N. K. Lee, Division of School Planning

i W. H. Price, Division of Sdhool Planning

In using this7Check, list, the following interpretations should be kept in mind:

items using the term "shall "' are mandatqty because of law; code or regulation.l ..

Items using the term "should- are those which experience has taught are most practicaltpnd desirable Any devia-
tion should be supported by adequate information and reasoning and shduldebe cleared with the Division of
School Planning in the 7arly stages of the 'design process. . r

.,

Other items are included as good practices about which professional people may not entirely agree_
. .

.
.

, r
October, 1975 ,

. ...4---t--e-tC---.. .

e

,

I

J. L.. Plerce,i Director
Division of School Planning
Department of Public Instruction

4.
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PLUMBI1 ! G

P-100.00' Drainage, Wastes and Vents
101.00 Floor drains are needed in all toilet rooms containing morethan one water closet, and at all points where water heaters are

located.

.01

.02

.03

102.00

103.00

104.00,

105.00

.01

.011

:106.00 ,

.01

.02

107.00

.01

Infrequently used floor drains should have traps resealed by waste fiom clear water fixtures,

Provisions should be made for resealing Straps of floor' drains ocated in rooms being .used as
recommended that these drains be 4" minimum size, anethat sediment strainers be used.

Drains in all areas-should 'be not less than 3". size (NCSBC, Plumbing, Section 915.3).

return air plenums. It is
- .

Floor drains shall not 'he installed in food storage areas. . '' ,

. - ..
Floordrains !Th'ad be provided for boiler rooms, and for mechanical equipment rooms containing any ,gquipment using steam
or water, or incorporating cooling coils.

a. ... .
The plumbing plans must bear, the seal of the engineer who is respcinsiblefor their design, and is by law obligated to inspect
and issue a "Certificate of Compliance" upon completion of the/project (NCGS 13$1.1.i..). .

a .
. . .

Acid-resisting waste lines shuuld be considered for chemistry laboratories in senior' high*pchools, and perhaps some other .
. ,

special uses such as the. chemistry instructor's table in a junior high school. They are not considered necessary for any other,
normal laboratory; areas. . iev..e-

. ...... !.4._

used
.... _

Corrosion-resistanttilos ale required on all fixtdres in chemistry classiviiiiii,- and they be used if desired iniither
. laboratories such at physics and biology. 1-..

P-traps to the wall, or located below floor, are preferred to .S -traps to floor. 1

. , ,
Plaster and/or interceptor traps are usually heeded for work sinks in areas such as art classro.oms.

Vent pipe` fleshings, at the roof, shquld be made in two pieces. One of these should be a cap which slides down over tup of the
pipe, and sufficiently overlaps the base flashihtg. Copper or lead is preferred. la . ,

Screens, to protect against gravel, rocks and etc., are recommended for installation-On these fleshings. `v.

Reference, is made to the sizes of vent piping at the Point where Vises thrpugh the roof..It is recomme,ndeq that be a
.

minimum size.

Cleanouts placed,in horizontal RRipe runs should be fabricated using longsweep onecquarter bend's or fittings providing one
eighth' turn. Standard one - quarter bends should never be used:

,

In clay (V.C.) ping sewer lines, cast iron fittings should be provided at the bases of cleanouts to prevent breaking withaend of
the sewer rod. - , . . . 3

4 1 - .

108.00 Roof drainage shall be designed in accordance with requirements of the-NCSBC, Plumbing, Chapter XV (as a minimum).
"ProvisiOns for wind effect should be incorporated in the design, i.e., consider the wind blowing all rain to ofte side of the roof.

.01 The actual installation of roof drains and fleshings, for interior roof drain systems. should be made by the general contractor.
Piping for spch systemi should- be by the plumbing contractor. ,

Reference is made to the I\CSBC, Volume 1, Section (11X) entitled "Making Buildings and Facilities Accessible to and
Usable by the Physically handicapped". Appropriate Arovisjons of this section are applicable to plumbing systems in public
schools., . - .

. \

61 Water closet, urinals, leyatories and drinking fountains or water coolers must be considered for the handicapped.
. , . . .

\
. .

109.00
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P-200.00 Fittings . ';t: ..:;,,t
e

201.00 All hose bibbs- should-hge nil m, 8" clearanCe underneath. - .

202.00 A hose bibb with a removable ha
°

or a key operated l9ck shield should be installed y to' et ropm having a'floor Oraid.
,,-

203.00 Each fixture should have an indivi'dnalAater supply. cutoff valve.
/

204.00 Flush, valves must be equipped with vacuum breakers ,(NCSBC, Plumbing; Seption 1205M.
- . r .

205.00 liseqieeze-proof hose hibbs where applicable; these should be key operated. -

I, 206.00 All hose bibbs, including wall hydrants and any outlets with hose threads, must'have backflow prbyention devices installed
(NCSBC, Plumbing, Section 1205.5'). For axterilii installations, care must be taken to prevent freezing.

f-i ,.....:.

o T

PLBG 5

P-300.00 Fixtures
\

J 301.00 Lavatories *should be acid-resisting, and have rigid supplies. . -

. .

..01 Strainers, (beehive or grid type are suggested), and not pop-ups or Pugs, should be used in lavatory wastes in public toilets

e. andrestrooms. - r
I , ,. e 4

I
,

6

302.00 Elongated bowl and open-front seats for water closet are req 'red by'Code (NCSBC4 Plumbing, Section 907.1 and 907.6).'

- --- -,01 It -is recomwncied,...for inale.toilets,. that water closet seats-in.corp rate thosel 0:11 ifriiiimang hi "n ge or tlie self7austaininiftic:

tion.hinge.
c, n

, I 303.00 A lavatory shalI be located in the 'kitchen area for liandwashiii: .. is
4. ..

') -:

b. - ,01, / This lavator,y shall have a mixing faucet supply fitting. . .

304.00 A service sink or a- receptor. should be located within the confines of the kitchen area. ,

.01 Deleted (refer to Item 206.00).
-.4.--

305:00 Deleted (refer to- ItaM 206.00). , ...

. . - ,
; s.... . .

I'
. 306.00 Standard, single purpose fixtures should be used where watevorls and 'plumbing are concerned; i.e.:la landwashing

t -lavatory should not be combined with a drinking fountain; a 'mop sink Ethould.not be combined with a handwashing lavatory,
nor should one be substituted for the other.: , . ...e!.. . ......

, 307..00 Drinking fountains outside a,building shall be frostproof. All wastes froin these should be carried to dry Wells or storm drains.

Dry WellaAbould be located at least 50 feet from water supply wells'i 1 . .

308.00 Counter top sinks should have ledges with holes to receive faucets. Faucbts should not be mounted in 'counter tops. .

, , , I 7

309.00 Supplies (pipe, valves and fittings)' that are concealed, such as 'for counter top sinks, do not need to be the rigid type(airlneed

need not be plated. ..

.V110.00 Gymnasium dressing rooms should have tinkink fountains. These should not be water coolers.

'311.00 , Wall-hqng type urinals are recommended.
,..

/ 312.00 Deleted.

M3.00 Flow restrictors at shpwer heads are sugges.ted.

10
to.

'Co

'

;

0
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P7400.90

i 40100

402.00

408.013

.01

.021'

404'00

.01

405.00

,L.01

' .02

406 00

f-

.e
. ,

, N..'

Water Supply, (see Sections .7 and 8 of the NCBRR and Chapter XII of the,NCSBC,. Plumbing .4 .
, a

Wells must be Fixated away from possible sources of containination, properly protected, and well sites must be approved by a
representative of the Division of Health Services, DHR. --

At school sites,,where well water systems are planned, owners, architects and engineers are,urged and encouraged to consult
the state DNER, Division of Environmental Management for geological information. - -

Plans shall sho4i the lo,cation of the well, and complete details of the well supply system including well, pump, pump house,
piping and storage tank.,

. .
When an elevated tank is installed, it is strongl recommended that a fire hydrant tie properly loCated on the site, or that a
hose connection be prO vided on 'the standpipe)r both.

g .

When new well supply systems are used provisions for continuous chlorination are strongly recornmended. -

When water is obtained from a publieriystem, plans shall show location of the water supply conneaion, and size of the wateremeter.

II

Pressure reducing stations should, belutili where supply pressure exceeds 75 psig.
1. . . .

Dishwashing and showering are the two ctors to consider in sizing water. heating equipment. Such equipment m.ust,be
,placed where components can be easily. maintained.. '

,.
a

180-degree water heater's should carry the NSF label, or lequal (NSF Standard No. 5).

Sanitizing hot water from water heater to dishwasher booster heater should be recirculated by pumping in order to maintain
, .maximum temperature at the booster. .

Water heaters and/or storage tanks must have safety valves that are sized and installed in accordance with requirements of
the NCBRR.

.01 Water heaters incorporating the use of dip tubes mat conform to the requirements of the NCBRR, Section 6, Rule 9.
407.00 All hot water stOrage,equipm t should have tanks equipped-)tp prevent interior corrosion.
408.00 For electric water heatersp all types, the engineer m be careful to comply with (1) all the requirethents of Article 422-14

ih the NEC; and (2) NCB requirements for the )abet. COntrol voltage should always be volts to ground such as 120-..,
volts or 277-Volts. r _ _

..,, . . . . .
.01 A time clockshould betworporated in the controls for an electric water heaterlexcept fOr a small one) to provide for on and '''''-...1---

off periods to assist in minimizing the electrical system demand factor. 1 '''''' -. 47?"
409.00 State Department of Labor operating certificate shall be mounted under glass and placed year the heater (NCBRR, Section

.5)Rule,6 - ,.
.O. -, .

410.00 Circulators for domestic hot_ water use should be all-bronze construction. Control' should. be by time clock as well as, ----

temperatuie.

4

,
.0.1 Ail starters for circulators (pumps) ?sing 3-phase current must incorporate overjoailiWction for all three phases (NEC Ar-

ticle 430-37). R - ;,.. . ' ;R .1,
..

,
. ': : .. .

411:00 All water supply systems 8'116111d be disinfected before being placed in seri;ice. (NCSBC., Plumbing, Section 1209).
412.00 It is mandatory engineerthat the enneer designate on a plumbing drawing the of water supply.

r ..- 1

R
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i

6 I *'.'
. -. . .:

......-- 413.00 Multiple water heater installations (two or more at one location) should inOorporlite. piping arrangement at both inlet and

..
outlet to provide for balanced flow. Also, valves should be-provided

.,..
sct that either heater can be isolated separately.

.
. ,

P- 500.00 'Sewage' Sewage Disposal System s
of

.
:,

4.0

6 501.00 Locations and principal elevatiOns of connealas to ppblic sewer systems shall be shown on plans (1ICGS 130.13):
.,

502.00 _02.00 When an on-system.,ysiwage disposal syste, or addition to an existing system;-is required and planned, the following con-

fa ' lb.

t

.01

.02

.03.

.0

.04

503.00

504.00-

50,5.00

506.00

507.0q

P-600.00

601.00

602.00

. . -
. ,..

603.00

siderations are ipPlicable. " ):

%

Applicalih, must be rhadeto the 'DEM, DNER. Contact the regional engineer for the region that -includes, your 'aria..
Both the site (new or existing) and the proposed,system-(new or existing) must be approved by the DEM.

. .

It is of the utmost importance that that agency be consulted prior to procitring a site where on-site sewage 'disposal is con-
templated. ) ,_.. . ,
,

Plans and spetifications for the proposed sewage plant, or addition to existiN, should. be prepared in accordance with DEM,
recommendations, and must be subniitted to that agency. -- .

1
DEM approval for the project must- be made before the Stale Superintendent of Public. Instruction issues the Certificate-of
Approval..

-

Plans for Sewage disposal systems shall include complete details and elevations of all units and appurtenarres, includini
profile from buildings to final point of waste disposition.

There should be a complete summary of plumbing loads, in fixture units, shown on the plans.

For aeration type sewage plants (on-site). (1) a suitable fence (which should include barbed wire at the top)'is mandatoryto
-exclude children from this dangerods area, and (2)"the manufacturer's standard coverffig for the entire tank isrecommended.

°

All plans, wather for new work or addition An existing, must indicate clearly whether sewage disposal' is to a municipal
system or to an on-site system. , . , ,

.

When sewage disposal will be to a municipal system, check should be made to assure that the system can accept the ad- 4 ;,-.
.

ditional load. , ,
,

. - . .

Gas Systems . -.., ....

All gas systems, whether for LP or natural gas, must conform strictly to the requireNents of the NFC, See(ion 54, Volume 2. . ° . .

entitled "Gases". Applicable also is Volume III of the NCSBC. ,

In particular, the two areas in Section 54 that are of most concern ars,(1) the kinds and types of pipes that are acceptable for
.

gas; and (2) the allowable methods for installing pipe with respect to routing, placement,,spedial treatments and valving
arrangement.
The Division of School Planning recommends that pipe, and npt tubing, always be used for gas systems. Welded joints, for

10, ' larger sizes, are-considered good practice. , .

_

.°
604.00 It is recommended and requested that all as piping be specified to have a 100 136i air test with soap solution applied to all

joints.
44-,- - . .

605.00 In all localities where applicable, the engineer should specify that a permit for installation of gas appliances must be
tained; and -local inspection of the :work must be requested:- .

,e-
. . .

"
. 15. -_,90 .



3.

PLBG 8 . -
.

. -
5. .

e
k ' '

''' 606.00 In locating gaa-fired water heaters, in eith4 new or existing facilities, the engineer must assure that\here will be adequate

.-... . -. ,,,

...)

; .-'cl'r. , air for combustion and proper ventilation for the space. \
'Pr700.00' Grease Traps,, .

701 00 Exterior grease traps should be installed when recommended by the cOntrdllingagency. Applicable directiOns and instruc-
tions'should be closely followed. A standard size, concre eptic tank is recommended, with capacity to be approximately
400 gallons.

702.00 Interior grebse traps are not recommended and shouldeot be used:
° r

"'

. -

A

..,....:

CHARTPLUMBING FIXTURE RECOMMENDATIONS
41

MOONTING FIXTURE-STUdiNT
FIXTURE AND APPLICATION HEIGHTS RATIOS

:i
13" 1 to 4Q,,;
13" 1 to30' --
15" 1 to 40
15" 1.--to 30
15" ( 1 to 50
15" 1 to 40/

. . WATER CLOSETS
Grades Kindeigarten through Three, Boys

s
through Three, Girls

Grad Four through Six, Boys
Gra :F,6ur through Six, Girls

- J,Amior and Senior High Boys, Seven through Twelve
Junior and 4pnior Iiigh Girls, Seven through Twelve.

NAIJS
Gs:0es Kindergarten through Three
CriadesFour through Six "

- Junior High, Seven through Nine
nior High, Ten through Twelve

LAVATORIES
Grades Kindergarten and One
Grades Two through Six
Junior and Senior High, Seven through Twelve

DRINKING FOUNTAINS
Grades Kindergarten through Three
Grades Four through Six
Junior and Senior High, Seven through Twelve

SHOWERS (SEE NOTES BELOW),
Elementary Boys and Girls
Junior High Boys, Seven through Nine

., Junior High Girls, Seven through Nine ,

Senior High Boys, Ten through Twelve
Senior High Girls, Ten through Twelve-

1.

,18"
20"
22"

24"

31"

24"
28"
34"

50"-56"
72"

60"-66"
72"
66"

lto30*
1 to'30
1 630

to 30

to 35
1 to 35
1 to 40

1 to 50
1 to 50
1 to 76

1 to 4
1 to 4
lit° 4

. 1to4

/Notes: (1) Ratios are for physical educatibn installations, which are more than adequate'fo7 athletics. Figure one shower for
- each four persons in P.E. at time of largest class. L

(2) Shower mounting heights should be measured from the finished floor to the center line of the shower head. ft is
assumed that shower heads will be the fixed type.

[

, .
t
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4-100.00 General
, . 4

0'. ...
. e

101.00 The State Department of Labor boiler and tank operating certificate shall be mounted under glue in' the boiler room (NCGS '-
4. .

95165, 95-65.1). ,
.

, .

.0 e ,

. 102.00 Adequate free combustion a nd ventilation air shall be provided in the boiler' room (NCBRR, Section,9,'Rule 17 (b) ). ,
. . .." *

103.00 .. Motor overload protectionmust be as specified by the NEC.,For Three-phase motOrs, protection is necessary feall three
phases (NEC 430-37). ,' - a' , , , .

:.:

104.00 butters are prohibited ep range hoods. The range, hbod should be mounted so Ill'at there is aininimum of'6' .6"and° a
* maximum of 7' 0" clearance from the floor, and it should be constructed so that there is at least 12 inches verticalrise on the'

inside before the hood starts to taper. Range hoods should ceer the entire area of the cooking equipment, and surround such.
A area by at least six inches. . t-

. .

i 4'
,, . , i 1- -:,

.01 Capacity of the range hood fan should be approximately 100 cfm per square foot of Hood areas. A. two-peed :fan is
recommended- . .-' ..

1 ,
. 1 ,: IF

.02 tt., is recommended that ventilation air be discharged straight up all the way; if this is not done, appropriate cleanout doors
..-.

1
should be provided. ,

.
. ,

, ,
.-

:..

. .03 Automatic fire extinguis g equipment must be installed inNtchen range hoods. (NCSBC, Volume III, Section K)o. :

105.00 Adequate quantities of make;iiP air should be provided for all exhaust fans. Filtering and tampering air sho.uld be considered .

where this is desirable. 1

11 106.00 Engineers should size all valves on the plena if they are other than full pipe size. ,,,,

107.00 There should be a complete heating summary shown on the plans, either all or in part as is appropriate for a given school,flas
- . .

follows:

`i- .01 The new load.
,

i--
.

x 02 The existing load; where this infoimation is not available; the owner should arrangements to provide it either by the

ti. design 'consultant or some other means. .
.-

. .03 The capacity provided for known future expansion.

. .04 The spare capacity provided if.this is different from Item 107.03. '

.05 The domestic hot water load where applicable. ,
*'

. .

,, .06 The net SBI or IBR capacit), of the boiler or boilers, where applicable.

198.00 Heating and cooling design conditions shall be stated on the plans.

109.00 The mechanical plans must bear the seal of the engineer who is responsible for Ithe design, and is by law required to inspect
and issue a Certificate of-Compliance upon comiketion of the project (NCGS 133-1.1).

...
,

110.00 Boiler room floors should be at or above grade elevation unless there is some impoitant reason-for going below grade.

111.00 The engineer should select all "running" equipment with respect to the noise and vibration factor, especially that which is to
be used in or adjacent to occupied spaces.

, . /
. , .

,
.0. . 19,_.:

e.

18
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'M.400.00 Stack and Breeching",
:201.000 Stack

4 0

..
. . .. , ,

\ -..01 There should be a hinged C:leanbut door for the 'chimney.
152 . A flue lining is required (NCSBC, Section 1(X)2). Coordinate With the architect. /-

k'
,.

. 03 'A precast flue Thimble or firebrick lining is needed where the breeching enters the chimney. Coordidate witlit e architect.. t ,
A.04 Connections. at the thimble, breechingand chimney ,mtist be airtight for efficient operation. °,0t '

- .05 For coal fuel and onifiew work, the uSe.0 induced draft fans is discouraged. In all cases, chimneys should be o sufficient
heights to' effect- proper sninkeabatement.

_1 e

;
. .

.06 . Aniduced draft tan should be supFlorted,.independently of the breeching, have an expansion joint between and the
breeching, and should_not obstruct normal acceseto' the boiler. ,

- *"*, . , ,
..07 Whin metalchironeys are specified, as they might be'for oil or gas fired equipment, the prOvisions,of the NFC, olume4,

NFPA 211 shall apply. The materiels used and the establishment of proper clearances are of considerable imp ce. -a°I

O '252.00 Breeching ; I'
. f

' ' 4., 4 ,
.01 the'breeching should be supported independently , of the boiler, and should be insulated r oil and coal fired installations.

* .02 Enough cleanouts,"proper1y located, shbyld be provided to.lnomote easy, periodic clearing.
,'.03, A barometric damper should be used where applicable. , 11

' :O4 Iri'multiple.boiler,installatio ns; a locking -type, damper, should be installed in each separate boiler breechin .
'-,

2

P

l ..,

M
0 r......., ' , ( i

.
, a

M- 300.00 Boilers '- 0 , \' .301.00. There shall be at least thrafeetThlearance on top of low pressure boilers (NCSRR, Section,9, Rule 17 (a) ). Three feet
clearance is also recommended on the sides as a minimum.

:61 Low pressure boilers with manholes a ould have at last four Wet ceiling clearance. .
'.02 'f'he ceiling clearance is five pe for high pressure boilers. .,,, '

302.00 The .safety and/or relief valve capacity must be specifisd (NCBRR, Section 5, Rule 9).
303.00 For tube renioval and cleaning, steel boilers shall have ncinimum clearance of the length of tile lo ngest tube, p us 12 inches,

at the front.
-' . . .. I

. 01 Cist iron boilers shoUld have sufficient clearance for cleaning and firing. This is normally the length of the boi er plus 12 in-
, ,-,.;ches. , '

'304.00 When sections are added to a cast iron boiler, the name plate and safety valve must be changedko comply ith'the ne
rating (NCBRR, Section 5, Rules 9(g) and 10(c) ).

305 .00 Boiler ratings / . . ., .., .
.01 The SBI net rating should be shown for a steel boiler. Boiler selection should be made with re: eck to load piping and.

41
_ pickup: ._ -

.02 The 1BR net rating for a case iron boiler should be specified. °. _

21 */
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)
.,.03 Where catalogues shoW only gross boiler ratings, care should be taken to determine the true net ratings, and prbper selection

should be made with respect to both the direct connected load and necessary pickup and piping losses (as applicable to

I,

..

..
. ,

.
.

,

r306.00 Deleted. Note: Stoker references that are deleted will be made available as a supplement to this publication.

- 307100 Safety valve and relief valve discharges should be installed in accordance with the NCBRR, Section 5, Rule 1.'

- 308.00 The discharge. line from the safety and/or relief valve shall be Supported other than by the, valve itself (NCBRR, Section 5,
Rule 13)- -

.

Adir !--
i309.00 '.Use.cOpper wire to secure the insulation to the boiler, unless insulation studs are used./

310.00 Do pot cover manhole§, rodholes, name' plate or ASME stiOmping on the boiler.

311.00 If the boiler has a hot water heating coil in it, the coil shall be connected in such a manner that the coil cannot be subjectectto
pressures above those for which it was designed. A pressure relief valve is necessary for this coil. r\

. .

312.00 The boiler bottom blowoown valve or valves, and piping,. must be sized and arranged in accordancewith reqUirements of the

-' NCBRIX, Section 5, Rule 18. ,

313.00. The retu onnection at the rear of theboiler should be connected, to either the center tap.or to the center of a header con -

necting1- -
. v

necting the o outside taps in orclei.,,tkprcivide even return flow into-the...bailer.
.

,,- , 4
314.00 Boiler piping, as installed, should not res ct, the use of the smoke hood Cleanout door, manhole opening 's, and plugged

.,
1 openings.

, ,
1 .

-

,
.

i

.

315.00; A minimum of one brick course or a53" thick concrete base should be installed under aboiler and its firing device to prevent,

(
corrosion. / r, ,

I

316.00 Brick and refractory settings for:boilers usually.should be done by qualified refractory contractors.

317.00 Cross-type Fittings should be used on steam boiler piping at water columns, water feeders and1W cuffs for cleaning
..

.oses

pur-

p , , .
, _ . . s . .
318.00 When specifying steam boilers, engineers should be very careful to properly evaluate the steam and water capacities

(volumes) of the boilers in relatiori to the system served, and in relation to the kind of firing fo be applied <gasforezample).
Too little capacity results in some severe problems such as diffichlty iiith holding the waterline. The Method of feedwater

. control becomes very important, and this should be properly designbd,andphown in detail on th:e plans. Each steam boil
application should be fully engineered to}Juit the:system it will serve. '

,,

M.400.00 Deleted. Noie; Stoker references that are deleted will be niade available as ,a supplement to this publication.
. .5 -- N'''t

M-500.00 Oil Burners and Oil Storage Tanks -....._.

oils, unheated, are recommended0 Lightfue ,

. 501.00 ted rather tan heavy oils:

lith
t"rf till.f20 f

., ..o.

502.00 . Oil burner controls. q
$.

.01. .A cadmium cell relay is satisfactory for )approximately 3 gph and lower firing rates.

.02 An electronic, program type primary control should be used for a firing rate greater than 3 gph. In addition to safety cutout,
this would provide prepurge and postpurge of the boiler; purging should definitely be provided.

J .9
2



503.00

504.00

s

-\, 4. ----7 .
-4 .- ...

If the combustion chamber is to be job fabricated, design illoulbe exactly specified and detailed (on the drawings. The
desired materials should be set forth, and design should be in strict accordance with manufacturer'Lrecommendations.

Oil storage tank capacity should be relative to the size of the heating plant; and to local service and delivery conditions. Nor-
mally a 104000-gallon tank, riainimum,capacity; is required to obtain lowest fuel oil cost through central pachasing.

505,00 The tank should belhoroughly coated ettern' ally with a suitable protectivetbmpound, in the field, just prior to installation.
A good treatment would. be one coat of redlead paint and wo coats of black asphalt..

. , 9

.506%00 Tink should be fabricated of, heavy gauge metal, and should bear the Underwriters' label. 7
4 e

507.00 , tank' shall be installedln strict accordance' with all governing fire and building codes. . 1
. , . ,. .-

.0/..1 All tanks should-be installed underground. ., , . -
44 ,

.02 Fill end of tank should be 4" to 6" low:
.50800 tank should be adequately anchored. / iM-600.00 Steam, Hot Water and Cooling Piping ,

. .601:00 Pipe tunnels are recommended, and should be large enough to work in. This.srecommendtition applies to those cases,whpre
pipe must be placed below grade or below floor slab.- (Please see next item).;__ ) , . A. I . .

602.00 Heating or cooling pipe should never be placed un ground or below slab on trade unless there is no other choice. Conden-
sate lines, which must necessarily be placed uiider und at times, should be copper,-Typel"K", or sot& other material that
is especially corrosion resistant. Fittings for copper pipe shourbe Wrotight e, and joints should be made with 95-5 solder
or bettei. I ",- . . ,

.

603:00 When it is necessary to install condensate pipe 'underground (thatis, under a slab on grade).the Pliftctic.0 of placing the pipe,
wherever possible, oqtside the perip iy of the building ishikhl3i preferable, to plating if un er the slab.

604.00 Insulation- in the boiler room should has

605.00 Pipe anchoring, and provisions for exp
provided where necessary.

a protectivsjacket applied.

sion (by means of expansion fittings, swing joints or expansion loops) must be

606.00 Install unions in all pipe lines for the removal of traps, valves, efiliners, etc., except when the fitting is the combination MI-
ion or flange type.

---. , -, -

607.00 A piping hobk-up detail for each piece ofheating and cooling apparatus, hicludIng boilers, pumps, hot water generators and
.

tanks, converters, radiation units, forced air heating and tooling units andldriil)lies, and for all points where special
piping conditions exist, should be shown,ozi the glans.

T , - .

..-- -

Pitch directions for all heating and cooling (water) lines shOtildleshown on the plans: )
. .

t . J
The locations of piping runs(such as above .gilings, exposed at ceilings, et.C.;shoqld be indideted by notes on plan drawings.

'61(.00

609_00

610.00 . In a combination hot water chilled water system incorpOratingl boiler, piping must be arranged and valved so that chilled
water cannot circulate through the boiler, (NCBRR, Section 5, Rtile 27). Also, hot water must not .circulate through the
chiller.

24
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M-700.00

701.00'

702.00

703.00

704.00

400.1;0

801.00

802.00

e 803.00

804.00

.01

805.00

806.60

807.60

§08.00

.01

.02

.03

.04

M-900.00

901.00

902.00

903.'00

2 6,

)

Radiation and Unit Heaters
Individual control valves should sized large enough not to restrict capacities. Two-pc). sition valves should be full pipe size.

Strap-on limit controls, to pr nt cold operatipn, should be installed on all unit heaters and cabinet heaters that are'hot
used also for ventilation or cooling. Unit heaters in shops, for example, that are desire& for cculating air separately from

-heating may, include an additional on-off-automatic control to ac?bmplish this.

Valves, bal'ancing cocks and traps should be accessible (not behind 'covers without access panels).

The fionts and ends of radiation covers should have a minimum thickness of.16 gauge.

,74111116 MECH 13

Controli
Enginikere should specify in detail all controls, and de cribe sequences of operation.

All controls, starters, switches, etc., shoidd.be perm ently labeled after installation.

Heating control diagrams should appear on the plans.

Rigid guardsi of cast iron or similar construction, are needed to cover thermostats ingLmnasiums, dressing rooms, shops,
corridors, restrobms and other unsupervised areas.

All therm'ostats should be located on the.plans.

Deleted. Please-refer to Item 306.00.

When an induced draft fan is used, a prepurge and low, draft switch should be installed.Postpuree should not be used on

stoker installations. Manufacturer's recommended pipe size from the breeching to the controller must be followed.

Any control circuit for any kind of space heating device or.water heater should be. a phase-to-ground circuit. A phase-to-

phase circuit should not be-tmed. Voltages recommended are 120 - volts, 277-volts and 24,volts.

As an important factor$in conserving fuels and energy it is of the utmost importandthat (1) clock control and (2) night set.,

back control' be provided for. all space heating and cooling equipment. Alio, clocks or timing controls are oftentimes

applicable to 'exhaust fans.

\In most cases, cooling equipment should, be turned off altogether during unoccupied periods (nights, weekends and-.

holidays): , , ' ' -

The control consideration referredi1" to here leans turning off all -equipment, including pumps, unless some ofit is needed'to

prevent freezing. P
\

.4i I

Boilers should be controlled in such a manner as to use the least possible amount Of fuel during off heating*periods.

Outside air dampers should be kept closed` on night setback, and during start-up and warm-up periods. r.

fv

Hot Water Heating Systodis
-,

Feed or make-up water tithe boiler should at the return connection to the boiler and shall be piped to comply with

NCBRR, Section 5, Rule 22.

.1

There should be a valved bypass around t e pressure regulating valve serving the system.

The low water cutoff should be installed normallY in the riser line off the boiler nozzle (NCBRR, Page 72, and the diagram

entitled "Hot Water Boilers in Battery" that follows herein):. -



/

MECH Illi

n %

,
,,

904.00 A balancing line is good practice if more than one compression tank is used.

e - /

-

' ... ---,

905.00 Air control fittings at boilers and compression tanks are necessary. On large installations the use of separate chamber air
elimination devices is re-Commended; these are ,pressure vessels and must be so treated. .-

.01 A shut-off valve should be installed in the pipe line to each expansion tank for servicing.
,... ,,1.-

906.00 - Hot water circulating (heating) pumps should have bronze impellers-
907.00 Deleted. Please refer to Item 306.00.

908.00 Reverse return design of hot water heating qr chilled water system piping is highly desirable, and.shoulabe used.
909.00 Automatic valves should be the same size as the pipes except where modulating valves are used.
910.00 In multiple boiler installations, piping arrangement at.boilers and umps should be such that water flow is equally divided

through each boiler. With respect to balanced flow and directi of w, attention is called to the diagram thatfollows in
this section as a recommended arrangement. In general, pumping,away from the boiler(e) to the system is bar far the most
workable method.

.

911.00 All commision tanks should be specified to meet ASME Code construction, and be so stamped. Sight glasses should not be
installed on tanks.

912.00 Manual type air vents should alwayi be used instead of the automatic type.
913.00 For economical reasons, the installation of standby putaps is not recommended. When warranted, a spare motor could )

- supplied. There may be times when parallel pumping could be a worthwhile. consideration.
914.00 Pumps shall have a cutoff valve on each side for servicing. One valve may be an air-tested balancing cock.
915.00 A simple flow diagram is usually a big help in defining the system.
916.00 Boilers must never be piped for reverSe flow. Pump away from the boiler in most cases.
917100 When roof top heating equipment is used in conjunction with hot water, it is obviously poor practice to install I4W coils in

the units themselves because of possible freeze up:Such coils should be located in duct work down inside the building.

M-J000.00.' Steam Heating Systems
1001.00 The low water cutoff and safety water feeder shouldhe set at a level 21/2" below the normal Water le4of the boiler (NCBRR,

Section 5, Rule 20).,-. .

1002.00 . The condensate pump should be sized for 'the nerve of the boiler.
1003.00 The condensate pump should have a cast iro_ n receiver.

.01 ' Vertical, underground type pumps are preferred over floor-mounted types installed in pits.
. '

.
M-1100.00 Gas Welting Systems, Gas Burners and Gas-Fired Boilers .

,....._ . .

1101.00 Gas.heating systems, directfired, must be installed in accordance with prolOions of the.NCSBC, Section 2902. Any other
type of direct -fired system is not permissible.

28 29
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\. , ..,...

1102.00 When a direct-fired, gas system is to be used for a public school building, it is urgently recommended and requested that the
destgning engineer and architect hold a meeting in the preliminary stage's with the Division of School Planning and the
Department of Insurance, if necessary, to discuss the matter in detail. This would be highly beneficial to all parties Con-
cerned with respect to system and equipment selections, and in avoiding design considerltions prohibited by code and/or
law.

1106.00 Gas burners, for boiler firing, are recommended to be of the atmospheric (non ;pressure) type in the lower range of sizes (up tb
approxiamtely 2,000,000 btu input). Factory engineered units, incorporating bOiler and burner, are preferred over other

, , . types. ... , . .
. . ,

1104.00 Use and proper application of the best grades of gas combustion equipment,and safety controls are mandatory. All equip-
. ment and controls should be specified to be in strict accordance with manufaturers' recommendations and the. best

accepted practices, and they must meet requirements of the AGA. The engineer is reminded here that control equipment set
forth in printed material by manffactilieis, although it isprobably adequate from a safety standpdint, is usually minimum.
Hence, combustion control components should be carefully engineered to produce the degree of safety and performance
needed, in public school applications. Attention is called to the requirements of NCBRR, Section 5, Rule 25. Please refer to
the diagrams that follow herein. vv ,

. ' . ... ,r 0 s

1105.00* The approved methods of installing gas piping, and the types of pipe and fittings'Obe used are of considerable importance
Specifications and/or plans should state these items in detail. The requirements Of NFPA 54 are mandatory, and hence 1.

4 should be adequately shown and described. -
., .

¢"
,..

1106.00 Gas" piping test should be the same as that referred to in Item P-604.00. . - i-
1107.00 It may beworthwhile, in gas-fired boileeinstallationa, to consider the installation of combination gas-oil bUrners to provide

dual fuel capability.

1108.00 Pipe lines venting gas flom appliances or devices must terminate outside the building.

M-1200.00 Electric Heating Systems .....-

1,, 201.00 Each proposed electric heating,applic tion should be evaluated with respect to the energy unit cost (per kw-hOur)._That is,
'the engineer should assure that the wner 11 receive an energy cost,rate at or very near the all-electric rates for public
schools as set forth by the major pow r panies. This is a vital factor in determining whether to select an electric heating
system.

1202.00 All items of electric equipment installed in North Carolina public schools must bear the Underwriters' Laboratory Label as
required by NCGS. This is true for, any and all electrical. equipment installed in any kind of system. t;

1203.00 Safety, and all the requirements of the NEC are mandatory in electric system design. Specifidally, attention is directed to
the 1975 National Electric Code, Article 424-Fixed Electric Space Heating Equipment. ,

1204.00 When large electric heating systems are to be used (and assuming that the school will be all-electric), 277/480-volt(265/460-
volt) electrical systems will usually be applicable and desifible. . r. ,

1205.00 The conductor insulation for supply connections and other field wiring for electric heating apparatus should be specified. In-

k sulation with a higher temperature rating than TW is usually required in these instandes.

1206.00 In toilet,rooms, locker rooms and any other such areas subject to wetting or wa shing down, electric heating apparatus should
not be placed neat the floor.

1207.0. Delete&
31
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1208.00 When deniprid blearing (for billing purp9ses) is to t.g applied by the power company, care ghoutd-be taket-tdsWgger the
starting;of loll& to minimize the/ demand factor. gee Item E-117.00.

N. ..,::M-1300.00 Ventilating - . .44
130t00 The Divisitan 9f School Planning, recognizing the importancie of proper ventilation, recommends that consideration be given

to providing Ukchanicarventilation for all the occupied spaces in a public school building. Minimum quantities of air would
. thin at least meet requirements of the NCSBC. ;

. ..

.. *: .
1302.00 Mechanical ventilation may be provided by means of a separate intake and exhaust system, or by means pf integration with

the heating-cooling system. The, latter method is much preferred.
1303.00_ When ventilation air is introduced into a spa6 adequate Pro Vision must be maw tor air relief.
1304.00' Variable volune ventilation systems, wh er separate or integrated, with heating or cooling equipment, are very useful in

the. North Carolina climate. :
1305.00 Mechanical ventilation is vital to gymnasiunts, locker roof's, certain atm' ge rooms, dressing rooms, laundrjes, toilet rooms

and janitor's Closets.

.01. It is appropriate to provide for year-round, timed operation of ventil ion equipment for areas where uniforms are stored.

.02 Mechanical ventilation (exhaust) is recommended for any toilet room, whether or not a window is provided, that has more
than one water closet.

.03 A sound trap should be installed in a duct system servin two or more toilet rooms. r.

1306.00 Food storage room ventilation: This is necessary, and should be done by means of introducing outside fresh air near the floor
and expelling exhaust air through theroof, all by gravity ,flow.

1307.0Q Paint spray rooms demand speoial treatment with respect to ventilation and safety requirements. Paint spray booths, com-
merical type, are recommended. If one is not to be used but a paint spray room is desired, the engineer should 11 careful to
investigate this matter thoroughly with respect to regulations.and codes.

:.

M-1400.00' Air Conditioning (Cooling) 1

1401.00 Cooling is recognized as a desirable and useful feature in public schools. It is felt that cooling should be considered for schoolstior portions of schools t at will be' used for eithe r full or part-time summer school programs.
.

.01 Cooling should provided for all interior classrooms without exception.
1402,00 Any of the types of cooling systems that conform to good engineering practices are acceptable. The type, of system' used,

however, shobild be given careful consideration with respect to each individual case. The economics of bath the first cost and:r the operating and maintenance cost should be analyzed. . . t c.',,
1403.00 Itiis looked upon as good practice to consider provisions for future cooling in any new school that is not to have cooling in-

stalled initially. This is to say that system design, related equipment and services could all be considered in the light bf ad-, . ding coolineat a later time. . i

1404.00 Cooling load summaries 'should be shown on the plans in the same manner as for heating.
1405 00 Consideration should be given td providing humidification control in air conditioning system . tiwjs very important when

conditioned spaces are carpeted.

33 4
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'134

.01

'171,
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In central plant A/C systems carefuitaelection of the refrigeration equipmen is impo . roper eve uation-should be 'made
of capacities, flexibility, space requrreinents, noise and vibration factors, operating and maintenance costs and etc. Load

, diversity should be considered where applicable. The type of refrigeration machinery to be used, recipiocating, centrifugal,
hermetic or open should be carefully investigated and evaluated. ir

Self-contained, unitary A/C eqttipmeet is acceptable where applicable. However, such equipment should be very carefully
evalbated with respect to life.,expectanby, capacity limitations, ventilating Capability and noise factors.

Window type A/C units are not recommended, and should be used only as a last, resort.

Mechanical (HVAC) Systems and, Equipment; Fuels
t%

Apparently_thatim.e.is_hereiyhenitja_imp_erative that oivners, the dea.iga.professions and state and local agencies accurately
and properly relate the first cost of a proposed facility to projected energy and/or fuel consumption, and its cost. It may be
that the le, .first cost alone should not determine the kind of mechanicarsystem. Careful analysis and investigation should
be made to the end of completely informing the (Avner. Decisions on ihe'type of meclianical11:1VAC) system..and the fuel to
be used could then be Made on the basis of the best information available.

The kind of analysis and investigation referred to above would probably dictate the use of a computer. By means of the corn-

, puter a complete life-cycle cost analysis canOttorecast. Ifproperly done, this is the .kind of study that could be of real value.
Such a study would require the expenditure of additional funds by the owner. But the amount ofadditional expense in com-
parison with the potential value would be small. Also, this expenditure should be recouped rapidly in savings in operational
costs if the resultsof the study are properly applied. Industry has computer programs, available for the complete evaluation
of HVAC economics andVe-cyclecosts..These programs should be etalimted by the design professionals and purchased on
their advice.

'02 The 1975 eneral Assembly of North Carolin cted legislation to provide for the performance (f eneigy consumption
, .

analyse n major construction or renovation of buil s in certain cases. These analyses would require the investigation of
total life-cycle costs. Owning agencies and the design rofessions procure copie13.of this legislation and become
familiar with it. Title of the legislation is, "An Act to Establish Policy for tate Agencies to Perform Energy Consumption
Analyse& on Maa r Construction or Renovation of Buildings," and it can be found in Chapter 434 of the 1975 Session Laws.

.03 Addendum to Policy IV. Fe of "Policies", Rules and Regulations of the State Board of Education Governing the Expenditure
of the. $300,000,000 'State of North Carolina Public School Facilities Bonds of 1973: ",
The State Board of Education on October 2, 1975 adopted, in accordance with Chapter 434 of the 1975 Session Laws, the
following amended addendum to Policy IV. F..which will be effective 'January 1, 19'6: ..

. .
School building plans for each .project submitted for approval to the Division of School Planning shall include an analysis of
the total energy necessary to operate,the,schoorPlant during a normal/or average year. This analysis, to be prepared by the
designing architect and engineer, shallinclude estimated energy_ necessary to heat, cool, and light the building and, to
operate the equipment essential to both the building and the program. The total annual energy need shall then be translated
into cost by type of energy based on'current cost of each type of energy; i.e,.electricity, coal, oil, natural gas, LP gas, etc. In
submitting this information the local hoard of education shall certifythat it concurs in the analysis and recommendation of
the de sirNfessionals that the type of energy and the type of system in each case is judged to be the most cost-effective in
terms of energy conservation, operational coats, and envirionmental 'considerations.

":. .

Unless judged by the Director of the Dikision of School Planning to be unnecessary because of scope and proposed use of
facility, plans for all projects with 40,000 dr more gross square feet of floor space shall include a life-cycle cost analysis of the...-.

project. . . . )
.,.35
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this life-cycle cost analysis shall include but not be limited to such *elements as:

The coordination, orientation and. positioning of the facility ,on its physical site. ., .

Thermal bharacteristics of materials, and the amount of insulation incorporated into the f acility design. ,
... -

The amount and type of fenestration employed in the facility.

The variable occupancy and operating conditions of the facility, including illumination levels.

' . Architectural features Which affect energy consumption. ." '
I

An energy consumption analysis of the major facility's heating, ventilating, and air-conditioning system, lighting
system, and all other energy:consuming systems. The energy consumption analysig of the operation of energy-
consaming systems in the major facility should include but not be limited to:

,,
o IThe comparison of two or more system alternatives. .

The simulation or engineering evaluation of each system over the entire range of operation of the major facility fora,
year's operating period. i . . . . -

The engineering evaluation of the energy cOnstimptiorrar component equipmerit in each system considering the opera-
tion of such components at other than full or rated outputs.

.
.

In addition to the above elem. ents the life-cycle cost analysis' shall include the following information;
-;4

The initial estimated cost of each energy- consuming system 'being compared and evaluated.

The estimated annual operating cost, of all utility requirements.
The estimated annual cost of maintaining each energy-consuming system.

The average estimated replacement Cost for each system expressed in annual terms for the economic life of the major ,
facility. -*. . .

"The life-cycle cost analysis shall be certified by a registered ;architect or registered professional engineer, or by both
architect and engineer, particularly qualified by training andexperience for the type of work involved, and in confor-
mance with the provisions of G. S. 133-1.1."

Providing the life-cycle-cost analysis is ,considered to be § service over and above the normal service expected and
required under the usual ownpr/architect agreement. ) ' '1502.00 Mechanical (HVAC) systems that incorporate air handling equipment are encouraged, an)d warrant serious consideration

(rather than just heating and cooling systems that may or may not have separate ventilation). gin primary reason for this is
that 1:.00% ventilatjon capability can be built into these systems, and thereby provide economy for cooling with favorable out-
side conditions. Also, this ventilation capability could supplant cooling if it became absolutely necessary.

1503.00 It is not the intent of this publication to suggest any one kind of fuel as an energy source. The owner, with the assistance of
his design professionals, should decide on fuel or fuels. Apparently, cost and availability are the two,principal factors to con-
sider. , - . .

. . . ---
.01 The use of solar energy for HVAC has become a reality. It is only beginning, but niuch of the know-how, and the hardware are

already available. Solar energy is easier to apply for...heating than for cooling. Owners and the design professions should in-
vestigate the potential of solar energy for any given project, particularly as it might be used fox space heating and/or heating
domestic hot water. ,

4
/

.... 4.



ECI:1 19

, 7' ).;
...

- 1
...

1504.00. If a school is to be ,all-ele.ctric, one consideration in. particular could prove to be of great importanceifi the future. That con-
sideration is whethi--tle HVAC system (particularly heating) should be '"wet or dry". Basically, the reference here is to
those HVAC systems that incorporate air handling equipment, as terminal units, to seat, cool and distribute sir. Historical-
ly, most electric heating systems have incorporated straight electric resistance heating elements that heat air directly, and
arse therefore "dry" systems. Some electric heating systems are designed to use hot water as the heating medium, and this is
heated by an electric boiler. Cooling can be and oftentimes is combined with either of these. When hot water is god, for
example, a combination of hot water-chilled water can be applied tomake up the heating-cooling mediums. Therefoit when ,-

electricity is to be used for heating, it could be advantageoussomewhere in the future to have a wet system, incorporating a
heating boiler, whereby the owner could have the ability to change fuels merely by changing some boiler hardware, or atmost
by hanging the boiler itself. This could prover'to cost much less than changing all of the straight electric resistance heating
equipment throughOut a given system to take advantage of changes infuels availability or costs. Owniniagencies with an in=

- forest in such a system should communicate this to- the design professions. r ,
,

-...

* 1505.00 New and niodified HVAC equipment and systems arc constantly being developed by both the design profetion and in-
. . dustry. Heat reclaim, heat recovery or heat transfer systems should be of chief interest among these. Such ms are and .

7. will be designed- to use the beat input to a building a the fullest extent before it is expelled to the out-o -doors. These.
systems will claim heat from such soprtes as lights and bodies and use this as input heat to the heating system. Cooling

systems should be designed to take advantage of heat transfer methods and. heat rejection methods that wil 'properly assist
them in their operation. All of this is an effort to reduce heat (energy) input to a building and thereby c nserve fuel and

ar educe total fuel costs. In the future, where it may be possible to advantageously use such systems /and where good
. gineering practices are indicated, owners and the design professions should investigate their potential. --, .

1506.00 ftop HVAC equipment has been used extensively in the last few yearn. experience with such equipm nt has emphasized
several important considerations. (1) Because of the harsh conditions': boy Operating out-of-d rs, only the most

. durable equipment should be specified. Longevity then becomes a qUestion; eqIiiptnent -top q lity hardware
finishes exposed to the weather is all that should be considered. (2) F'reiluent maintenan -.L.' necessity, and high
priority'should be given to selection and design for ease of, maintenance. (3) Roofs are vu able; it recommendain allI :

cases that suitable walkways be provided o fs for access to and around all rooftop equipment. The Division'of School
Planning recommended heretofore and still recommends that serious considerlition be given to adequately slieltetini of fully
enclosing rooftop HVAC equipment in all cases.

1507.00 The availability and costs of fuels and energy in the future appear to be unknown quantities. If seems possible that the tme
could come when energy will be rationed or assigned. for the opeiation of both:new and eifirig buildings. Owners and the
design professions should begin to take a critical look at all buildings with energy consiimPtion as a prime consideratiom

30 ;

39 ,)

,...6.



A* Make This Pipe Same
Size As Boiler Outlet .

Safety Valve

Short Nipple .& 90°
Ell For Systems
With Pump Return

Plugged
Tee

4

Common Supply

# Header
44

System
Mains

o.

Safety Valve

Header Drip Or
Bleeder.

Condensate
Return

Blowdown Valve

Common
RetUrn
Header

NO

4fLNormal Boiler
Water Line

,Water Feeder Discharge

4-.1-Equalizer Or Drip

. STEAM BOILERS IN BATTERY

Piping Including Return Loop Connections

40

Drain For Commotlo
Header

Common Return
Header,

Hoox Up-For Bdiler
' With Two RetUrn
Tappings

Division of- School
Planning 1976

e



rr

Heating System
Supply

O

To Expansion
Tanks

'Low Water,

Cut-Off

Heating System:
- Return

#.#

Common Retprn'
Header

\--Blowdown Valve

HOT WATER BOILERS IN BATTERY

'Piping Arrangement

t

I

A4

ar'

Pree.Sure'Reducing

Common Return
Header

41

HooklUp For Boiler
With Two' Return
Tappings

(

1

[

1

.

.1

Division of School-7"
Planning 1976

NAP

a

. m
0



as

it

I
Fuse

Blue
I 7-Day Time ClOck

- With Switch Bypass
Clock -,120 V
MotorWhite To Some Other

-
r-- 1 iss,1

Control if Desired
I r--J 1

Jum rpe

White

--;

L i
I

r 7- ; 1 .Black

1 3
1

I 1
2 1 3 1 1

I I 1

1

1 I I
1 1 1 Starter

r7-- ..,=..
Stoker

, 1 L_______;.'"Ij-t-' Relay

ContrOls
1...,_ __ i..7 4Stoker Relay 120 - Volt

Disconnect

Black,

White

1--41
Disconnect

\

Starter

42'

120-V Coil

Oa.

Stoker

Motor

I

.

High LW

Limit Cutoff

Shear Pin

Alarm
120-Volti`

r---Operating

Control

/It"? l(Normally Open)

- Pressure

. I.

Shear Pin
Alarm

note: Overrides Control Should
be Provided to Open a

120 :Volts
"none and Relieve Boiler
Automatically When

Necessary
'ftPICAL STOKER CONTROL DIAGRAM - STEAM

4

Re1lay - Dble.POle,,DbIe. 'Throw

(Normally.Closed)

LW . High

Cutoff Limit

------ Low Voltage

Line Voltage

co-

120-V Coil

Division of School
Planning 1976

Q.4a,



r.

cq.

Blue

Disconnect

Black

HammShear-Pin
Alarm

White

Clock

Motor

11I
Juniper /"..j I

White 411-1F1--rjil
; 1 3 * I

-

I

1

Stoker Relay

Starter

High

Limit
LW

Cutoff

12 \ V Coil

a)

ra

Stoker

Motor

--120 - Volt

Controls

Operating

Control

(Normally Open)

Temperature

7-Day Time Clock -

With aritch Bypass

- 120-Vr To pump relay

- J
desired

White

co 23

0tv

Disconnect

'2 1 3

I

1 1.1 1

I Cutoff

I -I I I

11,1

I

--J

Black

Stoker Starter

Relay I

.

Shear Pin
Alarm

Note: Override Control ShOuld
Be Provided To Open A
Zone And Relieve Boiler.
Automatically When
Necessary

44

120-Volts

High-

Limit .

Low Voltage

Line Voltage

.

Relay - Dble.Pole, Dble. Throw

,(Normally Closed)

TYPICAL STOKER CONTROL DIAGRAM - HOT WATER

2 3

120-V Coil

Stoky
Motor

/
1vIslon of School'

limning 1976

. 45



A

PILOT
GAS'
COCK

6../ENT
PILOT PRESSURE REGULATOR

PI LOT ELECTRIC
VALVE

MAIN VE VENT

OAS t
COCK i CHECK GAUD

:

PILOT
GAS

OCK

MAIN
PRESS.
REG.

SAF
ELECTRIk GAS
VALVE

ELECTRIC,,GAS FIRING
VALVE vs VALVE

ISPRNER

No.1 U.1.. ..1.t1. GAS PIPING GROUP (STANDARD)

MAIN
GAS
COCK

. +VENT
PILOT PRESSURE REGULATORS

i
:

. PILOT ELECTRIC
VALVE

c.

NORMALLY OPEN %.
#

VENT ELECTRIC VENTING I.
LOW GAS VALVE "' CHECK

I PRESSURE i :*VENT 'GAUDE

I
6 INTERLOCK - ..:

MAI
PRESS.

SAFETY
ELECTRIC
GAS VALVE

J.

FIRING
V LVE =

OPERATING ELEC../ CHECKING
GAS VALVE FIA GAS COCKt

HIGH- GAS
PRESSURE

PILOT
GAS
COCK

/.

`..00/ENT

PILOT PRESSURE REGULATOR

LOW\ GAS OPERATING
MAIN PRESSURE ELEC.
GAS INTERLOCK VALVE

OCK
VE T

. - -

i PI LOT ELECTRIC
VA VE

:4I.

ECKE FIRING
VALVE/

MAI
PRESS,
REG.

SAFETY
ELECTRIC
GAS VALVE

CHECKING
GAS COCK

No. 2 FACTORY MUTUAL GAS PIPING

. PI LOT
GAS
COCK

MAIN
GAS
COCK

VENT

r EVENT

PILOT PRESSURE

NOT USUALLY,
REQUIRED OR
FURNISHED AT
FIRING RATES
LESS THAN
2,500,000 ST U

HIGH GO
PRESSURE
INTERLOCK

GROUP AM)

/

REGULATOR

PILOT ELECTRIC
VALVE

MAIN
PRESS.
REG. GAS-VALVE 0

f
ELECTRIC

FIRING
VALVE

IP

INTERLOCK

No.3 FACTORY INSUQANCE ASSOCIATION GAS PIPING GROUP (FIA) l . No.4 U.L. PIPING GROUP' (OPTIONAL)

-SCHEMATIC ILLUSTRATION 'OF STANbARD PIPING OF GAS GROUPS (TRAINS)
NOTE: As a reference for the application of gas burner controls, the engineer is referred to the Underwriters'

/ Laboratories Publication No. UL 795-1968.

Reprinted by permission.
.1

sr

4

ri

Division of School
Planning 1976

'
47



ELECT 25
ELECTRMAL
AND LIGHTING

E-109.00 General
. ... .

101.00 The electrical plans should include a riser diagram showing service conduit size, conduit type, service wire size anti type (or
bus duct), panels, switches, overcurrent device sizes, transformers (when used in the secondary system), feeder conduit sizes,
feeder wire sizes and complete grounding and bonding details.

.01 Grounding and handing details caNbest be shown by means of a separate diagram.

\c
. .

102.00 The electrical platy should include a numbered circuit diagram for each panel showing circuit use, circuirbreaker size, cir
1,, ult. wire size, circuit conduit size, phase loads and total panel load.

103.00 , The emergency systenio-rauSt be kepti separate from all other wiring (NEC 700-1'71. ,
104.00 Where wire and equipment is oyersized for future expansion or for equipment which may be added in the future, some nota

tion of this on the plazis is helpful to everyone-concerned.
105.00 The, entire system shall be, color coded. ainting or taping should not be applied to wire of size number sixor smaller.

, .01 Two sets of colors should be used for c or coding dual voltage systems Ouch as 277/480 and 120/208 ''volts). Color standar-
dization for the phase cond.ictors sho d be Jed, black amid blue for 120/208-volt systems, and yellow, brown, and orange for
277 /480 -volt 'systems. . ,

(...
106.00 When long runs of wire are used,, voltage drop shoul4 be considered (independent of spare capacity),

. 0 . ..The electrical plans must hear the seal of the engineer who is responsible for the design and is by law obligated to inspect and
Issue a Certificate of Compliance upon completion of the project (NCGS 133-1.1).

. * /
108.00 All electritig plans and specifications s ould be coordinated, i.e., heat* controls, general lighting and plumbing wiring.

stA I
'3)71 It is recommended that wiring and finp connections for pie contra' of mechanical equipment (heating and A/C controls) be a

, part of the mechanical contract. 10.

109.00 Secondary voltage systems. I v'i
5

4
.01 The electrical plans should show the secondary valtage (preferablat the riser diagram).

.02 Acceptable secondary voltage systexcis . -
, , .

.021' 120/208-volts, 3-phase, 4-wire, wye. ' .,

.022 277/480 (Or 265/460)tvolts, 3-phase, 4-wire, wye.

.023 120/240-volts, 1-phase, 3:wire (refer to next item below). ':°0 ... . .
. .

.

.024 The single-phase system is acceptable only wheri the school is and 111 remain very small, for a small addition that i's serried
separately or when it is, impossible to get a three-phase system.

..
, \

.
.025 Delta type systems (such as 120/240-vblf, 3-phase, 4-wire) are not desirable, anhould be.used as little as possible. One

proper spplic n,might be the use Of a. 480-volt, delta service for distribution from which transformation to wye systems
will be thadd t aughout th site. Also, in a kitchen or a shop for example which is served separately and haul high percen-
tage use of 24Q-volt electricity, ,the 120/240-volt, *3-phase system could be applicable. -- ,

.

110.00 Reference is made to step -down transformers within the secondary system. Details for transformer wiring, grounding and
bonding should be shown on the drawings. Attention is Balled to the diagrams showing typical groundingand bondirig that

.4 8
follow in this section. .

5
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41- .01 Conductors supplied.from the secondary terminals of a dry type
P<-

transformer, within the secondary electrical system, must be
provided with overcurrent protection in accoldance with the requirements of the NEC 240-3 and 240-21. Conductors from a
single-phase transfornier can be an. exception.

111.00 Locations for step-down (dry type) transformers are important from the standpoints of safety and proper operation. Such
transformers should never be located in wet areas or areas that are to lie washed down by hosing. They should never be .

placed directly on the floor; but should be elevated to eliminate a possible water hazard, it is sugge4ted that they be mounted
on-angle iron frames 18" high. Consideration should always be given to locating transformers in properly ventilated areas.
The Division of School Planning feels that such transformers shouldnot be directly accessible to stUdeRts, but rather should
be placed in equipment rooms, closets or similar spaces not frequented by students. Please refer to the NEC 450-21.

112.00. The specifications shall demand that hit insulated conductors be marked on the outer covering, giving voltage, type and size
so that they can'be readily identified after installation. ° - . ,

113.615 There should be shown on the plans a complete electrical summary, either t.:1 qr in part as is app.,.
s-/Its follows:

.01 The new load.

.02 The existing load, where this information is not available, the owner shimld make arrangements provide it either by the
ctign consultant or some other means.

.03 The capacity Provided for known future expansion.
N.,

riate for a given school,

.04 The spare capacity provided if different from Item 113.0 .

The. total capacity of the service.

11,4.00 In 20-ampere branch circuit wiring, some circuits are of such length that number ten wire must be used at the beginning of
the run to avoid excessive voltage drop.

115.00 For general classrooms, one 20-ampere circuit should be used for the receptacles only in one classroom, and nothing else
t, should be on this circuit. This is it minimum requirement. Special classrooms will require different considerations.

' 116.00 Reference is made to making buildings accessible to bithe physically handicapped (as required by the NCSBC).
Please refer to Volume I, Section (la), Item 4.10 (Co rols) and Appendix B (Public Telephones). This section must tie
complied with where 'required_ . .

.
117.60 The electrical engineer is urged to work closely with tha mechanical engineer to limit the load demand factor to the lowest

possible and reasonable figure. This is extremely important with respect to monthly power bills to the owner, and apparently
will become even more so. Clocks, other timing devices and perhaps other sgecia control eqUipment should be carefully con-

E-200.60

201.00

sidered. Please refer to Item M-1208.00.

Service Drop
The location of the nearest power pole should be shown on the plans. This would be in addition to locating the padn:tounted-
transformer if one is used. ..." .

, (..

,,

202.00 The service entrance should be detailed and dimensioned, showing the point of attachment to the structure along with the
clearance of service wires over finish grade, drives,and roofs (NEC 230-24 and 230-29).

.01 Flat roofs are considered as beinrof the type which can be readily walked upon regardless of the difficulty ofgaining access
to the roof Ivel. /

6 : P' 51
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20.00 Connections at the service head must -be made in accordance with requirements of the NEC, Article 230-54 (refer to
Paragraphs (c), (f) and (g) in particular).

9

204. Attention is called to the sketch entitled "Wiring and Equipment Diagram" which follows in this section.
.4*

20 0 Underground Services are highly recommended, both primary and secondary, and should be used in all cases where possible
and justifiable (with respect to cost). s 1

, .01 Routing for the underground service should be shown on a plot or site plan.

E-300.00 Service Equipment , .

301.00 All service equipment shall be bonded up to and including the first overcurrenrdevice (NEC 250-71).
,

.01 Specifications should cover bonding, and bonding diagrams should be shown on the plans.
,i

\ .. .02 The bond wire used to carry the fault current of a parallel service, where two or more conduits are using the same jumper,
shall be sized on the combined conductor capacity and not on the capacity of one set of conductors (AC425.0-79). 1i

302.00 The emergency system shall be bonded up to and including its overcuir rent device (NEC 250-71 and 250-75).

3lia,o0' Switches, cabinets and cutout boxes Of the surface type and metal raceway, boxes and fittings mounted on walls subject to
.....,

dampness shall not buttached directly to thelvallaurface but shall have at least a IA inch air space between enclosures and
the walls or other stiworting surfaces (NEC -373-2).

304.00, Cabinets, and cutout boxes in switchgear shall be' increased in size to accommodate-ettra connections (NEC 373-7).

305.00 Grounding , -.. .
Eac ndividual building or structure shall have its ground ifid disconnecting means as required by the NEC (NEC 230-70,
23 -84-and 250-24). ,

..... , t.-
:

;02 The ground connection shall be to the building water main (metallic pipe) and should be accessible. Point of attachment
'shall bs. e shown on the plan.

.. - i
' ,

.03 When the ground wire is protected by the use of conduit, the conduit and wire must be bonded together at both ends of the
conduit (NEC 2502'92).

.

..04 The size of the grounding. conducto r shall be shown on the plans. . - t

.05 It is possible that plastic or Other nonconductive pipe for building water service-Might be instilled. However, this is not
recommended' by the Division of School Planning. The electrical engineer is requested, when it is appropriate, to com-
municartcith the plumbing design engineer to inform him that nonconductive pipe is useless satin electrical ground, and
that metallic pipe is needed and recommended. In any event, - proper grounding musrbe established in accordance with the
requirements of the NEC, Articles 250-81 through 86. .

(
306.00 Electrical service equipment should not be located in boiler rooms. This is definitely true if (1) coal fuel is used or (2) if boiler

room is below grade. Where oil or gas fuel is used this equipment, may be located in the boiler tro but it is not
recommended. Alai), and in all cases, electric service equipment located in a boiler room should be i mpletely separate
enclosure built just to house that equipment.

307.00 ,Service- equipment should be specified as service equipment, and must have the U.L. label LIS such.

5,2. 308.00 For equipment interrupting capacity, reference is made to the NEC (AC 110-9);
4 -

4;.,
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309.00 Attention is called to the ?ketch as indicated in E-204.00 above.
3 :

E-400.00 Distribution EquipMent ' ."

401.00 Panel specifications must inolude special approved lugs where the conductors are run in multi le.
4'02.00 Bolt-in type breakers ehould be used in panels.

403.00 Breakers should be numbered and }arena circuits should be installed as shown on the plans, shop drawings of panels should
match the plans.

404.09 Do not allow more than one solid or stranded wire under one lug or, screw type, terminal unless it is approved for such use,
(NEC 110-14).

405.00 It is recommended that throated, insulated bushings be used on all EMT connectors.
406.00 Spare contuita"should be included where spare breakers pre provided in flush mounted panels.
407.09 Where the number of ON ercurrent devices are such that it becom es necessary to provide two panelboards mounted side by

side, sufficient information shall be furnished the contractor to permit conduits to be run' to the proper enclosure.
408.00 ,Proper panelboard protection is necessary (NEC 384).

409.00 The use of transformers to convert 208-volts to 240volts for use in home economics ranges is not recommended.

E-500.00 Circuits

-;

_. ., .,

501.00 Metal switch and receptacle cover plates are

..

502.00 Moistureproof switches and fixtures
:,
must be used,in wash areas, ishower rooms, freezer and refrigeration rooms and other

such, plabes7that are likely to be subjectedlto water or moisture (NEC 410-4 and 370-5).. .,

503.00 Do not use flush floortype receptacles Ti kitchens or like places subject to washing down and mopping.

504.00 At least one duplex outlet-iriieeded in the boiler room..,
505.00 -Juncio and pull-bales, a a minimum, shall be sized accordingto Code (NEC 379-18).

----
---' 506.00 A multi wire branch circuit, as defined by the NEC, Section 210-4, shall be connected in such a manner that the neutral will
, arty more than the maximum load of any one of the "hot conductors" in the cirdult. . /

507. All locknuts must be tightened during installation (NEC 300.10 - See the definition of branch circuit).
508.00 Do not load branch circuits to more than eighty percent of their rated capacity (NEC 210-23).,
509.00 Fluorescent fixtures mounted on combustible, low density, cellulose fiber board shall be installed as required by the Code

(NEC 410, Par. N).P N ., ,,'. , i .
510.00 The NEC requires that a minimum of three (3) watts per square foot of floor area in branch circuit capacity, for lighting, be

provided in school classrooms (NEC 220-2).

511.00 Deleted. -4

. . ,
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601.00 Where raceway flexibility is desired at the point of connection to the motor or piece of equipment, flexible conduit must be
- installed in accordance, Code requirements (NEC 350). . .

. ,

60?.00- Thermal overload protection shall be provided for,every motor as required by Coe (NEC 430, -Par. C).

.01 Running overcurrent protection for three -phase motors mist be provided in each 'phase, all as required in NEC, Article 430-
37. .

, , , .

603.00 Eapismotor shall be within sight of its disconnecting means: More than fifty feet is considered out of sight. (See the NEC,
9 430-4, 430-86 and 430-106). - .
604.00 Caution 'should 'be used in selecting 480 or 460-volt .ecliipment for kitchens (refer to Item 903.01).

605.00. All electrical devices, appliances and equipment used in public schools must have Unde7riters' Laboratories approv
4

l as
required bx NCOS_%.-25., Such approval shall be called for in the specifications. 7\

Lv- . .
E400.00 Emergency Lighting, Systems and Power . / / ..'

701.00 Emergency and exit lighting.nitist conform to requirements of the NCSBC. AttenCion is directed to Section 1124Illumina-
tion of Exits, and Section 1125Exit Signs. -

702.00 Numerous plans are submitted to the Division of School Planning incorporating emergency and exit.lighting systems that do
not conform t6 Code requirements because of errors or omissions. Engineers and architects are encouraged to become
familiar with Code'requirements.

703.00 Exit lights should be of very low wattages. It is desirable that exit fixtures be of the long life type (providing apprpximately
60,000 hours of lamp life). 43.

%

704.00 Three-way and four-way switches cannot be used in the emergency ssystem (NEC 700-18). , -

705.00 , Manually operated switches for the exit and/or..emergency system should be accessible only to authorized, p onnel (NEC
700-19):

_706.00 The emergency system shall -not be controlled from the stage of an assembly area (NEC 700-19).

707.00 With reference to Item 701.00 above emergency lightiiig must be provided in accordance with Code requirements. In par'
ticular, cafeterias, gymnasiums, auditoriums and other assembly areas that will accommodiite more than 100 persons must
have emergency illuminakm,

.01 Some school buildngs will have some interior spaces,w ith no available daylAt, that will be occupied by students. Examples
of such spaces might be classrooms (where the condition is unavoidable) or IgUer and dressing rooms. Tliele spaces should
have emergency illumination proVided to pr,even0..otal blackout, in case of power failure.

a
.02 Reference is made to high intensity. discharge (HID) lighting. In an area Where such lighting ,is used, a minimum and

supplementary system of either incantleecent or fluorescent lighting 'should be provided to furnish enough light to prevent
panic in case of an outage (antiMsequent delay in light output) in the HID lamps.

708.00 Fire alarm systems are required for public school' buildings. Attention is called to the NCSBC Section 1126.

- 709.00 Autonkatic smoke detectors are necessary and/or applicable iri public school buildings. Dpsigners are referred to and should
become familiar with the NCSBC Section 1127 and Section 1117 (specificalry 1117.1).

56
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710.00 Special provisipns in the NCSBCCan require the application of particular types of emergency power sources. The designing
engineer is referred to Table 1125 in Chapter XI of this Code. .

.711.00 Experience has shown that battery powered emergency illumination systems (when an indeVendent power source is
required) are much to be preferred over generatord: Ease of maintenance is one important reason for this. Battery powered
systems are therefore recommended and encouraged.

e-soo.00 General Illumination \ .
801.00 Close cooperation by the architect, engineer and school administrator(s) must be achieved to obtain the good lighting system

rdesign necessary for a proper visual environment. There are always at least four factors, directly related to the visualen-
viro:Tnent,l-thaftlimiust beticonsidered when de'signing the lighting system. These are:

(b) Reflectance's (and ranges of reflectance's)
(c) Brightness (and brightnessjatios)
(d)' Contrasts

AO/ A tab1' of recommended levels of illumination for schools can be found following herein.

802.00 The overall procedure for designing the lighting 4;Am might follow such a course as this:
1. Establish desired environment 4, r l'-' ,

a. Brightness and brightness ratios
b. Colors and textures
c. Method of daylighting and daylight controls

2. Establish reference task and required illumiziation levels .
a. General or academic clasclassrooms

. Special purpose areas labs, librFies, shgps, etc. -4-Thlb.
3. Establish general lllumination system ---:

a. Distribution characteristics of light sources .
b. Coordinate with effect of task visibility

. c. Coordinate with total environment
-4, ,`" (1) Characteristics of heat and noise production

(2) Color acceptability
(3) Special and esthetic characteristics

t ' 4. Establish supplementary illumination
7 a. Chalkboards, special tasks and special areas e

5.- Establish audiovisual requirements
, i 6. Analyze economics

a. Capital-expense I
\tif

. i
b, Maintenance expense k

.1 . c. Electrical energy cost_ 0"--1--,

53.
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o .

.01. A great number of lighting systems designed for schdOls incorporate the use of e,2ballast luminaires. In spa cases it is
easy, to provide for switching of the lights so that either all or one-half the to energized. The Divieton of School Plan-
ning feels that.this is a worthwhile design consideration in that e rgy c be 'saved when/appropriate or necessary,.. This
method of light switching is recommended in all systems whe = t is po ble.
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803.00 Outdoor lighting should be done with respect to the owner's desires, adequate lighting of areas used in traveling to and from
,

the building, and for the purpose of discob aging aandalism.
..

804.00 Athletic field lighting and wiring require som careful thought. fn addition to the consideration of lighting intensities, fixture.
,selection and arrangement and fixture quality, the engineer should concern himself with the safety of the installations, and

. the requirements of both the NEC and the National Electrical Safety Code. Underground distniution is highly
.. recommended and encouraged. * -.. -

a 805.0 As an overall reference oi this section, please ref to illuminating Engineering Society Lighting Handbook.

E-900.00 All-Electric Schools land Electric Heating

901:00 Tile decision for the type heating for a school, when consideringall-electric energy, should be made by the owner. Abcnrate
and unbiased cost studies should be prepared by the engineer and architect when directed The Division of School Planning
..wetrla welcome the opportunity to s'share in analyzing such studies. - ,a.

902.00 For 11 electric schools, these using electricity for space heating, it is recommended that 277/480 (or 265/460) -volt systems be
. use for the secondary voltage. It is felt that this voltage is justified economically in all cases unless the school is very.small,
an will definitely remain so. Due regard must still be given to safety, and the qualifications of school maintenance per
sonnel. Further, this voltage should be used for any school project where size- justifies its economics.

903.00 Where 277/48'0 or (265/460)-volt systems are 'used:for secondary voltage, it is recommended that these voltages be used,
within reason, to the fullest extent possible. That is, they are rqcommended for (1) lighting, (2) water heating, (3) spice
heating (where electric space heating has been chosen) and (4) lerger motor loads where practicable. Proper and adequate
equipment grounding, for safety purposes, must be clearly defined.

.01 A3tention is directed to the consideration of using 277/480 (or 265/460)476Ra electricity for kitchen equipment. Apparently
this has now become a matter of economic importance. Heretofore the Division of School Planning had recommended
against it. The follow:big comments are in ordep,at this time. 4,1) Larger items of equipment, such as steamers, ovens and sur-
face barrier units can be served with this highei voltage; also, the booster water heatst for the dishwasher. (2) Smaller items
of equipment and portable equipment should not be at 277/480. (3) The dishwasher itself, in its entirety, should never be of
the higher voltage. This is a "wet" ma hire in a wet area, and the hazard should be minimized. For all kitchen electrical
equipment positive equipment grounding should be established. A. grounding system for this should lie designed by the
engineer and shown on the plans. t, .1

, .

904.00 All instructional shoji equipment must still be served by the lower.yoltages such as 120/280-volts.

4 ,905.00 All electrical space heating equipment must bear the Underwriters' Laboratories approval (NCGS, Chapter 66, Article IV). .

E-1000.00 Sound Systems and Clock and Bell Systems
1001.00 Sound systems maybe simple or somewhat complex as the owner desires. Systems can be designed for one or two wa offi

munication, and for achoolwide sound distribution from,one central point. In the initial design, it is recommended that the
degree of sophistication be limited to a system that the owner will actually make use of.

ti
1002.00 Cluck and bell systems provide for the orderly control of penods within the school day, and are recommended. Systemenand

equipment should be kept reasonably simple, in the best interest of both operation and maintenance. Complex sysams that
are 'continually out of order are obviously undesirable. ,

61
P;



ELECT' 32
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E-1100.00` Television Reception and Distribution Systems; Master Antenna Television (MATV), Closed Circuit Television

(C ), Community Antenna Television (CATV) or Multiple Source Television (MSTV)---/

1101.00 Generals . ,
-,-,

.01, The decision for inclusion of televisRm, the number of channels, which channels, system size, whether or not the system,will
be 'MAW, CCTV or MSTV. is a decision that should be made by the owner. .

,

_92 Prior to the preparation of specifications and dralrings an on-site televcsionlield strength survey should be made for each
channel desired. Measurement data obtained from field strength survey shouldlie noted on television system riser diagram.

, ,

.03 A duplicate set of system drawings and equipment manuals should. be received by the owner prior to final system
:, . . . ,

.

.04 ,System acceptance inspection will be render- ed by the Division of School Planning, o its appointed representative after the'
,

syStem, has been in operation for approximately thirty (3,0) days.
%

-, I
r i

1102.00 System Requirements .

'' .01 le television distributAi-system as a whole shall be or all provide.
../

..
_ .011 +3 dbmv minimum output at An taps for eacli channel.

i
.012 .1-12 .dbmv maximum output at all taps for ea61; channel.

- .
.013 20 db minimum isolation between taps.

-

1 .014 Lines terminated in cfiaracteriitic impedance.
,-,

Type F or quick disconnect type G connectors at all taps.

; .016 Free of interference, ghosts and smear on all channels at all taps.

.018 Flatness of response. 3 db maximum peak to valley across any one 6 M channel and 5 db maximum peak to valley across
. . the system bandwidth., e

- .

.019 VHF only, desired UHF signals' are electronically converted to a preselected VHF channel ,prior to distribution. -

1103.00 .Component Requ,irementi, . *
/ .01 All antenna down lead and distribution cables shall be 75 ohm foam dielectric, the RG-6. Cable

aluminized mylor surrounded by a minimum 50%
\,
aluminum wire braid.

,,4
.02 System amplification shall bilaccOmplished by AGC controlled single channel strip amplifiers.

,
'..03 All electronic equipment shall utilize solid,state construction.

An overall signal-to,noise ratio of 40 db for a 6 Mhz bandwidth.

shield shall be of

.04 The VHF antenna(s) shall be of the single channel, ruggedized MATV type designed to produce op um signals in strength
,

.
and quality required for each TV channel specified, .

-4, .05 e UHF anten a(s) sha°11 be of the. rugged MATV type designed to produce optimum -gignals in strength and quality as
requ ed for each TV channel specified. ,

.06 Antennas) shall be side mounted on an approved tower meeting EIA RS-222-B specifications,o / ,

OR i ,-.
/ .

6 3
/..! 't . . 'G

1-.. /



e

ELECT 33

.07 Antenna(s) shall be side mounted on an approtjed tapered steel support structure meeting EIA RS-222-B specifications,
OR . .

.08 Antennals) shall be side mounted on an approved tapered aluniinum support structure. Such a structure shall meet the in-
tent of EIA RS-222-B specifications, ,

OR
4- .. .

.-09 Antenna(s) sha ll be verbally stacked on an apprOued single or telescopic mast support structure meeting EIA RS .222-B

9
specifications. , e

P. .10 Antegna(s), antenna mounts and antenna support structure(s) shall be selected to provide wind loading within rangeas
specified by EIA BS-222-B and stru manufacttrer for the area in which structure is to be erected. ,

.. 40 $ .11 Antennas) -shall be mounted in such a an so as to provide a minimum above ground elevation of thirty (30) feet. Roof
mounted antenna(s) shall provide, in addition to the thirty (30) foot above ground elevation, a minimum above the roof
clearance of eight (8) feet f9r low band antenna(s), four (4) feet for high band antenna(s), and three (3) feet forUHF'antkn-
na(s). . , . .

. . .

1- .12 Antennas of different frequency shall be mounted with ve.dical spacing of Elf least 0.65 times the wavelength of the lower
visual carrier frequency. ,4.4)1,.

V
.13 UHF to VHF conversion of a system signal shall. be accomplished bY a crystal controlled converter.

.14 System splitters shall have a ,bandwidt* of front 5 .to 300 Mhz.. .) °

.15 System wall taps shall be'of the directional Coupler type with a bandwidth of from 5 to 300 hz.
, c , . .,. Ile .46 ea nd distribution equipment and other associated components [11411 be enclosed within a wall mounted housilig Equip-'

ment housing shall be suitable for EIA -19" rack size head-end mounted distribution equipment. Hoti in 0111:6Th'-eVpntilafed

..
and lockab& ' - , ,, . ,'-\\, ,

'
1104.00 Electrical Requirements ,.

.. It

.01 ;There ,should be adequate power wiring provided in each equipment housing. One hundred perceia'........ 4 ower outlets
--, required to do the specified job plus a reserve of 25% should be included for ,possible future expan t-1':-.,..1. ,...

. a \ . sYr-).o .02 ' Head bend equipment housing should be owe seprate power circuit.

1105.00 Head -end Location
, .

, .0/ The bead-end equipment should be located within the Media-Center complex, preferably in a storage area.i ? ...

. ty' 1166.90 .4- Television Conduit System' tf °.;,, l r
. /- . .

.>.
. . .

.01 Wherever pbssible, television conduit systems shall consist of a single piece of 3/4" EMT extending upwards frorf each stan-
dard 2" x 4" mall box. 'Each piece of EMT shall be extended above the ceiling, 'stu ed off and bushed.

. o .02 Wherever possible, a single 1-1/2" conduit shoulki be provided between head-end equipnient housing and antenna location or
other single sottlge location. , -.

,
-,z' _

, , .03' Two (.2) 1-1/2;', conduits should be provided between head-end equipm. ent-housing and above ceiling space.
., .

., .04 Individual 14/4" conduit runs shouldbe provided between head-en ipment horng and remote located television dis
.

r.. tribution junction boxes. .:
'

*F .

,1107:001.1!' Wall Tap-off Location 1

.
.' 7

.
, 65
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1108.00

..0/

(

' 4 /, .

For standard television receiver mount, tap-off,ajfbuld be located no higher than 48"AFF.

For ceiling or wall mounted television receiver, tap-off should be located in as close proximity to the receiver as possible.

Applicable References

Electronic Industries Association's Standards and Spe ifications (EIA)
Federal Cdmmurtication Commission's Rules and Regulatiois IFCC)
National Electricil (bode (NEC)
Ngtional Television System Committee. Standards (NTVS)

66

Its

Uhderwritefs' Laboratories Listing (UL)
11.

A
. V

CA

67
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W.P.W.H. MUST BE
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Main Seivice

Conduit

MDP

277/480-V

4

0

Neutra

Main
Service
tround

o.

..

4

4,z

f

Direct Ground to Water
Pipe or Other Acceptable
Electrode-as Close as'
Practicable to the
Transformer

.

Bonding

Wire *.

Txansformer
A :4Deltamko Wye

277/480-V
Panel' 120/208-V

'Panel

0 Wires: 3 Phase

Epnductorsj 1 Neutral'

(
4

,

a Refer

4'

Neutral

.,

:
.277/480-VOLTAND/120/208-VOLT SYSTEMS S:i0WING GROUNDING METhOD
,THIS DIAGRAM' IS .OR ONE.BV1LUING ONLY ON THE SITE, .

7rAit,

o

the' N . E. C. 2.50-26

. ). .

r-

Division of School
"- , ,Planning 1976
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BLDG "A"

Main Service
Conduit;

Main
Service 4
GrOund

MDP

2717480-V

'BLDG. "B"

t=1

=1,
RS 051

t?../)

- o
0 4-)

as.

ci

=,-1

.0 $-4

$-4 0
COM

I

TV

LJ_J
Neutral.

'71

277/480-V,
Panel'

*Neutral

'277/480-VOLT AND 120/208-V004 SYSTEMS SHOWING GROUNDING METHOD -

THIS. DIAGRAM IS FOR MORE THAN ONE BUILDING ON THE SITE

Bonding
Wire'

4 Wires: 3 Phase

Conductort and
One Neutral

EL CT .137

Direct 'Ground to ,,,Water

Pipe or Othe Acceptable
Electrode as/Cloe as
Practicably to% the
Tran farMer I

Transformer
Delta to Wye

120/208-V
Plnel

4

t

Neutral

Note: Refer to the N.E.C. 250-26

DIvitilon of Sdhool 72
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TYPICAL DLECTill AL SUMMARY

r %

(Refenito Item D-113.00)

(A) SERVI

1'20/20 -Volts, 3-Phase,
Amp. Service Entrance

(B) CONNECTED LOAD

(1) EXIST. BLDG.
Ltg.

& Spares
Kitchen
Water Htr:-

Sub-Totals

(2) NEW BLDG.
Ltg.
Rec. & Spares

. Sub-Totals

(3) tFUT. AIR COND.
,& OTHER LOADS

0 Totals

ELECTRICAL LOAD 'SUMMARY

4 -Wire Wye with Full Neutral; 1600 -Amp. Switchboard and -1200 -
with Empty Conduit to Increase Service Entrance to 1600-Amps.

KW AMPS

99.0
60.0

142.00 .

37.0

45.0
38.0

338.0

83.0,
421.0

$ , 188.0

609.0

275
166
395
101

125
103

937

228-
1165

. '520

1685

,/
4

off

Division of School'
Planning 1976
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S & LOCATIONS IN SCHOOLS
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only
used for study halls
isplays
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00,MS

ar cla4sroom worlso

bIrds (Supplementary illumingion)
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Ebonomics rooms
atones . "'
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'e work
re and demonstration rooms
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cling classrooms
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aving classrooms
g rooms
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ition games
nand shower rooms
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ng rooms and carrels
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S,

ar office .tvork
auditing, tabulating, bookkeeping, etc.

graphy, designing., detailed drafting
rence rooms
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4
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r
0

The level of illummation-should be provided on the task regardless of location in the room, or position The initial value of
illumination must be greater than the minimum value to compensaafor lamp depreciation and dirt collection on all sur-
fates. These are recommended standards of the I. E. S. . k-

I
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