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) Students,cteachers, parents, adminlistrators, architects and engineers are very much aware of the Importance of the i
physical environment to the educational process™Much progress has been made toward Improving the environment, ;
primagily the result of conslderable effort on the part of educétors and those englneers and architects Invoived In the
design of public school facllitiés. At the same time, a Concerted effort has been made to Improve the design and installa- ,
tion of the total mechanical and electrical systems, all to the best Interests of the students and the school systems. This,
too, has besen a jolIn effort@on'the part of educators, englneers and architects. For the most part, the results have begn
very gratifying, oL . . : <
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This M!nir'num Check List, or "fed book™, wds dévelgped abSut fifteen yeafs_ago by the Division of School Planning to

serve as a meany of communication betwben school ‘agencies and the design professions. It is and should remain a

' “minimum” chéck list that includes conciée, pertineht, and well-chosén comments without being vofuminous. Such 1s the
Intention of this fourth revislon. It should be noted<hat the Minimum Check List repreents the thinking of a repreﬁ,sentanve
cross’ section of the design professions. '

) . This publication is on& of many that have been prepared and distributed by, "l.e Department of Public Instruction as
B an’ aid to the ever changing process of planning and developing public educatidh facilities. Y
PN 3 N - T \ '
. October, 1975 - ' .

: , - -' . * A Craig Phillips
. . \/ " o . State Superintendent of Public Irstruction 4

;
“
- ) . * ~ + “ ’ *
- .

—— . . . - - )Y

N T . - . ~
’ » ~- - . . «
- o - . . A *

A




- ' ) L A
“PREFACE v S
This is the fourth revision of the Minimum Check List since its orlgin In 1860 by the Division of School Planning. l} has
been widely used yhe%evejoment and_ review of mechanical and eldctrical plans and speclflca_tldns by engineers,
)grcmteqts and superintendents in planning public school facilities. Apparently the Minimum Check List has been well
recejved as a planning tqot or these fifteen years. The Division of School Planning is pleased to make available this fourth,
revisiondn the hobe thai It will gontinue to be a useful publication. ' v . , .

App'recmtlon is expressed to the follkoIng individuals for their assistance in preparing' this revision-

Private Practicing Englineers: RepresentingState of N.C. ‘Agencles:
J. A. Bass, dr., Raleigh . . _ R. B. Boyd, Jr., Dth. of Ingurange . «° ! i
H. C. Cease, Raleigh, . J. L.Hauser, Dept. of Insurance : ’ -
B. A. Hamrlck, Jr., Charlotte e J.F. Stamey, Dept. of Human Resources . )
W. F. Humbert, lll, Winston-Salem | ’ B.F. Whitley, Dept.of Labor .
W. G. Smith, Durham ' - ©.K. Denning, Division of Plant Oparation
. ® o St D. T. O'Kelley, Divislen of Plant Operation
‘ . . H. K. Winslow, Division of Insurance " ve
A ’ ' v N. K. Lee, Division of School Planning .
L . W. H. Price, Division of School Planning LN

t

In using this check Ii'sjt, the following interpretations shoutd be kept In mind: ° L
* Rtems using the term “shall” are mandatoty because of law; code or regulatlop. ' ‘

* items using the term “should" are those which experiencé has taught dre most practical and déslrable. Any devla-
tion should be supported by adequate information and reasoning and should be cleared with the Divislon of
School Planning in the early stages of the ‘design process. . - -t - .

. o .
¢ Other items are included as good practices about which prof__essional people may not entirely agree.

-

.

. .
) ‘v - - " . . . bt ) -
October, 1975 = , ‘o o © NG
. 3 N ., : : -— . - . Y XN W .
T ¢ , o ] . ©J. L. Plerce, Director ,
. o ' Division of School Planning
. . . Department of P;ubllc Instruction
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- PLUMBING 9° . . / s
ha . . . \,\ - . - , * ‘e N ‘{ . .
. P-100.00 Drainage, Wastes and Vents ) . &’ \
. 101.00 Floor drains are needed in all tonlet rooms containing more than one water closet, and at all poxnts where water heaters are
lOcal’/ed ) q K]

.o, .01 Infrequently uséd floor drains should have traps resealed by waste ﬁ‘om clear water fixtures.

T .02 Provisions should be made’ for reseallng traps of floor drains ‘located in rooms being .used as return air plenums It i is

L recommended that these drains be 4” minimum size, and"that sediment strainers be used. _ - . ‘.
.03  Drains in all areas.should ‘be not less than 3".size (NCSBC, Plumbing, Section 915.3). . ' e 7
‘ . 102.00 Floor drains shall not be installed in food storage areas. R C e 7 )
] ‘1 03.00 ° Floor. drains shall be provided for b01ler rooms, and for mechanical equ1pment rooms conta1n1ng any gquipment using steam
- * or water, or /1ncorporat1ng coolmg coils.
A 104.00, The plumbmg plans must bear the seal of the engineer who is respons1ble for their deslgn, and is by law obllgated to 1nspect
L and igdue a “Certificate of Compllance upon completion of the,pro;ect (NCGS 138 1.0). -

105.00  Acid resisting whste hnes shuuld be considered for chemlstry laboratorjes in senior h1gh *dchools, and perhaps some other .’
_ special uses such ‘as the. chemlstry 1nstructor s table in a junior high school. They are not considered” necessary for any other,
‘- : normal laboratory areas. e . . as d

. .01 - Corrosion- reslstant't)aps afe required on all fixtures in chemlstry classrooms and may be used “if desired in other
. i ‘ . + .laboratories such a$ physics and biplogy. . .
*..” .011 ' P-traps to the wall, or located below floor are preferred to.S- traps to floor. !

-

o .02 - Plastér and/or interceptor f.raps are usually heeded ‘for work sinks in areas such as art classrooms.

\ ] _106.60 . Vent pipé'flashings, at the roof shquld be mqade in two pieces. One of these should be a cap wh1ch slides down over tup of the
’ o pipe, and sufficiently overlaps the base flashmg Copper or lead is preferred - .

C h ] .01, Screens, to protect agalnst gravel rocks and etc., are recommended for installation-on these flashlngs _ ' \
o .02 Réference is made to the sizes of vent piping at the p01nt where 1%5% thrgugh the roof..It i8 recomme,nded, that 3 be a
. ° minimum size. /’
‘ 107.00  Cleanouts placed in horizontal pipe runs should be fabricated using longsweep one.-quarter berids or fittnngs prov iding one )
" eighth’ turn. Standard one-quarter bends should never be used. . -
©oo1 Inclay {(v.C.) p1pé sewer lines, Cast iron ﬁttlngs should be prov1ded at the bases of cleanouts to prevent break1ng withyend of
SVARN .
“the sewer rod. . . , s
108.00  Roof drarnage shall be deslgned in accordance with requlrements of the, NCSBC Plumbing, Chapter ‘(V (as a minimum).
. L Provisions for wind effect should be incorporated in the design, i.e., cons1der the wind blow1ng all rain to ope side of the roof.
e e . .07 The actual installation of roof drains and flashings, for intefior roof dra1n systems. should be made by the general contractor.

Piping for spch systéms should be by the plumblng contractor. , -

" e 109.00 Reference is made to the NCSBC, Volume 1, Section,(11X) entitled “Maklng Buildings and Fac1ht1es Accessible to and
: Usable by the Phy sucally Handrcapped Appropnate Llrov1s10ns of this section are appllcable to plumb1ng systems in public
v schogls.. . :

.. .01 Water close% ur1nals lavator1es and drmklng fountalns or water coolers must be cons1dered for the handlcapped

»

. . .
. . . . . -
Ra ! , < LI >
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'+ - 200. 00 ® Fittings » I )
. 201.00 All hose bibbs* should h dve rﬁi m/ .
_ 202.00 Ahose bxbb w1th a removable ha ‘or a key operated lock shield should be 1nstalled in to’lgroom hawng a floor drain. o
v s v . | 203.00, Each fixture should have adt mdiv1dualwqater ;upply cutoff valve. j . .
.® « 4.|. 20400 Flush. valves must be equipped with vacuum breakers (NCSBC Plumbing, Septlon 1205 1) Y .
r . .
:. 205.00 " Wse freeze-proof hose pibbs where apphcable these should be key operated. - ’
’ e |v 206.00 All hese bibbs, including wall hydrants and any outle,ts with hose thredds, must have backflow preyention devices 1nstalled BN
* | (NCSBC Plumblng, Sectlon 1205.5). For exteriot 1nstall£ftlons, care must be taken to prevent freezxng ’ .
. s .+ p-300.00 letures . T . 3 , A v R
N T e 301.00 Lavatories Should be acid- res1stlng, and have rigid supplles . S S L -
L * Strainers, (beehlve or grid type are suggested), and not pop-ups or plugs, shoulcl be used in lavatory wastes 1n publlc tmlets .
¢ and-restreoms. * < ot .
' ' , 302.00 Elongated bowls and open-front seats for watér closets are requjred by Code (NCSBC Plumblng, Sectlon 907.1 and 907.6).
R el S I {5 1 recommended,.for male. tmlets .that. water closet seatsmco:&rate the. selLralslngmrl J hlnge or the self-sustalnlng fic- i .
o, o BN - ' tionhinge. . - . " . A
.0 . I '303.00 A lavatory shall: be located in the kitchen area for handwashln - @ s . ~ - o ’
4 k4 - o . \ N . .
. / ¢ / This lavatory shall have a m1x1ng faucet supply fitting. e . ' - M
304 00 A service sink or a recepter "should be located w1th1n the confines of the kxtchen area. * . , )
i \ . ’
yo i .01 Deleted (refer to Item 206.00). Rt ' s . te o .
‘e 30500 ° Deleted (refer to'Itdn 206.00). . - T 7 o o,

l‘ . ) ~
/ . 306.00 Standard, single purpese fixtures should be used where watemorks and plumbxng are concerned ie., \a handwashlng
! +, . “lavatory should not be combined with a drinking fountaxn a ‘mop sink should hot be comb1ned w1th a handwasl‘ung lavatory,

mor should one bé substituted for the other.%s . . A . ra N L.
T e . 307 00 Drnking fountains outside a building shall be frostproof All wastes from thege should be carried to dry we]ls or storm dralgs B
j . " Dry wellsé.should be located at least 50 feet from water supply wells‘ o0 .
2 P 308.00 Counter top sinks should have ledges with holes to rece1ve faucets Faucets should not be mounted in ceunter tops. . -
309.00 Supplies tpipe, valves and fittings) that are concealed, such as Yor counter top sinks, do not need to be the rlgxd type, and | .
need not be plated L . - . /
: w;l ; .\a10.00 Gymnasium dress1ng roems should have drinking fountains. These should n9t be water coolers . e
' -311.00, Wall-hyng type ur1nals are recommended. ) . . K i N .
. @, 31200 Deleted. K ; ST e Ty NG v

Q ° 313.00 Flow restrictors at shower heads 7re suggesfted: ‘ N .o ' T l 7

"; 10 \ . , R . i . ) ) . - . c . \ ‘ . .‘ . - -
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: ‘ P-400.00 Water Supply (see Sect ons 7 and 8 of the NCBRR and Chapter XII of the. NCSBC Plumbing) .
. ce 40100 Wells must be located away from possrble sources of contamination, properly protected, and well sites must be approve'd by a
‘ ~ representative of the Division of Health Serv1ces, DHR. -y . . .
: , ® ° 40200 At school sites where well water systems are Flanned owners, architects and eng;neers are urged and encouraged to consult
: : the state DNER Division of Env1ronmenta Management for geological information. - - <
g ‘ 403 OD Plans shall show the location of the well and complete details of the well supply system 1nclud1ng well pump, pump house,
. . plpmg and storage tank .
i . » .01 When an elevated tank is installed, it is strongly recommended that a ﬁ!’e hydrant be properly located on the site, or that a

hose connection be prov1ded on the standplpe‘?r both. - | . ‘ .

When new well supply systems dre used. provisions for continuous chlonnatlon are strongly recommended.

When water is obtained frem a public® system plans shall show locatxon of the water supply conne( tion, and size of the water

meter. .
Pressure reducing statlons should: be* ut11 fd where supply pressure exceeds 75 psig I -
Dishwashing and showenng are the two factors to cons1der in s1z1ng water,heatlng equipment. Such equipment must,be

.placed where components can be easily.maintaihed. :

180-degree water heaters should carry the NSF labe{ or equal (NSF Standard No. 5). - " * T

San1t1z1ng hot water from water heater to dishwasher booster heater should be rec1rculated by pumplng m order to maintain
maximum temperature at the booster.

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

Water heaters 1ncorporat1ng the use of dip tubes must conform to the requu'ements of the NCBRR, Sectlon 6, Rule 9.
- !

All hot water storage equ?(nt should have tanks equ1pped>t? prevent interior cofrosion. -

_ For electric water heaters.of/all types, the engineer rlxjx_ts{ be careful to comply with (1) all the requirements of Article 422- 14
* ih the NEC; and (2) NCBKR requirements for the }a

bel. C‘gntrol voltage should always be volts to ground such as 120-,
volts or 2'Z7 volts ’

A time clock, should be'mcorporated in the controls for an electnc water heater (except for a small one) to yrowde for on and \/

off periods to assist in minimizing the electrical system demand factor. § e, S i
State Department of Labor operating certlﬁcate shall be mounted under glass and placed near the heater (NCBRR Sectlon
6, Rule 5). . , - - .
Clrculators for domestic hot water use should be all-bronze constructlon Control should be by time clock as well as
temperature . -t . = 5

“All starters fof circulators (pumps) us;ng 3 phase current must mcorporate overlotfa%{t‘ectlon for all three phases (NECAr-
“ticle 430-37). N

All water supply systems should be disinfected befwe being placed. in semce (NCSBQ Plumbing, Sectlon 1209)
Itis mandatory ‘that the englneer designate on a plumblng drawmg the source of water supply. ,‘
- - s . - % /*X . : ..
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FRRERTERY ' - v a i
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N .. 413 00 Multiple water heater 1nstallatrons (two or more at one locatron) should incoiporate piping arrangement at both inlet and
L4 . outlet to provrde for balanced flow Also, valves should be provrded sq that erther heater can be isolated separately.
£ - P-500.00 ' Sewage Drsposal Systems - : - ' ‘t e o < e
P 501 .00 Locatrons and pnncrpal elevatrons of connectro??s to publrc sewer systems shall be shown on plans (NCGS 130-13). o 1 -

502 00 V\hen an on-site; ge disposal system, or addrtron to an existing system, is requrred and planned, the followmg con-

L4

o1
.02
.03

'1508.00
506.00

 507.00

kel |

- P-600.00-

601.00

602.00

. -

603.00

»

604.00 _

605.00

srderatrons are. applicgble. . .
Applrca'tron must be rhade to the'DEM, DNER Contact the reglonal engineer for the region that mcludes your hr,ea
Both the site (new or exrstmg) and the proposed system (new or ex1st1ng) must be approved by the DEM.

It is of the utmost importance that that ‘agency be consulted prior to procunng a site where on-site sewage disposal is con-

- templated L . ’ N . .
Plans and spetifications for the proposed sewage plant, or addition to exrstsg should. be prepared in accordance with DEM
recommendatrons, and \must be submitted to that agency. ~.
DEM ap‘{)roval for the prOJect must be made before the State Supenntendent of Public Instructron issues the Certxﬁcate,of
Approva . "
Plans for Sewage disposal systems shall include complete detarls and elevatrons of all umts and appurtenax;ces, rncludmg
profile from buildings to final point of waste disposition. . 0
There should be a complete summary of plumbmg loads, in fixture units, shown on the plans 3 X3 ,

For aeration type sewage pldnts (on- srte) (1) a suitable fence (which should include barbed wire at the top)'is mandatory to

-exclude children from this dangerous area, and (2)'the manufacturer s standard coverihg for the entire tank is recommended
All plans, whéther for new work or addrtlon to existing, must indicate clearly whether sewage drsposal istoa mumcrpa]

system or to an on- -site system. ; > -

When sewage drsposal will be to a municipal system check should be made to assure that the system can gccept the ad
ditional load. . ) N .

Gas Systems . ' . L .

All gas systems, whether for LP or natural gas, must conform stnctly to the requlrergents of the NFC, See{ron 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 arg(l) the kinds and t?ypes of pipes that are acceptable for

gas; and (2) the allowable methods for installing prpe wrth respect to routrng, placement, spectal treatments and valving
arrangementsg. -

The Division of School Planning recommends that prpe and ngt tubmg, always be used for gas systems. Welded joints, for
* larger sizes;, are»consrdered good practrce.

It s recommended and requested that all gas prprng be specrﬁed to have a 100 ﬂsr arr test with soap solution applied to all
joints.

In all localities where apphcable the engineer should specrfy that a permit for rnstallatron of gas apphances must be ob-
tained, ang-~local 1nspectron of the work must be requested .. , . 1

r—~——— - - | ————— .
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* Senior High Girls, Ten through Twelve- ™ « Y\
[

"~ Notes: (1) Ratios are for physical educatibn installations, which are more than ade

- each four persons in P.E. at time of largest class. -

.

. ‘¢ e’ 606.00 'In focating gas-fired water heaters, in eithe4 new or existing facilities, the engineer must assure that\here will be adequate
) e . air for combustion and proper ventilation for the space. ~ ‘ N \
. - ¥ 'j ’P;700.00° ' Grease Traps "’ o . ) -
- ®, . 70100 Exterior grease traps should be installed when recommented by the contrdlling agency. Applicable directions and instruc-
2. " tions'should be closely followed. A standard size, concrete%)tic tank is recommended, with capacity to be approximately
. M at- 900 gallons. | « - . o & v ' ,
. e 702.00 Interior.gregsé traps are not recommended and shoul@ot be used: . " S0
. : * T Lo . ' ! . & g
. T el o -CHART—PLUMBING FIXTURE RECOMMENDATIONS
K 14 « - gt R - .. L e R R . 0‘ - . . AN ., . -
ToC S _ : . MOUNTING - FIXTURE-STUDENT
' N FIXTURE AND APPLICATION. HEIGHTS RATIOS %« ° .
: >\ WATER CLOSETS . C 3 AR .
p Grades Kindergarten through Three, Boys . , 13" 1todQy ! . .
~,'Grades Kin‘dergarten through Three, Girls 13" . 1t080 z,f Yo
o . o *  Gradgs Four throygh Six, Boys 15" 1to40 “Z
a : Gradgs Féur through Six, Girls . : 16" om0 {4 ..
, + -Junior and Senior High Boys, Seven through Twelve 15" 1t050" .
/ ’ ’ &.{luén& gnd' Segnior High Gi{ls, Seven-through Twelve. 15” ito 4:/ ’ .
v /! - 3 . -
P « ' V ’ Gu{des Kindergarten through'Three . 18" 1to Bf) :
P -~ ) Crades Four through Six - LR . 20" 11030 . -
. . = Junior High, Seven through Nine - -9 N\ . 1#030” .
nior High, Ten through T'welve ) YA - © 1t030 -~
LAVATORIES . S
' Grades KindergartenandOne , - | 7 A " /1ted5
Grades Two through Six ., . ' 27" ! 1to35
Junior and Senior High, Seven through Ewelve ) 1to40
DRINKING FOUNTAINS : 777 S
" Grades Kindergarten through Three - ‘ - 29 . 1t050 -
* + Grades Four through Six 28" *.  1tob0 ) - ‘
Junior and Senior High, Seven through Twélve . . a4 . 1675 _ ;
SHOWERS (SEE NOTES BELOW).. . N ’ T -
Elementary Boys and Girls . . 50".56" ] _ '
Junior Hjgh Boys, Seven through Nine 2" . 1tod °*
. Junior High Girls, Sevep through Nine |, ) . 60”-68" - 1tod |
Seniop High Boys, Ten through Twelve 72" T Ltod ot
66" -1tod

quatefor athletics. Figure bree shower for

, (2) Shower mounting heights should be measured from the fjgished floor to the center line-of the shower head_, Itis

assumed that shower heads will be the fixed type.
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General - ’ ' - “ ’ e ;

,at

Téle State Department of Labor borler and tank operating certificate shall be mounted under glass in the ‘boller room (NCGS
9 sG5 95-65. 1)

Adequate free combustlon and ventilation air shall be provided in the boiler' room (NCBRR, 'Sectxon 9 Rule 17 (b) ).

- Moter overload protectlon must be as specified by the NEC. For three phase motars, protectrorf 1s necessary forf all three ’
phases (NEC 430-37).

Gutters are proh1b1ted qn range hoods. The range, hood should be mounted so that there is asminimum of6’ s’uand a

maximum of 7' 0" clearance from the floor, and it should be constructed so that there is at least 12 inches vertical rise on the ’

nside before the hood starts to taper. Range hoods should cover the ertire area of the cookmg,equlpment and surround such .
area by at least grx 1nches - . .

Capacity of the range hood fan should be approximately 100 cfm per square foot of hood area. Atwo-Speed fan is

. L]

recommended,, .~ N . N
%15 recommended that ventllahon air be discharged straight up all the way; 1f this is not done, appropnate cleanout doom ’
should be provided. v . \ .

Automatic fire ext1ngu1s g equlpment must be installed in’ kitchen range hoods. (NCSBC, Volume III Sectlon 999)
Adequate quantmes of make-u up air should Be provrded for all exhaust fans. Frltenng and tempenng air should be consldered
where this is des1rable :

¥
- . .
. N

Engineers should size all yalves on the plan$ if they are other ‘than full pipe srze 5

There should be a complete heating summary shown on the plans, either all orin part as is appropriate for a grven school a8
follows:

- . . .-, ¢

- . ‘
The new load. .
The existing load; where this information is not avallable, the owner should

ake arrangements to promde it either by the
design consultant or some other means. - m}

T

The capacity provided for known future expansion. ' e * v

. . /
The spare capacity provided if.this is different from Item 107 03 - . ’ s >
The domestic hot water load where applrcable ' - g T . B d

The net SBI oz IBR capacity of the boiler or bollers, where apphcable
Heatlng and coohng design conditions shall be stated on the plans. - .o ’
The mechanical plans must bear the seal of the engineer who is responsible for\he design, and is by law required to 1n8pect
“and issue a Certificate of-Compliance upon completion of the project (NCGS 133-1.1). -
Boiler room floors should be at or above grade elevation unless there is some important reason:for gorng below grade.

The engimneer should select all “runnlng equipment with respect to the noise and vibration factor, equclally that whichisto,
be used in or adjacent to occupied : spaces
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. ‘Stacﬁ and Breeching’.
.+ 1201.00,

-

Stack .. o< L = AR \
 There should be a hmged cleanout door for the chimney. S ) )
*A flue lining is requuegl (NCSBC Section 1602). Coordinate with the archxtect P ) i
‘A precast flue thimble or fire bnck lmmg is ne.eded where the breechmg enters the chrmney Coordu{ate mth the architect.
. Connections, at the thimble, breechmg and chimney must be au'tlght for efﬁclent operatlon Eoo
For coal fuel and on Aew work, the uge mduced,\ Wns is d1scouraged In all cases, chimneys should be of sufficlent
heights to effett-proper smo’ke'abatement. . ) .

Y

07

- at the front. - . 2 ’ « 6 |-

An.aduced draft fan should be supported mdependeptly of the breechmg, have an expansmn Jomt between l ‘and the
breechmg, and should_ not obstruct normal’ access"to the borler :

When metal chirgneys are speclﬁed as they might be ‘for oil or gas fired equipment, the provisions of the NFC,

olume-4 ! N
NFPA 211 shall apply. The matenals used and the estabhshment of proper clearances are of considerable 1m;‘>%rtfan

Breechmg - A . . .ooe ) o ~
The' breechmg should be supported mdependently of the- boiler, and should be insulated @xl and coal fired i inst allations.
Enough cleanouts,’ properly located, should be prov1ded to. promote easy, penodlc clean\ng

£l

A barometnc damper should be used where apphcable

Ir’ multjple | b01ler mstallatlons, a lockin -type damper should be mstalled in eéch separate boiler breechm%

Borlers i . I U N ‘

Thete shall be at least threa‘feetc%earance oni top of low pressure boilers (NCBRR Section, 9, Rule 17 (a
clearance is also recommended on the sides as-a mlmmum ,

Low pressure borlers w1th ru%nhol‘{yhoukl have at least four feet cetling clearance ., ' o l
The cellmg clearance is ﬁve eet for high pressure boilers. oo
!jd (NCBRR, Section 5, Rule 9). o

inimum clearance of the length of _tl'fe'longest tube, p us 12 inches,

) Three feet

< v

The safety and/or rellef valve ca‘gaclty must be speci
For tube removal and cleanmg, steel b01lers shall have

Cast iron boilers should have sufﬁclent clearar;ce for cleamng and firihg. Thxs is normally«the length of the boi er plus 121n;
ches.

When sections are added to a cast iron boiler, the name
rating (NCBRR Section 5, Rules 9(g) and 10(c) ).
s ,

plate and safety valve must be changed%o comply Tuth'the ney

~—

'
- a - ~

Boiler ratings

The SBI net rating should be 4
pickup..

-

—— e —

Yoo

The IBR net ratmg for a cast’ iron boiler should' be specified. _
oo : R

piping and.
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| ,.(53 Where catalogues show only gross boller rdtlngs, care should be taken to defermine the true net ratmgs, and proper se ectlon
g . / shlc:ulcll )be made with respect to both the direct connected load and necessary pxckup and piping losses (as appllcable to
'schools o
. /il %, 306.00 Deleted Note: Stoker references that are deleted will be made avarlable as a supplement to this publlcatron
/o . 307:00 Safety valve and relref valve d1scharges should be installed in accordance with the NCBRR, Section 5, Rule 13 d
’ e . 308.00 The drscharge line from the safety and/or rehef valve shall be supported other than by the valve 1tself (NCBRR, Sectlon 5
S Rule 13). ' . & RS . . .
g . 309 00 “Use copper wire to Secure the insulation to the boiler unless insulation studs are used. ‘ / ot
S 310 00 Do pot cover manholes, rodholes, namé plate or ASME stkmpmg on the b01ler g/ ’\’ . LY
. 3 31 1 00 If the borler has a hot water heating coil in it, the coil shall be connected in such a manner that the coil cannot be subjected,to *- N
<o / . pressures above those for which it was deslgned A pressure relief valve is necessary for this coil. 5 . .
T e 31200 The boiler bottom blowdown valve or valves, and plpm& must be sized and arranged in accordance wrth reqmrements of the .
- / . . NCBRR, Sectjon 5, Rule 18. , “\°
- e
@ , ~  313.00. The returinconnection at the rear of the. bmler should be connected to either the center tap or to the center of a header con-
f ‘ \f ’ nect1ng the two outsrde taps in orde;”to,pro}nde even return flow into-the. boiler. * .
. 314.00 Boiler piping, as 1nstalled should not restrict, the use ‘of the smoke hood cleanout door, ‘manhole openmgs, and mlugged
. 'r; . .. openlngs ) q 1 s
315.00-° A minimum n of one brick course or a 3" thx congrete base should be installed under a borler and its ﬁnng device to prevent
= ( corrosion. -~ , o ~ , L s
» 316.00 Brick and refractory settings for:beilers usually.should be done by qualified refractory contractors :
] A 317.00 Cross-type {ittings should be used on steam boiler piping at water columns, water feeders and l..W cutoffs for cleaning pur- .
7 e : p0ses . \ -
t/ A S N . .
" - 318.00 When specifying steam borlers, engrneers should be very careful to properly evaluate the steam and water capacities °
- (volumes) of the boilers in relation to the system served, and in relation to tHe kind of firing fo applied (gas,for example).
. Too little capacity results in some severe problems such as difficulty with holding the water iihe. The method of feedwater
; .control becomes very important, and this should b€ properly designed andjshown in detail on the plans. Each steam boil
applxcatlon should be fully englneered to /suxt the: system it w111 serve ~e, .
- . o M-400.00 Deleted. Note: Stoker references that are deleted will be niade avallable as a supplement to this publication. )
~ , . 3 [N 3
~ M-500.00 .Oll Burners and Oil Storage Tanks ) C e o 1% o o 4 L /
e §01.00 Lrght fuel oils, unheated, are recommended ‘rather than héavy oils: & s % L=
502.00 . Oll burher controls. - ® " ! -
*
.01, A cadm1um cell relay i is sat1sfactory for pproxlmately 3 gph and lower finng rates. i
t. .02 An electronrc program type primary control should be used for a firing rate greater than 3 gph. In addition to safety cut0ut ) =
"this would provide prepurge and postpurge of the borler, purglng s‘hould definitely be provrded 2 " ’
, R e v v , ( Y . Lot O ’
L] * - ‘ hd ) ) ) - . N v e ) [ ° ) - .
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601.00
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609.00
610.00

4 ’ . ‘ ~ .
If the combustion chamber is to be Joh fabrlcated design should” be exactly speclfied and detailed on the drawings.

N

A good treatment Wwould be one coat of red- lead paint and wo coats of bl ack asphalt

Pitch directions for all heating and cooling (water) lines should be shown on the plans.

deslred materlals should be set forth, and design should be 'in strict accordance with manufacturer’ g,recommendatlons

0il storage tank capacrty should be re}atlve to the size of the heat1ng plant; and to local service and delivery conditions. Nor-
mally a 10,000-gallon tank, minimum® capaclty, 18 requ1red to obtaln lowest fuel oil cost through central putchasing.

The tank should b(?'horoughly coated ektemally with a suitable protective cbmpound irt the field, just prior to 1nstallatnon

(3

Tank should” be fabncated of heavy gauge metal and should bear the Underwrlters label. l ‘. i 7 N )

Tank shall be mstalled in strict accordance with all govemmg “fiie and building codes. N C .
All tanks should’be installed underground Lo . U e e T ‘ i ,

Fill end of tank should be 4” to 6” low. . - T e ‘ ,
Tank should be adequately anchored ) i ‘ L ' oo . ' i

Steam, Hot Water and Coohng Piping

P1pe thnels are recommended, and should be large enough tQ work in. Thla,recommendqtlon applles to those cases where
pipe must be placed below g'rade or below floor slab. (Please see next item). - _ ) a

" Heating or cooling pipe should never be placed ungground or below slab on grade unless there is no other choice. Conden-

sate lines, which must necessarily be placed urider
is especially corrosion resistant. Flttlngs for copper pipe shoul’d"be Wmhght
or better. ke . N

N

When it is necessary to 1nstall condensate pipe underground (thahs, under aslabon grade), the Prictice of plac1ng the pipe,
wherever possible, oytside the periphely of the building is. hrghlx preferable. to placmg it uns)er the slab

und at times, should be copper, Type “K™, or spihe other matsrial that

Insulation” in the boiler room should hav a protective- jacket applied.’ i T

Pipe anchoring, and provisions for exp sion (by means of qxpaﬁsron fittlngs, swrng joints or expansion loops) must be
provided where necessary. , . 1. .- T S .

Install unions in all pipe lines for the removal of traps, valves, stralners, etc except when the fittlng is the comblnatlon un- -

ion or flange type.

R ‘ “N

ﬁp{, and Jomts should be made with 95-5 solder

L4

A piping hook- -up detail for each piece of heatlng and poohng apparatua, “‘eludlng bmlera, pumps, hot water generatora and

tanks, converters, radiation units, forced air heatlng and cooling units and’ W, and for all pornts where speclal
piping conditions exist, should be shown,on thell)lans

) o

{
The locations of piping runs. such as above Beillngs, exposed at celllngs, eté. y should be 1ndu!ated by noteson plan drawmgs

.Ina combination hot water Chllled water system mcorporatlng"a boiler, piping must be arranged and valved so that chilled

water cdnnot cifculate through the hoiler, (NCBRR, Section 5, Rule 27) Also, hot water must not. cu'culate through the
chiller.

1

-
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entitled “Hot Water Boilers in Battery” that follows herein). ' - ,
. . : s . . . ' o Py
.- » . . ’ ¢ - < u;9,,;”2 (
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) ‘Radiation and Unit Heaters o . . T >

Individual control valves shou‘l:?e sized large enough not to restrict capacities. Two-position valves should be full pipe size.

Strap-on limit controls, to prevént cold operat;jgn; should be installed on all unit heaters and cabinet(heaters that are\xot
_used also for ventilation or cooling. Unit heaters in shops, for example, that fire desired- for ci*culating air separately from

hedting may include an additional on-off-automatic control to ac?bmplish this. ,
Valves, balancing cocks and traps should be accessible (not behind covers without acgess panels).

The fronts and ends of radiation covers should have a n;ir;impn; thickness of 16 gauge.

Controls , ' ¢ ~—

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

All controls, starters, switches, etc., shotld.be permanently labeled after installation.

Heating control diagrams should appear on the plans. , .

Rigid guards; of cast iron or similar construction, are needed to cover thermostats @nasiujns, dressing rooms, shops,
corridors, restrdoms and other unsupervised areas. ’ .

1) (‘

All thermostats 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. Postpurge should not be used on
stoker installations. Manufacturer’s récommended pipe size from the breeching to the controller must be followed. . X
Any contrdl circuit for any kind of space heating device or,water heat,'er‘ should be a phase-to-ground circuit. A phase-to-
phase circuit §hould not betised. Voltages recommended are 120-volts, 2’[7-volts and 24-volts. .

. As an important factor,in conserving fuels and energy it is of the utmost importancéthat (1) clock control and (2) night sets
back control' be provided for all space heating and. cooling equipment. Also, clocks or timing controls are oftentimes e
applicable to exhaust fans. * N . A ' - .

\in most cases, cooling equipment should,be turnéd off altogether during unoccupied periods (nights, weekends and-

olidays).’ ‘ ., ) . - s - .
NI ) ’ ; ' ‘to

The control consideration referr;dg'\tp iere nlieans turning off all equipment, including pumps, unless some of it is needed’to
prevent freezing. ) i, . . - T o /
Boilers should be controlled in such a mahner as to use the least possible amount f fuel 'during off heating periods.
Outside air dampers shoulldwbe kept closed on night setback, and during start-up and warm-up periods. ; .

! ". . s N * N . e . . . &‘
Hot Water Heating Systgrfis ‘ ) . . L ’
’ L4 . B b ) ) 3

Feed or make-up water t,j the boiler should beafed at the return connection to the boiler and shall  be piped to comply with
NCBRR, Séction 5, Rule 22, , ) ) . ‘ o . - e
There should be a valved ‘bypa'ss around the pressure regulating Vgglve serving the systém. - ‘ ) -
The low water cutoff should be installed normally in the riser ling off the boiler nozzlé (NCBRR, Pagé¢72, and the diagram
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904.00 A balancmg lme is good pract1ce if more than one compression tank is used. \ -
L) 905.00 - Arr control fittings at boilers and compression tanks are necessltry On large installations the use of separate chamber air
elrmmat:on devices is rétcommended; these are pressure vessels and must be so treated -
T shut-off valve should be installed in the pipe line to each expanslon tank for servrcmg
906 00- Hot water circulating (heatmg) pumps should have bronze impellers. . . . <,
907.00  Deleted. Please refer to Item 306.00. ° . - ‘

L

IToxt Provided by ERI

998.0l) Reverse return design of hot water heatidg or chilled water system plpmg is highly desrrable, and should -be used.
909.00  Automatic valves should be the same size as thé pipes except where modulatmg valves aré used.

910.00 In multiple bojler mstallatlons, piping arrangement at boilers and pumps s should be such that water flow is equally divided
’ through each boiler. With respect to balanced flow and directiofi of fIéw, attention is called to the dragram that follows in

this section as a recornmended arrangement In general, pumping.away from the bo‘ller(S) to the system is. by far the most
- workable method

911.00° Al compggﬂsron tanks should be specrﬁed to meet ASME Code constructron, and be so stamped. Sight glasses should not be
installed on tanks. -

§12.00 Manual type arr vents should always be used mstead of the automatic type o -

813.00  For economical reasons, the installation of standby puinps is not recommended. When warranted a spare motor could}le
- supplred There may be times when parallel pumping could be a worthwlnle consideration. ™

914.00 - Pumps shall have a cutoff valve on each side for servicing. One valve may be an arr-tested balancing cock,
915.00 A simple flow diagram is usuall,y a big help in defining the system.

:

-

s
916.00 _Boilers must never be piped for reverde flow. Pump away from the boiler in mo$t cases.

917:00  When roof top heating equipment is uged in conjunction with hot water, it is obv10usly poor pragtice to install HW coils in
the units themselves because of possrble freeze up. Such coils should be located i in duct work down 1ns1de the building.

. A}

M-1000.00 " Steani Heating.Systems

1001.00  The low water cutoff and safety water feeder should be set atalevel 212" below the normal water leve] of the boiler (NCBRR,
5 Section 5, Rule 20). - : 5% ' .
1002.00 The condensate pump should be srzed for 'the ne capacrty of the boiler. . ) ' .
1003.00 The condensate pump should have a cast iron receiver. )
.07 * Vertical, underground type pumps are preferred over ﬂoor-mounted types mstalled in prts ' _ .
M-1100.00 Gas H/eatmg Systems, Gas Bumers and Gas-Fired Boilers ’ -

1101.00  Gag heating systems, d1rect~fired must be installed in accordance with pro\guons of the. NCSBC Sectron 2902 Any other
. type of d1rect fired system is not permlsslble , ) N

v
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1102.00 When a direct-fired, gas system is to be used for a public school building, jt is urgently recommended and requested that the
designing engineer and architect hold a meeting in the preliminary stages with the Division of School Planning and the
Départment of Insurance, if necessary, to discuss the matter in detail. This would be highly beneficial to all parties c¢on-
cerned with respect to system and equipment selections, and in avoiding design considelgtions prohibited by code and/or
- law. . : * s C (

1103.00 Gas burners, for builer firing, are recomm;anded to beof the atmospheric (non-_pres;sure) type in‘the lower range of sizes (up to
approxiamtely 2,000,000 btu input). Factory engineered units, incorporating boiler and burner, are preferred over other
\

. . types. - . ) y . . .

AN i B
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 manufaefurers’ recommendations and the. best
) accepted practices, and they must meet requirements of the AGA. The engineer is réminded here that control equipment set
forth 1n printed material by manufactirers, although it is probably adequate from a safety standpdint, is uspally 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. . . . . S o, >4 N

> used are of considerable importance.\ '

*

1105.00 The approved methods of installing gas piping, and the types of pipe and ﬁttingé‘:t(f)‘be
Specifications and/or plans should state these items in detail. Theﬁrquirements of NFPA 54 are mandatory, and hence

should be adequately shown and described. . 8
1106.00 Gas; piping test should be the same as that referred to in Item P-604.00. . - 7T
1107.00 It may be-worthwhule, in gas-fired boiler?installatioqé, to consider the installation of combination gas-oil burners to provide
dual fuel capability. ' . . < .
1108.00 Pipe lines ve\nting gas ffom appliances of devices must terminate outside the build’ing. T .
M-1200.00 Electric Heating Systems - : - )
1201.00 , Each proposed electric heating.applicption should be evaluated with respect to the energy unit cost (per kw-hour). That is,
‘the engineer shéuld assure that the &n:ydll receive an energy costrate at or very near the all-electric rates for public
schools as set forth by the major power panies. This is a vital factor in determining whether to select arf electric heating
. Ssystem. o . R - <,
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. o
1203.00 Safety, and all the requirements of the NEC are mandatory in electric system design. Specifically, 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 desirable. . ' . .
1205.00 The conductor insulation for supply gpnnec'tions and other field wiring for electric heating apparatus should be specified. In-
- sulation with a higher temperature rating than TW is gsually required in these instances. - . !
1206.00 In toilet rooms, locker rooms and any other such areas subject to wetting or washing down, electric heating apparatus should -
. - not be placed neat the floor. Q’ . . ' ‘ o N
1207.00° Deleted: . a '

' - .
: / 31

R
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- e 120800 When dem id mebe’fixig (for billing purpgses) is to bg applied by the power compapy, care should be taken to stagger the
- starting; of loads to minimize the demand factor. See Item E-117.00. . ‘
: M-1300.00 Ventilating -, - . ~ SR .

- ~ . * -
- e 130100 The Divisi{m' f School Planning, recognizing the importange of proper ventilation, recommends that consideration be given
. to providing mechanical'ventilation for all the occupied spaces in a public school building. Minimum quantities of air would

, then at least meet requirements of the NCSBC. «

EE .

.
v = %
\ . N

e % . , P
1302.00 Mechanical ventilation may be provi’dea by means of a separate intake and exhaust system, or by means of integtation with
«  the heating-cooling system, The,latter method is much preferred. to ' . )

1303.00 When ventilation air is introduced into a spa(Zé adequate f;r;)\,rision must be made for air relief.
- +1304.00° Variable volume ventilation systems, wh

-

?}‘{\_-

er separate or inbegrgte,d\iwith heating or cooling equipment,

‘veljy useful in

b the.North Carolina climate. - , E
’ ¢ N . . . . . ’ . q . . C . M .
4 . 1305.00 Mechanical ventilation is vital to gymnasiuntfs, locker rooths, certain storage rooms, dressing rooms, laundrjes, toilet rooms
. ; and jamitor’s closets. ) ) ’
) ' 01 1tis appropr'iabe to provide for year-round, timed operation of ventilgtion equipment for areas where uniforms are stored.
o ’ .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 serving’two or more toilet rooms. , -;’;x o )
. N ”» ¢ 2 " *
. ' 1306.00 Food storage room ventilation: THis is ne,c'e/ssary, and should be done by means of introducing outside fresh air near the floor
- . . and expelling exhaust air thl;ough 't@.(roof, all by gravity flow. . —
1307.00 Paint spray rooms demand special treatment with respect to ventilation and safety requirements. Paint sbray booths, com-
merical type, are recommended. If one is not to be used but a paint spray room is desired, tlae engineer should b? careful to
investigate this matter thoroughly with respect to regulations.and codes. .
* " 4 . Y .. r q » 4 . “
. M-1400.00' Air Conditioning (Cooling) . c.
1401.00 Cooling is recognized as a desirable and useful feature in public schools. It is felt that cooling should be considered for schools
\ or portions of schools tr:t will be used for ‘eitherwfull or part-time summer school programs.
.07 Cooling shiould be 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, shquld be given careful consideration with respect to each ind'\vidual case. The economics of buth the first cost and
— - . T the operating and maintenance cogt should be analyzed. -~ £ . 2 .
" 1403.00 ~ Itis 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 cooling/at a later time. . . . y . .

" 1404.00 Coolingload summaries should be shown on the pl.ans in the sa‘mq manner as for heating. ; -;‘,

140500 Consideration should be given to' providing humidification control in air conditioning systems:
\ conditioned spages are carpeted. ot ' ’ : £

J"gfi}sj very im\portan‘t when

N

v
. .
) . B - v, o
. . 1% N , v , %,

33 .




. o . MECH"17 -

LTt

Al
» . . ’ <«

: - . . 4 “ )
e 1406.00 In central plant A/C systems carefl éle_ction of the*reﬁ'igerat'ion equipment is important. l‘répe_r evaluation should be made ’
. . of capacities, flexibility, space requirements, noise and vibration factors, operating and maintenance costs and etc. Load
7 L “y , dwversity should be considered where applicable. The type of refrigeration machinery to be used, reciprocating, centrifugal, -
) L he'rmetic or open should be carefully igvestigafed‘and evaluated. C '
& . 1407.00  Self-contained, unitary A/C eqqipme{lt is acgeptable where applicable. However, such equibment should be very carefully
] , w' evaluated with respect to life. expectanty, capaci’ty limitations, ventilating ¢apability and noise factors. :
14Q8.00“ Window type A/C units are not recém}nended, dand should be used only as a last, resort. PP
© M:1500.00 Mechanical (HVAC) Systems and, Equipment; Fuels . = . .o k
.—1501.00_ Apparently the time js here when it is imperative that owners, the desigaprofessions and state and local agencies accurately
and properly relate the first cost of & proposed facility to projected enql;gy‘axfd/or fuel consumption, and its cost. It may be |
. ﬁg . that the légst-first cost alone should not determine the kind of mechanical'system. Carefyl analysis and investigation should :
. be made to the end of completely informing the owner. Decisions on the type of mechanical {HVAC) system and the fuel to y
» : ' be used could then be midde on the Basis of the best information available. ’ S " :

® . . .07 Thekndof analysis and investigation referred to above would probably dictate the use of a computer. By means of the com-

« puter a complete life-cycle cost analysis candyg forecast. If properly done, this is the kind of study that could be of real value.
Such a study would require the expendituré of additional funds by the owner. But the amount of additional expense in com-
panson with the potential value wpuld be small. Also, this expenditure should be recouped rapidly in savings in operational

o costs 1f the results.of the study are properly applied. Industry has computer programs available for the complete evaluation

w : of HVAdC economics and%e-cyc‘le-posts.lThese programs should be evaluated by the design professionals and purchased on
their advice. - . . - '

° < <02 The 1975 @eneral Assembly of North Caroli.n

- cted legislation to provide for the performance gf energy consum tion
3 A < analyses/6n major construction or renovation of buil

8 in certajn cases. These analyses would require the investigation of* .
o total life-cycle costs. Owning agencies and the design professions should, procure capiés of this legislation and become T
. familiar with it. Title of the legislation is, “An Act to Establish Policy for State Agencies to Perform Energy Consumption ‘
Analyseg on Major Construction or Renovation 0{ Buildings,” and it can be found in Chapter 434 of the 1975 Session Iaws.

o .08 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 Pyblic School Facilities Bonds of 1973. . ‘ . P

: The State Board of Education on October 2, 1975 adoptéd, in accardance witi; Chapter 434 of the 1975 Session Laws, the
/ L _ following amended addendum to Policy IV. F. which will be effective Janyary 1, 19¥6: -

AN . o - School building plans for each project submitted far approval to the Division of School Planning shall include an analysis of
. - the total energy necessary to operate the,school plant during a normal/or average year. This analysis, to be prepared by t}‘xs
- . . designing architect and engineer, shallZisnclude estimated energy necéssary to heat, cool, and light the building and-to -

‘ operate the equipment essential to both the building and the program. The total anhual 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

submitging this information the local beard of education shall certify that it concurs in the analysis and recommendation of *
the demfessionals that the type of energy and the type of system in each case is jg\lggd to be the most cost-effective in

terms of energy conservation,’ operational costs, and envirionmental considerations. . -

- .+ Unless judged by the Director of the Dii}fgion of School Planning to be unnecessary because of scope and proposed use of
Q@ ~ g 3 4 - 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 -
. . . . t, b i ‘A . . . . " ' L :
é { ! c “proj.ec » . [ad ) d 2 * 3 5 -
- L . LA ) - . - oo 4.. L , / o ‘
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. - This life-cycle cost analysis shall inclide but not be limited to such ‘elements as: . s
N ) The coordination, orientation and. positioning of the facility on its physical site. <
“ £ . Thermal Tharacteristics of materials, and the amount of insulation incorporated into the facility design. , i
o S . - - - -
S ¢ . The amount .and type of fenestration employed in the facility. ‘ ’
) The variable occupancy and operating conditions of the facility, including illufningtion levels. ‘
o C e, : Architectural features thic/l\1 affect energy consumption. : : .
_ - An energy consumptiop analysis of the major facility’s heating, ventilating, and air-conditioning system, lighting
C system, and all other energy.-‘consuming systems, The energy consumption ayalysis of the operation of energy-
. : consuming systems in the major facility should include but not be limited- to: \ .
: ‘ . .. . " )
T g : The 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. - - . . ) e )
) The engineering evaluation of the energy consumptiod of component equipment in each system considering the opera-
. tion of such components at other than full or rated outputs. 2 e
In addition to the above elements the life-cycle cost analysis' shall include the following information:
Th‘e initial estimated cost of each energy-consuming system being com;;ared and_evaluafed. ’
The estimated annual operating cost, of all utility requirements. * i - °.
N “~ 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. C e o
“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 and-experience 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 g service over and above the normal service expected and
required under the usual owngr/architect agreement. - .
® "~ 150200 Mechani¢al (HVAC) systems that incorporate air handling equipment are encouraged, and warrant serious consideration
(rather than just heating and cooling systems that may or may not have separate ventilation). Qne primary reason for this is
that 100% 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.
o/ .
S )

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 assigtance of

his design professionals, should decide on fuel or fuels. Apparently, cost and availability are the two principal factoss to con-
. sider. : _ . : R A

° .01 The use of solar eneijgy for HVAC has become a reality. It js only beginning, but miuch of thé know-hc;w, and the hardware are
already available. Solar energy is easier to apply for ing 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 fog space heating and/or heating
domestic hot water. - ‘ ’
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If a school is to be all-electric, one consideration in. particular could prove to be of great importanc&i'ﬁ t{xe future. That con-
sideration is wheth e 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 Reat, cool and distribute air. Historical-
ly, most electric heating systems have incorporated straight electric resistance heating elements that heat air diréctly, and
are 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 wjth either of these. When hot water is yged, for
example, a combination of hot water-chilled water cah be applied to make up the heating-cooling mediums. Therqfolg,‘ when
electricity is to be used for heating, it could be advantageous-somewhere 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 at'most
by changing the boiler itself. This could prové‘to cost much less than changing all of the straight electric resistance heating
equipment throughout a given system to take advantage of changes in fuels availability or costs. Owning agencies with an in-

. terest in such a system should cosnmunicate this to the design professions. e ,
both the désign profession and in-

“

New and miodified HVAC equipment and systems are constanltly being developed by

.dustry. Heat reclaim, heat recovery or heat transfer systems should be of chief fhterest among these. Such systems are and
will bé designed- to use the heat input to a building to the fullest extent before it is expelled to the out-of-doors. These. °
systems will claim heat from such sour8es 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 conserve fuel and

gineering practiceg are indicated, owpers and the design professions should investigate their potentit_ﬂ. !

§duce total fuel costs. In the future, where it may be possible to advantageoysly use such systems ‘and where good

several important considerations. (1) Because of the harsh cogditionstimposed y operating out-of-dgors, only the most

ooftop HVAC equipment has been used extensively in the last few years. Experience with such equipnzzxt hés emphasized

durable equipment should be specified. Longevity then becomes a question; equipment with top quality hardware

finishes exposed to the weather is all that should be considered. 2 Frequent majntenange wi ‘d necessity, ‘and high
priority should be given to selection and design for ease of maintenance. (3) Raofs are vulrigrable; it i recommengled‘ip all
cases that suitable walkways be provided o fs for access to and around all rooftop equipment. The Divisionr'of School
Planning recommended heretofore and still recommends that serious consideration be given to adequately sheltering of fully

enclosing rooftop HVAC equipment in all cases.

’

The availabiltty and costs of fuels and energy in the future appear to be unknown quantitieé. If seemns possible that the time
could come when energy will be rationed or assigned.for the operation of both:new and clsting buildings. Owners and the

design professions should begin to take a critical look at all buildings with energy copsumption as a prime consideratiom _
. - )

» . Y oden

o v ' s e

-~

-

r

———

e

=~




N : ) - . J‘ . 7
N -~ . ~ ’ N
L , .
¥ °:::,‘ ’ - g: > .
»Lvt > : - ) M - . ~ m‘ AI ~
y 'y 3 ~ (3
< . A¥ Make This Pipe Same . .o _ 0
L Size As Boiler Outlet . ‘ % . ' T
v . ")v v, MZStem . .
SR . Common Supply \ wains 2 N ,
& ) ) ¢ Header z -3
k2 ~e ¥ o [
1 < . . . . . A . ’
i . Safety Valve U . ‘ :
¢ . A% ' {

Short Nipple:& 90°
E11l For Systems )
.. With Pump Return
i :

Safety Valve

. ,/Heac'fer Drip Or

L Bleeder -
24" Minimum ’
7

<
D J

¢

< - , >
Water Feeder /’/ :
— Discharge . Normal Boiler
. Water Line
~Return Gate )
Valve* ) -
v "\:‘;. ¢ .
R . Water Feeder Discharge
! ‘yﬂ |
LS vl = - -
. Condensate / ~ . o ] . . :
Beturn Common —~Equalizer Or Drip T
Retdrn i N0 = T P
" H d A " ,@t ;. P (R4
_ ) Blowdown Valve cader } /—Dra:l.n For Common - -

7

v -y,

N / p Header- ™ ) ﬁ‘ | :

Common Return )
N ‘ Header .
' STEAM BOILFRS IN BATTERY - . . -
. . M
Piping Including Return Loop Connections . . : "
S ) . =" Hook-Up For Boiler
- . " With Two Return i
T ' : Tappings T |
. 40 - Division of School - .
; . W . r . Planning 1976 e




o

~ - :‘
3 & .
v LS
Heating System '
To Expansion -’
Tgnks
Low Water
Cut-0ff

«
k-

- Common Retyrn
Header

Supply Header

NAir Control Fitting

At Boiler .

Cold Water

’ : ressure”Reducing .
oo \I/Valve‘ —
\, Blowdown Valve ’ . : ¢ Cpnn}z;ondRetum
~ eader
L4 -

HOT WATER BOILERS IN BATTERY
. +Piping Arfangement o
oo - : .
- T
/ ’
/ 4

>

ot a
e

. Hook-Up For Bonler
i With Two Retux/'n

- Tappings

°

I
l
|
]

Division of School
Plannlng 1976

v

-

12 HO3IW.

-
\ -

i




PR e S i T P N N 1T

@

’ .~

 TYPICAL STOKER CONTROL DIAGRAM - STEAM

- * 9 f .
- i ' IS . ) .
' . . “
. i -
‘ Fo . 7-Day Time Clock '
~ v use - ~Day Time of
gl =] 3] 4 . Blue . With Switch Bypass é ) § 9 2 ‘
al Bl & 8§ _~ Clock | _ 120 v m| & ®)
v ’ . White Motor '_,__. , To Some_Other . [ '
— . . - —~f Control™if Desired l—-“ ’ L b
) L ; ' b "“" r ” / 4/ /
Digconnect , . ;lg____, - \ Disconnect 1} ’
i o | ' | __'White - . .
F " Black, Jumper 'z. —_ _J Iy
Whité L - -d] | I Black -
e — vhil | | 1 '
: 13 I | ! I
. 1 1 ] I . .
A - 1 B i
Starter I . ! l : | : i Stol{er Starter
— . ~ 1 Rela
Stoker Relay 120 - Volt LL _:_:: J eay
. Controls ’ .
High W Shear Pin -
Limit Cutoff 1 Alarm , A
Shear Pin W . ° High
N “Alarm . . 1207 Volts Cutoff Limit 120-V Coill °
. ;——Operatmg ‘ e, % ) -
Control . A '_'g N
- (Normally Open) P .. @, .
>, ~ Pressure T . |
< s » :
- . ¢ i" —n —— e Low voltage ¢ .:’j
Stoker . A e o —~——— Line Voltage T
. Motor : ‘ i s, g Lo L
] x?l'm ‘
h ‘ " i P . Relay - Db 1e . Pbie ’ Dble . Throw . ] ‘
(Normally Closed) . [
HQI& gvegldqugn:ro(l) Should ’ &Y . ) R
e Provided to Open a _ , .
"Zone and Relieve Boiler 120:V‘olts \ Division of School ks
Automatically When i , - Plannin 1976 : . l
Necessary > - g@ : '}
) |
\




Black

Red

P

Discom\lgt

-
oy
s i
Clock
White Motor
1 { m

~ 7-Day Time Clock -
With SWitch B

- ———¢ To pump relay
'if desired .

Disconnect

\ot‘\.

* 'Stoker Relay
«

W

Cutoff

Shear-Pin

/

" Lo - vore
' Controls

)l §— Operating

Override Control Should
Be Provided To Open A
Zone And Relieve Boiler
Automatically When '
Necessary )

Control
(Normally Open)
= Temperature

<

Stoker StartEr

—

4

SN

.

.y .

[ S cemmion e o e e e s s e wmed

o= Low Voltgge
== Line Voltage

1
|

_'L
L

.. L2

120-Volts

" . TYPICAL STOKER CONTROL DIAGRAM - HOT WATER
',

Relay - Dble.Pole, Dble. Throw
. .(Normally Closed)

vision of School’




PR ,‘
ESIEEER

< eAv

4/

: .~ Ve P s ~
> > - ,
v . * .
oas 1< SVENT pllor . RVENT
| cocx PILOT PRESSURE REGULATOR ~ | cock. T, #g_l.p_r_ PRESSURE ’
0 75 H PILOT ELECTRIC . : PILOT ELECTRIC .
- Al .
]
o LOWA GAS  OPERATING
VENT VENT H
MAIN / I T MAIN PRESSURE  ELEC. *y ALL
* +Xoas , ¢ ¢ . E FXOAS INTERLOCK* - VALVE A
' At s <, . OCK, eny FURNISHED AT
. ni . '* Q FIRING RATES
J ) LESS THAN
— T MAINYYSF . BURNER ! —t BURNER | 2 500,000 BTU
|, PRESS. ELECTRIC Gas  ELECTRIG.GAS FIRING - - sﬁgc'é'c;‘g [
W peG.  VALVE VALVE VALVE - . e #  ELECTRIC K DlHioH GAS
- , - GAS VALVE PRESSURE
‘ ¢ INTERLOCK®

No.1 UL ~S.C1. GAS 'PIPING GROUP (STANDARD)

PILOT_PRESSURE_REGULATOR _____
- PILOT ELECTRIC -
. . VALVE
NORMALLY OPEN 1 ‘ _ .
ELECTRIC VENTING i
ot W e
\ (SVINT
INTERLOCK - jSVINT cauaE

No. 2FACTORY MUTUAI. GAS ~ PIPING GROIIP‘FH)

e~

GAS - -
PN cockoy N#gy._ T _PRESSURE REGULATOR
. }
: ) - : § PILOT ELECTRIC

-

) SAFETY ,,cuscxmc
/ MR, SR e S, s
n:ssuu . ’ . 4 . .
. ) INTERLOCK . . \ . o
No.3 FACTORY INSURANCE ASSOCIATION GAS PIPING GROUP (F18) i . No.4 U.L. PIPING GROUP (OPTIONM.)

~SCHEMATIC ILLUSTRATION OF STAN

¢

.

.NOTE: As a reference for the application of gas burner controls, the englineer Is referred fo the Underwriters’
\

s _ Laboratorles Publication No. UL 795-1968.
Reprinted by permission.

4
‘A

o

DARD PIPING OF GAS GROUPS (TRAINS)

_ 47 .

' PR .
. ¥y “

‘

Division of School
Plannlng 1976




E-100.00
101.00

.01
. & 102.00

104.00

4

®  105.00
.01

106.00

@ (‘W’TUO

108.00
K:)

\ 109.00

1] ',_, 3 .01
.02
.021
.022

.023
.024

»

110.00

48

L
103.00 .

- part of the mechanical contract. _ o ‘

LECTRI A
GHTIN

N

. . ) E .
. CL . ' ' AND L1
General ~ - . ) . .
The electrical plans should include a riser dlagram showing service conduit size, conduit type, service wire size and 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 bon}hng details.

orOn

\f‘rroundmg and bondmg details can, best be shown by means of a separate diagram.

The electrical plans should include a numbered circuit diagram for each panel showing circuit use, circuit'breaker size, cir
uit wire size, c1rcu1t conduit size, phase loads and total panel load.

~

The emergengy systen}? ‘must be kepts separate from all other wiring (NEC 700-17)

Where wire and equ1pment is oyersized for future expansion or for equipment Wthh may be added in the future, some nota
tion of this on the plans is helpful to everyone-concerned. .

_ The, entire system shall be, color coded ainting or taping should not be apphed to wire of size number six. or smaller.

Two sets of colors should be used for color coding dual voltage systems (8uch as 277/480 and 120/208 volts) Color standar-
dization for the phase cond(xctors should be red, black and blue for 120/208 volt systems, and yellow, brown, and orange for
277/480 volt ‘systems.

When long runs of wire are used voltage drop should be considered (mdependent of spare capacity),

..The electrical plans must bear the seal of the engineer who is responsrble for the design and is by law obligated to inspect and
issue a Certificate of Comphance upon completlon of the project (NCGS 133-1.1). :

All electrl"éal plens and specrfi’catlons ?Jould be coor,dmated i.e., heatinlg controls, general lighting and plumbing wiring.
It is recommended that wiring and finfl connections for ghe control of mechanical equipment, (heating and A/C controls) bea

‘ T
The electrical plans should show the secondary vgltage (preferablﬁat the riser diagram).

Secondary voltage systems.

%

Acceptgble secondary voltage systems . ’-_

120/208-volts, 3-phase, 4-wire, wye. " . . B -

277/480 (or 265/460):volts, 3- phage, 4-wire, wye. 3

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

The single- phase system is acceptable only when the school is and will remain very small, for a small addition that is ser¢ed
separately or when it is 1mposs1ble to get a three-phase system. - \ ) .
Delta type systems (such as 120/240 vblt, 3-phase, 4-wire) are not desrrable antd‘should be.used as little as possible. Orie’
proper applicgiion might be the use of a.480- volt, delta service for distribution from which transformation to wye systems
will be thadé th¥oughout thé site. Also,ina kltchen or a shop for example, which is served separately and has a high percen

tage use of 24Q-volt electricity, the 120/240 volt, ‘3-phase system could be applicable. *- . K]

. Reference is made to step- -down transformers within the secondary system. Details for transformer wiring, groundmg and )

bondmg should be shown on the drawmgs. Attention is called to the dragrams showmg typical groundrng,and bondifig that
follow in this sectlon . .
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Conductors suppliedfrom the secondary terminals of a dry type transformer, within the secondary electrical system must be
provided with overcurrent protection in accok@nce with the requlrements of the NEC 240-3 and 240-21. Conductors from a
single-phase transfornier can be ayp exception.

-

Locations for step-down (dry type) transformers are important from the standpoints of safety and proper operatxon Such

transformers should never be located in wet areas or areas that are to be washed down by hosing. They should never be

* T~
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E-200.00
, 201.00

. 202.00

Q .01

placed directly on the ﬂoor,' but should be elevated toe

lémlnate a posslble water hazard, it is suggested that they be mounted

onangle 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 should not be directly accessibl€ to stude

, but rather should

"v . “;- Q , .05"

' 115.00

, ‘u

be placed in equipment rooms, (;losets or similar spaces not frequented hy students. Please refer to the NEC 450-21.

The specifications shall demand that &l insulated conductors be nrarked on the outer covenng, giving voltage, type and size

so that, they can’be readrly identified dfter 1nstallatlon °

There should be shown on the plans a complete electncal summary, egther a.l ar in part as is app
~ 85 follows: o7

The new load ' ’ ‘ . \ e ¢

3

riate for a given school,
[«

The existing load, where this information is not avallable, the owner shbuld make arrangements
d@gn consultant or some other means. :
The capacity prov1ded for known future expansion. , ‘ N

THe spare capacity provided if different from Item 113.0)3.
- The.total "capacity of the service.

-~

-~

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. ' .

For general classrooms, one 20- -ampere circuit should be used for the receptacles only in one classroom, and nothmg else
should be on this circuit. This is & minimum requirement. Special classrooms will require different conslderatlons

Reference is made to making buildings accessible to and ugable by the physically hanidicapped (as required by the NCSBC).
Pléase refer to Volume I, Section (IIX), Item 4. 10 (Cgazrols) and Appendlx B (Publlc Telephones). This section must he
complied with where requrred.

The electrical engineer is urged to work closely with tl}e mechanical engmeer to llmlt the load demand f‘actor 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 fiming devices and perhaps other special control equipment should be carefully con-
sidered. Please refer to Item M-1208. 00

-

Servrce Drop

The location of the nearest power pole should be shown on the plans. This would be in addition to locating the padmounted"
transformer if one is used. .

The service entrance should be detailed and dimensioned, showrng the point of attachment to the-structure along with the ]

clearance of service wires over fimsh grade, drives and roofs (NEC 230-24 and 230- 29)

Flat roofs ate considered as bemg of the type which can be readlly walked upon regardless of the difficulty of gammg access
to the roof lgvel. &
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- ] 1203.00 , Connections at the serv1ce head must be made in accordance wrth requxrements of the NEC Article 230- 54 (refer to
Paragraphs (c), (f) and (g) in partlcular) 5 .
. . 204. Attentlon is called to the sketch entitled “Wiring and Equipment Diagram” wh1ch follows in this sectlon
. . " 205.00 ) Underground gervices are hrghly recommended, both primary and secondary, and should be used in all cases where possible
: . . and justifiable (with respect to cost). . .
' 5= ., @ ~ .01 Routing for the underground service should be shown on a plot or site plan.
- . . . Y . ! s N . l
J- E-300.00 Servrce Eqmpment \ . ‘ : . - C . )
.301.00 All servrce equlpment shall be bonded up to and 1ncludmg the first overcurrent devrce (NEC 250 71)
.01 Speclﬁcatlons should cover bonding, and bonding diagrams should be shown on the plans '
- L AEN .02 . The bond wire used to carry the fault current of a parallel service, where two or more condurts are usrng the same jumper,
, shall be sized on the combined conductor capac1ty and not on the capac1ty of one set of conductors (NEC 250-79). - .
° 302.00 The emergency system shall be bonded up to and including its overcurrent ‘device (NEC 250-71 and 250- 75) .
° MO Switches, cabinets and cutout boxes of the surface type and metal raceways, boxes and ﬁttlngs mounted on walls subJect to

. dampness shall not be gttached directly to the -wall surface but shall have at least a % inch air space between enclosures and |
"the walls or other sdpporting surfaces (NEC3873-2). .l T

o ° 304. 00 Cabinets and cutout boxes in switchgear shall be’ 1ncreased in size to accommoera connectlons (NEC 373- 7)
. T 305.00 Grounding : . 3
. M{)gb«dndmdual building or structure shall have its ground gnd d1sconnectmg means a8 requxred by the NEC (NEC 230 70’ ’

230-84" and 250-24). , - e
° .02 The ground connactlon shall be to the bulldlng water main (metallic pipe) and should be acces31ble Point of attachment
- "shall be shown on the plan. L, 1

] ’ .03 When the ground wire is protected by the use of condurt the condu1t and wire must be bonded together at both ends of f the
, k_, ’ ‘conduit (NEC 250-92). |

..04 The size of the grounding conductor shall be shown on the plans, A LN i " ]

. .05 It is possible that plastic or other nonconductive pipe for building water service mlght be mstalled However, this is not

‘ recommended” by the Division of School Planning. The electrical engineer is requésted when it is appropriate, to com- * ..
municatewith the plumblng design engineer to inform him that nonconductive pipe is useless as an electrical ground, and -
. . that metallic pipe is needed and recommended. In any event,.proper grounding must‘be established in accordance with the . /
' requirements of the NEC Articles 250-81 through 86. . - . -

; .  306.00 Electncal service equrpment should not be located in boiler rooms. Th1s is deﬁnltely true if (1) coal fuel i is used or (2) if hoiler
« ¢ . room is below grade. Where oil or gas fuel is used this equipment may be located in the boiler ‘'rodm,’ but it is not
recommended. Also, and in all cases, electric service equlpment located in a boiler room shouid be i mpletely separate

enclosure built just to house that equipment. | ) -
Q ) /_/ 307 00 Service equipment should be gpecified as sennce equipment, and must have the U. L label as such e ' ] v
308 00 For equlpment 1nterrupt1ng capac1ty, reference is made to the NEC (NEC 110-9) .- . LT,
I:KC 2 4 7. ‘ . » 53‘\"‘//' . ‘)“
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i -+ 308.00 Attention is called to the esketch as indicated inl E-204.00 above.. - . I }
E-400.00 Drstrlbutlon Equipment . nEo ' . K -
, 401.00 Panel speclﬁcatlons must 1nolude special approved lugs where the conductors are run in multulle , )
“j . 402.00 " Bolt-in type bredkers §hould be used in panels L
\ 403.00 Breakers should be numbered and branch circuits should be installed as shown on the plans shop drawmgs of panels should
* -~ match the plans. . / ,
: o 404.00 Do nat allow more than one solid or stranded w1re under one lug or screw type, terminal unless it is approved for such use,
o . (NEC 110- 14) '
. 405.00 1Itis recommended that throated 1nsulated bushings be used on all EMT connectors. .
. 406.00 Spare conMuitsshould be included where spare breakers ge prov1ded in flush mounted panels.
' " 407.00 Where the number of overcurrent dev1ces are such that it becomes nécessary to provide two panelboards mounted s1de 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 240~volts for use in home econgmics ranges is not recommended. .
i - E-500.00 Branch Circuits ' . ‘ : o / t. " .
501.00 Metal switch and receptacle cover plates are recommended/ ' ) X s
*502.00  Moistureproof switches and fixtures must be used in wash areas, ehower rooms, freezer and refrigeration rooms and other
.7 such, plates’that are likely to be subjected /to water or moisture (NEC 410-4 and 370- 5). .
503.00 Do not use ﬂush floor-type receptacles 1 in kitchens or hke places subject to washlng down and mopplng
_ 504.00 . At:least one duplex outlemed in the boiler room. N . .
‘ 505.00 ~Junct5)n anyull/boxes, as a m1n1mum, shall be sized according to Code (NEC 370 18). -
77 506.00 A multj wire branch circuit, as deﬁned by the NEC, Section 210- 4, shall be connected in such a manner that the neutral will
-|e arry more thap the maximum load of any one of the “hot conductors in the circuit. ./
0“ Swmﬁlﬁnum must be tlghtened during installation (NEC 300.10 — See the deﬁnltlon of branch c1rcu1t) B
. 508 80 Do not lead branch circuits to more than eighty percent of their rated capacity (NEC 210-23).
- ° 509 00 Fluorescent fixtures mounted on combustihle, low density, cellulose fiber board shall be installed as requ1red by the Code
(NEC 410, Par. N). . . - o, . .
510.00 . The NEC Tequires that a m1n1mum of three (3) watts per square foot of fl00r area in brangh circuit capac1ty, for lighting, be'

provided in school classrooms’ (NEC 220-2).
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E-600.00 Motors and Equipment - . . 3 ~
° 601.00 Where raceway flexibility is desired at the point of connection to the mqtor or piece of equipment, flexible condu1t must be

, " 1nstalled in accordance with Code requirements (NEC 850). s
° 602.00 TheMal overload protection shall be provided forgvery motor as requu‘ed by C&e (NEC 430, Par. C).
’ .07 Running overcurrent protection for three- phase motors must be provided in each phase all as requu‘ed in NEC, Artrcle 430-

37. . %
603.00 . Eagh-motor shall be w1thm sight of its dlsoonnectlng means . More than fifty feet is cons1dered out of sight. (See the NEC
¢ M 430-4, 430-86 and 430-106). ) ~ - i ]
° 604.00 Caution 'should be used in selecting 480 or 460-volt. eahlpment for kitchens (refer to Item 903.01).

605.00  All electrical devices, appliances and equipment. used in pubhc schools must have Underwriters’ Laboratories apprOQl\as

" required by NCG\S}&-% SUch approval shall be called for 1n the specxficatlons

-

E-700 00 Emergency Lighting, Systems and Power L. ", p AR

- -

701.00 Emergency and exit lighting.must conform to requu'ements of the NCSBC. Attentlon is directed to Section 1124—Illum1na
tion of Exits, and Section 1125—Ex1t Signs. . =

702 00 Numerous plans are submitted to the Division of School Planmng incorporating emergency and exit lighting systems that do
not conform t6 Code réquirements because of errors or omlssrons Engmeers and architects are encouraged to become *
familiar with Code’requirements. : :

. -~ /
° 703.00 Ext hghts should be of very low wattages. It is desu'able that exit fixtures be of the long llfe type (prov1d1ng approxlmately &
© 60,000 hours of lamp life). :

704.00 Three- -way and four-way switches cannot be used i in the emergency system (NEC 700- 18)

\\B L e
705.00 . Manually operated switches for the exit and/or, emergency system should be accessible only to authonzed personnél (NEC
N 700-19): R .

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

_ 707.00 With reference tu Item 701.00 aboveL emergency lightihg must be provided in accordance with Code requiremerits. In par
ticular, cafeterias, gymnasmms auditoriums and other assembly areas that will accommodate more than 100 persons must
have emergency illumination.

° __ .01 Some school buildngs will have some 1ntenor spaces, w1th no available day t that will be occupied by students Exam ples
. of such spaces might be classropms-(where the cond1tron is unavordable) or lo ker and dressing rooms. These spaces should
have emergency illumination provided'to prevent #otal blackout in case of power failure.

e .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 incamdéscent or fluorescent hghtlng should be provided to furnish enough light to'prevent

panic in case of an outage (andstonsequent delay in light output) in the HID lamps.

708.00 Fire alarm systems are requ1r9d for pubhc\h_hool bulldlngs Attention is called to the NCSBE, Section 1126. 8

. 709.00 Automatic smoke detectors are necessary and/or applicable in public school burldmgs Deslgners are referréd to and should oo
become familiar with the NCSBC Section 1127 and Sectlor; 1117 (speclficall‘y 1117.1).

S
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- ’ 710.00 Spec1al provisions in the NCSBC can requxre the application of particular types of emergency power sources. The des1gn1ng
2 l engineer is referred to Table 1125 in Chapter XI of this Code. . . .
. ] 711.00 Experience has shown that batbery powered emergency 1llum1nat10n systems (when an mddﬁendent power source is
; required) are much te be preferred over generators. Ease of maintenance is one important reason for thls Battery powe;ed
systems are therefore recommended and encouraged. . ‘
T zf N . ‘ ' o 7
b E-800.00 General IIIummatlon : N . . . )
' 801.00 Close cooperatiop by the architect, engineer and school\dmmmtrator(s) must be achleved to obtain the good lighting sysbem
‘Y N ; ign necessary for a proper visual environment. There are always at least four factors, directly related to the visual-en-
vironment, ‘that, must be considered when designing the lighting system. These are: ) & .
‘ (a) Levels of illumination . -
) (b) Reflectances (and ranges of reﬂectances) . / v e :
{(c) Brightness (dnd bnghtness ratlos) , Y ) N -
(d) Contrasts ) , ' L . B, toA
;’.01 A tabte of recommended levels of illumination for schools ¢an be found following herein.
. 802.00 The overall procedure for designing the lighting sfshe}night follow such a course as this:
. . 1. Establish desired environment &, f - . . S < ¥
. a. Brightness and brightness ratios’ \ , . : ; ‘ ‘.
. b. Colors and textures . _ . ‘ g
) c. Method of daylighting and daylight controls . .
2. Establish reference  task and required-illumination levels . ‘ . 0
’ : a. General or academic classrooms - . : )
R b. Special purpose areag — labs, librarigs, shgps, ete. ‘ : e .
. ‘ + 3. Establish general @umma’cmn system e i ‘ .
. a. Distribution characteristics of light sources . . )] . .
‘ b. Coordinate with effect of task visibility o . s -
* o - C. Coordinate with total environment . ) .
. Yo (1) Characteristics of heat and n01se production ,
) . (2) Color acceptability \
- 3) Spemal and esthetic characteristics , . . .
¢ . 4. Establish supplementary illumination - a . ”
 oEY ¢ a Chalkboards, special tasks and special areas . ot LT e
’ . - — 5. Establish aud10v1sual requirements :
Lo T e ' —7 6. Analyzé econoics ‘ ~ . :
- : L\ a. Capital-expense | - ¥ s ‘ e e
oo o b: Maintenance expense . .c . . .
o V 2 -+ _ . ¢ Electrical energy cost_ - . A—— PR
ey .01 A great number of lighting systems deslgned for schooIs mcorporabe the use of 4-tude, 2-ballast lummau'es In such cases it is
. easy to provide for sw1tch1ng of the lights so that either all or one-half the tu energlzed The Diviston of School Plan-
. ning feels that.this is a worthwhile design consideration in that e 1gy cafi be saved whensappropriate or necessary, Th1s
method of light switching is recommended in all gystems wherg/it is possible. ' ‘
° <58 . S Q3
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803 00 <Outdoor lighting should be done with respect to ‘the owner's desires, adequate lighting of areas used in travelmg to and from
the building, and for the purpose of dlscou.cgmg vendalism. -

o " 804.00 Athletic field lighting and wiring require somk careful thought In addition to the conslderatlon of hghtmg intensities, ﬁxture

selection and arrangement and fixture quality, the engineer should concern himself with the safety of the mstallatlons, and

s . the requirements of both the NEC and the Nationgl_ Electrical Safety Code. Underground dlstn'Butlon is highly
« recommended and encouraged. - 5 § >

s 805.0& As an overall reference for this section, please ref to Illummatmg Engineering Soclety Lighting Handbook.
" E-900.00 All-Electric Schools ‘and Electric Heating Jor oo ’

801.00 The ¢ decision for the type heating for a school, when conmdenng all-electyic energy, should be made by the owner, Atcurate
and unbiased cost studies should be prepazed by the engineer and architect when directed.. The Division of School Planmng
rwould welcome the opportunity to share in analyzmg such studies. .

e  902.00 For 1 electric schools, thése usmg electnclty for space heatmg, it is recommended that 277/480 (or 265/460)-volt systems be
\ . use for the secondary voltage. It is felt that thig voltage is Justrfie(la?cbnomlcally in all cases unless the school is very.small,

will deffnitely refnain so. Due regard must still be given to s ety, and the quallfi\c/atlons of school maintenance per-
N o sonnel Further, this voltage should be used for any school project where size justifies"its economics. - -

803.00 Where 277 /480 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 i is, they are recommended for (1) hghtmg, (2) water heating, (3) gpace
heatmg (where el&ctric space heating has been chosen) and (4) larger motor loads where practicable. Proper and adequate
equipment grounding, for safety purposes, must be clearly defined.

° .01  Astention is directed to the consideration of using 277/480 (or 265/460)volts electricity for kitchen equipment. Apparently
this has now become a matter of economic importance. Heretofore the Division ofy School Planning had recommended
against it. The following comments are in order,at this time. 1) Larger items of equipment, such as steamers, ovens and sur-
face burper units can be served with this lugher voltage; alsp, the booster water heater for the dishwasher. (2) Smaller items
of equipment and portable equipment ghould not be at, 277/480. (3) The dishwashér itself, in its entirety, should never be of
the higher voltage. This is & “wet” ma hine in a wet area, and the hazard should be minimized. For all kitchen electrical
vequlpment positive equipment grounding should be estabhshed A grounding system for this should be demgned by the
engineer and, shown on the plans. i b

Y

904.00 All jinstructional shop equlpment must still be served by the lower.yoltages such a8 120/280-volts.

L ' ,905:00 All electrical space heatmg equlpment must bear the Underwriters’ Laboratories approval (NCGS, Chapter 66, ArticleIV). «
¢ . . . . A 1
e E-1000.00 Sound Systems and Clock and Bell Systems ) ' . - ' '

<

® 1001.00 Sound systems may_be simple or somewhat complex as the owner desu‘es Systems can be demgned for one or two way\gofii
munication, and for schoolwide sound distribution from, one central point. In the initial design, it is recommended that the

P - degree of sophistication be limited to a system that the owner wrll actually make use of. . . .
- o 1002.00 Clock and bell systems provide for the orderly control of penods wrthm the school day, and are recommended. Systemmand
, ' . equipment should be kept reasonably simple. in the best interest of both operation and maintenance. Complex syst®ms that °

are continually out of order are obviously undesirable. . ,

v
8

5

he [N n . ¢ 2

- L | -
‘ ' ' : : 61
4 - -
. ~ .
60 M - ' "o ¢ . '
N ) . . . - - .
.
. . 8




4

*E-1100.00"

e 1101.00
K .01,
o .02
R o . .03
) o .04
J
v e 1102.00
e o .01
’ o .011
. e .012
°* \.'013
o , .014
’ ® m,~‘.<015‘
- [} 4"_?,016
o . 017
. . % .018
° .019
* e 1103.00
) . o .01
> L L 5,
i .
¢ - .02
". .03
- e .04
I 5 e 05
T s, .
\‘l [} . :06

.+12 dbmv malnmum output at all taps for eath channel\.

. the system bandwidth.. .

i All electronic equipment shall utilize solid state construction.

_and quality-a
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Felevision Receptron and Distribution Systems; Master Antenna Televrsron (MATV), Closed Circuit Televisron
(C@V), Community Antenna Television (CATV) or Multiple Source Television (MSTV)V ,

General* - - . y ,

The decision for inclusion of telewsﬁ)n, the number of channels, whrch channels, gystem size, whether or not the system w;ll
be MATV, CCTV or MSTV. is a decision that should be made by the owner. - .

Prior to the preparation of specifications and drawings an on-site television field strength survey should be n;ade for each
channel des1red Measurement data obtamed from field strength survey should bé noted on television system riser dlagram

A duplrcate set of system drawings and equipment manuals should. be received by the owner prior to ﬁnal gystem accep-

tance. | . . ‘.

System acceptance mspectlon will be rendered by the Division of School Plannlng, oRits appointed representatlve after the'
system. has been in operation for approximately®thirty (30) days. . v, \ . S

System Requirements - . \

. . J .
'1‘1% television d1str1but1t‘m "gystem as a whole shall ‘be or ghall provide: . . - . )
+3 dbmv minimum output at all taps for e.ach channel. ’ . 14 T

"20 db minimum isolation bétween taps. L x

‘Lines terminated in characteristic impedance. , T _ - . Ceoe /
Type F or quick dlsconnect type G connectors at all taps. ' T ‘, - . r~

Free of. 1nterference, ghosts and smear on all channels at all taps * : P . - »
An overall slgnal toanoise ratio of 40'db for a 6 Mhz bandwidth. - ‘ ’ o . 2 9 )

Flatness of response. 3 db maximum peak to valley Aacross any one 6 Mhbz channel and 5 db maximum peak to valley across

VHF only, désired UHF slgnals are electronxcally converted to a preSelected VHF channel ynor to distribution.

§

~Component Requirements . . . © e - ’ :

All antenna down lead and dlstrlbutlon cables shall be 75 ohm foam dielectric, type RG-6. Cable shield shall be of
aluminized mylor surrounded by a minimum 50%, alumlnum wire braid. -

System amphficatlorn shall be” accomphshed by AGC controlled slngle channel stnp amplﬁ'ers -

-

The VHF antenna(s) shall be of the slngle channel, ruggedized MATYV type deslgned to produce op um s'ignals in strengtl'l

required for each TV channel speelfied. .
e UHF antemna(s) shall be of the.rugged MATV type desrgned to produce optlmum slgnals in strength and quality as 1
fequived for each TV channel speclfied \ . ) . |
|

l

Antenna(s) shall be side mounted on an approved tower meeting EIA RS- 222 B speclficatlons, .,
N OR ‘é . = ;. '60 .
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. . .07 Antenna(s) shall be side mounted on an approved tapered steel support structure meetlng EIA RS-222-B specifications,
C s, OR
o .08  Antennas) shall be side mounted on ag ¢ upproued tapered alummum support structure. Such a structure shall meet the in-
’ ‘ tent of EIA RS-222-B specifications, ~° : )
OR - ' ’
° .09 Antenna(s) shall be verReally stacked on an appraved ‘single or telescoprc ‘mast support structure meetmg EIA RS-222-B
Cf specifications. ]

». .10  Antenna(s), antenna mounts and antenna support stmcture(s) shall be selected to prov1de wmd loading within range as
specified by EIA RS-222-B and stru manufactirer for the area in which structure is to be erected. .

j § .17 Antenna(s) shall be mounted in such a phanner so as to provide a minimum above ground elevation of thu'ty (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 for low band antenna(s), four (4) feet for high band antenna(s), and three (3) feet for UHF anten- '
' na(s). . .

® .12 Antennas of dr{ferent frequency shall be mounted with vextlcal spacmg of af least 0.65 times the wavgwength of the lowe,r

) visual carrier frequency. Sy ~ g
. .13 UHF fo VHF converslon of a system signal shall be accomphshed by~a crystal controlled converter, Y
. .14 System splitters shall have a bandwrdtﬂ of fromr 5.to 300 Mhz.. > ) L
» - . ’
e .15 System wall taps shall be-of the drrectro‘nal coupler type with a bandwidth of from 5 to 300 hz. '
) ' ~ .16 ead=end distribution equipment and other associated components shall be enclosed within a wall mounted housi _pg Equ1

and lockabfe

i S

N

a

ment housing shall be sultable for EIA 19" rack size head-end mounted drstnbutron equrpment Hou mgmu‘t'b“‘vgntllafed

e 1104.00 'Electrical Requirements * ' .
e . .01 _Thereshould be adequate power wiring provided in each equipment housing. One hundred perce"f e ower outlets
) requlred to do the speclfied job plus a\ reserve of 26% should be included for possible future expan 0 (
e .02" * Head, end equipment ‘housing shauld be on'a sep&rate power circuit. - E b . .
. '4105.00 . Head-end Location o " v
e . .01 *'The head end equlpment should be located wrthm the Medra Center complex, preferably in a storage area. .
S 1’10600 Telev1s10n Conéurt System - v, - v . : Lo
° .01 W herever pbssible, television condult systems shall consist of a single piece of 3/4" EM extendmg upwards from each stan
R dard 2" x 4” wall box. Each piece of EMT shall be extended above the ceiling, 'stubbed off and bushed.
4 .0 @ Wherever possxble, a smgle 1-1/2" conduit shoul be provided between head end equ1pment housmg and antenna location or
X other single sotfice location. , - _
L .03’ Two t2) 1-1/2- conduits should be prowded between head end equlpment housmg ana above ceiling space.
@ ‘s .04, Individual 1-1/4” conduit rups should be pr0v1ded between head- en%%q,ulpment housmg and remote located televrslon dis
= f o tributior junction boxes. v S -
-® ,11Q7:00> >Wall Tap-off Location ' -y S g - < 65
. . - ISR
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‘. e~ .01 " For standard television receiver mount, tap-off s#buld be located no higher than 48”-AFF. . P
o . * .02 For ceiling or wall mounted television receiver, tap-off should be located in as close proximity to the receiver as possible.
e ® ‘;|1‘08.00 App.licable References : . ‘ . ‘

> -

L ” Federal Communication Commission’s*‘Rules and lations {FCC) C .
e i ) National Electrical Gode (NEC) ‘ -
- Na tu?al "Pelevision System Committee. Standards (NTVS) * - ' . o _
. . Uhd iters’ Laboratones Listing (UL) y Co ~

(] ..01 Electronic Industries Association’s Standards and Spe:lﬁcatlons (E1A) - Q? T
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Practicable to the

) .THIS DIAGRALP IS 'OR ONE+ BUTLDING O‘\ILY ON TllE SITE .

Direct Ground to Water
C L, Pipe or Other Acceptable
Electrode as Close as’

Main Service . "o Transformer .
anduit ..
: \ ~Bonding ° .
- MDP . Wire % - -
277/480-V . .
& B ° a ’
e —
o : . p—
~ . . \,
o ’ . A . Iransformer A
o ¥ T “Peltauto lye " :
5 ~ . ‘
e) . i . .
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& l_J l_J [;J 5 277/480-V '
c Q * . |: Panel’ 120/208-V| .
> - . ‘Panel
Neutra )
) .
- '? ' - \ ° . Neutral
\ . — .4 Wires: 3 Phase T rET
* [Conductors; 1 Neutral . <« - .
. ' . . ) . . . - -
- . 3 . ( - : . .f s " » N : , .
. -7« Note:® Refer to the’N.E.
Main ! . - A , . . .
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Divislon of School' ~ '
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TYI?ICAL ELLECTRI AL ‘SUMMARY
’ , (Refersto Item E-113.00)
. ?LECTRICAL LOAD ‘SUMMARY
(A) SERVI s '
.. 1‘20/20 Volts, 3- Phase, 4- Wu'e Wye with Full Neutral 1600-Amp. Sw1tchboard and 1200-
~ Amp. Serv1ce Entrance with Empty Conduit.to Increase Serv1ce Entrance to 1600-Amps.
(B) CONNECTED LOAD . KW AMPS
(1) EXIST. BLDG.
Ltg. - g 99.0 . 275
* Rec. & Spares 60.0 ’ 166
’ K?tchen - . 142.00 \ 395
» Water Htrr 37.0 101 .
Sub-Totals T . 338.0 937
_ (2) NEW BLDG.
, Ltg. 45.0 1256 P
Rec. & Spares 38.0 103
. 83.0 228"
Sub~Totals / " 421.0 1165
(3) FUT. AIR COND. . oL
&OTHER LOADS q v . 18840 ~ 520 ", 4.
& "y —_— 22
“', Totals 609.0 1685
o ~
. - &
\ \ "\‘ « " o
- ., . ‘ ) { . \
N4 ) .f . :
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Recommended Minimum . - . v
Footcandles -

SISEIEEET
4

' . ILLUMINATION LEVELS FOR VARIOUS
TASKS & LOCATIONS IN SCHOOLS i —

e ) ) AUDITORIUMS (seatingiarea only) . -
Assembly only (Dimming equipment desirable). -
: Study Halls T
: CAFETERIAS
) a4 Eating only

R ' b When used for study halls

Food Displays

™~ F ; ) Kitchens S
CLASSR S , ¢
B 1 . " Regular classroom worly
s Art rooms ( ‘o
o Chalkboards (Supplementary illumination)
) Drafting,ropms 3 N
v .. Home Etonomics rooms
Laboratories ® -

General )
! . * Close work ”
Lecture and demonstration rooms

General, .
. . Special exhibits and demonstration -
When projection equipment is used
bl {dimming equipment desirable)
Lipreading classrooms ~ K

. Music” rooms - + >
. Manual arts rooms '
Sewing rooms )
5 Sightsaving classrooms ¢
2 Typing rooms .
: CORRIDORS & STAIR .
GYMNASIUMS | . e
General exercising . . LY
R Exhjbition games - ‘
> Locker.and shower rooms
1 LIBRARIES - * ‘ C o~
o Reading rooms and carrels
. 1 i Stgcks
4 - - s Book repair and binding ' .
- Check-in, checkout, catalogs, card files ’

OFFICES: :
. ‘ - Regular office work
. L Acct., auditing, tabulating, bookkeeping, etc.
. Cartography, designing, detailed drafting ‘

- é Conference rooms ?

' Tk PARKING LOTS
: TOILETS & WASHROOMS -

’
- %\
1
2

150
200
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‘ .
.
B N . .
. . . .
L - A
i , e e RN |
v R L . t
, . N R . R “ .
o - . N ,

. S . B

. .

Thellevel of illumination-should be provided on the task r’egardless of location in the room, or position The initial valhg of
tllumination must be greater than the minimum value to compensaté.for lamp depreciation and dirt collection on all sur-
faces, These are recommendéd standards of'the L E. S. - . ‘

\ *
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