








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ANNEXC Annex C: Tables 

TABLE C.lO Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, % 1 1¥2 2 2¥2 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

4 - 1 2 4 8 11 18 26 41 55 72 114 164 
3 - 1 1 3 5 8 13 19 30 40 52 83 119 
2 - 1 1 2 5 6 11 16 25 33 43 69 99 
1 - 1 1 1 4 5 9 13 20 27 35 56 80 

XHHW, ZW, XHHW-2, 14 - 6 11 19 35 49 82 118 185 250 324 514 736 
XHH 12 - 4 9 15 27 38 63 91 142 192 248 394 565 

10 - 3 6 11 20 28 47 68 106 143 185 294 421 
8 - 1 3 6 11 15 26 37 59 79 103 163 234 
6 - 1 2 4 8 11 19 28 43 59 76 121 173 

4 - 1 1 3 6 8 14 20 31 42 55 87 125 
3 - 1 1 3 5 7 12 17 26 36 47 74 106 
2 - 1 1 2 4 6 10 14 22 30 39 62 89 

XHHW, XHHW-2, XHH 1 - 0 1 1 3 4 7 10 16 22 29 46 66 

1/0 - 0 1 1 2 3 6 9 14 19 24 39 56 
2/0 - 0 1 1 1 3 5 7 11 16 20 32 46 
3/0 - 0 1 1 1 2 4 6 9 13 17 27 38 
4/0 - 0 0 1 1 1 3 5 8 11 14 22 32 

250 - 0 0 1 1 1 3 4 6 9 11 18 26 
300 - 0 0 1 1 1 2 3 5 7 10 15 22 
350 - 0 0 0 1 1 1 3 5 6 8 14 20 
400 - 0 0 0 1 1 1 3 4 6 7 12 17 
500 - 0 0 0 1 1 1 2 3 5 6 10 14 

600 - 0 0 0 0 1 1 1 3 4 5 8 11 
700 - 0 0 0 0 1 1 1 2 3 4 7 10 
750 - 0 0 0 0 1 1 1 2 3 4 6 9 
800 - 0 0 0 0 1 1 1 1 3 4 6 9 
900 - 0 0 0 0 0 1 1 1 3 3 5 8 

1000 - 0 0 0 0 0 1 1 1 2 3 5 7 
1250 - 0 0 0 0 0 1 1 1 1 2 4 6 
1500 - 0 0 0 0 0 0 1 1 1 1 3 5 
1750 - 0 0 0 0 0 0 1 1 1 1 3 4 
2000 - 0 0 0 0 0 0 1 1 1 1 2 4 

FIXTURE WIRES 

RFH-2, FFH-2, RFHH-2 18 - 6 11 19 34 47 79 113 177 239 310 492 706 
16 - 5 9 16 28 39 67 95 !50 202 262 415 595 

SF-2, SFF-2 18 - 7 14 24 43 59 100 143 224 302 391 621 890 
16 - 6 11 19 35 49 82 118 185 250 324 514 736 
14 - 5 9 16 28 39 67 95 !50 202 262 415 595 

SF-1, SFF-1 18 - 13 25 42 76 105 177 253 396 534 692 1098 1575 

RFH-1, TF, TFF, XF, XFF 18 - 10 18 31 56 77 130 187 293 395 51! 811 1163 
16 - 8 15 25 45 62 105 151 236 319 413 655 939 

XF,XFF 14 - 6 11 19 35 49 82 118 185 250 324 514 736 

TFN,TFFN 18 - 15 29 50 90 124 209 299 468 632 818 1298 1861 
16 - 12 22 38 68 95 !59 229 358 482 625 992 1422 

PF, PFF, PGF, PGFF, 18 - 15 28 47 85 118 198 284 444 599 776 1231 1765 
PAF, PTF, PTFF, PAFF 16 - 11 22 36 66 91 !53 219 343 463 600 952 1365 

14 - 8 16 27 49 68 115 164 257 347 450 714 1024 

ZF, ZFF,ZHF 18 - 19 36 61 110 !52 255 366 572 772 1000 1587 2275 
16 - 14 27 45 81 112 188 270 422 569 738 1171 1678 
14 - 10 19 33 59 82 138 198 310 418 542 860 1233 

(continues) 
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Annex C: Tables ANNEXC 

TABLE C.lO Continued 

Conductor 'frade Size (Metric Designator) 

Size (AWG/ * y, % 1 1'14 1Y2 2 2¥2 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

KF-2, KFF-2 18 - 29 54 91 165 228 383 549 859 !158 1501 2380 3413 
16 - 20 38 64 115 !59 267 383 599 808 1047 1661 2381 
14 - 13 25 43 77 107 179 257 402 543 703 1116 1600 
12 - 9 17 30 53 74 125 179 280 377 489 776 1113 
10 - 6 11 19 35 49 82 118 185 250 324 514 736 

KF-1, KFF-1 18 - 33 63 106 190 263 442 633 991 1336 1732 2747 3938 
16 - 23 44 74 133 !85 310 445 696 939 1217 1930 2767 
14 - 15 29 50 90 124 209 299 468 632- 818 1298 1861 
12 - 10 19 33 59 82 138 198 310 418 542 860 1233 
10 - 7 13 21 39 54 90 129 203 273 354 562 806 

XF,XFF 12 - 3 6 10 19 26 44 63 99 !33 173 274 394 

10 - 2 5 8 15 20 34 49 77 !04 135 214 307 

Notes: 
L This table is for concentric stranded conductors only. For compact stranded conductors, Table C.9(A) should be used. 
2. Two-hour fire-rated RHH cable has ceramifiable insulation, which has much larger diameters than other RHH wires. Consult manufacturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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ANNEXC Annex C: Tables 

TABLE C.10(A) Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, Schedule 80 
(Based on Chapter 9: Table 1, Table 4, and Table SA) 

Conductor f-----------Tr_a_d_e_S_iz_e_c(M_et_ri_c_D_es_ig,_n_a_to_r'-) ---------­

Type 

TifW, TifW-2, THHW 

THHN,THWN, 
THWN-2 

XHHW, XHHW-2 

2019 California Electrical Code 

Size(AWG/ 
kcmil) 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 
750 
900 
!000 

8 
6 
4 
2 
1 

1!0 
210 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 
750 
900 
!000 

8 
6 
4 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

% 
(12) 

-
-

-
-
-

-
-
-
-

-
-
-
-
-

-
-
-

-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-
-

-

-
-
-

-
-
-
-
-

y, 

(16) 

1 
1 
1 
1 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-
1 
1 
1 
1 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I 
I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

% 
(21) 

1 
(27) 

1¥4 17'2 2 
(35) (41) (53) 

COMPACT CONDUCTORS 

3 5 9 13 22 
2 4 7 10 17 
1 3 5 7 13 
1 1 4 5 9 
1 1 3 4 6 

1 1 2 3 6 
1 1 1 3 5 
0 1 1 2 4 
0 1 1 1 3 

0 1 1 1 2 
0 0 1 1 2 
0 0 1 1 1 
0 0 1 1 1 
0 0 1 1 1 

0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 0 1 
0 0 0 0 1 

- - - - -
3 6 ll 15 25 
I 3 6 9 15 
1 2 5 6 ll 
1 1 3 5 8 

1 1 3 4 7 
1 1 2 3 6 
1 1 1 3 5 
0 1 1 2 4 

0 1 I 1 3 
0 I 1 I 3 
0 0 I I 2 
0 0 I I I 
0 0 I I 1 

0 0 I I 1 
0 0 0 I I 
0 0 0 I 1 
0 0 0 1 I 
0 0 0 0 I 

4 7 12 17 29 
3 5 9 13 21 
I 3 6 9 15 
I 2 5 6 ll 
I I 3 5 8 

I I 3 4 7 
I I 2 3 6 
I I I 3 5 
0 I I 2 4 

0 I I I 3 
0 I I I 3 
0 I I I 2 
0 0 I I I 
0 0 1 I I 

2Yz 3 
(63) (78) 

32 50 
25 39 
18 29 
13 21 
9 15 

8 13 
7 ll 
6 9 
5 8 

4 6 
3 5 
3 5 
3 4 
2 3 

1 3 
1 2 
1 2 
1 1 
1 1 

- -
36 57 
22 35 
16 25 
12 19 

10 16 
8 13 
7 11 
6 9 

4 7 
4 6 
3 5 
3 5 
2 4 

I 3 
1 3 
I 3 
I I 
I I 

42 65 
31 48 
22 35 
16 25 
12 19 

10 16 
8 13 
7 11 
6 9 

5 7 
4 6 
3 5 
3 5 
2 4 

3Yz 
(91) 

68 
52 
39 
29 
20 

17 
15 
12 
!0 

8 
7 
6 
6 
5 

4 
3 
3 
3 
2 

-
77 
47 
34 
25 

22 
18 
15 
12 

10 
8 
7 
6 
5 

4 
4 
4 
3 
3 

88 
65 
47 
34 
25 

22 
18 
15 
12 

10 
8 
7 
7 
5 

4 
(103) 

88 
68 
51 
37 
26 

23 
19 
16 
13 

ll 
9 
8 
7 
6 

5 
4 
4 
4 
3 

-
99 
61 
44 
33 

28 
23 
19 
16 

12 
11 
9 
8 
7 

6 
5 
5 
4 
3 

114 
85 
61 
44 
33 

28 
24 
19 
16 

13 
11 
10 
9 
7 

5 
(129) 

140 
!08 
81 
60 
42 

36 
30 
26 
22 

17 
15 
13 
12 
!0 

8 
7 
7 
6 
5 

-
!58 
98 
70 
53 

45 
37 
31 
25 

20 
17 
15 
13 
11 

9 
8 
8 
6 
5 

181 
134 
98 
70 
53 

45 
38 
31 
26 

21 
17 
15 
14 
11 

6 
(155) 

200 
!55 
!!6 
85 
60 

52 
44 
37 
31 

25 
21 
19 
17 
14 

12 
!0 
!0 
8 
8 

-
226 
140 
100 
75 

64 
53 
44 
37 

29 
25 
22 
19 
16 

13 
12 
11 
9 
8 

260 
193 
140 
100 
75 

64 
54 
44 
37 

30 
25 
22 
20 
17 

(contmues) 
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Annex C: Tables ANNEXC 

TABLE C.lO(A) Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, y. 1 1¥.! lYz 2 2Yz 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - 0 0 0 1 1 1 1 3 4 6 9 13 
700 - 0 0 0 0 1 1 1 3 4 5 8 12 
750 - 0 0 0 0 1 1 1 ·2 3 5 7 11 
900 - 0 0 0 0 1 1 1 2 3 4 6 9 
1000 - 0 0 0 0 0 1 1 1 3 3 6 8 

Definition: Compact stranding is the result of a manufacturing process where the stranded conductor is compressed to the extent that the interstices (voids between 
strand wires) are virtually eliminated. 
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ANNEXC An~ex C: Tables 

TABLE C.ll Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, Schedule 40 aud HDPE Conduit 
(Based on Chapter 9: Table 1, Table 4, and Table 5) 

Conductor f---:-:---,-,---:-:---:---:---:Tr_a __ d-:e-=-'S-iz_e_:::(M=et::_ri::_c-=D.:-=e::si"'gn=a-'-to:.::r::..) --::-:---:----:-----:-
Size (AWG/ o/s Y, % 1 1Y4 1% 2 2% 3 3% 4 5 6 

Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

CONDUCTORS 

RHH, RHW, RHW-2 14 - 4 7 11 20 27 45 64 99 133 171 269 390 
12 - 3 5 9 16 22 37 53 82 110 142 224 323 
10 - 2 4 7 13 18 30 43 66 89 115 181 261 
8 - 1 2 4 7 9 15 22 35 46 60 94 137 
6 - 1 1 3 5 7 12 18 28 37 48 76 109 

4 - 1 1 2 4 6 10 14 22 29 37 59 85 
3 - 1 1 1 4 5 8 12 19 25 33 52 75 
2 - 1 1 1 3 4 7 10 16 22 28 45 65 
1 - 0 1 1 1 3 5 7 11 14 19 29 43 

1/0 - 0 1 1 1 2 4 6 9 13 16 26 37 
210 - 0 0 1 1 1 3 5 8 11 14 22 32 
3/0 - 0 0 1 1 1 3 4 7 9 12 19 28 
4/0 - 0 0 1 1 1 2 4 6 8 10 16 24 

250 - 0 0 0 1 1 1 3 4 6 8 12 18 
300 - 0 0 0 1 1 1 2 4 5 7 11 16 
350 - 0 0 0 1 1 1 2 3 5 6 10 14 
400 - 0 0 0 1 1 1 1 3 4 6 9 13 
500 - 0 0 0 0 1 1 1 3 4 5 8 11 

600 - 0 0 0 0 1 1· 1 2 3 4 6 9 
700 - 0 0 0 0 0 1 1 1 3 3 6 8 
750 - 0 0 0 0 0 1 1 1 2 3 5 8 
800 - 0 0 0 0 0 1 1 1 2 3 5 7 
900 - 0 0 0 0 0 1 1 1 2 3 5 7 

1000 - 0 0 0 0 0 1 1 1 1 3 4 6 
1250 - 0 0 0 0 0 0 1 1 1 1 3 5 
1500 - 0 0 0 0 0 0 1 1 1 1 3 4 
1750 - 0 0 0 0 0 0 1 1 1 1 2 3 
2000 - 0 0 0 0 0 0 0 1 1 1 2 3 

TW, THHW, THW, 14 - 8 14 24 42 57 94 135 209 280 361 568 822 
THW-2 12 - 6 11 18 32 44 72 103 160 215 277 436 631 

10 - 4 8 13 24 32 54 77 119 160 206 325 470 
8 - 2 4 7 13 18 30 43 66 89 115 181 261 

RHH*, RHW*, RHW-2* 14 - 5 9 16 28 38 63 90 139 186 240 378 546 
12 - 4 8 13 22 30 50 72 112 150 193 304 439 
10 - 3 6 10 17 24 39 56 87 117 150 237 343 
8 - 1 3 6 10 14 23 33 52 70 90 142 205 

TW, THW, THHW, 6 - 1 2 4 8 11 18 26 40 53 69 109 157 
THW-2, RHH*, RHW*, 4 - 1 1 3 6 8 13 19 30 40 51 81 117 
RHW-2* 3 - 1 1 3 5 7 11 16 25 34 44 69 100 

2 - 1 1 2 4 6 10 14 22 29 37 59 85 
1 - 0 1 1 3 4 7 10 15 20 26 41 60 

1/0 - 0 1 1 2 3 6 8 13 17 22 35 51 
2/0 - 0 1 1 1 3 5 7 11 15 19 30 43 
3/0 - 0 1 1 1 2 4 6 9 12 16 25 36 
410 - 0 0 1 1 1 3 5 8 10 13 21 30 

250 - 0 0 1 1 1 3 4 6 8 11 17 . 25 
300 - 0 0 1 1 1 2 3 5 7 9 15 21 
350 - 0 0 0 1 1 1 3 5 6 8 13 19 
400 - 0 0 0 1 1 1 3 4 6 7 12 17 
500 - 0 0 0 1 1 1 2 3 5 6 10 14 

(contmues) 
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Annex C: Tables ANNEXC 

TABLE C.ll Continued 

Conductor Trade Size (Metric Designator) 

Size(AWG/ 7\ y, % 1 1Y4 Ph 2 2-Yz 3 3-Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - 0 0 0 0 1 1 1 3 4 5 8 11 
700 - 0 0 0 0 1 1 1 2 3 4 7 10 
750 - 0 0 0 0 1 1 1 2 3 4 6 10 
800 - 0 0 0 0 1 1 1 2 3 4 6 9 
900 - 0 0 0 0 0 1 1 1 3 3 6 8 

1000 - 0 0 0 0 0 1 1 1 2 3 5 7 
1250 - 0 0 0 0 0 1 1 1 1 2 4 6 
1500 - 0 0 0 0 0 1 1 1 1 1 3 5 
1750 - 0 0 0 0 0 0 1 1 1 1 3 4 
2000 - 0 0 0 0 0 0 1 1 1 1 3 4 

THHN, THWN, THWN-2 14 - 11 21 34 60 82 135 193 299 401 517 815 1178 
12 - 8 15 25 43 59 99 141 218 293 377 594 859 
10 - 5 9 15 27 37 62 89 137 184 238 374 541 
8 - 3 5 9 16 21 36 51 79 106 137 216 312 
6 - 1 4 6 11 15 26 37 57 77 99 !56 225 

4 - 1 2 4 7 9 16 22 35 47 61 96 138 
3 - 1 1 3 6 8 13 19 30 40 51 81 117 
2 - 1 1 3 5 7 11 16 25 33 43 68 98 
1 - 1 1 1 3 5 8 12 18 25 32 50 73 

1/0 - 1 1 1 3 4 7 10 15 21 27 42 61 
2/0 - 0 1 1 2 3 6 8 13 17 22 35 51 
3/0 - 0 1 1 1 3 5 7 11 14 18 29 42 
4/0 - 0 1 1 1 2 4 6 9 12 15 24 35 

250 - 0 0 1 1 1 3 4 7 10 12 20 28 
300 - 0 0 1 1 1 3 4 6 8 11 17 24 
350 - 0 0 1 1 1 2 3 5 7 9 15 21 
400 - 0 0 0 1 1 1 3 5 6 8 13 19 
500 - 0 0 0 1 1 1 2 4 5 7 11 16 

600 - 0 0 0 1 1 1 1 3 4 5 9 13 
700 - 0 0 0 0 1 1 1 3 4 5 8 11 
750 - 0 0 0 0 1 1 1 2 3 4 7 11 
800 - 0 0 0 0 1 1 1 2 3 4 7 10 
900 - 0 0 0 0 1 1 1 2 3 4 6 9 
1000 - 0 0 0 0 0 1 1 1 3 3 6 8 

FEP, FEPB, PFA, PFAH, 14 - 11 20 33 58 79 131 188 290 389 502 790 1142 
TFE 12 - 8 15 24 42 58 96 137 212 284 366 577 834 

10 - 6 10 17 30 41 69 98 152 204 263 414 598 
8 - 3 6 10 17 24 39 56 87 117 150 237 343 

6 - 2 4 7 12 17 28 40 62 83 107 169 244 
4 - 1 3 5 8 12 19 28 43 58 75 118 170 
3 - 1 2 4 7 10 16 23 36 48 62 98 142 
2 - 1 1 3 6 8 13 19 30 40 51 81 117 

PFA, PFAH, TFE 1 - 1 1 2 4 5 9 13 20 28 36 56 81 

PFA, PFAH, TFE, Z 1/0 - 1 1 1 3 4 8 11 17 23 30 47 68 
2/0 - 0 1 1 3 4 6 9 14 19 24 39 56 
3/0 - 0 1 1 2 3 5 7 12 16 20 32 46 
4/0 - 0 1 1 1 2 4 6 9 13 16 26 38 

z 14 - 13 24 40 70 95 !58 226 350 469 605 952 1376 
12 - 9 17 28 49 68 112 160 248 333 429 675 976 
10 - 6 10 17 30 41 69 98 152 204 263 414 598 
8 - 3 6 11 19 26 43 62 96 129 166 261 378 
6 - 2 4 7 13 18 30 43 67 90 116 184 265 

( contmues) 
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ANNEXC Annex C: Tables 

TABLE C.ll Continued 

Conductor Trade Size (Metric Designator) 

Size(AWG/ y, y, y. 1 1'14 l'h 2 2¥2 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

4 - 1 3 5 9 12 21 30 46 62 80 126 183 
3 - 1 2 4 6 9 15 22 34 45 58 92 133 
2 - 1 1 3 5 7 12 18 28 38 49 77 111 
1 - 1 1 2 4 6 10 14 23 30 39 62 90 

XHHW, ZW, XHHW-2, 14 - 8 14 24 42 57 94 135 209 280 361 568 822 
XHH 12 - 6 11 18 32 44 72 103 160 215 277 436 631 

10 - 4 8 13 24 32 54 77 119 160 206 325 470 
8 - 2 4 7 13 18 30 43 66 89 115 181 261 
6 - 1 3 5 10 13 22 32 49 66 85 134 193 

4 - 1 2 4 7 9 16 23 35 48 61 97 140 
3 - 1 1 3 6 8 13 19 30 40 52 82 118 
2 - 1 1 3 5 7 11 16 25 34 44 69 99 

XHHW, XHHW-2, XHH 1 - 1 1 1 3 5 8 12 19 25 32 51 74 

1/0 - 1 1 1 3 4 7 10 16 21 27 43 62 
2/0 - 0 1 1 2 3 6 8 13 17 23 36 52 
3/0 - 0 1 1 1 3 5 7 11 14 19 30 43 
4/0 - 0 1 1 1 2 4 6 9 12 15 24 35 

250 - 0 0 1 1 1 3 5 7 10 13 20 29 
300 - 0 0 1 1 1 3 4 6 8 11 17 25 
350 - 0 0 1 1 1 2 3 5 7 9 15 22 
400 - 0 0 0 1 1 1 3 5 6 8 13 19 
500 - 0 0 0 1 1 1 2 4 5 7 11 16 

600 - 0 0 0 1 1 1 1 3 4 5 9 13 
700 - 0 0 0 0 1 1 1 3 4 5 8 11 
750 - 0 0 0 0 1 1 1 2 3 4 7 11 
800 - 0 0 0 0 1 1 1 2 3 4 7 10 
900 - 0 0 0 0 1 1 1 2 3 4 6 9 

1000 - 0 0 0 0 0 1 1 1 3 3 6 8 
1250 - 0 0 0 0 0 1 1 1 1 3 4 6 
1500 - 0 0 0 0 0 1 1 1 . 1 2 4 5 
1750 - 0 0 0 0 0 0 1 1 1 1 3 5 
2000 - 0 0 0 0 0 0 1 1 1 1 3 4 

FIXTURE WIRES 

RFH-2, FFH-2, RFHH-2 18 ~ 8 14 23 40 54 90 129 200 268 346 545 788 
16 - 6 12 19 33 46 76 109 169 226 292 459 664 

SF-2, SFF-2 18 - 10 17 29 50 69 114 163 253 338 436 687 993 
16 - 8 14 24 42 57 94 135 209 280 361 568 822 
14 - 6 12 19 33 46 76 109 169 226 292 459 664 

SF-1, SFF-1 18 - 17 31 51 89 122 202 289 447 599 772 1216 1758 

RFH-1, TF, TFF, XF, XFF 18 - 13 23 38 66 90 149 213 330 442 570 898 1298 
16 - 10 18 30 53 73 120 172 266 357 460 725 1048 

XF,XFF 14 - 8 14 24 42 57 94 135 209 280 361 568 822 

TFN,TFFN 18 - 20 37 60 105 144 239 341 528 708 913 1437 2077 
16 - 16 28 46 80 110 183 261 403 541 697 1098 1587 

PF, PFF, PGF, PGFF, PAF, 18 - 19 35 57 100 137 227 323 501 671 865 1363 1970 
PTF, PTFF, PAFF 16 - 15 27 44 77 106 175 250 387 519 669 1054 1523 

14 - 11 20 33 58 79 131 188 290 389 502 790 1142 

ZF,ZFF,ZHF 18 - 25 45 74 129 176 292 417 646 865 1116 1756 2539 
16 - 18 33 54 95 130 216 308 476 638 823 1296 1873 
14 - 13 24 40 70 95 158 226 350 469 605 952 1376 

(contmues) 
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Annex C: Tables ANNEXC 

TABLE C.ll Continued 

Conductor Trade Size (Metric Designator) 

Size(AWG/ % y, % 1 1¥.! lYz 2 2¥2 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) . (41) (53) (63) (78) (91) (103) (129) (155) 

KF-2, KFF-2 18 - 38 67 Ill 193 265 439 626 969 1298 !674 2634 3809 
16 - 26 47 77 135 184 306 436 676 905 1168 1838 2657 
14 - 18 31 52 91 124 205 293 454 608 784 1235 1785 
12 - 12 22 36 63 86 143 204 316 423 546 859 1242 
10 - 8 14 24 42 57 94 135 209 280 361 568 822 

KF-1, KFF-1 18 - 44 78 128 223 305 506 722 1118 1498 !931 3040 4395 
16 - 31 55 90 !57 214 355 507 785 1052 1357 2136 3088 
14 - 20 37 60 105 144 239 341 528 708 913 1437 2077 
12 - 13 24 40 70 95 !58 226 350 469 605 952 1376 
10 - 9 16 26 45 62 103 148 229 306 395 622 899 

XF,XFF 12 - 4 8 13 22 30 50 72 112 150 193 304 439 
10 - 3 6 10 17 24 39 56 87 117 !50 237 343 

Notes: 
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.lO(A) should be used. 
2. Two-hour fire-rated RHH cable has ceramifiable insulation, which has much larger diameters than other RHH wires. Consult manufacturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 
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ANNEXC Annex C: Tables 

TABLE C.ll(A) Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, Schedule 40 and HDPE 
Conduit (Based on Chapter 9: Table 1, Table 4, and Table SA) 

Conductor f---:c:---:-:--~--,---'Tr:::_a=:d:c:e_:S:::_iz"-e-"(M=et:::_ri:c:cccDc:-e=si"'gn=a:.cto:c:r:_) ---,-,---,----::----:-
.Size (AWG/ Ys 7'2 % 1 1¥4 1% 2 2Yz 3 3Yz 4 5 6 

Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

COMPACT CONDUCTORS 

THW, THW-2, THHW 8 - I 4 6 11 15 26 37 57 76 98 !55 224 
6 - I 3 5 9 12 20 28 44 59 76 119 173 
4 - I I 3 6 9 15 21 33 44 57 89 129 
2 - I I 2 5 6 11 15 24 32 42 66 95 
I - I I I 3 4 7 11 17 23 29 46 67 

1/0 - 0 I I 3 4 6 9 15 20 25 40 . 58 
2/0 - 0 I I 2 3 5 8 12 16 21 34 49 
3/0 - 0 I I I 3 5 7 10 14 18 29 42 
4/0 - 0 I I I 2 4 5 9 12 15 24 35 

250 - 0 0 I I I 3 4 7 9 12 19 27 
300 - 0 0 I I I 2 4 6 8 10 16 24 
350 - 0 0 I I I 2 3 5 7 9 15 21 
400 - 0 0 0 I I I 3 5 6 8 13 19 
500 - 0 0 0 I I I 2 4 5 7 11 16 

600 - 0 0 0 I I I I 3 4 5 9 13 
700 - 0 0 0 0 I I I 3 4 5 8 12 
750 - 0 0 0 0 I I I 2 3 5 7 11 
900 - 0 0 0 0 I I I 2 3 4 6 9 
1000 - 0 0 0 0 I I I I 3 4 6 9 

THHN,THWN, 8 - - - - - - - - - - - - -
THWN-2 6 - 2 4 7 13 17 29 41 64 86 lll 175 253 

4 - I 2 4 8 11 18 25 40 53 68 108 !56 
2 - I I 3 5 8 13 18 28 38 49 77 112 
I - I I 2 4 6 9 14 21 29 37 58 84 

110 - I I I 3 5 8 12 18 24 31 49 72 
2/0 - 0 I I 3 4 7 9 15 20 26 41 59 
3/0 - 0 I I 2 3 5 8 12 17 22 34 50 
4/0 - 0 I I I 3 4 6 10 14 18 28 41 

250 - 0 0 I I I 3 5 8 11 14 22 32 
300 - 0 0 I I I 3 4 7 9 12 19 28 
350 - 0 0 I I I 3 4 6 8 10 17 24 
400 - 0 0 I I I 2 3 5 7 9 15 22 
500 - 0 0 0 I I I 3 4 6 8 13 18 

600 - 0 0 0 I I I 2 4 5 6 10 15 
700 - 0 0 0 I I I I 3 4 5 9 13 
750 - 0 0 0 I I I I 3 4 5 8 12 
900 - 0 0 0 0 I I I 2 3 4 7 10 
1000 - 0 0 0 0 I I I 2 3 4 6 9 

XHHW, XHHW-2 8 - 3 5 8 14 20 33 47 73 99 127 200 290 
6 - I 4 6 11 15 25 35 55 73 94 149 215 
4 - I 2 4 8 11 18 25 40 53 68 108 !56 
2 - I I 3 5 8 13 18 28 38 49 77 112 
I - I I 2 4 6 9 14 21 29 37 58 84 

1/0 - I I I 3 5 8 12 18 24 31 49 72 
2/0 - I I I 3 4 7 10 15 20 26 42 60 
3/0 - 0 I I 2 3 5 8 12 17 22 34 50 
4/0 - 0 I I I 3 5 7 10 14 18 29 42 

250 - 0 0 I I I 4 5 8 11 14 23 33 
300 - 0 0 I I I 3 4 7 9 12 19 28 
350 - 0 0 I I I 3 4 6 8 11 17 25 
400 - 0 0 I I I 2 3 5 7 10 15 22 
500 - 0 0 0 I I I 3 4 6 8 13 18 

(continues) 
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Annex C: Tables ANNEXC 

TABLE C.ll(A) Continued 

Conductor Trade Size (Metric Designator) 

Size(AWG/ y, y, % 1 1¥.1 1¥2 2 2Yz 3 3¥2 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - 0 0 0 I I I 2 4 5 6 10 15 
700 - 0 0 0 1 1 1 1 3 4 5 9 13 
750 - 0 0 0 1 1 1 1 3 4 5 8 12 
900 - 0 0 0 0 1 1 1 2 3 4 7 10 
1000 - 0 0 0 0 1 1 1 2 3 4 6 9 

Definition: Compact stranding is the result of a manufacturing process where the stranded conductor is compressed to the extent that the interstices (voids between 
strand wires) are virtually eliminated. 
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ANNEXC Annex C: Tables 

TABLE C.l2 Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC Conduit 
(Based on Chapter 9: Table 1, Table 4, and Table 5) 

Conductor 1----------Tr_a_de_S ___ i_ze_(c_M_e_tr_ic_D_e_,_s_,ig,_n_at_o_.:r)_--,-:---------
Size (AWG/ '% 'h % 1 1\4 1'h 2 2'h 3 3'h 4 5 6 

Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

CONDUCTORS 
RHH, RHW, RHW-2 14 - 5 9 14 24 31 49 74 112 146 187 - -

12 - 4 7 12 20 26 41 61 93 121 !55 - -
10 - 3 6 10 16 21 33 50 75 98 125 - -
8 - I 3 5 8 11 17 26 39 51 65 - -
6 - I 2 4 6 9 14 21 31 41 52 - -

4 - I I 3 5 7 11 16 24 32 41 - -
3 - I I 3 4 6 9 14 21 28 36 - -
2 - I I 2 4 5 8 12 18 24 31 - -
I - 0 I I 2 3 5 8 12 16 20 - -

1/0 - 0 I I 2 3 5 7 10 14 18 - -
2/0 - 0 I I I 2 4 6 9 12 15 - -
3/0 - 0 I I I I 3 5 8 10 13 - -
4/0 - 0 0 I I I 3 4 7 9 11 - -

250 - 0 0 I I I I 3 5 6 8 - -
300 - 0 0 I I I I 3 4 6 7 - -
350 - 0 0 0 I I I 2 4 5 7 - -
400 - 0 0 0 I I I 2 3 5 6 - -
500 - 0 0 0 I I I I 3 4 5 - -
600 - 0 0 0 0 I I I 2 3 4 - -
700 - 0 0 0 0 I I I 2 3 4 - -
750 - 0 0 0 0 I I I I 3 4 - -
800 - 0 0 0 0 I I I I 3 3 - -
900 - 0 0 0 0 0 I I I 2 3 - -

1000 - 0 0 0 0 0 I I I 2 3 - -
1250 - 0 0 0 0 0 I I I I 2 - -
1500 - 0 0 0 0 0 0 I I I I - -
1750 - 0 0 0 0 0 0 I I I I - -
2000 - 0 0 0 0 0 0 I I I I - -

TW, THHW, THW, THW-2 14 - 11 18 31 51 67 105 !57 235 307 395 - -
12 - 8 14 24 39 51 80 120 181 236 303 - -
10 - 6 10 18 29 38 60 89 135 176 226 - -
8 - 3 6 10 16 21 33 50 75 98 125 - -

RHH*, RHW*, RHW-2* 14 - 7 12 20 34 44 69 104 !57 204 262 - -
12 - 6 10 16 27 35 56 84 126 164 211 - -
10 - 4 8 13 21 28 44 65 98 128 165 - -
8 - 2 4 7 12 16 26 39 59 77 98 - -

TW, THW, THHW, 6 - I 3 6 9 13 20 30 45 59 75 - -
THW-2, RHH*, RHW*, 4 - I 2 4 7 9 15 22 33 44 56 - -
RHW-2* 3 - I I 4 6 8 13 19 29 37 48 - -

2 - I I 3 5 7 11 16 24 32 41 - -
I - I I I 3 5 7 11 17 22 29 - -

1/0 - I I I 3 4 6 10 14 19 24 - -
2/0 - 0 I I 2 3 5 8 12 16 21 - -
3/0 - 0 I I I 3 4 7 10 13 17 - -
4/0 - 0 I I I 2 4 6 9 11 14 - -
250 - 0 0 I I I 3 4 7 9 12 - -
300 - 0 0 I I I 2 4 6 8 10 - -
350 - 0 0 I I I 2 3 5 7 9 - -
400 - 0 0 I I I I 3 5 6 8 - -
500 - 0 0 0 I I I 2 4 5 7 - -

(continues) 
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Annex C: Tables ANNEXC 

TABLE C.12 Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, % 1 1Y4 1V2 2 2¥2 3 3¥2 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - 0 0 0 1 1 1 1 3 4 5 - -
700 - 0 0 0 1 1 1 1 3 4 5 - -
750 - 0 0 0 1 1 1 1 3 3 4 - -
800 - 0 0 0 0 1 1 1 2 3 4 - -
900 - 0 0 0 0 1 1 1 2 3 4 - -

1000 - 0 0 0 0 1 1 1 1 3 3 - -
1250 - 0 0 0 0 0 1 1 1 1 3 - -
1500 - 0 0 0 0 0 1 1 1 1 2 - -
1750 - 0 0 0 0 0 0 1 1 1 1 - -
2000 - 0 0 0 0 0 0 1 1 1 1 - -

THHN, THWN, THWN-2 14 - 16 27 44 73 96 !50 225 338 441 566 - -
12 - 11 19 32 53 70 109 164 246 321 412 - -
10 - 7 12 20 33 44 69 103 !55 202 260 - -
8 - 4 7 12 19 25 40 59 89 117 !50 - -
6 - 3 5 8 14 18 28 43 64 84 108 - -

4 - 1 3 5 8 11 17 26 39 52 66 - -
3 - 1 2 4 7 9 15 22 33 44 56 - -
2 - 1 1 3 6 8 12 19 28 37 47 - -
1 - 1 1 2 4 6 9 14 21 27 35 - -

1/0 - 1 1 2 4 5 8 11 17 23 29 - -
2/0 - 1 1 1 3 4 6 10 14 19 24 - -
3/0 - 0 1 1 2 3 5 8 12 16 20 - -
4/0 - 0 1 1 1 3 4 6 10 13 17 - -

250 - 0 1 1 1 2 3 5 8 10 14 - -
300 - 0 0 1 1 1 3 4 7 9 12 - -
350 - 0 0 1 1 1 2 4 6 8 10 - -
400 - 0 0 1 1 1 2 3 5 7 9 - -
500 - 0 0 1 1 1 1 3 4 6 7 - -

600 - 0 0 0 1 1 1 2 3 5 6 - -
700 - 0 0 0 1 1 I 1 3 4 5 - -
750 - 0 0 0 1 1 1 I 3 4 5 - -
800 - 0 0 0 1 1 I 1 3 4 5 - -
900 - 0 0 0 0 1 1 1 2 3 4 - -
1000 - 0 0 0 0 I I 1 2 3 4 - -

FEP, FEPB, PFA, PFAH, 14 - 15 26 43 70 93 146 218 327 427 549 - -
TFE 12 - 11 19 31 51 68 106 159 239 312 400 - -

10 - 8 13 22 37 48 76 114 171 224 287 - -
8 - 4 8 13 21 28 44 65 98 128 165 - -

6 - 3 5 9 15 20 31 46 70 91 117 - -
4 - 1 4 6 10 14 21 32 49 64 82 - -
3 - 1 3 5 8 11 18 27 40 53 68 - -
2 - 1 2 4 7 9 15 22 33 44 56 - -

PFA, PFAH, TFE 1 - 1 I 3 5 6 10 15 23 30 39 - -
PFA, PFAH, TFE, Z 1/0 - 1 1 2 4 5 8 13 19 25 32 - -

2/0 - 1 1 1 3 4 7 10 16 21 27 - -
3/0 - I 1 1 3 3 6 9 13 17 22 - -
4/0 - 0 1 I 2 3 5 7 11 14 18 - -

z 14 - 18 31 52 85 112 175 262 395 515 661 - -
12 - 13 22 37 60 79 124 186 280 365 469 - -
10 - 8 13 22 37 48 76 114 171 224 287 - -
8 - 5 8 14 23 30 48 72 108 141 181 - -
6 - 3 6 10 16 21 34 50 76 99 127 - -

(continues) 
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ANNEXC Annex C: Tables 

TABLE C.l2 Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, % 1 17'4 lYz 2 2% 3 3\1, 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

4 - 2 4 7 11 15 23 35 52 68 88 - -
3 - 1 3 5 8 11 17 25 38 50 64 - -
2 - 1 2 4 7 9 14 21 32 41 53 - -

1 - 1 1 3 5 7 11 17 26 33 43 - -

XHHW, ZW, XHHW-2, 14 - 11 18 31 51 67 105 157 235 307 395 - -

XHH 12 - 8 14 24 39 51 80 120 181 236 303 - -
10 - 6 10 18 29 38 60 89 135 176 226 - -
8 - 3 6 10 16 21 33 50 75 98 125 - -
6 - 2 4 7 12 15 24 37 55 72 93 - -
4 - 1 3 5 8 11 18 26 40 52 67 - -
3 - 1 2 4 7 9 15 22 34 44 57 - -
2 - 1 1 3 6 8 12 19 28 37 48 - -

XHHW, XHHW-2, XHH 1 - 1 1 3 4 6 9 14 21 28 35 - -
1/0 - 1 1 2 4 5 8 12 18 23 30 - -
2/0 - 1 1 1 3 4 6 10 15 19 25 - -
3/0 - 0 1 1 2 3 5 8 12 16 20 - -
4/0 - 0 1 1 1 3 4 7 10 13 17 - -

250 - 0 1 1 1 2 3 5 8 11 14 - -
300 - 0 0 1 1 1 3 5 7 9 12 - -
350 - 0 0 1 1 1 3 4 6 8 10 - -
400 - 0 0 1 1 1 2 3 5 7 9 - -
500 - 0 0 1 1 1 1 3 4 6 8 - -

600 - 0 0 0 1 1 1 2 3 5 6 - -
700 - 0 0 0 1 1 1 1 3 4 5 - -
750 - 0 0 0 1 1 1 1 3 4 5 - -
800 - 0 0 0 1 1 1 1 3 4 5 - -
900 - 0 0 0 0 1 1 1 2 3 4 - -
1000 - 0 0 0 0 1 1 1 2 3 4 - -
1250 - 0 0 0 0 0 1 1 1 2 3 - -
1500 - 0 0 0 0 0 1 1 1 1 2 - -
1750 - 0 0 0 0 0 1 1 1 1 2 - -
2000 - 0 0 0 0 0 0 1 1 1 1 - -

FIXTURE WIRES 

RFH-2, FFH-2, RFHH-2 18 - 10 18 30 48 64 100 150 226 295 378 - -
16 - 9 15 25 41 54 85 127 190 248 319 - -

SF-2, SFF-2 18 - 13 22 37 61 81 127 189 285 372 477 - -
16 - 11 18 31 51 67 105 157 235 307 395 - -
14 - 9 15 25 41 54 85 127 190 248 319 - -

SF-1, SFF-1 18 - 23 40 66 108 143 224 335 504 658 844 - -
RFH-1, TF, TFF, XF, XFF 18 - 17 29 49 80 105 165 248 372 486 623 - -

16 - 14 24 39 65 85 134 200 300 392 503 - -

XF,XFF 14 - 11 18 31 51 67 105 157 235 307 395 - -
TFN, TFFN 18 - 28 47 79 128 169 265 396 596 777 998 - -

16 - 21 36 60 98 129 202 303 455 594 762 - -

PF, PFF, PGF, PGFF, PAP, 18 - 26 45 74 122 160 251 376 565 737 946 - -

PTF, PTFF, PAFF 16 - 20 34 58 94 124 194 291 437 570 732 - -
14 - 15 26 43 70 93 146 218 327 427 549 - -

ZF,ZFF,ZHF 18 - 34 57 96 157 206 324 484 728 950 1220 - -
16 - 25 42 71 116 152 239 357 537 701 900 - -
14 - 18 31 52 85 112 175 262 395 515 661 - -

(contmues) 
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Annex C: Tables ANNEXC 

TABLE C.12 Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ y, y, % 1 1':4 . 1Yz 2 2¥2 3 3'12 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

KF-2, KFF-2 18 - 51 86 144 235 310 486 727 1092 1426 1829 - -
16 - 36 60 101 164 216 339 507 762 994 1276 - -
14 - 24 40 67 110 145 228 341 512 668 857 - -
12 - 16 28 47 77 101 !58 237 356 465 596 - -
10 - 11 18 31 51 67 105 !57 235 307 395 - -

KF-1, KFF-1 18 - 59 100 166 272 357 561 839 1260 1645 2111 - -
16 - 41 70 117 191 251 394 589 886 1156 1483 - -
14 - 28 47 79 128 169 265 396 596 777 998 - -
12 - 18 31 52 85 112 175 262 395 515 661 - -
10 - 12 20 34 55 73 !15 171 258 337 432 - -

XF,XFF 12 - 6 10 16 27 35 56 84 126 164 211 - -
10 - 4 8 13 21 28 44 65 98 128 165 - -

Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.ll(A) should be used. 
2. Two-hour fire-rated RHH cable has ceramifiable insulation, which has much larger diameters than other RHH wires. Consult manufacturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 

70-906 2019 California Electrical Code 



ANNEXC 

TABLE C.12(A) Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC Conduit 
(Based on Chapter 9: Table 1, Table 4, and Table SA) 

Annex C: Tables 

Conductor ,_ __________ Tr_a_d_e_S_iz-'-e-"(M_e __ t_ri_c_D_es-'ign""--a-to_r)'--------------

Type 

THW, THW-2, THHW 

THHN, THWN, THWN-2 

XHHW, XHHW-2 

2019 California Electrical Code 

Size (AWG/ 
kcmil) 

8 
6 
4 
2 
I 

1/0 
2/0 
310 
410 

250 
300 
350 
400 
500 

600 
700 
750 
900 
1000 

8 
6 
4 
2 
I 

110 
210 
3/0 
410 

250 
300 
350 
400 
500 

600 
700 
750 
900 
1000 

8 
6 
4 
2 
I 

110 
2/0 
310 
410 

250 
300 
350 
400 
500 

Yo 
(12) 

-
-
-
-
-

-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-

-
-
-

-
-
-
-

-

y, 

(16) 

3 
2 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-
3 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

4 
3 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

% 
(21) 

1 
(27) 

1'14 lYz 
(35) (41) 

COMPACT CONDUCTORS 

5 8 14 18 
4 6 10 14 
3 5 8 10 
I 3 6 7 
I 2 4 5 

I I 3 4 
1 I 3 4 
1 I 2 3 
I I I 3 

I I 1 I 
0 I I I 
0 I 1 I 
0 I I I 
0 I I I 

0 0 I I 
0 0 I I 
0 0 1 I 
0 0 0 I 
0 0 0 I 

- - - -
5 9 15 20 
3 6 9 12 
2 4 7 9 
I 3• 5 7 

I 2 4 6 
I I 3 5 
I I 3 4 
1 I 2 3 

I I I 2 
I I I I 
0 I I I 
0 I I I 
0 I I I 

0 0 I I 
0 0 I I 
0 0 I I 
0 0 I I 
0 0 0 I 

6 11 18 23 
5 8 13 17 
3 6 9 12 
2 4 7 9 
I 3 5 7 

1 2 4 6 
I I 3 5 
I I 3 4 
I I 2 3 

I I I 2 
1 1 1 1 
0 1 1 1 
0 1 1 1 
0 1 1 I 

2 2Y, 
(53) (63) 

28 42 
22 33 
16 24 
12 18 
8 13 

7 11 
6 9 
5 8 
4 6 

3 5 
3 4 
2 4 
2 3 
I 3 

1 2 
I 1 
I 1 
I I 
1 I 

- -
32 48 
20 30 
14 21 
10 16 

9 13 
7 11 
6 9 
5 8 

4 6 
3 5 
3 4 
2 4 
2 3 

1 3 
I 2 
I 2 
I I 
I I 

37 55 
27 41 
20 30 
14 21 
10 16 

9 13 
7 11 
6 9 
5 8 

4 6 
3 5 
3 5 
3 4 
2 3 

3 
(78) 

64 
49 
37 
27 
19 

16 
14 
12 
10 

8 
7 
6 
5 
4 

3 
3 
3 
2 
2 

-
72 
45 
32 
24 

20 
17 
14 
11 

9 
8 
7 
6 
5 

4 
3 
3 
3 
2 

83 
62 
45 
32 
24 

20 
17 
14 
12 

9 
8 
7 
6 
5 

3¥2 
(91) 

84 
65 
48 
36 
25 

21 
18 
15 
13 

10 
9 
8 
7 
6 

5 
4 
4 
3 
3 

-
94 
58 
42 
31 

27 
22 
18 
15 

12 
10 
9 
8 
7 

5 
5 
4 
4 
3 

108 
80 
58 
42 
31 

27 
22 
18 
15 

12 
10 
9 
8 
7 

4 
(103) 

107 
83 
62 
46 
32 

28 
23 
20 
17 

13 
11 
10 
9 
8 

6 
5 
5 
4 
4 

-
121 
75 
54 
40 

34 
28 
24 
19 

15 
13 
11 
10 
9 

7 
6 
6 
5 
4 

139 
103 
75 
54 
40 

34 
29 
24 
20 

16 
13 
12 
11 
9 

5 6 
(129) (155) 

- -

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

- -
- -
- -

- -
- -

- -

- -
- -
- -
- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -

- -
- -
- -
- -

(contmues) 
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Annex C: Tables ANNEXC 

TABLE C.l2(A) Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, % 1 1¥4 lY:z 2 2Y:z 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - 0 0 0 I I I 3 4 5 7 - -
700 - 0 0 0 I I I 2 3 5 6 - -
750 - 0 0 0 I I I 2 3 4 6 - -
900 - 0 0 0 I I I I 3 4 5 - -
1000 - 0 0 0 0 I I I 2 3 4 - -

Definition: Compact stranding is the result of a manufacturing process where the stranded conductor is compressed to the extent that the interstices (voids between 
strand wires) are virtually eliminated. 
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ANNEXC 

TABLE C.l3 Maximum Number of Conductors or Fixture Wires in Type EB, PVC Conduit 
(Based on Chapter 9: Table 1, Table 4, and Table 5) 

Annex C: Tables 

Conductor I------------'Tr=ad:::e:..:S:.:iz:.:e:..:(M=e=tr.:::ic:..:D:..:e:::si,gn:.:a:.:t:::or:.:)_-,------,------
Size (AWG/ % ¥2 % 1 1¥4 lY2 2 2Yz 3 3Yz 4 5 6 

Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

CONDUCTORS 

RHH. RHW. RHW-2 14 - - - - - - 53 - 119 !55 197 303 430 
12 - - - - - - 44 - 98 128 163 251 357 
10 - - - - - - 35 - 79 104 132 203 288 
8 - - - - - - 18 - 41 54 69 106 !51 
6 - - - - - - 15 - 33 43 55 85 121 

4 - - - - - - 11 - 26 34 43 66 94 
3 - - - - - - 10 - 23 30 38 58 83 
2 - - - - - - 9 - 20 26 33 50 72 
I - - - - - - 6 - 13 17 21 33 47 

1/0 - - - - - - 5 - 11 15 19 29 41 
2/0 - - - - - - 4 - 10 13 16 25 36 
3/0 - - - - - - 4 - 8 11 14 22 31 
4/0 - - - - - - 3 - 7 9 12 18 26 

250 - - - - - - 2 - 5 7 9 14 20 
300 - - - - - - I - 5 6 8 12 17 
350 - - - - - - I - 4 5 7 11 16 
400 - - - - - - I - 4 5 6 10 14 
500 - - - - - - 1 - 3 4 5 9 12 

600 - - - - - - I - 3 3 4 7 10 
700 - - - - - - I - 2 3 4 6 9 
750 - - - - - - I - 2 3 4 6 9 
800 - - - - - - I - 2 3 4 6 8 
900 - - - - - - I - 1 2 3 5 7 

1000 - - - - - - 1 - I 2 3 5 7 
1250 - - - - - - I - 1 I 2 3 5 
1500 - - - - - - 0 - I I I 3 4 
1750 - - - - - - 0 - I 1 I 3 4 
2000 - - - - - - 0 - 1 I 1 2 3 

TW, THHW, THW, 14 - - - - - - Ill - 250 327 415 638 907 
THW-2 12 - - - - - - 85 - 192 251 319 490 696 

10 - - - - - - 63 - 143 187 238 365 519 
8 - - - - - - 35 - 79 104 132 203 288 

RHH*, RHW*, RHW-2* 14 - - - - - - 74 - 166 217 276 424 603 
12 - - - - - - 59 - 134 175 222 341 485 
10 - - - - - - 46 - 104 136 173 266 378 
8 - - - - - - 28 - 62 81 104 !59 227 

TW, THW, THHW, 6 - - - - - - 21 - 48 62 79 122 173 
THW-2, RHH*, 4 - - - - - - 16 - 36 46 59 91 129 
RHW*, RHW-2* 3 - - - - - - 13 - 30 40 51 78 Ill 

2 - - - - - - 11 - 26 34 43 66 94 
1 - - - - - - 8 - 18 24 30 46 66 

1/0 - - - - - - 7 - 15 20 26 40 56 
2/0 - - - - - - 6 - 13 17 22 34 48 
3/0 - - - - - - 5 - 11 14 18 28 40 
4/0 - - - - - - 4 - 9 12 15 24 34 

250 - - - - - - 3 - 7 10 12 19 27 
300 - - - - - - 3 - 6 8 II 17 24 
350 - - - - - - 2 - 6 7 9 15 21 
400 - - - - - - 2 - 5 7 8 13 19 
500 - - - - - - I - 4 5 7 II 16 

(continues) 
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Annex C: Tables ANNEXC 

TABLE C.13 Continued 

Conductor . Trade Size (Metric Designator) 

Size(AWG/ * y, % 1 1¥.1 1¥2 2 2¥2 3 3¥2 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - - - - - - 1 - 3 4 6 9 13 
700 - - - - - - 1 - 3 4 5 8 11 
750 - - - - - - 1 - 3 4 5. 7 11 
800 - - - - - - 1 - 3 3 4 7 10 
900 - - - - - - 1 - 2 3 4 6 9 

1000 - - - - - - 1 - 2 3 4 6 8 
1250 - - - - - - 1 - 1 2 3 4 6 
1500 - - - - - - 1 - 1 1 2 4 6 
1750 - - - - - - 1 - 1 1 2 3 5 
2000 - - - - - - 0 - 1 1 1 3 4 

THHN,THWN, 14 - - - - - - 159 - 359 468 595 915 1300 
THWN-2 12 - - - - - - 116 - 262 342 434 667 948 

10 - - - - - - 73 - 165 215 274 420 597 
8 - - - - - - 42 - 95 124 158 242 344 
6 - - - - - - 30 - 68 89 114 175 248 

4 - - - - - - 19 - 42 55 70 107 153 
3 - - - - - - 16 - 36 46 59 91 129 
2 - - - - - - 13 - 30 39 50 76 109 
1 - - - - - - 10 - 22 29 37 57 80 

1/0 - - - - - - 8 - 18 24 31 48 68 
2/0 - - - - - - 7 - 15 20 26 40 56 
3/0 - - - - - - 5 - 13 17 21 33 47 
4/0 - - - - - - 4 - 10 14 18 27 39 

250 - - - - - - 4 - 8 11 14 22 31 
300 - - - - - - 3 - 7 10 12 19 27 
350 - - - - - - 3 - 6 8 11 17 24 
400 - - - - - - 2 - 6 7 10 15 21 
500 - - - - - - 1 - 5 6 8 12 18 

600 - - - - - - 1 - 4 5 6 10 14 
700 - - - - - - 1 - 3 4 6 9 12 
750 - - - - - - 1 - 3 4 5 8 12 
800 - - - - - - 1 - 3 4 5 8 11 
900 - - - - - - 1 - 3 3 4 7 10 
1000 - - - - - - 1 - 2 3 4 6 9 

FEP, FEPB, PFA, PFAH, 14 - - - - - - 155 - 348 454 578 887 1261 
TFE 12 - - - - - - 113 - 254 332 422 648 920 

10 - - - - - - 81 - 182 238 302 465 660 
8 - - - - - - 46 - 104 136 173 266 378 

6 - - - - - - 33 - 74 97 123 189 269 
4 - - - - - - 23 - 52 68 86 132 188 
3 - - - - - - 19 - 43 56 72 110 157 
2 - - - - - - 16 - 36 46 59 91 129 

PFA, PFAH, TFE 1 - - - - - - 11 - 25 32 41 63 90 

PFA, PFAH, TFE, Z 1/0 - - - - - - 9 - 20 27 34 53 75 
2/0 - - - - - - 7 - 17 22 28 43 62 
3/0 - - - - - - 6 - 14 18 23 36 51 
4/0 - - - - - - 5 - 11 15 19 29 42 

z 14 - - - - - - 186 - 419 547 696 1069 1519 
12 - - - - - - 132 - 297 388 494 759 1078 
10 - - - - - - 81 - 182 238 302 465 660 
8 - - - - - - 51 - 115 150 191 294 417 
6 - - - - - - 36 - 81 105 134 206 293 

(contmues) 
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TABLE C.l3 Continued 

Conductor Trade Size (Metric Designator) . 

Size (AWG/ y, y, y. 1 1¥.! Ph 2 2Vz 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

4 - - - - - - 24 - 55 72 92 142 201 
3 - - - - - - 18 - 40 53 67 104 147 
2 - - - - - - 15 - 34 44 56 86 122 
1 - - - - - - 12 - 27 36 45 70 99 

XHHW, ZW, XHHW-2, 14 - - - - - - 111 - 250 327 415 638 907 
XHH 12 - - - - - - 85 - 192 251 319 490 696 

10 - - - - - - 63 - 143 187 238 365 519 
8 - - - - - - 35 - 79 104 132 203 288 

6 - - - - - - 26 - 59 77 98 150 213 
4 - - - - - - 19 - 42 56 71 109 155 
3 - - - - - - 16 - 36 47 60 92 131 
2 - - - - - - 13 - 30 39 50 77 110 

XHHW, XHHW-2, XHH 1 - - - - - - 10 - 22 29 37 58 82 

1/0 - - - - - - 8 - 19 25 31 48 69 
2/0 - - - - - - 7 - 16 20 26 40 57 
3/0 - - - - - - 6 - 13 17 22 33 47 
410 - - - - - - 5 - 11 14 18 27 39 

250 - - - - - - 4 - 9 11 15 22 32 
300 - - - - - - 3 - 7 10 12 19 28 
350 - - - - - - 3 - 6 8 11 17 24 
400 - - - - - - 2 - 6 8 10 15 22 
500 - - - - - - 1 - 5 6 8 12 18 
600 - - - - - - 1 - 4 5 6 10 14 
700 - - - - - - 1 - 3 4 6 9 12 
750 - - - - - - 1 - 3 4 5 8 12 
800 - - - - - - I - 3 4 5 8 11 
900 - - - - - - 1 - 3 3 4 7 10 

1000 - - - - - - 1 - 2 3 4 6 9 
1250 - - - - - - I - 1 2 3 5 7 
1500 - - - - - - 1 - 1 I 3 4 6 
1750 - - - - - - 1 - 1 1 2 4 5 
2000 - - - - - - 0 - 1 1 1 3 5 

FIXTURE WIRES 

RFH-2, FFH-2, RFHH-2 18 - - - - - - 107 - 240 313 398 612 869 
16 - - - - - - 90 - 202 264 336 516 733 

SF-2, SFF-2 18 - - - - - - 134 - 303 395 502 772 1096 
16 - - - - - - 111 - 250 327 415 638 907 
14 - - - - - - 90 - 202 264 336 516 733 

SF-1, SFF-1 18 - - - - - - 238 - 536 699 889 1366 1940 

RFH-1, TF, TFF, XF, 18 - - - - - - 176 - 396 516 656 1009 1433 
XFF 16 - - - - - - 142 - 319 417 530 814 1157 

XF,XFF 14 - - - - - - 111 - 250 327 415 638 907 

TFN,TFFN 18 - - - - - - 281 - 633 826 1050 1614 2293 
16 - - - - - - 215 - 484 631 802 1233 1751 

PF, PFF, PGF, PGFF, 18 - - - - - - 267 - 600 783 996 1530 2174 
PAF, PTF, PTFF, 16 - - - - - - 206 - 464 606 770 1183 1681 
PAFF 14 - - - - - - 155 - 348 454 578 887 1261 

ZF,ZFF,ZHF 18 - - - - - - 344 - 774 1010 1284 1973 2802 
16 - - - - - - 254 - 571 745 947 1455 2067 
14 - - - - - - 186 - 419 547 696 1069 1519 

(continues) 
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TABLE C.13 Continued 

Conductor Trade Size (Metric Designator) 

Size (AWG/ % y, % 1 1¥4 lY2 2 27'2 3 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) 

KF-2, KFF-2 18 - - - - - - 516 - 1161 
16 - - - - - - 360 - 810 
14 - - - - - - 242 - 544 
12 - - - - - - 168 - 378 
10 - - - - - - Ill - 250 

KF-1, KFF-1 18 - - - - - - 596 - 1340 
16 - - - - - - 419 - 941 
14 - - - - - - 281 - 633 
12 - - - - - - 186 - 419 
10 - - - - - - 122 - 274 

XF,XFF 12 - - - - - - 59 - 134 
10 - - - - - - 46 - 104 

Notes: 
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.l2(A) should be used. 
2. Two-hour fire-rated RHH cable has ceramifiable insulation, which has much larger diameters than other RHH wires. 
Consult manufacturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 without outer covering. 

70-912 

3Vz 4 5 6 
(91) (103) (129) (155) 

1515 1926 2959 4204 
1057 1344 2064 2933 
710 903 1387 1970 
494 628 965 1371 
327 415 638 907 

1748 2222 3414 4850 
1228 1562 2399 3408 
826 1050 1614 2293 
547 696 1069 1519 
358 455 699 993 

175 222 341 485 
136 173 266 378 
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TABLE C.13(A) Maximum Number of Conductors or Fixture Wires iu Type EB, PVC Conduit 
(Based on Chapter 9: Table 1, Table 4, and Table SA) 

Conductor f-----------'Tr=ad=•:..:S::iz::•:_:(:_:M::e::tn::'c:_:D::.:e::si~g::n•=t=or:_:) _________ _ 
Size (AWG/ % Y, % 1 1Y. 1Y, 2 2Y, 3 3Y, 4 5 6 

Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

COMPACT CONDUCTORS 

THW, THW-2, THHW 8 - - - - - - 30 - 68 89 113 174 247 
6 - - - - - - 23 - 52 69 87 134 191 
4 - - - - - - 17 - 39 51 65 100 143 
2 - - - - - - 13 - 29 38 48 74 105 
1 - - - - - - 9 - 20 26 34 52 74 

1/0 - - - - - - 8 - 17 23 29 45 64 
2/0 - - - - - - 6 - 15 19 24 38 54 
3/0 - - - - - - 5 - 12 16 21 32 46 
4/0 - - - - - - 4 - 10 14 17 27 38 

250 - - - - - - 3 - 8 11 14 21 30 
300 - - - - - - 3 - 7 9 12 19 26 
350 - - - - - - 3 - 6 8 11 17 24 
400 - - - - - - 2 - 6 7 10 15 21 
500 - - - - - - I - 5 6 8 12 18 
600 - - - - - - 1 - 4 5 6 10 14 
700 - - - - - - 1 - 3 4 6 9 13 
750 - - - - - - I - 3 4 5 8 12 
900 - - - - - - I - 3 4 5 7 10 
1000 - - - - - - 1 - 2 3 4 7 9 

THHN,THWN, 8 - - - - - - - - - - - - -
THWN-2 6 - - - - - - 34 - 77 100 128 196 279 

4 - - - - - - 21 - 47 62 79 121 172 
2 - - - - - - 15 - 34 44 57 87 124 
1 - - - - - -· 11 - 25 33 42 65 93 

110 - - - - - - 9 - 22 28 36 56 79 
2/0 - - - - - - 8 - 18 23 30 46 65 
3/0 - - - - - - 6 - 15 20 25 38 55 
4/0 - - - - - - 5 - 12 16 20 32 45 
250 - - - - - - 4 - 10 13 16 25 35 
300 - - - - - - 4 - 8 11 14 22 31 
350 - - - - - - 3 - 7 9 12 19 27 
400 - - - - - - 3 - 6 8 11 17 24 
500 - - - - - - 2 - 5 7 9 14 20 
600 - - - - - - 1 - 4 6 7 11 16 
700 - - - - - - I - 4 5 6 10 14 
750 - - - - - - 1 - 4 5 6 9 14 
900 - - - - - - 1 - 3 4 5 8 11 

·woo - - - - - - I - 3 3 4 7 10 
XHHW, XHHW-2 8 - - - - - - 39 - 88 115 146 225 320 

6 - - - - - - 29 - 65 85 109 167 238 
4 - - - - - - 21 - 47 62 79 121 172 
2 - - - - - - 15 - 34 44 57 87 124 
1 - - - - - - 11 - 25 33 42 65 93 

1/0 - - - - - - 9 - 22 28 36 56 79 
2/0 - - - - - - 8 - 18 24 30 47 67 
3/0 - - - - - - 6 - 15 20 25 38 55 
4/0 - - - - - - 5 - 12 16 21 32 46 

250 - - - - - - 4 - 10 13 17 26 37 
300 - - - - - - 4 - 8 11 14 22 31 
350 - - - - - - 3 - 7 10 12 19 28 
400 - - - - - - 3 - 7 9 11 17 25 
500 - - - - - - 2 - 5 7 9 14 20 

(continues) 
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TABLE C.13(A) Continued 

Conductor Trade Size (Metric Designator) 

Size(AWG/ jl, y, y. 1 17'4 lllz 2 2Yz 3 3Yz 4 5 6 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) (103) (129) (155) 

600 - - - - - - I - 4 6 7 11 16 
700 - - - - - - I - 4 5 6 10 14 
750 - - - - - - I - 3 5 6 9 13 
900 - - - - - - I - 3 4 5 8 11 
1000 - - - - - - I - 3 4 5 7 10 

Definition: Compact stranding is the result of a manufacturing process where the stranded conductor is compressed to the extent that the interstices (voids between 
strand wires) are virtually eliminated. 
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Annex D Examples 

This injomzative annex is not a part of the requirements of this 
NFPA document but is included for informational purposes only. 

Selection of Conductors. In the following examples, the 
results are generally expressed in amperes (A). To select con­
ductor sizes, refer to the 0 through 2000 volt (V) ampacity 
tables of Article 310 and the rules of 310.15 that pertain to these 
tables. 

Voltage. For uniform application of Articles 210, 215, and 
220, a nominal voltage of 120, 120/240, 240, and 208Y/120 V 
is used in calculating the ampere load on the conductor. 

Fractions of an Ampere. Except where the calculations 
result in a major fraction of an ampere (0.5 or larger), such frac­
tions are pe1mitted to be dropped. 

Power Factor. Calculations in the following examples are 
based, for convenience, on the assumption that all loads have 
the same power factor (PF). 

Ranges. For the calculation of the range loads in these exam­
ples, Column C of Table 220.55 has been used. For optional 
methods, see Columns A and B of Table 220.55. Except where 
the calculations result in a major fraction of a kilowatt (0.5 or 
larger), such fractions are permitted to be dropped. 

SI Units. For metric conversions, 0.093 m2 = 1 ft2 and 
0.3048 m = 1 ft. 

Example Dl(a) One-Family Dwelling 

The dwelling has a floor area of 1500 ft2, exclusive of an unfin­
ished cellar not adaptable for future use, unfinished attic, and 
open porches. Appliances are a 12-kW range and a 5.5-kW, 
240-V dryer. Assume range and dryer kW ratings equivalent to 
kVA ratings in accordance with 220.54 and 220.55. 

Calculated Load (see 220.40) 

General Lighting Load 1500 ft2 at 3 VNft2 = 4500 VA 

Minimum Nnmber of Branch Circuits Required [see 
210.ll(A)} 

General Lighting Load: 4500 VA 7 120 V = 38 A 

This requires three 15-A, 2-wire or two 20-A, 2-wire circuits. 

Small-Appliance Load: Two 2-wire, 20-A circuits [see 
210.ll(C)(l)] 

Laundry Load: One 2-wire, 20-A circuit [see 210.ll(C)(2)} 

Bathroom Branch Circuit: One 2-wire, 20-A circuit (no 
additional load calculation is required for this circuit) [see 

210.ll(C)(3)} 
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Minimnm Size Feeder Required [see 220.40} 

General Lighting 
Small Appliance 
Laundry 

3000 VA at 100% 
Total 

9000 VA- 3000 VA= 6000 VA at 35% 

Range (see Table 220.55) 

Dryer Load (see Table 220.54) 

Net Load 

Net Calculated Load 

· 4,500VA 
3,000VA 
1,500VA 
9,000VA 
3,000VA 
2,100VA 
5,100VA 
8,000VA 
5,500VA 

18,600VA 

Net Calculated Load for 120/240-V, 3-wire, single-phase 
service or feeder 

18,600 VA 7 240 V = 78 A 

Sections 230.42(B) and 230.79 require service conductors 
and disconnecting means rated not less than 100 amperes. 

Calculation for Neutral for Feeder and Service 

Lighting and Small-Appliance Load 
Range: 8000 VA at 70% (see 220.61) 

Dryer: 5500 VA at 70% (see 220.61) 

5,100VA 
5,600VA 
3,850VA 

Total 14,550VA 

Calculated Load for Neutral 

14,550 VA 7 240 V = 61 A 

Example Dl(b) One-Family Dwelling 

Assume same conditions as Example No. Dl(a), plus addition 
of one 6-A, 230-V, room air-conditioning unit and one 12-A, 
115-V, room air-conditioning unit,* one 8-A, 115-V, rated 
waste disposer, and one 10-A, 120-V, rated dishwasher. See 
Article 430 for general motors and Article 440, Part Vll, for 
air-conditioning equipment. Motors have nameplate ratings of 
115 V and 230 V for use on 120-V and 240-V nominal voltage 
systems. 

*(For feeder neutral, use larger of the two appliances for 
unbalance.) 
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From Example D1(a), feeder current is 78 A (3-wire, 240 V). 

LineA Neutral LineB 
Amperes from Example Dl(a) 78 61 78 
One 230-V air conditioner 6 6 
One 115-V air conditioner and 12 12 10 

120-V dishwasher 
One 115-V disposer 8 8 
25% of largest motor (see 430.24) 3 3 2 
Total amperes per conductor 99 84 104 

Therefore, the service would be rated 110 A. 

Example D2(a) Optional Calculation for One-Family 
Dwelling, Heating Larger Than Air Conditioning 

(see 220.82) 
The dwelling has a floor area of 1500 ft2, exclusive of an unfin­
ished cellar not adaptable for future use, unfinished attic, and 
open porches. It has a 12-kW range, a 2.5-kW water heater, 
a 1.2-kW dishwasher, 9 kW of electric space heating installed 
in five rooms, a 5-kW clothes dryer, and a 6-A, 230-V, room 
air-conditioning unit. Assume range, water heater, dishwasher, 
space heating, and clothes dryer kW ratings equivalent to kVA. 

Air Conditioner k VA Calculation 
6 A X 230 v 7 !000 = 1.38 kVA 

This 1.38 kVA [item l from 220.82(C)] is less than 40% of 
9 kVA of separately controlled electric heat [item 6 from 
220.82(C)], so the 1.38 kVA need not be included in the service 
calculation. 

General Load 

1500 ft2 at 3VA 
Two 20-A appliance outlet circuits at 1500 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
Dishwasher 
Clothes dryer 

Total 

Application of Demand Factor [see 220.82(B)] 

First 10 kVA of general load at 100% 
Remainder of general load at 40% 

(19.7 kVA X 0.4) 
Total of general load 

9 kVA of heat at 40% (9000 VA x 0.4) = 

Calculated Load for Service Size 

21.48 kVA = 21,480 VA 

21,480 VA 7 240 V = 90 A 

Total 

4,500VA 
3,000VA 
1,500VA 

12,000VA 
2,500VA 
1,200VA 
5,000VA 

29,700VA 

10,000VA 
7,880VA 

17,880VA 
3,600VA 

21,480VA 

Therefore, the minimum service rating would be 100 A in 
accordance with 230.42 and 230.79. 
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Feeder Neutral Load in Accordance with 220.61 

1500 ft2 at 3VA 
Three 20-A circuits at 1500VA 

Total 
3000VA at 100% 
9000VA- 3000 VA= 6000VA at 35% 

Subtotal 
Range: 8 kVA at 70% 
Clothes dryer: 5 k VA at 70% 
Dishwasher 

Total 

Calculated Load for Neutral 

15,400 VA 7 240 V= 64 A 

4,500VA 
4,500VA 
9,000VA 
3,000VA 
2,100VA 
5,100VA 
5,600VA 
3,500VA 
1,200VA 

15,400VA 

Example D2(b) Optional Calculation for One-Family 
Dwelling, Air Conditioning Larger Than Heating 

[see 220.82(A) and 220.82(C)] 
The dwelling has a floor area of 1500 ft2, exclusive of an unfin­
ished cellar not adaptable for future use, unfinished attic, and 
open porches. It has two 20-A small appliance circuits, one 
20-A laundry circuit, two 4-kW wall-mounted ovens, one 
5.1-kW counter-mounted cooking unit, a 4.5-kW water heater, 
a 1.2-kW dishwasher, a 5-kW combination clothes washer 
and dryer, six 7-A, 230-V room air-conditioning units, and a 
1.5-kW permanently installed bathroom space heater. Assume 
wall-mounted ovens, counter-mounted cooking unit, water 
heater, dishwasher, and combination clothes washer and 
dryer kW ratings equivalent to kVA. 

Air Conditioning k VA Calcnlation 
Total amperes = 6 units x 7 A= 42 A 

42 Ax 240 V 7 1000 = !0.08 kVA (assume PF = 1.0) 

Load Included at 100% 
Air Conditioning: Included below [see item 1 in 220.82(C)] 

Space Heater: Omit [see item 5 in 220.82(C)] 

General Load 

1500 ft2 at 3VA 
Two 20-A small-appliance 

circuits at 1500 VA each 
Laundry circuit 
Two ovens 
One cooking unit 
Water heater 
Dishwasher 
Washer/dryer 

First 10 kVA at 100% 
Total general load 

Remainder at 40% (22.8 kVA x 0.4 x 1000) 
Subtotal general load 

Air conditioning 

Total 

4,500VA 
3,000VA 

1,500VA 
8,000VA 
5,100VA 
4,500VA 
1,200VA 
5,000VA 

32,800VA 
10,000VA 
9,120VA 

19,120VA 
10,080VA 
29,200VA 
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Calculated Load for Service 

29,200 VA 7 240 V = 122 A (service rating) 

Feeder Neutral Load, in accordance with 220.61 
Assume that the two 4-kVA wall-mounted ovens are supplied 
by one branch· circuit, the 5.1-kVA counter-mounted cooking 
unit by a separate circuit. 

1500 ft2 at 3 VA 
Three 20-A circuits at 1500VA 

3000 VA at 100% 
9000 VA- 3000 VA= 6000 VA at 35% 

Subtotal 

Subtotal 

4,500VA 
4,500VA 
9,000VA 
3,000VA 
2,100VA 
5,100VA 

Two4-kVA ovens plus one 5.1-kVAcookingunit= 13.1 kVA. 
Table 220.55 permits 55% demand factor or 13.1 kVA x 0.55 = 
7.2 k VA feeder capacity. 

Subtotal from above 5,100VA 
Ovens and cooking unit: 7200 VA x 70% for neutral 5,040VA 

load 
Clothes washer/dryer: 5 kVA x 70% for neutral load 3,500VA 
Dishwasher 1,200VA 

Calculated Load for Neutral 
14,840 VA 7 240 V = 62 

Total 14,840VA 

Example D2( c) Optional Calculation for One-Family 
Dwelling with Heat Pump (Single-Phase, 240/120-Volt 

Service) 

(see 220.82) 
The dwelling has a floor area of2000 ft2, exclusive of an unfin­
ished cellar not adaptable for future use, unfinished attic, and 
open porches. It has a 12-kW range, a 4.5-kW water heater, a 
1.2-kW dishwasher, a 5-kW clothes dryer, and a 210-ton (24-A) 
heat pump with 15 kW of backup heat 

Heat Pump kVA Calculation 
24 A X 240 v 7 1000 = 5.76 kVA 

This 5.76 kVA is less than 15 kVA of the backup heat; therefore, 
the heat pump load need not be included in the service calcula­
tion [see 220.82(C)}. 

General Load 

2000 ft2 at 3VA 
Two 20-A appliance outlet circuits at 1500 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
Dishwasher 
Clothes dryer 

First 10 kVA at 100% 
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Subtotal general load 

6,000VA 
3,000VA 
1,500VA 

12,000VA 
4,500VA 
1,200VA 
5,000VA 

33,200VA 
10,000VA 

(continues) 

Remainder of general load at 40% 
(23,200 VA x 0.4) 

Total net general load 

Heat Pump and Supplementary Heat* 
240 v X 24 A= 5760VA 

15 kW Electric Heat: 

9,280VA 

19,280VA 

5760 VA + (15,000 VA x 65%) = 5.76 kVA + 9.75 kVA 
= 15.51 kVA 

*lf supplementary heat is not on at same time as heat 
pump, heat pump k VA need not be added to total. 

Totals 
Net general load 
Heat pump and supplementary heat 

Calculated Load for Service 

34.79 kVA X 1000 7 240 v = 145 A 

Total 

19,280VA 
15,510VA 
34,790VA 

Therefore, this dwelling unit would be permitted to be served 
by a 150-A service. 

Example D3 Store Building 

A store 50ft by 60 ft, or 3000 ft2, has 30ft of show window. 
There are a total of 80 duplex receptacles. The service is 
120/240 V, single phase 3-wire service. Actual connected light­
ing load is 8500 VA. 

Calculated Load (see 220.40) 

Noncontinuous Loads 
Receptacle Load (see 220.44) 
80 receptacles at 180 VA 
10,000 VA at 100% 
14,400 VA- 10,000 VA= 4400 at 50% 

Continuous Loads 
General Lighting* 
3000 ft2 at 3 V A/ft2 
Show Window Lighting Load 
30ft at 200 VA/ft [see 220.14(0)] 
Outside Sign Circuit [see 220.14(F)] 

Subtotal 

Subtotal 
Subtotal from noncontinuous 

Total noncontinuous loads + 

14,400VA 
IO,OOOVA 
2,200VA 

12,200VA 

9,000VA 

6,000VA 
1,200VA 

16,200VA 
12,200VA 

continuous loads= 28,400VA 

*In the example, the actual connected lighting load (8500 VA) 
is less than the load from Table 220.12, so the minimum light­
ing load from Table 220.12 is used in the calculation. Had the 
actual lighting load been greater than the value calculated from 
Table 220.12, the actual connected lighting load would have 
been used. 
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Minimum Number of Branch Circuits Required 
General Lighting: Branch circuits need only be installed to sup­
ply the actual connected load [see 210.1l(B)]. 

8500 VA x 1.25 = 10,625 VA 

10,625 VA+ 240 V = 44 A for 3-wire, 120/240 V 

The lighting load would be permitted to be served by 2-wire 
or 3-wire, 15- or 20-A circuits with combined capacity equal 
to 44 A or greater for 3-wire circuits or 88 A or greater for 
2-wire circuits. The feeder capacity as well as the number of 
branch-circuit positions available for lighting circuits in the 
pane!board must reflect the full calculated load of 9000 VA x 
1.25 = 11,250 v A. 

Show Window 

6000 VA x 1.25 = 7500 VA 

7500 VA+ 240 V = 31 A for 3-wire, 120/240 V 

The show window lighting is permitted to be served by 
2-wire or 3-wire circuits with a capacity equal to 31 A or greater 
for 3-wire circuits or 62 A or greater for 2-wire circuits. 

Receptacles required by 210.62 are assumed to be included 
in the receptacle load above if these receptacles do not supply 
the show window lighting load. 

Receptacles 
Receptacle Load: 14,400 VA + 240 V = 60 A for 3-wire, 
120/240 v 

The receptacle load would be permitted to be served by 
2-wire or 3-wire circuits with a capacity equal to 60 A or greater 
for 3-wire circuits or 120 A or greater for 2-wire circuits. 

Minimum Size Feeder (or Service) Overcurrent Protection 
(see 215.3 or 230.90) 

Subtotal noncontinuous loads 
Subtotal continuous load at 125% 

(16,200 VA x 1.25) 

32,450 VA+ 240 V = 135 A 

Total 

The next higher standard size is -150 A (see 240.6). 

12,200VA 
20,250VA 

32,450VA 

Minimum Size Feeders (or Service Conductors) Required 
[see 215.2, 230.42(A)] 
For 120/240 V, 3-wire system, 32,450 VA+ 240 V = 135 A 
Service or feeder conductor is 110 Cu in accordance with 215.3 
and Table 310.15(B)(16) (with 750C terntinations). 
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Example D3(a) Industrial Feeders in a Common 
Raceway 

An industrial multi-building facility has its service at the rear of 
its main building, and then provides480Y/277-volt feeders to 
additional buildings behind the main building in order to seg­
regale certain processes. The facility supplies its remote build­
ings through a partially enclosed access corridor that extends 
from the main switchboard rearward along a path that provides 
convenient access to services within 15 m (50ft) of each addi­
tional building supplied. Two building feeders share a common 
raceway for approximately 45 m (!50ft) and run in the access 
corridor along with process steam and control and communica­
tions cabling. The steam raises the ambient temperature around 
the power raceway to as much as 35°C. At a tee fitting, the indi­
vidual building feeders then run to each of the two buildings 
involved. The feeder neutrals are not connected to the equipment 
grounding conductors in the remote buildings. All distribution 
equipment terntinations are listed as being suitable for 75°C 
connections. Each of the two buildings has the following loads: 

Lighting, 11,600 VA, comprised of electric-discharge lumi­
naires connected at 277 V 

Receptacles, 22 125-volt, 20-ampere receptacles on gener­
al-purpose branch circuits, supplied by separately derived sys­
tems in each of the buildings 

I Air compressor, 460 volt, three phase, 5 hp 

I Grinder, 460 volt, three phase, 1.5 hp 

3 Welders, AC transformer type (nameplate: 23 amperes, 
480 volts, 60 percent duty cycle) 

3 Industrial Process Dryers, 480 volt, three phase,!5 kW 
each (assume continuous use throughout certain shifts) 

Determine the overcurrent protection and conductor size 
for the feeders in the common raceway, assuming the use of 
XHHW-2 insulation (90°C): 

Calculated Load {Note: For reasonable precision, volt­
ampere calculations are carried to three significant figures only; 
where loads are converted to amperes, the results are rounded to 
the nearest ampere [see 220.5(B)]}. 

Noncontinuous Loads 
Receptacle Load (see 220.44) 
22 receptacles at 180 VA 
Welder Load [see 630.1l(A), 

Table 630.1l(A)] 
Each welder: 480V x 23A x 0.78 = 

8,610VA 
All3 welders [see 630.1l(B)] 

(demand factors 100%, 100%, 
85% respectively) 

8,610VA + 8,610 VA+ 7,320 VA= 
Subtotal, Noncontinuous Loads 
Motor Loads (see 430.24, 

Table 430.250) 

3,960VA 

24,500VA 
28,500VA 

(cOntinues) 
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Air compressor: 7.6 Ax 480 V x ~3 = 6,310 VA 
Grinder: 3 A x 480 V x ~3 = 2,490 VA 
Largest motor, additional25%: 1,580 VA 
Subtotal, Motor Loads 10,400 VA 
By using 430.24, the motor loads and the noncontinuous loads 

can be combined for the remaining calculation. 
Subtotal for load calculations, 

Noncontinuous Loads 
Continuous Loads 
General Lighting 
3 Industrial Process Dryers 

Subtotal, Continuous Loads: 

Overcurrent protection (see 215.3) 

15 kW each 

38,900VA 

11,600VA 
45,000 VA 
56,600VA 

The overcurrent protective device must accommodate 125% of 
the continuous load, plus the noncontinuous load: 

Continuous load 
Noncontinuous load 
Subtotal, actual load [actual load in amperes] 

[99,000 VA 7 (480V x ~3) = 119 A] 
(25% of 56,600 VA) (See 215.3) 
Total VA 
Conversion to amperes using three significant figures: 

109,700 VA I (480V x ~3) = 132 A 
Minimum size overcunent protective device: 132 A 

56,600VA 
38,900VA 
95,SOOVA 

14,200VA 
109,700VA 

Minimum standard size overcurrent protective device (see 240.6): 
150 amperes 

Where the overcurrent protective device and its assembly are 
listed for operation at 100 percent of its rating, a 125 ampere 
overcurrent protective device would be permitted. However, 
overcurrent protective device assemblies listed for 100 percent 
of their rating are typically not available at the 125-ampere rat­
ing. (See 215.3 Exception.) 

Ungrounded Feeder Conductors 
The conductors must independently meet requirements for (1) ter­
minations, and (2) conditions of use throughout the raceway run. 

Minimum size conductor at the overcurrent device termi­
nation [see 110.14(C) and 215.2(A)(l), using 75°C ampacity 
column in Table 310.15(B)(16)]: 110 AWG. 

Minimum size conductors in the raceway based on actual 
load [see Article 100, Ampacity, and 310.15(B)(3)(a) and cor­
rection factors to Table 310.15(B)( 16)]: 

95,500VAI0.710.96= 142,000VA 

[70% = 310.15(B)(3)(a)] & [0.96 =Correction factors 
to Table 310.15(B)(16)] 

Conversion to amperes: 
142,000 VA I (480V x ~3) = 171 A 

Note that the neutral conductors are counted as current­
carrying conductors [see 310.15(B)(5)(c)] in this example 
because the discharge lighting has substantial nonlinear con­
tent. This requires a 210 AWG conductor based on the 90°C col­
umn of Table 310.15(B)(l6). Therefore, the worst case is given 
by the raceway conditions, and 210 AWG conductors must be 
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used. If the utility corridor were at normal temperatures [(30°C 
(86°F)], and if the lighting at each building were supplied from 
the local separately derived system (thus requiring no neu­
trals in the supply feeders), the raceway result (95,500 VA I 
0.8 = 119,000 VA; 119,000 VA I (480V x ~3) = 143 A, or a 
1 AWG conductor @ 90°C) could not be used, because the ter, 
ruination result (110 AWG) based on the 75°C column of Table 
310.15(B)(l6) would become the worst case, requiring the 
larger conductor. 

In every case, the overcurrent protective device shall provide 
overcurrent protection for the feeder conductors in accordance 
with their ampacity as provided by this Code( see 240.4). A 90°C 
210 AWG conductor has a Table 310.15(B)(l6) ampacity of 195 
amperes. Adjusting for the conditions of use (35°C ambient tem­
perature, 8 current-carrying conductors in the common raceway), 

195 amperes x 0.96 x 0.7 = 131 A 

The !50-ampere circuit breaker protects the 210 AWG feeder 
conductors, because 240.4(B) permits the use of the next higher 
standard size overcurrent protective device. Note that the feeder 
layout precludes the application of 310.15(A)(2) Exception. 

Feeder Neutral Conductor (see 220.61) 

Because 210.11(B) does not apply to these buildings, the 
load cannot be assumed to be evenly distributed across phases. 
Therefore the maximum imbalance must be assumed to be the 
full lighting load in this case, or 11,600 VA. (11,600 VA/277V 
= 42 amperes.) The ability of the neutral to return fault current 
[see 250.32(B) Exception(2)] is not a factor in this calculation. 

Because the neutral runs between the main switchboard 
and the building panelboard, likely terminating on a busbar at 
both locations, and not on overcurrent devices, the effects of 
continuous loading can be disregarded in evaluating its termi­
nations [see 215.2(A)(1) Exception No.2]. That calculation is 
(11,600 VA + 277V) = 42 amperes, to be evaluated under the 
75°C column of Table 310.15(B)(l6). The minimum size of the 
neutral might seem to be 8 AWG, but that size would not be 
sufficient to be depended upon in the event of a line-to-neutral 
short circuit [see 215.2(A)(1), second paragraph]. Therefore, 
since the minimum size equipment grounding conductor for a 
150 ampere circuit, as covered in Table 250.122, is 6 AWG, that 
is the minimum neutral size required for this feeder. 

Example D4(a) Multifamily Dwelling 

A multifamily dwelling has 40 dwelling uni.ts. 
Meters are in two banks of 20 each with individual feeders to 
each dwelling unit. 
One-half of the dwelling units are equipped with electric ranges 
not exceeding 12 kW each. Assume range kW rating equivalent 
to kVA rating in accordance with 220.55. Other half of ranges 
are gas ranges. 
Area of each dwelling unit is 840 ft2 
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Laundry facilities on premises are available to all tenants. Add 
no circuit to individual dwelling unit. 

Calculated Load for Each Dwelling Unit . (see Article 220) 
General Lighting: 840 ft2 at 3 VNft2 = 2520 VA 
Special Appliance: Electric range (see 220.55) = 8000 VA 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit [see 210.ll(A)] 
General Lighting Load: 2520 VA 7 120 V = 21 A or two 15-A, 
2-wire circuits; or two 20-A, 2-wire circuits 
Small-Appliance Load: Two 2-wire circuits of 12 AWG wire 
[see 210.ll(C)(1)] 
Range Circuit: 8000 VA 7 240 V = 33 A or a circuit of two 
8 AWG conductors and one 10 AWG conductor in accordance 
with 210.19(A)(3) 

Minimum Size Feeder Required for Each Dwelling Unit (see 
215.2) 

Calculated Load (see Article 220): 
General Lighting 
Small Appliance (two 20-ampere circuits) 

Subtotal Calculated Load (without ranges) 

Application of Demand Factor (see Table 220.42) 

2,520VA 
3,000VA 
5,520VA 

First 3000 VA at 100% 3,000VA 
5520 VA- 3000 VA= 2520 VA at 35% 882VA 

Net Calculated Load (without ranges) 3,882VA 
Range Load 8,000VA 

Net Calculated Load (with rauges) 1!,882VA 

Size of Each Feeder (see 215.2) 
For 120/240-V, 3-wire system (without ranges) 
Net calculated load of3882 VA 7 240 V = 16 A For 120/240-V, 
3-wire system (with ranges) 
Net calculated load, 11,882 VA 7 240 V =50 A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range Load: 8000 VA at 70% (see 220.61) 

3,882VA 
5,600VA 

(only for apartments with electric range) 5,600VA 
Net Calculated Load (neutral) 9,482VA 

Calculated Load for Neutral 

9482 VA 7 240 V = 39.5 A 

Minimum Size Feeders Required from Service Equipment 
to Meter Bank (For 20 Dwelling Units- 10 with Ranges) 

Total Calculated Load: 
Lighting and Small Appliance 

20 units x 5520 VA 
Application of Demand Factor 

First 3000 VA at 100% 

110,400VA 

110,400 VA- 3000 VA= 107,400 VA at 35% 
3,000VA 

37,590VA 
Net Calculated Load 40,590VA 

Rauge Load: 10 ranges (not over 12 kVA) (see Col. C, 25,000VA 
Table 220.55,25 kW) 

Net Calculated Load (with ranges) 65,590VA 
Net calculated load for 120/240-V, 3-wire system, 

65,590 VA 7 240 V = 273 A 

Feeder Neutral 

Lighting aud Small-Appliance Load 40,590VA 
Range Load: 25,000 VA at 70% [see 220.61(B)} 17,500VA 

Calculated Load (neutral) 58,090VA 

Calculated Load for Neutral 

58,090 VA 7 240 V = 242 A 

Further Demand Factor [220.61(B)] 

200 A at 100% 200 A 
242 A-200 A= 42 A at 70% 29 A 

Net Calculated Load (neutral) 229 A 

Minimum Size Main Feeders (or Service Conductors) 
Required (Less House Load) (For 40 Dwelling Units - 20 
with Ranges) 

Total Calculated Load: 
Lighting and Small-Appliance Load 

40 units x 5520 VA 220,800VA 

Application of Demand Factor (from Table 220.42) 

First 3000 VA at I 00% 
Next 120,000 VA- 3000 VA= 117,000 VA at 35% 
Remainder 220,800 VA -120,000 VA= 100,800 VA 

at25% 
Net Calculated Load 

Rauge Load: 20 ranges (less than 12 kVA) 
(see Col. C, Table 220.55) 

Net Calculated Load 
For 120/240-V, 3-wire system 

3,000VA 
40,950VA 
25,200VA 

69,150VA 

35,000VA 
104,150VA 

Net calculated load of 104,150 VA 7 240 V = 434 A 

Feeder Neutral 

Lighting and Small-Appliance Load 69,!50VA 
Range: 35,000 VA at 70% [see 220.61(B)] 24,500VA 

Calculated Load (neutral) 93,650VA 

93,650 VA 7 240 V = 390 A 

Further Demand Factor [see 220.61(B) 

200Aat 100% 
390 A-200 A= 190 A at 70% 

Net Calculated Load (neutral) 

200A 
133A 
333A 

[See Table 310.15(B)(16) through Table 310.15(B)(21), and 
310.15(B)(2), (B)(3), and (B)(5).] 
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Example D4(b) Optional Calculation for Multifamily 
Dwelling 

A multifamily dwelling equipped with electric cooking and 
space heating or air conditioning has 40 dwelling units. 

Meters are in two banks of 20 each plus house metering aud 
individual feeders to each dwelling unit. 

Each dwelling unit is equipped witb an electric range of 8-kW 
nameplate rating, four 1.5-kW separately controlled 240-V elec­
tric space heaters, and a 2.5-kW, 240-V electric water heater. 
Assume range, space heater, and water heater kW ratings equiv­
alent to kVA. Calculate tbe load for tbe individual dwelling unit 
by tbe standard calculation (Part III of Article 220). 

A common laundry facility is available to all tenants [see 
210.52(F), Exception No.1]. 

Area of each dwelling unit is 840 ft2 

Calculated Load for Each Dwelling Unit (see Part II and 
Part 1I1 of Article 220) 

General Lighting Load: 
840 ft2 at 3 V A/ft2 

Electric range 
Electric heat: 6 kVA (or air conditioning 

iflarger) 
Electric water beater 

2,520VA 
8,000VA 
6,000VA 

2,500VA 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit 
General Lighting Load: 2520 VA 7 120 V = 21 A or two 15-A, 
2-wire circuits, or two 20-A, 2-wire circuits 
Small-Appliance Load: Two 2-wire circuits of 12 AWG [see 
210.ll(C)(l)] 
Range Circuit (See Table 220.55, Column B): 

8000 VA x 80% 7 240 V = 27 A on a circuit of three 

10 AWG conductors in accordance witb 210.19(A)(3) 
Space Heating: 6000 VA 7 240 V = 25 A 
Number of circuits (see 210.11) 

Minimum Size Feeder Required for Each Dwelling Unit (see 
215.2) 

Calculated Load (see Article 220): 
General Lighting 
Small Appliance (two 20-A circuits) 

Subtotal Calculated Load 
(without range and space heating) 

Application of Demand Factor 

First 3000 VA at 100% 
5520 VA- 3000 VA= 2520 VA at 35% 

Net Calculated Load 
(without range and space heating) 
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2,520VA 
3,000VA 
5,520VA 

3,000VA 
882VA 

3,882VA 

(continues) 

Range 
Space Heating (see 220.51) 

Water Heater 

Net Calculated Load (for individual dwelling unit) 

Size of Each Feeder 

For 120/240-V, 3-wire system, 

6,400VA 
6,000VA 
2,500VA 

18,782VA 

Net calculated load of 18,782 VA 7 240 V = 78 A 

Feeder Neutral (see 220.61) 

Lighting and Small Appliance 
Range Load: 6400 VA at 70% [see 220.61(B)] 
Space and Water Heating (no neutral): 240 V 

Net Calculated Load (neutral) 

Calculated Load for Neutral 

8362 VA 7 240 V = 35 A 

3,882VA 
4,480VA 

OVA 
8,362VA 

Minimum Size Feeder Reqnired from Service Equipment to 
Meter Bank (For 20 Dwelling Units) 

Total Calculated Load: 

Lighting and Small-Appliance Load 110,400VA 
20 units x 5520 VA 

Water and Space Heating Load 170,000VA 
20 units x 8500 VA 

Range Load: 20 x 8000 VA 160,000VA 
Net Calculated Load (20 dwelling units) 440,400VA 

Net Calculated Load Using Optional Calculation (see 
Table 220.84) 

440,400 VA x 0.38 167,352VA 

167,352 VA 7 240 V = 697 A 

Minimum Size Main Feeder Required (Less House Load) 
(For 40 Dwelling Uuits) 

Calculated Load: 
Lighting and Small-Appliance Load 

40 units x 5520 VA 
Water and Space Heating Load 

40 units x 8500 VA 

220,800VA 

340,000VA 

Range: 40 ranges x 8000 VA 320,000VA 
Net Calculated Load (40 dwelling units) 880,800VA 

Net Calculated Load Using Optional Calculation (see 
Table 220.84) 

880,800 VA x 0.28 = 246,624 VA 

246,624 VA 7 240 V = 1028 A 
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Feeder Neutral Load for Feeder from Service Equipment to 
Meter Bank (For 20 Dwelling Units) 

Lighting and Smali-Appliance Load 
20 units x 5520 VA 

First 3000 VA at I 00% 
I !0,400 VA- 3000 VA= !07,400 VA 

at35% 

1!0,400VA 

3,000VA 
37,590VA 

Net Calculated Load 40,590VA 
20 ranges: 35,000 VA at 70% 24,500VA 

[see Table 220.55 and 220.6I(B)] 

Total 65,090VA 

65,090 VA-;. 240 V = 271 A 

Further Demand Factor [see 220.61(B)] 

First 200 A at !00% 
Balance: 271 A- 200 A= 71 A at 70% 

200A 
50 A 

Total 250A 

Feeder Neutral Load of Main Feeder (Less House Load) 
(For 40 Dwelling Units) 

Lighting and Small-Appliance Load 
40 units x 5520 VA 

First 3000 VA at !00% 
Next 120,000VA -3000 VA= 117,000 VA at 35% 
Remainder 220,800 VA- 120,000 VA= !00,800 VA 

at25% 
Net Calculated Load 

40 ranges: 55,000 VA at 70% [see Table 220.55 and 
220.6I(B)] 

Total 

107,650 VA-;. 240 V = 449 A 

Further Demand Factor [see 220.61(B)] 

220,800VA 

3,000VA 
40,950VA 
25,200VA 

69,150VA 
38,500VA 

!07,650VA 

First 200 A at !00% 200 A 
Balance: 449-200 A= 249 A at 70% 174 A 

Total 374A 

Example DS(a) Multifamily Dwelling Served 
at 208Y /120 Volts, Three Phase 

All conditions and calculations are the same as for the multi­
family dwelling [Example D4(a)] served at 120/240 V, single 
phase except as follows: 

Service to each dwelling unit would be two phase legs and 
neutral. 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit (see 210.11) 
Range Circuit: 8000 VA 7 208 V = 38 A or a circuit of two 
8 AWG conductors and one 10 AWG conductor in accordance 
with 210.19(A)(3) 

Minimum Size Feeder Required for Each Dwelling Unit (see 
215.2) 

For 120/208-V, 3-wire system (without ranges), 
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Net calculated load of 3882 VA-;. 2legs-;. 120 V/leg = 16 A 

For 120/208-V, 3-wire system (with ranges), 

Net calculated load (range) of 8000 VA 7 208 V = 39 A 

Total load (range+ lighting)= 39 A+ 16 A= 55 A 

Reducing the neutral load on the feeder to each dwelling unit 
is not permitted [see 220.61(C)(l)]. 

Minimum Size Feeders Required from Service Equipment 
to Meter Bank (For 20 Dwelling Units- 10 with Ranges) 

For 208Y/120-V, 3-phase, 4-wire system, 

Ranges: Maximum number between any two phase legs = 4 

2 X 4 = 8. 

Table 220.55 demand= 23,000 VA 

Per phase demand= 23,000 VA 7 2 = 11,500 VA 

Equivalent 3-phase load= 34,500 VA 

Net Calculated Load (total): 

40,590 VA+ 34,500 VA= 75,090 VA 

75,090 VA-;. (208 V)(l.732) = 208 A 

Feeder Neutral Size 

Net Calculated Lighting and Appliance Load & Equivalent 
Range Load: 

40,590 VA+ (34,500 VA at 70%) = 64,700 VA 

Net Calculated Neutral Load: 

64,700 VA-;. (208 V)(l.732) = 180 A 

Minimum Size Main Feeder (Less House Load) (For 40 
Dwelling Units- 20 with Ranges) 

For 208Y/120-V, 3-phase, 4-wire system, 

Ranges: 

Maximum number between any two phase legs = 7 

2 X 7 = 14. 

Table 220.55 demand= 29,000 VA 

Per phase demand= 29,000 VA -i- 2 = 14,500 VA 

Equivalent 3-phase load= 43,500 VA 

Net Calculated Load (total): 

69,150 VA+ 43,500 VA= 112,650 VA 

112,650 VA-;. (208 V)(1.732) = 313 A 

Main Feeder Neutral Size: 

69,150 VA+ (43,500 VA at 70%) = 99,600 VA 

99,600 VA-;. (208 V)(l.732) = 277 A 

Further Demand Factor (see 220.61) 

200A at !00% 
277 A-200 A= 77 A at 70% 

Net Calculated Load (neutral) 

200.0A 
54 A 

254A 
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Example DS(b) Optional Calculation for Multifamily 
Dwelling Served at 208Y /120 Volts, Three Phase 

All conditions and calculations are the same as for Optional 
Calculation for the Multifamily Dwelling [Example D4(b)] 
served at 120/240 V, single phase except as follows: 

Service to each dwelling unit would be two phase legs and 
neutral. 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit (see 210.11) 

Range Circuit (see Table 220.55, Column B): 8000 VA at 
80%7 208 V = 31 A or a circuit of two 8 AWG conductors and 
one 10 AWG conductor in accordance with 210.19(A)(3) 

Space Heating: 6000 VA 7 208 V = 29 A 

Two 20-ampere, 2-pole circuits required, 12AWGconductors 

Minimum Size Feeder Required for Each Dwelling Unit 

120/208-V, 3-wire circuit 

Net calculated load of 18,782 VA 7 208 V = 90 A 

Net calculated load (lighting line to neutral): 

3882 VA 7 2legs 7 120 V per leg= 16 amperes 

Line to line= 14,900 VA 7 208 V = 72 A 

Total load= 16.2 A+ 71.6 A= 88 A 

Minimum Size Feeder Required for Service Equipment to 
Meter Bank (For 20 Dwelling Units) 

Net Calculated Load 

167,352 VA 7 (208 V)(l.732) = 465 A 

Feeder Neutral Load 

65,080 VA 7 (208 V)(l.732) = 181 A 

Minimum Size Main Feeder Required (Less House Load) 
(For 40 Dwelling Units) 

Net Calculated Load 

246,624 VA 7 (208 V)(l.732) = 685 A 

Main Feeder Neutral Load 

107,650 VA 7 (208 V)(l.732) = 299 A 

Further Demand Factor [see 220.61(B)] 

200A at 100% 
299 A -200 A= 99 A at 70% 

Net Calculated Load (neutral) 

200.0A 
69A 

269A 

Example D6 Maximum Demand for Range Loads 

Table 220.55, Column C, applies to ranges not over 12 kW. 
The application of Note 1 to ranges over 12 kW (and not over 
27 kW) and Note 2 to ranges over 8% kW (and not over 27 kW) 
is illustrated in the following two examples. 
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A. Ranges All the Same Rating (see Table 220.55, Note 1) 

Assume 24 ranges, each rated 16 kW. 

From Table 220.55, Column C, the maximum demand for 
24ranges of12-kW rating is 39 kW. 16kW exceeds 12kWby 4. 

5% x 4 = 20% (5% increase for each kW in excess of 12) 

39 kW x 20% = 7.8 kW increase 

39 + 7.8 = 46.8 kW (value to be used in selection of feeders) 

B. Ranges of Unequal Rating (see Table 220.55, Note 2) 

Assume 5 ranges, each rated 11 kW; 2 ranges, each rated 
12 kW; 20 ranges, each rated 13.5 kW; 3 ranges, each rated 
18kW. 

5 ranges X 12kW= 

2 ranges x 12 kW ~ 
20 ranges x 13.5 kW = 
3 ranges x 18 kW;::: 

30 ranges, Total kW = 

60 kW (use 12 kW for range 
rated less than 12) 

24kW 
270kW 
54kW 

408kW 

408 7 30 ranges = 13.6 kW (average to be used for 
calculation) 

From Table 220.55, Column C, the demand for 30 ranges 
of 12-kW rating is 15 kW + 30 (I kW x 30 ranges) = 45 kW. 
13.6 kW exceeds 12 kW by 1.6 kW (use 2 kW). 

5% x 2 = 10% (5% increase foreachkW in excess of 12 kW) 

45 kW x 10% = 4.5 kW increase 

45 kW + 4.5 kW = 49.5 kW (value to be used in selection 
offeeders) 

Example D7 Sizing of Service Conductors for Dwelling(s) 

Service conductors and feeders for certain dwellings are per­
mitted to be sized in accordance with 310.15(B)(7). 

With No Required Adjustment or Correction Factors. If 
a 17 5-ampere service rating is selected, a service conductor is 
then sized as follows: 

175 amperes x 0.83 = 145.25 amperes per 310.15(B)(7). 

If no other adjustments or corrections are required for the 
installation, then, in accordance with Table 310.15(B)(l6), a 
1/0 AWG Cu or a 3/0 AWG A! meets this rating at75°C (167°F). 

N With Required Temperature Correction Factor. If a 
175-ampere service rating is selected, a service conductor is 
then 

175 amperes x 0.83 = 145.25 amperes per 310.15(B)(7). 

If the conductors are installed in an ambient temperature 
of 40°C (104°F), the conductor ampacity must be multiplied 
by the appropriate correction factor in Table 310.15(B)(2)(a). 
In this case, we will use an XHHW-2 Conductor, so we use a 
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correction factor of 0.91 to find the minimum conductor ampac­
ity and size: 

145.25/.91 = 159.6 amperes 

In accordance with Table 310.15(B)(l6), a 2/0 AWG Cu or a 
4/0 AWG Al would be required. 

If no temperature correction or ampacity adjustment factors 
are required, the following table includes conductor sizes cal­
cu1ated using the requirements in 310.15(B)(7). This table is 
based on 75°C terminations and without any adjustment or cor­
rection factors. 

Service or Feeder Rating 
(Amperes) 

100 
110 
125 
150 
175 
200 
225 
250 
300 
350 
400 

Conductor (AWG or kcmil) 
Aluminum or 

Copper 
4 
3 
2 
I 

1/0 
2/0 
3/0 
410 
250 
350 
400 

Copper-Clad 
Aluminum 

2 
I 

1/0 
2/0 
3/0 
4/0 
250 
300 
350 
500 
600 

Example DS Motor Circuit Conductors, Overload 
Protection, and Short-Circuit and Ground-Fault 

Protection 

~~~~~~n~~~u~~~~~ 
430.62, Table 430.52, and Table 430.250) 

Determine the minimum required conductor ampacity, the 
motor overload protection, the branch-circuit short-circuit and 
ground-fault protection, and the feeder protection, for three 
induction-type motors on a 480-V, 3-phase feeder, as follows: 

(a) One 25-hp, 460-V, 3-phase, squirrel-cage motor, name­
plate full-load current 32 A, Design B, Service Factor 1.15. 

(b) Two 30-hp, 460-V, 3-phase, wound-rotor motors, name­
plate primary full-load current 38 A, nameplate secondary full­
load current 65 A, 40'C rise. 

Conductor Ampacity The full-load current value used 
to determine the minimum required conductor ampacity is 
obtained from Table 430.250 [see 430.6(A)] for the squirrel­
cage motor and the primary of the wound-rotor· motors. To 
obtain the minimum required conductor ampacity, the full-load 
current is multiplied by 1.25 [see 430.22 and 430.23(A)]. 

For the 25-hp motor, 

34 A x 1.25 = 43 A 

For the 3D-horsepower motors, 

40 A x 1.25 = 50 A 

65Ax 1.25=81 A 
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Motor Overload Protection Where protected by a separate 
overload device, the motors are required to have overload pro­
tection rated or set to trip at not more than 125% of the name­
plate full-load current [see 430.6(A) and 430.32(A)(l)]. 

For the 25-hp motor, 

32 A x 1.25 = 40.0 A 

For the 30-hp motors, 

38 Ax 1.25 = 48 A 

Where the separate overload device is an overload relay (not a 
fuse or circuit breaker), and the overload device selected at 125% 
is not sufficient to start the motor or carry the load, the trip setting 
is permitted to be increased in accordance with 430.32(C). 

Branch-Circuit Short-Circuit and Ground-Fault Protec­
tion The selection of the rating of the protective device depends 
on the type of protective device selected, in accordance with 
430.52 and Table 430.52. The following is for the 25-hp motor. 

(a) Nontime-Delay Fuse: The fuse rating is 300% x 34 A= 
102 A. The next larger standard fuse is 110 A [see 240.6 and 
430.52( C)( 1 ), Exception No. 1]. If the motor will not start with 
a 110-A nontime-delay fuse, the fuse rating is permitted to be 
increased to 125 A because this rating does not exceed 400% 
[see 430.52(C)( 1), Exception No. 2(a)]. 

(b) Time-Delay Fuse: The fuse rating is 175% x 34 A= 
59.5 A. The next larger standard fuse is 60 A [see 240.6 and 
430.52(C)(l), Exception No. 1]. If the motor will not start 
with a 60-A time-delay fuse, the fuse rating is permitted to be 
increased to 70 A because this rating does not exceed 225% 
[see 430.52(C)( 1), Exception No. 2(b)]. 

Feeder Short-Circuit and Ground-Fanlt Protection 
(a) Example using nontime delay fuse. The rating of the feeder 
protective device is based on the sum of the largest branch­
circuit protective device for the specific type of device protect­
ing the feeder: 300% x 34 A= 102 A (therefore the next largest 
standard size, 110 A, would be used) plus the sum of the full­
load currents of the other motors, or 110 A + 40 A + 40 A = 
190 A. The nearest standard fuse that does not exceed this value 
is 175 A [see 240.6 and 430.62(A)]. 

(b) Example using inverse time circuit breaker. The largest 
branch-circuit protective device for the specific type of device 
protecting the feeder, 250% x 34 A= 85. The next larger stan­
dard size is 90 A, plus the sum of the full-load currents of the 
other motors, or 90 A + 40 A + 40 A = 170 A. The nearest stan­
dard inverse time circuit breaker that does not exceed this value 
is 150 A [see 240.6 and 430.62(A)]. 

Example D9 Feeder Ampacity Determination 
for Generator Field Control 

[see 215.2, 430.24, 430.24 Exception No. 1, 620.13, 620.14, 
620.61, and Table 430.22(E) and 620.14] 

Determine the conductor ampacity for a 460-V 3-phase, 
60-Hz ac feeder supplying a group of six elevators. The 460-V 
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ac drive motor nameplate rating of the largest MG set for one 
elevator is 40 hp and 52 A, and the remaining elevators each 
have a 30-hp, 40-A, ac drive motor rating for their MG sets, 
In addition to a motor controller, each elevator has a separate 
motion/operation controller rated 10 A continuous to operate 
microprocessors, relays, power supplies, and the elevator car 
door operator. The MQ sets are rated continuous. 

Conductor Ampacity Conductor ampacity is determined as 
follows: 

(a) In accordance with 620.13(D) and 620.6l(B)(1), use 
Table 430.22(E), for intermittent duty (elevators). For inter­
mittent duty using a continuous rated motor, the percentage of 
nameplate current rating to be used is 140%. 

(b) For the 30-hp ac drive motor, 

140% X 40A =56 A 

(c) For the 40-hp ac drive motor, 

140% x 52 A= 73 A(I) 

(d) The total conductor ampacity is the sum of all the motor 
currents: 

(1 motor x 73 A) + (5 motors x 56 A) = 353 A 

(e) In accordance with 620.14 and Table 620.14, the con­
ductor (feeder) ampacity would be permitted to be reduced by 
the use of a demand factor. Constant loads are not included (see 
620.14, Informational Note). For six elevators, the demand fac­
tor is 0.79. The feeder diverse arnpacity is, therefore, 0.79 x 
353 A= 279 A. 

(f) In accordance with 430.24 and 215.3, the conttoller con­
tinuous current is 125% x 10 A= 13 A 

(g) The total feeder ampacity is the sum of the diverse cur­
rent and all the controller continuous current. 

Itornl = 279 A+ (6 elevators X 12.5 A)= 354 A 

(h) This arnpacity would be permitted to be used to select 
the wire size. 

See Figure D9. 

Example D10 Feeder Ampacity Determination 
for Adjustable Speed Drive Control [see 215.2, 430.24, 

620.13, 620.14, 620.61, and Table 430.22(E)] 

Determine the conductor ampacity for a 460-V, 3-phase, 60-Hz 
ac feeder supplying a group of six identical elevators. The sys­
tem is adjustable-speed SCR de drive. The power ttansformers 
are external to the drive (motor conttoller) cabinet. Each eleva­
tor has a separate motion/operation controller connected to the 
load side of the main line disconnect switch rated 10 A continu­
ous to operate microprocessors, relays, power supplies, and the 
elevator car door operator. Each transformer is rated 95 kVA 
with an efficiency of 90%. 
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FIGURE D9 Generator Field Control. 

Conductor Ampacity 

Conductor ampacity is determined as follows: 

(a) Calculate the nameplate rating of the transformer: 

I 95 kVA xlOOO 

~x460Vx0.90,rr. 
133A 

[DlO] 

(b) In accordance with 620.13(D), for six elevators, the total 
conductor ampacity is the sum of all the currents. 

6 elevators x 133 A= 798 A 

(c) In accordance with 620.14 and Table 620.14, the con­
ductor (feeder) ampacity would be permitted to be reduced by 
the use of a demand factor. Constant loads are not included 
(see 620.13, Informational Note No. 2). For six elevators, the 
demand factor is 0.79. The feeder diverse ampacity is, there­
fore, 0.79 x 798 A= 630 A. 

(d) In accordance with 430.24 and 215.3, the controller con­
tinuous current is 125% x 10 A= 13 A. 

(e) The total feeder ampacity is the sum of the diverse cur­
rent and all the controller constant current. 

Itot•l = 630 A+ (6 elevators x 12.5 A)= 705 A 

(f) This ampacity would be permitted to be used to select the 
wire size. 

See Figure DlO. 
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FIGURE DlO Adjnstable Speed Drive Control. 

Example Dll Mobile Home 

(see 550.18) 
A mobile home floor is 70ft by 10ft and has two small appliance 
circuits; a 1000-VA, 240-V heater; a 200-VA, 120-V exhaust 
fan; a 400-VA, 120-V dishwasher; and a 7000-VA electric range. 

Lighting and Small-Appliance Load 

Lighting (70 ft x 10 ft x 3 VA per ft2) 

Small-appliance (1500 VA x 2 circuits) 
Laundry (1500 VA x 1 circuit) 

First 3000 VA at 100% 
Remainder (6600 VA- 3000 VA= 

3600 VA) x 35% 

4260 VA.;. 240 V = 17.75 A per leg 

Amperes per Leg 
Lighting and appliances 
Heater (1000 VA 7 240 V) 
Fan (200 VA x 125%.;. 120 V) 
Dishwasher ( 400 VA .;. 120 V) 
Range (7000 VA x 0.8 7 240 V) 

Subtotal 

Total 

Leg A 
18 
4 
2 

23 

Total amperes per leg 47 
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2,100VA 
3,000VA 
1,500VA 

6,600VA 
3,000VA 
1,260VA 

4,260VA 

LegB 
18 
4 

3 
23 

48 

Based on the higher current calculated for either leg, a mini­
mum 50-A supply cord would be required. 

For SI units, 0.093 m2 = 1 ft2 and 0.3048 m = 1 ft. 

Example D12 Park Trailer 

(see 552.47) 

A park trailer floor is 40ft by 10ft and has two small appli· 
ance circuits, a 1000-VA, 240-V heater, a 200-VA, I 20-V 
exhaust fan, a400-VA, 120-V dishwasher, and a 7000-VA elec­
tric range. 

Lighting and Small-Appliance Load 

Lighting ( 40 ft x 10 ft x 3 VA per ft2) 

Small-appliance (1500 VA x 2 circuits) 
Laundry (1500 VA x I circuit) 

First 3000 VA at 100% 
Subtotal 

Remainder (5700 VA- 3000 VA= 2700 VA) x 35% 

3945 VA-7 240 V = 16.44 A per leg 

Amperes per Leg 
Lighting and appliances 
Heater (1000 VA 7 240 V) 
Fan (200 VA x 125%7120 V) 
Dishwasher (400 VA 7 120 V) 
Range (7000 VA x 0.8 7 240 V) 

Total 

Leg A 
16 
4 
2 

23 

Totals 45 

1,200VA 
3,000VA 
1,500VA 

5,700VA 
3,000VA 

945VA 

3,945VA 

LegB 
16 
4 

3 
23 

46 

Based on the higher current calculated for either leg, a mini­
mum 50-A supply cord would be required. 

For SI units, 0.093 m2 = I ft2 and 0.3048 m = I ft. 

Example D13 Cable Tray Calculations 

(see Article 392) 

D13(a) Multiconductor Cables 4/0 AWG and Larger 

Use: NEC 392.22(A)(I)(a) 

Cable tray must have an inside width equal to or greater 
than the sum of the diameters (Sd) of the cables, which must be 
installed in a single layer. 

Example: Cable tray width is obtained as follows: 

(OD) (N) SD = (OD) x (N) 
Cable Size Cable Outside Nmnber (Sum of the Cable 
Being Used Diameters (in.) of Cables Diameters) (in.) 

3-conductor 
TypeMC 
cable~ 

4/0AWG 

1.57 12 18.84 
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The sum of the diameters (Sd) of all cables = 18.84 in., 
therefore a cable tray with an inside width of at least 18.84 in. 
is required. 

Note: Cable outside diameter is a nominal diameter from 
catalog data. 

D13(b) Mnlticonductor Cables Smaller Than 4/0 AWG 

Use: NEC 392.22(A)(l)(b) 

The sum of the cross-sectional areas of all the cables to 
be installed in the cable tray must be equal to or less than 
the allowable cable area for the tray width, as indicated in 
Table 392.22(A), Column 1. 

TABLE D13(B) from Table 392.22(A), Column 1 

Inside Width of Cable Tray (in.) Allowable Cable Area (in.2) 

6 
9 
12 
18 
24 
30 
36 

7.0 
10.5 
14.0 
21.0 
28.0 
35.0 
42.0 

Example: Cable tray width is obtained as follows: 

Cable Size 
Being Used 

4-conductor 
TypeMC 
cable-
1AWG 

(A) 
Cable Cross~ 

Sectional 
Area (in.') 

1.1350 

(N) 
Number 
of Cables 

9 

Multiply (A) x (N) 
(Which Is a Total 

Cable Cross~Sectional 
Area in in.2) 

12.15 

The total cable cross-sectional area is 12.15 in.2 Using 
Table Dl3(b) above, the next higher allowable cable area must 
be used, which is 14.0 in2 . The table specifies that the cable 
tray inside width for an allowable cable area of 14.0 in2 is 12 in. 

Note: C~ble cross-sectional area is a nominal area from cat­
alog data. 

D13(c) Single Conductor Cables 1/0 AWG through 4/0 AWG 

Use: NEC 392.22(B)(1)(d) 

Cable tray must have an inside width equal to or greater than 
the sum of the diameters (Sd) of the cables. The cables must be 
evenly distributed across the cable tray. 
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Example: Cable tray width is obtained as follows: 

Single 
Conductor 
Cable Size 
Being Used 
THHN~ 

4/0AWG 

(OD) 
Cable Outside 
Diameters (in.) 

0.642 

(N) 
Number of 

Cables 
18 

Sd = (OD) X (N) 
(Sum of the Cable 
Diameters) (in.) 

11.556 

The sum of the diameters (Sd) of all cables = 11.56 in., 
therefore, a cable tray with an inside width of at least 11.56 in. 
is required. 

Note: Cable outside diameter from Chapter 9, Table 5. 

D.13(d) Single Conductor Cables 250 kcmil through 900 
kcmil 

Use: NEC 392.22(B)(l)(b) 

The sum of the cross-sectional areas of all the cables to 
be installed in the cable tray must be equal to or less than 
the allowable cable area for the tray width, as indicated in 
Table 392.22(B)(1), Column 1. 

TABLE D13(D) from Table 392.22(B)(1), Column 1 

Inside Width of Cable Tray (in.) Allowable Cable Area (in. 2) 

6 
9 
12 
18 
24 
30 
36 

6.5 
9.5 
13.0 
19.5 
26.0 
32.5 
39.0 

Example: Cable tray width is obtained as follows: 

(A) Multiply (A) x (N) 
Cable Cross~ (N) (Which Is a Total 

Cable Size Sectional Number Cable Cross~Sectional 
Being Used Area (in.2) of Cables Area in in.2) 

THHN~ 0.707 9 6.36 
500 kcmi1 

The total cable cross-sectional area is 6.36 in.2. Using 
Table Dl3(d), the next higher allowable cable area must be 
used, which is 6.5 in.2 The table specifies that the cable tray 
inside width for an allowable cable area of 6.5 in. 2 is 6 in. 

Note: Single-conductor cable cross-sectional area from 
Chapter 9, Table 5. 
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Annex E Types of Construction 

This infonnative annex is not a part of the requirements of this 
NFPA document but is included for informational purposes 
only. 

Table E. I contains the fire resistance rating, in hours, for Types I 
through V construction. The five different types of construction 
can be summarized briefly as follows (see also Table E.2): 

Type I is a fire-resistive construction type. All structural ele­
ments and most interior elements are required to be noncom­
bustible. Interior, nonbearing partitions are permitted to be I or 
2 hour rated. For nearly all occupancy types, Type I construc­
tion can be of unlimited height. 

Type II construction has three categories: fire-resistive, one­
hour rated, and non-rated. The number of stories permitted for 
multifamily dwellings varies from two for non-rated and four 
for one-hour rated to 12 for fire-resistive construction. 

Type ill construction has two categories: one-hour rated and 
non-rated. Both categories require the structural framework and 
exterior walls to be of noncombustible material. One-hour rated 

construction requires all interior partitions to be one-hour rated. 
Non-rated construction allows nonbearing interior partitions to 
be of non-rated construction. The maximum permitted number 
of stories for multifamily dwellings and other structures is two 
for non-rated and four for one-hour rated. 

Type IV is a single construction category that provides for 
heavy timber construction. Both the structural framework and 
the exterior walls are required to be noncombustible except that 
wood members of certain minimum sizes are allowed. This 
construction type is seldom used for multifamily dwellings but, 
if used, would be permitted to be four stories high. 

Type V construction has two categories: one-hour rated and 
non-rated. One-hour rated construction requires a minimum of 
one-hour rated construction throughout the building. Non-rated 
construction allows non-rated interior partitions with certain 
restrictions. The maximum permitted number of stories for 
multifamily dwellings and other structures is two for non-rated 
and three for one-hour rated. 

TABLE E.l Fire Resistance Ratings for Type I Through Type V Construction (hr) 

Type I 

442 332 222 

Exterior Bearing WaUsa 
Supporting more than one floor, columns, or other bearing walls 4 3 
Supporting one floor only 4 3 
Supporting a roof only 4 3 

Interior Bearing Walls 
Supporting more than one floor, columns, or other bearing walls 4 3 
Supporting one floor only 3 2 
Supporting roofs only 3 2 

Columns 
Supporting more than one floor, columns, or other bearing walls 4 3 
Supporting one floor only 3 2 
Supporting roOfs only 3 2 

Beams, Girders, Trusses, and Arches 
Supporting more than one floor, columns, or other bearing walls 4 3 
Supporting one floor only 2 2 
Supporting roofs only 2 2 

Floor/Ceiling Assemblies 2 2 

Roof/Ceiling Assemblies 2 Ph 
Interior Nonbearing Walls 0 0 

Exterior Nonbearing Wallsc Oh Oh 

Source: Table 7 .2.1.1 from NFPA 5000, Building Construction and Safety Code, 2012 edition. 
H: Heavy timber members. 
a see 7 .3.2.1 in NFPA 5000. 
bSee Section 7.3 in NFPA 5000. 
csee 7.2.3.2.12, 7.2.4.2.3, and 7.2.5.6.8 in NFPA 5000. 
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2 
2 
1 

2 
2 
1 

2 
2 
1 

2 
2 
1 

2 

1 

0 
Oh 

Type II 

111 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 

1 

0 
Ob 

Type III Type IV TypeV 

000 211 200 2HH 111 000 

Ob 2 2 2 1 Oh 
Oh 2 2 2 1 Oh 
Ob 2 2 2 1 Oh 

0 1 0 2 1 0 
0 1 0 1 1 0 
0 1 0 1 1 0 

0 1 0 H 1 0 
0 1 0 H 1 0 
0 1 0 H 1 0 

0 1 0 H 1 0 
0 1 0 H 1 0 
0 1 0 H 1 0 

0 1 0 H 1 0 

0 1 0 H 1 0 

0 0 0 0 0 0 
Ob Ob Oh Ob Oh Oh 
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TABLE E.2 Maximum Number of Stories for Types V, IV, 
and III Construction 

Construction Type 

VNon-rated 
V Non-rated, Sprinklered 
V One-Hour Rated 
V One-Hour Rated, Sprinklered 
IV Heavy Timber 
IV Heavy Timber, Sprinklered 
III Non-rated 
III Non-rated, Sprinklered 
III One-Hour Rated 
III One-Hour Rated, Sprinklered 

Maximum Number of 
Stories Permitted 

2 
3 
3 
4 
4 
5 
2 
3 
4 
5 

TABLE E.3 Cross-Reference of Building Construction Types 

In Table E.l the system of designating types of construction 
also includes a specific breakdown of the types of construc­
tion through the use of arabic numbers. These arabic num­
bers follow the roman numeral notation where identifying a 
type of construction [for example, Type 1(442), Type II(lll), 
Type III(200)] and indicate the fire resistance rating require­
ments for certain structural elements as follows: 

(1) First arabic number- exterior bearing walls 
(2) Second arabic number- columns, beams, girders, trusses 

and arches, supporting bearing walls, columns, or loads 
from more than one floor 

(3) Third arabic number- floor construction 

Table E.3 provides a comparison of the types of construction 
for various model building codes. [5000: A.7.2.1.l] 

NFPASOOO I (442) I (332) II (222) II (111) II (000) III (211) III (200) IV (2HH) v (111) v (000) 

UBC IFR IIFR l!lhr liN Illlhr 
B/NBC !A lB 2A 2B 2C 3A 
SBC I II IV 1 hr IVUNP V1hr 
IBC lA IB JIA JIB IliA 

Source: Table A. 7 .2.1.1 from NFPA 5000, Building Construction and Safety Code, 2012 edition. 
UBC: Uniform Building Code. 
FR: Fire rated. 
N: Nonsprinklered. 
HT: Heavy timber. 
B/NBC: National Building Code. 
SBC: Standard Building Code. 
UNP: Unprotected. 
IBC: International Building Code. 
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IIIN !VHT V 1 hr VN 
3B 4 SA 5B 
VUNP III VI 1 hr VIUNP 
!liB 1V VA VB 
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Annex F Availability and Reliability for Critical Operations Power Systems; and Development and 
Implementation of Fnnctional Performance Tests (FPTs) for Critical Operations Power Systems 

This informative annex is not a part of the requirements of this 
NFPA document but is included for infomwtional purposes 
only. 

Part I. Availability and Reliability for Critical Operations 
Power Systems. Critical operations power systems may sup­
port facilities with a variety of objectives that are vital to public 
safety. Often these objectives are of such critical importance 
that system downtime is costly in terms of economic losses, 
loss of security, or loss of mission. For those reasons, the avail­
ability of the critical operations power system, the percentage 
of time that the system is in service, is important to those facil­
ities. Given a specified level of availability, the reliability and 
maintainability requirements are then derived based on that 
availability requirement. 

Availability. Availability is defined as the percentage oftime 
that a system is available to perform its function(s). Availability 
is measured in a variety of ways, including the following: 

Availability 
MTBF 

MTBF+MTTR 
where: 
MTBF = mean time between failures 
MTTF = mean time to failure 
MTTR = mean time to repair 

See the following table for an example of how to establish 
required availability for critical operation power systems: 

Availability Hours of Downtime* 

0.9 876 

0.99 87.6 

0.999 8.76 

0.9999 0.876 

0.99999 0.0876 

0.999999 0.00876 

0.9999999 0.000876 

*Based on a year of 8760 hours. 

Availability of a system in actual operations is determined 
by the following: 

(1) The frequency of occurrence of failures. Failures may pre­
vent the system from performing its function or may cause 
a degraded effect on system operation. Frequency of fail­
ures is directly related to the system's level of reliability. 

(2) The time required to restore operations following a system 
failure or the time required to perfonn maintenance to pre­
vent a failure. These times are determined in part by the 
system's level of maintainability. 
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(3) The logistics provided to support maintenance of the sys­
tem. The number and availability of spares, maintenance 
personnel, and other logistics resources (refueling, etc.) 
combined with the system's level of maintainability deter­
mine the total downtime following a system failure. 

Reliability. Reliability is concerned with the probability and 
frequency of failures (or lack of failures). A commonly used 
measure of reliability for repairable systems is MTBF. The 
equivalent measure for nonrepairable items is MTTF. Reliabil­
ity is more accurately expressed as a probability over a given 
duration of time, cycles, or other parameter. For example, the 
reliability of a power plant might be stated as 95 percent proba­
bility of no failure over a 1000-hour operating period while gen­
erating a certain level of power. Reliability is usually defined 
in two ways (the electrical power industry has historically not 
used these definitions): 

(I) The duration or probability of failure-free performance 
under stated conditions 

(2) The probability that an item can perform its intended func­
tion for a specified interval under stated conditions [For 
nonredundant items, this is equivalent to the preceding 
definition (I). For redundant items this is equivalent to the 
definition of mission reliability.] 

Maintainability. Maintainability is a measure of how quickly 
and economically failures can be prevented through preventive 
maintenance, or system operation can be restored following 
failure through corrective maintenance. A commonly used mea­
sure of maintainability in terms of corrective maintenance is the 
mean time to repair (MTTR). Maintainability is not the same 
thing as maintenance. It is a design parameter, while mainte­
nance consists of actions to correct or prevent a failure event. 

Improving Availability. The appropriate methods to use for 
improving availability depend on whether the facility is being 
designed or is already in use. For both cases, a reliability I 
availability analysis should be performed to detennine the 
availability of the old system or proposed new system in order 
to ascertain the hours of downtime (see the preceding table). 
The AHJ or government agency should dictate how much 
downtime is acceptable. 

Existing facilities: For a facility that is being operated, two 
basic methods are available for improving availability when 
the current level of availability is unacceptable: (1) Selectively 
adding redundant units (e.g., generators, chillers, fuel supply) 
to eliminate sources of single-point failure, and (2) optimizing 
maintenance using a reliability-centered maintenance (RCM) 
approach to minimize downtime. [Refer to NFPA 70B-20!0, 
Recommended Practice for Electrical Equipment Mainte­
nance.] A combination of the previous two methods can also be 
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implemented. A third very expensive method is to redesign sub­
systems or to replace components and subsystems with higher 
reliability items. [Refer to NFPA 70B.] 

New facilities: The opportunity for high availability and reli­
ability is greatest when designing a new facility. By applying an 
effective reliability strategy, designing for maintainability, and 
ensuring that manufacturing and commissioning do not nega­
tively affect the inherent levels of reliability and maintainabil­
ity, a highly available facility will result. The approach should 
be as follows: 

(1) Develop and determine a reliability strategy (establish 
goals, develop a system model, design for reliability, 
conduct reliability development testing, conduct reliabil­
ity acceptance testing, design system delivery, maintain 
design reliability, maintain design reliability in operation). 

(2) Develop a reliability program. This is the application of the 
reliability strategy to a specific system, process, or func­
tion. Each step in the preceding strategy requires the selec­
tion and use of specific methods and tools. For example, 
various tools can be used to develop requirements or eval­
uate potential failures. To derive requirements, analytical 
models can be used, for example, quality function develop­
ment (a technique for deriving more detailed, lower-level 
requirements from one level to another, beginning with 
mission requirements, i.e., customer needs). This model 
was developed as part of the total quality management 
movement. Parametric models can also be used to derive 
design values of reliability from operational values and 
vice versa. Analytical methods include but are not limited 
to things such as thermal analysis, durability analysis, and 
predictions. Finally, one should evaluate possible failures. 
A failure modes and effects criticality analysis (FMECA) 
and fault tree analysis (PTA) are two methods for evaluat­
ing possible failures. The mission facility engineer should 
determine which method to use or whether to use both. 

(3) Identify Reliability Requirements. The entire effort for 
designing for reliability begins with identifying the mis­
sion critical facility's reliability requirements. These 
requirements are stated in a variety of ways, depending on 
the customer and the specific system. For a mission-critical 
facility, it would be the mission success probability. 

Part II. Development and Implementation of Functional 
Performance Tests (FPTs) for Critical Operations Power 
Systems Development of FPT 

(1) Submit Fnnctional Performance Tests (FPTs). System/ 
component tests or FPTs are developed from submitted draw­
ings, systems operating documents (SODs), and systems oper­
ation and maintenance manuals (SOMMs), including large 
component testing (i.e., transformers, cable, generators, UPS), 
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and how components operate as part of the total system. The 
commissioning authority develops the test and cannot be the 
installation contractor (or subcontractor). 

As the equipment/components/systems are installed, quality 
assurance procedures are administered to verify that compo­
nents are installed in accordance with minimum manufactur­
ers' recommendations, safety codes, and acceptable installation 
practices. Quality assurance_ discrepancies are then identified 
and added to a "commissioning action list" that must be recti­
fied as part of the commissioning program. These items would 
usually be discussed during commissioning meetings. Discrep­
ancies are usually identified initially by visual inspection. 

(2) Review FPTs. The tests must be reviewed by the cus­
tomer, electrical contractors, quality assurance personnel, main­
tenance personnel, and other key personnel (the commissioning 
team). Areas of concern include, among others, all functions 
of the system being tested, all major components included, 
whether the tests reflect the system operating documents, and 
verification that the tests make sense. 

(3) Make Changes to FPTs as Required. The commis­
sioning authority then implements the corrections, questions 
answered, and additions. 

(4) FPTs Approval. After the changes are made to the 
FPTs, they are submitted to the commissioning team. When it 
is acceptable, the customer or the designated approval authority 
approves the FPTs. It should be noted that even though the FPT 
is approved, problems that arise during the test (or areas not 
covered) must be addressed. 

Testing Implementation for FPTs. The final step in the 
successful commissioning plan is testing and proper execution 
of system-integrated tests. 

(1) Systems Ready to Operate. The FPTs can be imple­
mented as various systems become operative (i.e., test for the 
generator system) or when the entire system is installed. How­
ever, the final "pull the plug" test is performed only after all 
systems are completely installed. If the electrical contractor (or 
subcontractor) implements the FPTs, a witness must initial each 
step of the test. The electrical contractor cannot employ the wit­
ness directly or indirectly. 

(2) Perform Tests (FPTs). If the system fails the test, the 
problem must be resolved and the equipment or system retested 
or the testing requirements re-analyzed until successful tests are 
witnessed. Once the system or equipment passes testing, it is 
verified by designated commissioning official. 

(3) Customer Receives System. After all tests are com­
pleted (including the "pull the plug" test), the system is turned 
over to the customer. 
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Annex G Supervisory Control and Data Acquisition (SCADA) 

This informative annex is not a part of the requirements of this 
NFPA document, but is included for informational purposes only. 

(A) General. Where provided, the general requirements in 
(A)(l) through (A)(ll) shall apply to SCADA systems. 

(1) The SCADA system for the COPS loads shall be separate 
from the building management SCAD A system. 

(2) No single point failure shall be able to disable the SCAD A 
system. 

(3) The SCADA system shall be permitted to provide con­
trol and monitor electrical and mechanical utility systems 
related to mission critical loads, including, but not limited 
to, the following: 

a. The fire alarm system 
b. The security system 
c. Power distribution 
d. Power generation 
e. HVAC and ventilation (damper position, airflow 

speed and direction) 
f. Load shedding 
g. Fuel levels or hours of operation 

(4) Before installing or employing a SCADA system, an 
operations and maintenance analysis and risk assessment 
shall be performed to provide the maintenance parameter 
data 

(5) A redundant system shall be provided in either warm or 
hot standby. 

(6) The controller shall be a programmable logic controller 
(PLC). 

(7) The SCADA system shall utilize open, not proprietary, 
protocols. 

(8) The SCADA system shall be able to assess the damage 
and determine system integrity after the "event." 

(9) The monitor display shall provide graphical user interface 
for all major components monitored and controlled by the 
SCADA system, with color schemes readily recognized 
by the typical user. 

(I 0) The SCAD A system shall have the capability to provide 
storage of critical system parameters at a IS-minute rate 
or more often when out-of-limit conditions exist. 

(11) The SCADA system shall have a separate data storage 
facility not located in the same vicinity. 

(B) Power Supply. The SCADA system power supply shall 
comply with (B)(l) through (B)(3): 

(I) The power supply shall be provided with a direct-current 
station battery system, rated between 24 and 125 volts de, 
with a 72-hour capacity. 

(2) The batteries of the SCAD A system shall be separate from 
the batteries for other electrical systems. 

(3) The power supply shall be provided with a properly 
installed surge-protective device (TVSS) at its terminals 
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with a direct low-impedance path to ground. Protected and 
unprotected circuits shall be physically separated to pre­
vent coupling. 

(C) Security Against Hazards. Security against hazards shall 
be provided in accordance with (C)(l) through (C)(6): 

(1) Controlled physical access by authorized personnel to 
only the system operational controls and software shall be 
provided. 

(2) The SCADA system shall be protected against dust, dirt, 
water, and other contaminants by specifying enclosures 
appropriate for the environment. 

(3) Conduit and tubing shall not violate the integrity of the 
SCAD A system enclosure. 

( 4) The SCADA system shall be located in the same secure 
locations as the secured systems- that they monitor and 
control. 

(5) The SCADA system shall be provided with dry agent fire 
protection systems or double interlocked preaction sprin­
kler systems using cross-zoned detection, to minimize the 
threat of accidental water discharge into unprotected equip­
ment. The fire protection systems shall be monitored by 
the fire alarm system in accordance with NFPA 72-2013, 
National Fire Alarm and Signaling Code. 

(6) The SCADA system shall not be connected to other net­
work communications outside the secure locations without 
encryption or use of fiber optics. 

(D) Maintenance and Testing. SCADA systems shall be 
maintained and tested in accordance with (D)(l) and (D)(2). 

(1) Maintenance. The maintenance program for SCAD A sys­
tems shall consist of the following components: 

(1) A documented preventive maintenance program 
(2) Concurrent maintenance capabilities, to allow the testing, 

troubleshooting, repair, and/or replacement of a compo­
nent or subsystem while redundant component(s) or sub­
system( s) are serving the load 

(3) Retention of operational data- the deleted material goes 
well beyond requirements to ensure proper maintenance 
and operation 

(2) Testing. SCADA systems shall be tested periodically 
under actual or simulated contingency conditions. 

Informational Note No. 1: Periodic system testing proce­
dures can duplicate or be derived from the recommended 
functional performance testing procedures of individual 
components, as provided by the manufacturers. 

Informational Note No. 2: For more information on main­
tenance and testing of SCAD A, see NFPA ?OB-2013, Rec­
ommended Practice for Electrical Equipment Maintenance. 
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Annex H Administration and Enforcement 

Informative Annex H is not a part of the requirements of this 
NFPA document and is included for informational purposes 
only. This informative annex is informative unless specifically 
adopted by the local jurisdiction adopting the National Electri­
cal Code®. 

80.1 Scope. The following functions are covered: 

(1) The inspection of electrical installations as covered by 90.2 
(2) The investigation of fires caused by electrical installations 
(3) The review of construction plans, drawings, and specifica-

tions for electrical systems 
( 4) The design, alteration, modification, construction, mainte­

nance, and testing of electrical systems and equipment 
(5) The regulation and control of electrical installations 

at special events including but not limited to exhibits, 
trade shows, amusement parks, and other similar special 
occupancies 

80.2 Definitions. 

Authority Having Jurisdiction. The organization, office, or 
individual responsible for approving equipment, materials, an 
installation, or a procedure. 

Chief Electrical Inspector. An electrical inspector who either 
is the authority having jurisdiction or is designated by the 
authority having jurisdiction and is responsible for administer­
ing the requirements of this Code. 

Electrical Inspector. An individual meeting the. requirements 
of 80.27 and authorized to perform electrical inspections. 

80.3 Purpose. The purpose of this article shall be to pro­
vide requirements for administration and enforcement of the 
National Electrical Code. 

80.5 Adoption. Article 80 shall not apply unless specifically 
adopted by the local jurisdiction adopting the National Elec­
trical Code. 

80.7 Title. The title of this Code shall be NFPA 70, National 
Electrical Code®, of the National Fire Protection Association. 
The short title of this Code shall be the NEe®. 

80.9 Application. 

(A) New Installations. This Code applies to new installa­
tions. Buildings with construction permits dated after adoption 
of this Code shall comply with its requirements. 

(B) Existing Installations. Existing electrical installations 
that do not comply with the provisions of this Code shall be per­
mitted to be continued in use unless the authority having juris­
diction determines that the lack of conformity with this Code 
presents an imminent danger to occupants. Where changes are 
required for correction of hazards, a reasonable amount of tim~ 
shall be given for compliance, depending on the degree of the 
hazard. 
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(C) Additions, Alterations, or Repairs. Additions, alter­
ations, or repairs to any building, structure, or premises shall 
conform to that required of a new building without requiring 
the existing building to comply with all the requirements of 
this Code. Additions, alterations, installations, or repairs shall 
not cause an existing building to become unsafe or to adversely 
affect the performance of the building as determined by the 
authority having jurisdiction. Electrical wiring added to an 
existing service, feeder, or branch circuit shall not result in an 
installation that violates the provisions of the Code in force at 
the time the additions are made. 

80.11 Occupancy of Building or Structure. 

(A) New Construction. No newly constructed building shall 
be occupied in whole or in part in violation of the provisions of 
this Code. 

(B) Existing Buildings. Existing buildings that are occupied 
at the time of adoption of this Code shall be permitted to remain 
in use provided the following conditions apply: 

(1) The occupancy classification remains unchanged. 
(2) There exists no condition deemed hazardous to life or 

property that would constitute an imminent danger. 

80.13 Authority. Where used in this article, the term authority 
having jurisdiction shall include the chief electrical inspector or 
other individuals designated by the governing body. This Code 
shall be administered and enforced by the authority having 
jurisdiction designated by the governing authority as follows. 

(1) The authority having jurisdiction shall be permitted to 
render interpretations of this Code in order to provide 
clarification to its requirements, as permitted by 90.4. 

(2) When the use of any electrical equipment or its installa­
tions is found to be dangerous to human life or propetty, 
the authority having jurisdiction shall be empowered to 
have the premises disconnected from its source of electric 
supply, as established by the Board. When such equipment 
or installation has been so condemned or disconnected, a 
notice shall be placed thereon listing the causes for the 
condemnation, the disconnection, or both, and the penalty 
under 80.23 for the unlawful use thereof. Written notice 
of such condemnation or disconnection and the causes 
therefor shall be given within 24 hours to the owners, the 
occupant, or both, of such building, structure, or premises. 
It shall be unlawful for any person to remove said notice, 
to reconnect the electrical equipment to its source of elec­
tric supply, or to use or permit to be used electric power 
in any such electrical equipment until such causes for the 
condemnation or disconnection have been remedied to the 
satisfaction of the inspection authorities. 

(3) The authority having jurisdiction shall be permitted to 
delegate to ·other qualified individuals such powers as 
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necessary for the proper administration and enforcement 
of this Code. 

( 4) Police, fire, and other enforcement agencies shall have 
authority to render necessary assistance in the enforce­
ment of this Code when requested to do so by the author­
ity having jurisdiction. 

(5) The authority having jurisdiction shall be authorized to 
inspect, at all reasonable times, any building or premises 
for dangerous or hazardous conditions or equipment as set 
forth in this Code. The authority having jurisdiction shall 
be permitted to order any person(s) to remove or remedy 
such dangerous or hazardous condition or equipment. Any 
person(s) failing to comply with such order shall be in 
violation of this Code. 

(6) Where the authority having jurisdiction deems that condi­
tions hazardous to life and property exist, he or she shall 
be permitted to require that such hazardous conditions in 
violation of this Code be corrected. 

(7) To the full extent permitted by law, any authority having 
jurisdiction engaged in inspection work shall be autho­
rized at all reasonable times to enter and examine any 
building, structure, or premises for the purpose of mak­
ing electrical inspections. Before entering a premises, the 
authority having jurisdiction shall obtain the consent of 
the occupant thereof or obtain a court warrant authoriz­
ing entry for the purpose of inspection except in those 
instances where an emergency exists. As used in this sec­
tion, emergency means circumstances that the authority 
having jurisdiction knows, or has reason to believe, exist 
and that reasonably can constitute immediate danger to 
persons or property. 

(8) Persons authorized to enter and inspect buildings, struc­
tures, and premises as herein set forth shall be identified 
by proper credentials issued by this governing authority. 

(9) Persons shall not interfere with an authority having juris­
diction carrying out any duties or functions prescribed by 
this Code. 

(10) Persons shall not use a badge, uniform, or other creden­
tials to impersonate the authority having jurisdiction. 

(II) The authority having jurisdiction shall be permitted to 
investigate the cause, origin, and circumstances of any 
fire, explosion, or other hazardous condition. 

(12) The authority having jurisdiction shall be permitted to 
require plans and specifications to ensure compliance 
with this Code. 

(13) Whenever any installation subject to inspection prior to 
use is covered or concealed without having first been 
inspected, the authority having jurisdiction shall be per­
mitted to require that such work be exposed for inspec­
tion. The authority having jurisdiction shall be notified 
when the installation is ready for inspection and shall 
conduct the inspection within_ days. 

(14) The authority having jurisdiction shall be permitted to 
order the immediate evacuation of any occupied building 
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deemed unsafe when such building has hazardous condi­
tions that present imminent danger to building occupants. 

(15) The authority having jurisdiction shall be permitted to 
waive specific requirements in this Code or permit alterna­
tive methods where it is assured that equivalent objectives 
can be achieved by establishing and maintaining effective 
safety. Technical documentation shall be submitted to the 
authority having jurisdiction to demonstrate equivalency 
and that the system, method, or device is approved for the 
intended purpose. 

(16) Each application for a waiver of a specific electrical 
requirement shall be filed with the authority having 
jurisdiction and shall be accompanied by such evidence, 
letters, statements, results of tests, or other supporting 
information as required to justify the request. The author­
ity having jurisdiction shall keep a record of actions on 
such applications, and a signed copy of the authority 
having jurisdiction's decision shall be provided for the 
applicant. 

80.15 Electrical Board. 

(A) Creation of the Electrical Board. There is hereby cre­
ated the Electrical Board of the of , here­
inafter designated as the Board. 

(B) Appointments. Board members shall be appointed by 
the Governor with the advice and consent of the Senate (or by 
the Mayor with the advice and consent of the Council, or the 
equivalent). 

· (I) Members of the Board shall be chosen in a manner to 
reflect a balanced representation of individuals or orga­
nizations. The Chair of the Board shall be elected by the 
Board membership. 

(2) The Chief Electrical Inspector in the jurisdiction adopting 
this Article authorized in (B)(3)(a) shall be the nonvoting 
secretary of the Board. Where the Chief Electrical Inspec­
tor of a local municipality serves a Board at a state level, 
he or she shall be permitted to serve as a voting member of 
the Board. 

(3) The board shall consist of not fewer than five voting mem­
bers. Board members shall be selected from the following: 

a. Chief Electrical Inspector from a local government (for 
State Board only) 

b. An electrical contractor operating in the jurisdiction 
c. A licensed professional engineer engaged primarily in 

the design or maintenance of electrical installations 
d. A journeyman electrician 

(4) Additional membership shall be selected from the 
following: 

a. A master (supervising) elec.trician 
b. The Fire Marshal (or Fire Chief) 
c. A representative of the property/casualty insurance 

industry 
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d. A representative of an electric power utility operating 
in the jurisdiction 

e. A representative of electrical manufacturers primarily 
and actively engaged in producing materials, fittings, 
devices, appliances, luminaires, or apparatus used as 
part of or in connection with electrical installations 

f. A member of the labor organization that represents the 
primary electrical workforce 

g. A member from the public who is not affiliated with 
any other designated group 

h. A representative of a telecommunications utility oper-
ating in the jurisdiction 

(C) Terms. Of the members first appointed, __ shall be 
appointed for a term of 1 year, __ for a term of 2 years, 
__ for a term of 3 years, and __ for a term of 4 years, 
and thereafter each appointment shall be for a term of 4 years or 
until a successor is appointed. The Chair of the Board shall be 
appointed for a term not to exceed __ years. 

(D) Compensation. Each appointed member shall receive 
the sum of ___ dollars ($ __ ) for each day during which 
the member attends a meeting of the Board and, in addition 
thereto, shall be reimbursed for direct lodging, travel, and meal 
expenses as covered by policies and procedures established by 
the jurisdiction. 

(E) Quorum. A quorum as established by the Board operat­
ing procedures shall be required to conduct Board business. The 
Board shall hold such meetings as necessary to carry out the 
purposes of Article 80. The Chair or a majority of the members 
of the Board shall have the authority to call meetings of the 
Board. 

(F) Duties. It shall be the duty of the Board to perform the 
following: 

( 1) Adopt the necessary rules and regulations to administer 
and euforce Article 80. 

(2) Establish qualifications of electrical inspectors. 
(3) Revoke or suspend the recognition of any inspector's cer­

tificate for the jurisdiction. 
( 4) After advance notice of the public hearings and the exe­

cution of such hearings, as established by law, the Board 
is authorized to establish and update the provisions for the 
safety of electrical installations to conform to the current 
edition of the National Electrical Code (NFPA 70) and 
other nationally recognized safety standards for electrical 
installations. 

(5) Establish procedures for recognition of electrical safety 
standards and acceptance of equipment conforming to 
these standards. 

(G) Appeals. 

(1) Review of Decisions. Any person, firm, or corporation may 
register an appeal with the Board for a review of any deci­
sion of the Chief Electrical Inspector or of any Electrical 
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Inspector, provided that such appeal is made in writing 
within fifteen (15) days after such person, firm, or corpora­
tion shall have been notified. Upon receipt of such appeal, 
said Board shall, if requested by the person making the 
appeal, hold a public hearing and proceed to determine 
whether the action of the Board, or of the Chief Electrical 
Inspector, or of the Electrical Inspector complies with this 
law and, within fifteen (15) days after receipt of the appeal 
or after holding the hearing, shall make a decision in accor­
dance with its findings. 

(2) Conditions. Any person shall be permitted to appeal a deci­
sion of the authority having jurisdiction to the Board when 
it is claimed that any one or more of the following condi­
tions exist: 

a. The true intent of the codes or ordinances described in 
this Code has been incorrectly interpreted. 

b. The provisions of the codes or ordinances do not fully 
apply. 

c. A decision is unreasonable or arbitrary as it applies to 
alternatives or new materials. 

(3) Submission of Appeals. A written appeal, outlining the 
Code provision from which relief is sought and the remedy 
proposed, shall be submitted to the authority having juris­
diction within 15 calendar days of notification of violation. 

(H) Meetings and Records. Meetings and records of the 
Board shall conform to the following: 

(I) Meetings of the Board shall be open to the public as 
required by law. 

(2) Records of meetings of the Board shall be available for 
review during normal business hours, as required by law. 

80.17 Records and Reports. The authority having jurisdic­
tion shall retain records in accordance with (A) and (B). 

(A) Retention. The authority having jurisdiction shall keep a 
record of all electrical inspections, including the date of such 
inspections and a summary of any violations found to exist, the 
date of the services of notices, arid a record of the final dispo­
sition of all violations. All required records shall be maintained 
until their usefulness has been served or as otherwise required 
by law. 

(B) Availability. A record of examinations, approvals, and 
variances granted shall be maintained by the authority having 
jurisdiction and shall be available for public review as pre­
scribed by law during normal business hours. 

80.19 Permits and Approvals. Permits and approvals shall 
conform to (A) through (H). 

(A) Application. 

(1) Activity authorized by a permit issued under this Code 
shall be conducted by the permittee or the permittee's 
agents or employees in compliance with all requirements 
of this Code applicable thereto and in accordance with the 
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approved plans and specifications. No permit issued under 
this Code shall be interpreted to justify a violation of any 
provision of this Code or any other applicable law or reg­
ulation. Any addition or alteration of approved plans or 
specifications shall be approved in advance by the author­
ity having jurisdiction, as evidenced by the issuance of a 
new or amended permit. 

(2) A copy of the permit shall be posted or otherwise readily 
accessible at each work site or carried by the permit holder 
as specified by the authority having jurisdiction. 

(B) Content. Permits shall be issued by the authority having 
jurisdiction and shall bear the name and signature of the author­
ity having jurisdiction or that of the authority having jurisdic­
tion's designated representative. In addition, the permit shall 
indicate the following: 

(1) Operation or activities for which the permit is issued 
(2) Address or location where the operation or activity is to be 

conducted 
(3) Name and address of the permittee 
(4) Permit number and date of issuance 
(5) Period of validity of the permit 
(6) Inspection requirements 

(C) Issuance of Permits. The authority having jurisdic­
tion shall be authorized to establish and issue permits, certif­
icates, notices, and approvals, or orders pertaining to electrical 
safety hazards pursuant to 80.23, except that no permit shall be 
required to execute any of the classes of electrical work speci­
fied in the following: 

(1) Installation or replacement of equipment such as lamps and 
of electric utilization equipment approved for connection 
to suitable permanently installed receptacles 

(2) Replacement of flush or snap switches, fuses, lamp sock­
ets, and receptacles, and other minor maintenance and 
repair work, such as replacing worn cords and tightening 
connections on a wiring device 

(3) The process of manufacturing, testing, servicing, or repair-
ing electrical equipment or apparatus 

(D) Annual Permits. In lieu of an individual permit for each 
installation or alteration, an annual permit shall, upon appli­
cation, be issued to any person, firm, or corporation regularly 
employing one or more employees for the installation, alter­
ation, and maintenance of electrical equipment in or on build­
ings or premises owned or occupied by the applicant for the 
permit. Upon application, an electrical contractor as agent for 
the owner or tenant shall be issued an annual permit. The appli­
cant shall keep records of all work done, and the records shall 
be transmitted periodically to the electrical inspector. 

(E) Fees. Any political subdivision that has been provided for 
electrical inspection in accordance with the provisions of Arti­
cle 80 may establish fees that shall be paid by the applicant for 
a permit before the permit is issued. 
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(F) Inspection and Approvals. 

(I) Upon the completion of any installation of electrical equip­
ment that has been made under a permit other than an 
annual permit, it shall be the duty of the person, firm, or 
corporation making the installation to notify the Electrical 
Inspector having jurisdiction, who shall inspect the work 
within a reasonable time. 

(2) Where the Inspector finds the installation to be in confor­
mity with the statutes of all applicable local ordinances 
and all rules and regulations, the Inspector shall issue to 
the person, firm, or corporation making the installation a 
certificate of approval, with duplicate copy for delivery 
to the owner, authorizing the connection to the supply of 
electricity and shall send written notice of such authoriza­
tion to the supplier of electric service. When a certificate 
of temporary approval is issued authorizing the connection 
of an installation, such certificates shall be issued to expire 
at a time to be stated therein and shall be revocable by the 
Electrical Inspector for cause. 

(3) When any portion of the electrical installation within the 
jurisdiction of an Electrical Inspector is to be hidden from 
view by the permanent placement of parts of the building, 
the person, firm, or corporation installing the equipment 
shall notify the Electrical Inspector, and the equipment 
shall not be concealed until it has been approved by the 
Electrical Inspector or until __ days have elapsed from 
the time of such notification, provided that on large instal­
lations, where the concealment of equipment proceeds 
continuously, the person, firm, or corporation installing the 
equipment shall give the Electrical Inspector due notice in 
advance, and inspections shall be made periodically during 
the progress of the work. 

( 4) At regular intervals, the Electrical Inspector having juris­
diction shall visit all buildings and premises where work 
may be done under annual permits and shall inspect all 
electrical equipment installed under such permits since 
the date of the previous inspection. The Electrical Inspec­
tor shall issue a certificate of approval for such work as is 
found to be in conformity with the provisions of Article 80 
and all applicable ordinances, orders, rules, and regula­
tions, after payments of all required fees. 

(5) If, upon inspection, any installation is found not to be fully 
in confmmity with the provisions of Article 80, and all 
applicable ordinances, rules, and regulations, the Inspector 
making the inspection shall at once forward to the person, 
firm, or corporation making the installation a written notice 
stating the defects that have been found to exist. 

(G) Revocation of Permits. Revocation of permits shall con­
form to the following: 

(I) The authority having jurisdiction shall be permitted to 
revoke a permit or approval issued if any violation of this 
Code is found upon inspection or in case there have been 
any false statements or misrepresentations submitted in the 
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application or plans on which the permit or approval was 
based. 

(2) Any attempt to defraud or otherwise deliberately or know­
ingly design, install, service, maintain, operate, sell, rep­
resent for sale, falsify records, reports, or applications, or 
other related activity in violation of the requirements pre­
scribed by this Code shall be a violation of this Code. Such 
violations shall be cause for immediate suspension or revo­
cation of any related licenses, certificates, or permits issued 
by this jurisdiction. In addition, any such violation shall be 
subject to any other crintinal or civil penalties as available 
by the laws of this jurisdiction. 

(3) Revocation shall be constituted when th.e perntittee is duly 
notified by the authority having jurisdiction. 

(4) Any person who engages in any business, operation, or 
occupation, or uses any premises, after the permit issued 
therefor has been suspended or revoked pursuant to the 
provisions of this Code, and before such suspended permit 
has been reinstated or a new permit issued, shall be in vio­
lation of this Code. 

(5) A permit shall be predicated upon compliance with the 
requirements of this Code and shall constitute written 
authority issued by the authority having jurisdiction to 
install electrical equipment. Any perntit issued under this 
Code shall not take the place of any other license or perntit 
required by other regulations or laws of this jurisdiction. 

(6) The authority having jurisdiction shall be perntitted to 
require an inspection prior to the issuance of a permit. 

(7) A permit issued under this Code shall continue until 
revoked or for the period of time designated on the permit. 
The permit shall be issued to one person or business only 
and for the location or purpose described in the permit. 
Any change that affects any of the conditions of the permit 
shall require a new or amended permit. 

(H) Applications and Extensions. Applications and exten­
sions of permits shall conform to the following: 

(I) The authority having jurisdiction shall be permitted to 
grant an extension of the permit time period upon presen­
tation by the permittee of a satisfactory reason for failure 
to start or complete the work or activity authorized by the 
permit. 

(2) Applications for perntits shall be made to the authority 
having jurisdiction on forms provided by the jurisdiction 
and shall include the applicant's answers in full to inquiries 
set forth on such forms. Applications for permits shall be 
accompanied by such data as required by the authority hav­
ing jurisdiction, such as plans and specifications, location, 
and so forth. Fees shall be deterntined as required by local 
laws. 

(3) The authority having jurisdiction shall review all applica­
tions submitted and issue permits as required. If an appli­
cation for a perntit is rejected by the authority having 
jurisdiction, the applicant shall be advised of the reasons 
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for such rejection. Permits for activities requiring evidence 
of financial responsibility by the jurisdiction shall not be 
issued unless proof of required financial responsibility is 
furnished. 

80.21 Plans Review. Review of plans and specifications shall 
conform to (A) through (C). 

(A) Authority. For new construction, modification, or rehabil­
itation, the authority having jurisdiction shall be perntitted to 
review construction documents and drawings. 

(B) Responsibility of the Applicant. It shall be the responsi­
bility of the applicant to ensure the following: 

(1) The construction documents include all of the electrical 
requirements. 

(2) The construction documents and drawings are correct and 
in compliance with the applicable codes and standards. 

(C) Responsibility of the Authority Having Jurisdiction. It 
shall be the responsibility of the authority having jurisdiction to 
promulgate rules that cover the following: 

(1) Review of construction documents and drawings shall be 
completed within established time frames for the purpose 
of acceptance or to provide reasons for nonacceptance. 

(2) Review and approval by the authority having jurisdiction 
shall not relieve the applicant of the responsibility of com­
pliance with this Code. 

(3) Where field conditions necessitate any substantial change 
from the approved plan, the authority having jurisdiction 
shall be permitted to require that the corrected plans be 
submitted for approval. 

80.23 Notice of Violations, Penalties. Notice of violations 
and penalties shall conform to (A) and (B). 

(A) Violations. 

(1) Whenever the authority having jurisdiction determines that 
there are violations of this Code, a written notice shall be 
issued to confirm such findings. 

(2) Any order or notice issued pursuant to this Code shall be 
served upon the owner, operator, occupant, or other per­
son responsible for the condition or violation, either by 
personal -service or mail or by delivering the same to, and 
leaving it with, some person of responsibility upon the 
premises. For unattended or abandoned locations, a copy 
of such order or notice shall be posted on the premises in a 
conspicuous place at or near the entrance to such premises 
and the order or notice shall be mailed by registered or cer­
tified mail, with return receipt requested, to the last known 
address of the owner, occupant, or both. 

(B) Penalties. 

(1) Any person who fails to comply with the provisions of this 
Code or who fails to carry out an order made pursuant to 
this Code or violates any condition attached to a perntit, 
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approval, or certificate shall be subject to the penalties 
established by this jurisdiction. 

(2) Failure to comply with the time limits of an abatement 
notice or other corrective notice issued by the author­
ity having jurisdiction shall result in each day that such 
violation continues being regarded as a new and separate 
offense. 

(3) Any person, firm, or corporation who shall willfully vio­
late any of the applicable provisions of this article shall 
be guilty of a misdemeanor and, upon conviction thereof, 
shall be punished by a fine of not less than __ dollars 
($ __ ) or more than dollars ($___) for each 
offense, together with the costs of prosecution, imprison­
ment, or both, for not less than ( ) 
days or more than ___ '---) days. 

· 80.25 Connection to Electricity Supply. Connections to the 
electric supply shall conform to (A) through (E). 

(A) Authorization. Except where work is done under an 
annual permit and except as otherwise provided in 80.25, it shall 
be unlawful for any person, firm, or corporation to make con­
nection to a supply of electricity or to supply electricity to any 
electrical equipment installation for which a permit is required 
or that has been disconnected or ordyred to be disconnected. 

(B) Special Consideration. By special permission of the 
authority having jurisdiction, temporary power shall be per­
mitted to be supplied to the premises for specific needs of the 
construction project. The Board shall determine what needs are 
permitted under this provision. 

(C) Notification. If, within __ business days after the 
Electrical Inspector is notified of the completion of an instal­
lation of electric equipment, other than a temporary approval 
installation, the Electrical Inspector has neither authorized con­
nection nor disapproved the installation, the supplier of elec­
tricity is authorized to make connections and supply electricity 
to such installation. 

(D) Other Territories. If an installation or electric equipment 
is located in any territory where an Electrical Inspector has not 
been authorized or is not required to make inspections, the sup­
plier of electricity is authorized to make connections and supply 
electricity to such installations. 

(E) Disconnection. Where a connection is made to an instal­
lation that has not been inspected, as outlined in the preceding 
paragraphs of this section, the supplier of electricity shall imme­
diately report such connection to the Chief Electrical Inspector. 
If, upon subsequent inspection, it is found that the installation 
is not in conformity with the provisions of Article 80, the Chief 
Electrical Inspector shall notify the person, firm, or corporation 
making the installation to rectify the defects and, if such work 
is not completed within fifteen (15) business days or a longer 
>eriod as may be specified by the Board, the Board shall have 
me authority to cause the disconnection of that portion of the 
installation that is not in conformity. 
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80.27 Inspector's Qualifications. 

(A) Certificate. All electrical inspectors shall be certified by a 
nationally recognized inspector certification program accepted 
by the Board. The certification program shall specifically qual­
ify the inspector in electrical inspections. No person shall be 
employed as an Electrical Inspector unless that person is the 
holder of an Electrical Inspector's certificate of qualification 
issued by the Board, except that any person who on the date 
on which this law went into effect was serving as a legally 
appointed Electrical Inspector of shall, upon appli­
cation and payment of the prescribed fee and without exam­
ination, be issued a special certificate permitting him or her to 
continue to serve as an Electrical Inspector in the same territory. 

(B) Experience. Electrical inspector applicants shall demon­
strate the following: 

(1) Have a demonstrated knowledge of the standard materials 
and methods used in the installation of electric equipment 

(2) Be well versed in the approved methods of construction for 
safety to persons and property 

(3) Be well versed in the statutes of relating to elec-
trical work and the National Electrical Code, as approved 
by the American National Standards Institute 

( 4) Have had at least __ years' experience as an Electrical 
Inspector or __ years in the installation of electrical 
equipment. In lieu of such experience, the applicant shall 
be a graduate in electrical engineering or of a similar cur­
riculum of a college or university considered by the Board 
as having suitable requirements for graduation and shall 
have had two years' practical electrical experience. 

(C) Recertification. Electrical inspectors shall be recerti­
fied as established by provisions of the applicable certification 
program. 

(D) Revocation and Suspension of Authority. The Board 
shall have the authority to revoke an inspector's authority to 
conduct inspections within a jurisdiction. 

80.29 Liability for Damages. Article 80 shall not be con­
strued to affect the responsibility or liability of any party 
owning, designing, operating, controlling, or installing any 
electrical equipment for damages to persons or property caused 
by a defect therein, nor shall the __ or any of its employees 
be held as assuming any such liability by reason of the inspec­
tion, reinspection, or other examination authorized. 

80.31 Validity. If any section, subsection, sentence, clause, or 
phrase of Article 80 is for any reason held to be unconstitu­
tional, such decision shall not affect the validity of the remain­
ing portions of Article 80. 

80.33 Repeal of Conflicting Acts. All acts or parts of acts in 
conflict with the provisions of Article 80 are hereby repealed. 

80.35 Effective Date. Article 80 shall take effect ___ _ 
( ) days after its passage and publication. 
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ANNEX! Annex 1: Tightening Torque Tables 

Annex I Recommended Tightening Torque Tables from UL Standard 486A-B 

This informative annex is not a part of the requirements of this 
NFPA document, but is included for informational purposes 
only. 

In the absence of connector or equipment manufacturer's 
recommended torque values, Table 1.1, Table 1.2, and Table 1.3 
may be used to correctly tighten screw-type connections for 
power and lighting circuits* Control and signal circuits may 
require different torque values, and the manufacturer should be 
contacted for guidance. 

TABLE I.l Tightening Torque for Screws 

*For proper termination of conductors, it is very important 
that field connections be properly tightened. In the absence of 
manufacturer's instructions on the equipment, the torque values 
given in these tables are recommended. Because it is normal 
for some relaxation to occur in service, checking torque values 
sometime after installation is not a reliable means of determin­
ing the values of torque applied at installation. 

Tightening Torque, N-m (lbf-in.) 

Slotted head No. 10 and larger• 

Test Conductor Installed 
in Connector Slot width 1.2 mm (0.047 in.) Slot width over 1.2 mm 

AWGor or less and slot length 6.4 mm (0.047 in.) or slot length over 
kcmil mm2 (114 in.) or less 6.4 mm (1/4 in.) Split~bolt connectors Other connectors 

30-10 0.05-5.3 2.3 (20) 4.0 (35) 9.0 (80) 8.5 (75) 
8 8.4 2.8 (25) 4.5 (40) 9.0 (80) 8.5 (75) 

6-4 13.2-21.2 4.0 (35) 5.1 (45) 18.5 (165) 12.4 (110) 
3 26.7 4.0 (35) 5.6 (50) 31.1 (275) 16.9 (150) 
2 33.6 4.5 (40) 5.6 (50) 31.1 (275) 16.9 (150) 
1 42.4 - 5.6 (50) 31.1 (275) 16.9 (!50) 

1/0-2/0 53.5-67.4 - 5.6 (50) 43.5 (385) 20.3 (180) 
3/0-4/0 85.0-107.2 - 5.6 (50) 56.5 (500) 28.2 (250) 
250-350 127-177 - 5.6 (50) 73.4 (650) 36.7 (325) 

400 203 - 5.6 (50) 93.2 (825) 36.7 (325) 
500 253 - 5.6 (50) 93.2 (825) 42.4 (375) 

600-750 304-380 - 5.6 (50) 113.0 (1000) 42.4 (375) 
800-1000 405-508 - 5.6 (50) 124.3 (1100) 56.5 (500) 

1250-2000 635-1010 - - 124.3 (1100) 67.8 (600) 

'"For values of slot width or length not corresponding to those specified, .select the largest torque value associated with the conductor size. Slot width is the nominal 
design value. Slot length shall be measured at the bottom of the slot. 

TABLE 1.2 Tightening Torque for Slotted Head Screws Smaller Than No. 10 Intended for Use with 8 AWG (8.4 mm2) or 
Smaller Conductors 

Tightening Torque, N-m (lbf-in.) 

Slot Length of Screwa Slot width of screw smaller than Slot width of screw 1.2 mm 
mm in. 1.2 mm (0.047 in.)h (0.047 in.) and largerb 

Less than 4 Less than ·Yb 0.79 (7) 1.0 (9) 
4 %z 0.79 (7) 1.4 (12) 
4.8 o/J6 0.79 (7) 1.4 (12) 
5.5 Y:l2 0.79 (7) 1.4 (12) 
6.4 y. 1.0 (9) 1.4 (12) 
7.1 %z 1.7 (15) 
Above 7.1 Above%z 2.3 (20) 

aFor slot lengths of intermediate values, select torques pertaining to next shorter slot lengths. Also, see 9.1.9.6 ofUL 486A-2003, Wire Connectors and Soldering 
Lugs for Use with Copper Conductors, for screws with multiple tightening means. Slot length shall be measured at the bottom of the slot. 
hSlot width is the nominal design value. 

2019 California Electrical Code 70-939 



Annex 1: Tightening Torqne Tables ANNEX I 

TABLE 1.3 Tightening Torqne for Screws with Recessed Allen or Sqnare Drives 

Socket Width Across Flatsa 

mm in. Tightening Torque, N-m (lbf-in.) 

3.2 v. 5.1 (45) 
4.0 }h 11.3 (100) 
4.8 ?'io 13.5 (120) 
5.5 Y:l2 16.9 (!50) 
6.4 y. 22.5 (200) 
7.9 o/J6 31.1 (275) 
9.5 % 42.4 (375) 
12.7 y, 56.5 (500) 
14.3 'Yl6 67.8 (600) 

asee 9.1.9.6 ofUL 486A-2003, Wire Connectors and Soldering Lugs for Use with Copper Conductors, for screws with multiple tightening means. 
With the permission of Underwriters Laboratories Inc., material is reproduced from UL 486A-486B-2013, Wire Connectors, which is copyrighted by Underwrit­
ers Laboratories Inc., Northbrook, Illinois. While use of this material has been authorized, UL shall not be responsible for the manner in which the information is 
presented, nor for any interpretations thereof. For more information on UL, or to purchase standards, please visit their website at www.comm-2000.com or call 
1-888-853-3503. 
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ANNEXJ Annex J: Accessible Design 

Annex J ADA Standards for Accessible Design 

This informative annex is not a part of the requirements of this 
NFPA document, but is included for informational purposes 
only. 

The provisions cited in Informative Annex J are intended to 
assist the users of the Code in properly considering the various 
electtical design constraints of other building systems and are 
part of the 2010 ADA Standards for Accessible Design. They 
are the same provisions as those found in ANSI/ICC A117.1-
2009, Accessible and Usable Buildings and Facilities. 

J.l Protruding Objects. Protruding objects shall comply 
with Section J.2. 

J.2 Protrusion Limits. Objects with leading edges more than 
685 mm (27 in.) and not more than 2030 mm (80 in.) above the 
finish floor or ground shall protrude a maximum of 100 mm 
(4 in.) horizontally into the circulation path. (See Figure J.2.) 

Exception: Handrails shall be permitted to protrude 115 mm 
(4\i in.) maximum. 

J.3 Post-Mounted Objects. Freestanding objects mounted 
on posts or pylons shall overhang circulation paths 305 mm 
(12 in.) maximum where located 685 mm (27 in.) minimum 
and 2030 m (80 in.) maximum above the finish floor or ground. 
Where a sign or other obstruction is mounted between posts or 
pylons, and the clear distance between the posts or pylons is 
greater than 305 mm (12 in.), the lowest edge of such sign or 
obstruction shall be 685 mm (27 in.) maximum or 2030 mm 
(80 in.) minimum above the finish floor or ground. (See 
Figure J.3.) 

Exception: The sloping portions of handrails serving stairs and 
ramps shall not be required to comply with Section J.3. 

' ' 

"! s~mm 5305 mm 

rr= 4 in (<100 mm) 

II I t 

FIGURE J.2 Limits of Protruding Objects. 

J .4 Vertical Clearance. Vertical clearance shall be 2030 mm 
(80 in.) high minimum. Guardrails or other barriers shall be 
provided where the vertical clearance is less than 2030 mm 
(80 in.) high. The leading edge of such guardrail or barrier shall 
be located 685 mm (27 in.) maximum above the finish floor or 
ground. (See Figure J.4.) 

Exception: Door closers and door stops shall be permitted to be 
1980 mm (78 in.) minimum above the finish floor or ground. 

J.S Required Clear Width. Protruding objects shall not 
reduce the clear width required for accessible routes. 

' 

·' X>305mm 
' (> 12 in.) 

;?.20 30mm 

I 
(> r; 

(<12 in.) (512 in.) s;685m m X>305 mm r Omm 685 mm-203 
(27 in.-80 ln.) 

4------c 
' 

(a) 

FIGURE J.3 Post-Mounted Protruding Objects. 
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FIGURE J,4 Vertical Clearance. 

J,6 Forward Reach. 

J.6.1 Unobstructed. Where a forward reach is unobstructed, 
the high forward reach shall be 1220 mm ( 48 in.) maximum, 
and the low forward reach shall be 380 mm (15 in.) minimum 
above the finish floor or ground. (See Figure 1 .6.1.) 

J.6.2 Obstructed High Reach. Where a high forward reach is 
over an obstruction, the clear floor space shall extend beneath 
the element for a distance not less than the required reach depth 
over the obstruction. The high forward reach shall be 1220 mm 
(48 in.) maximum where the reach depth is 510 mm (20 in.) 
maximum. Where the reach depth exceeds 510 mm (20 in.), 
the high forward reach shall be l120 mm (44 in.) maximum, 
and the reach depth shall be 635 mm (25 in.) maximum. (See 
Figure 1.6.2.) 

FIGURE J,6.1 Unobstructed Forward Reach. 

FIGURE J.6.2 Obstructed High Forward Reach. 
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J,7 Side Reach. 

J, 7.1 Unobstructed. Where a clear floor or ground space 
allows a parallel approach to an element, and the side reach 
is unobstructed, the high side reach shall be 1220 mm (48 in.) 
maximum, and the low side reach shall be 380 mm (15 in.) 
minimum above the finish floor or ground. (See Figure 1.7.1.) 

Exception No. I: An obstruction shall be permitted between the 
clear floor or ground space and the element where the depth of 
the obstruction is 255 mm (10 in.) maximum. 

Exception No. 2: Operable parts offuel dispensers shall be per­
mitted to be 1370 mm (54 in.) maximum, measured from the 
surface of the vehicular way where fuel dispensers are installed 
on existing curbs. 

J. 7.2 Obstructed High Reach. Where a clear floor or ground 
space allows a parallel approach to an element and the high side 
reach is over an obstruction, the height of the obstruction shall 
be 865 mm (34 in.) maximum, and the depth of the obstruction 
shall be 610 mm (24 in.) maximum. The high side reach shall 
be 1220 mm (48 in.) maximum for a reach depth of 255 mm 
(10 in.) maximum. Where the reach depth exceeds 255 mm 
(10 in.), the high side reach shall be l170 mm (46 in.) max­
imum for a reach depth of 610 mm (24 in.) maximum. (See 
Figure 1.7.2.) 

Exception No. I: The top of washing machines and clothes dry­
ers shall be permitted to be 915 mm (36 in.) maximum above 
the finish floor. 

Exception No. 2: Operable parts of fuel dispensers shall be per­
mitted to be 1370 mm (54 in.) maximum, measured from the 
smface of the vehicular way where fuel dispensers are installed 
on exiSting curbs. 

:5,;255 mm (:510 in.)¥ 

I 
---t 

51220 mm 
(S48 in.) 

:::-:380mm 
(~15 in.) 

FIGURE J.7.1 Unobstructed Side Reach. 
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FIGURE J.7.2 Obstrncted High Side Reach. 
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Notes: 

HISTORY NOTE APPENDIX 

HISTORY NOTE APPENDIX 
CALIFORNIA ELECTRICAL CODE 

Title 24, Part 3, California Code of Regulations (CCR) 

For prior code history, see the History Note Appendix to the 
California Electrical Code, 2016 Triennial Edition, effective 
January 1, 2017. 

I. (BSC 01/17, HCD 01/17, DSA-SS 01/17, OSHPD 01/17, 
SFM 01/17) Adoption by reference of the 2017 National 
Electrical Code (NEC) with necessary amendments to 
become the 2019 California Electrical Code, and repeal of 
the 2014 edition of the (NEC); effective January 1, 2020. 
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-A-

AC and DC conductors in same enclosure, 
300.3(C)(l), 725.48 

AC armored cable, see Armored cable 
(TypeAC) 

Access and working space, see also Working 
space 

Audio signal processing, amplification, and 
reproduction equipment, 640.46 

Cranes and hoists, 610.57 
Elevator machine room, 620.71 
Induction and dielectric heating equipment, 

665.22 
Manholes, 110.72, 110.73, 110.75 
Not over 1000 volts, 110.26 
Over 1000 volts, 110-lll 
Portable substations, 530.62 
Switchboards, 408.18 
Transformers, electric sign, 600.2l(D) 
Vaults and tunnels, 110.76 

Accessible 
Air-conditioning and refrigeration 

disconnects, 440.14, 440.63 
Arc-fault circuit-interrupter protection, 

210.12 
Attics and roof spaces 

Armored cable, 320.23 
Knob-and-tube wiring, 394.23 
Open wiring on insulators, 398.23 

Cable trays, 392.18(E), 392.18(F) 
Conduit bodies, junction, pull, and outlet 

boxes, 314.29, 314.72(D) 
Critical operations power systems, 708.50 

Definition, Art. 100 
Electric signs and lights, 600.42(B) 
Ground-fault circuit-interrupters, 210.8 
Grounding electrode connection, 

250.68(A) 
Hydromassage bathtubs, 680.73 
Luminaires and 1ampholders, 410.5, 

410.24(B), 410.137(A) 

Motor disconnects, 430.107 
Overcurrent devices, 240.24(A) 
Panels, electrical equipment installed 

Readily 

behind, 300.23, 368. IO(B), 
725.21, 760.21, 770.21, 800.21, 
820.21, 830.21, 840.21 

Defmition, Art. 100 
Recreational vehicles site supply 

equipment, 551.77(C) 

2019 California Electrical Code 

Sealing fittings, 501.15(C)(l), 502.15, 
505.16(D)(l) see also Hazardous 
(classified) locations 

Service overcurrent protection, 230.92 

· Services, 230.70 
Splices and taps in auxiliary gutters, 

366.56(A) 
Splices and taps in wireways, 376.56(A), 

378.56 
Theaters, stage switchboards, 520.21(2) 
Transformers, signs, outlet lighting, 

600.2l(A) 
Transformers and vaults, 450.13 

Accessible design, ADA standards for, 
Annex J 

A C-DC general-use snap switches 
Marking, 404.20 
Motors, 430.83(C) 
Panelboards, use in, 408.36(A) 
Ratings, type loads, 408.36(A) 

AC general-use snap switch, 404.14(A) see 
also AC-DC general-use snap 

switches 
AC resistance and reactance conversion, 

Chap. 9, Table 9 

ACsystems 
Conductor to be grounded, 250.26 
Grounding connections, 250.24(A) 
Grounding electrode conductor, 250.66 
Grounding of, 250.20, 250.30 

Systems not required to be grounded, 

250.21 
In same metallic enclosures, 215.4(B), 

300.20 
Sensitive electronic equipment, 647 .3, 

647.5 
ADA standards for accessible design, 

Annex J 
Adjustable speed drive and drive systems, 

430.88, 430-X 

Definitions, Art. 100 
Administration and enforcement, Annex H 

Adoption of, Annex H 80.5 
Application of, Annex H 80.9 
Authority, Annex H 80.13 
Connection to electricity supply, Annex H 

80.25 
Definitions, Annex H 80.2 
Effective date, Annex H 80.35 
Electrical board, Annex H 80.15 
Inspector's qualifications, Annex H 80.27 

Liability for damages, Annex H 80.29 
Notice of violations, penalties, Annex H 

80.23 
Occupancy of building or structure, 

Annex H 80.11 
Permits and approvals, Annex H 80.19 
Plans review, Annex H 80.21 
Records and reports, Annex H 80.17 
Repeal of conflicting acts, Annex H 80.33 

Title of, Annex H 80.7 
Validity of article, Annex H 80.31 

Aerial cables 
Community antenna television and radio 

distribution systems, 820.44 

Identification, 200.6(A) 
Messenger-supported wiring, Art. 396 
Network-powered broadband 

communications systems, 830.44 

Premises-powered broadband 
communications systems, 840.44 

to 840.46 
Agricultural buildings, Art. 547 

Bonding and equipotential plane, 547.10 

Definitions, 547.2 
Equipotential planes, bonding, 547.10 
Feeder and service loads, calculation of, 

220-V 
Luminaires, 547.8 
Motors, 547.7 
Service equipment, separately derived 

systems, feeders, disconnecting 
means, and grounding, 547.9 

Surface temperatures, 547.4 
Switches, receptacles, circuit breakers, 

controllers, and fuses, 547.6 

Wiring methods, 547.5 
Air conditioners, room, 440-VII 

Branch-circuit requirements, 440.62 
Definition, 440.60 
Disconnecting means, 440.63 

Grounding, 440.61 
Nameplate marking, 220.82(C), 440.4 

Air~conditioning and refrigerating 
equipment, Art. 440 

Arc-fault circuit-interrupter protection, 
440.65 

Branch circuits 
Conductors, 440-IV 

Ampacity, determination of, 440.6 
Combination loads for, 440.34, 440.35 

General, 440.31 
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Multimotor equipment for, 440.35 
Several motor-compressors for, 

440.33 
Single motor-compressor for, 440.32 

General, 440.21 
Individual motor-compressor for, 

440.22(A) 
Outlets, 2!0.63 
Selection current 

Definition, 440.2 
Marking on nameplate, 440.4(C) 

Short-circuit and ground-fault 
protection, 440-III 

Equipment for, 440.22(B) 
Controllers for, 440-V 

Marking, 440.5 
Rating, 440.41 

Definitions, 440.2, 551.2 
Disconnecting means, 440-II 

Cord-connected equipment, 440.13 
Ratings and interrupting capacity, 

440.12 
Room air conditioners, 440.63 

Henne tic refrigerant motor -compressor, 
see Hermetic refrigerant motor­
compressors 

Leakage-current detector-interrupter, 
440.65 

Definition, 440.2 
Load, 220.82(C), 220.83 
Mobile homes, 550.20 
Nameplate requirements, 440.4 
Overload protection, 440-VI 

Application and selection of, 440.52 
Branch-circuit conductors for, 440.52(B) 
General, 440.51 
Motor-compressors, 440.52(A) 

On 15- or 20-ampere branch circuits, 
440.54 

Park trailers, 552.48(P), 552.59(B) 
Rated-load cmTent 

Definition, 440.2 
Marking on nameplate, 440.4(A) 

Recreational vehicles, 551.47(Q) 
Room air conditioners, see Air 

conditioners, room 
Single machine, when considered, 440.8 
Trucks transporting refrigerated units, see 

Electrified truck parking space 
equipment 

Aircraft hangars, Art. 513 
Aircraft batteries, 513.10 
Aircraft electrical systems, 513.10(A) 
Classification of locations, 513.3 
Definition, 513.2 
Equipment, 513.4, 513.7, 513.8, 513.10 
Ground-fault circuit interrupters, 513.12 
Grounding and bonding, 513.16 
Mobile equipment, 513.7(F), 513.10(D) 
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Painting hangar, 513.3(C)(2) 
Definition, 513.2 

Portable equipment, 513.lO(E) 
Sealing, 513.9 
Stanchions, rostrums, and docks, 513.7(E) 
Wiring, 513.4, 513.7, 513.8 

Air ducts, see Ducts 
Air plenums, see Plenums 
Air terminals, see Lightning (surge) 

arresters; Lightning rods 
Alarms 

Burglar, see Remote-control, signaling, and 
power-limited circuits 

Fire, 230.82(5), 230.94 Ex. 4 see a/sa Fife 
alarm systems 

Alarm systems, see Fire alarm systems 
Alternate power source, see Power source, 

alternate 
Alternators, see Generators 
Aluminum conduit, see Rigid metal conduit 
Aluminum siding, grounding of, 250.116 IN 
Ambient temperature, 310.15(A)(3) 

IN No. l, 3lO.l5(B)(2), 
Table B.310.15(B)(2)(a), 
Table 310.15(B)(2)(b), Table 
310.l5(B)(l6) through Table 
310.15(B)(21), 3l0.60(C)(4), 
Table 310.60(C)(4) see also 
Temperature limitations 

Ambulatory health care centers, see also 
Health care facilities 

Definition, 517.2 
Essential electrical systems, 517.45 

Ampacities, see also subhead, Ampacities, 
under entries for specific wiring 
and equipment 

Conductors, 310.15, Tables 310.l5(B)(l6) 
through 3lO.l5(B)(21), 310.60, 
Tables 310.60(C)(67) through 
310.60(C)(86), 
B.3lO.l5(B)(2)(l) through 
B .310.15(B)(2)(1 0) 

Amusement attractions·, 522.22 
Auxiliary gutters, 366.23 
Crane and hoist, Table 6lO.l4(A) 
Fire alarm systems, 760.51 
Motors, motor circuits, and controllers, 

430.6 
Solar photovoltaic systems, 690.8(B) 
Wind electric systems, 694.12(B) 

Definition, Art. 100 
Fixture wires, 402.5 
Grounding, 250.122 
Tables, 0-2000 volts, Tables 3l0.15(B)(l6) 

through 310.15(B)(21), Annex B 
Amusement attractions, control systems 

for pennanent, Art. 522 
Control circuits, 522-II 
Control circuits wiring methods, 522-III 

Definitions, 522.2 
Maintenance, 522.7 
Voltage limitations, 522.5 

Anesthetizing locations, 517-IV see also 
Health care facilities 

Definition, 517.2 
Flammable 

Definition, 517.2 
Annexes, informative, 90.5(D), Annexes A 

through J 
Antenna discharge units, 810.20, 810.57 
Antenna systems, radio and television, see 

Community antenna television 
and radio distribution (CATV) 
systems; Radio and television 
equipment 

Apparatus, see also Associated apparatus; 
Intrinsically safe apparatus; 
Simple apparatus 

Associated nonincendive field wiring 
Definition, Art. 100 
Marking, 500.8(C)(6) 

Nonincendive field wiring 
Definition, Art. 100 

Appliances, Art. 422 see also Motors 
Battery-powered, 5l7.64(E) 
Branch circuits, see Branch circuits, 

appliances 
Construction, 422~IV 
Cords, see Cords, flexible 
Definition, Art. !00 
Disconnecting means, 422-III 
Dwelling units 

Disconnecting means, 422.34 
Outlets, 210.52 

Fixed, 550.12(D), 550.13(C), 551.42(A) 
through (C) 

Definition, 550.2, 551.2 
Floating buildings, 553.10(B) 
Grounding, 250-VI, 550.16, 551.54 
Hazardous (classified) locations, see 

Hazardous (classified) locations 
Household cooking, demand factors and 

loads for, 210.2l(B)(4), 
Table 220.55 

Installation, 422-II 
Listing, 422.6 
Live parts, 422.4 
Load calculations, 220.14,220.52 through 

220.56, Table 220.55 
Marking, 422-V 
Mobile homes, in, 550.12(B) and (D), 

550.14, 550.l5(J), 550.18 
Motor-driven, 422.10(A) 

Disconnecting means, 422.31 (C) 
Load, 220.18(A) 
Marking, 422.62 
Overload protection, 422.1l(G) 

Outlets, 210.50(C), 210.52 
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Overcurrent protection, 422.11 
Park trailers, 552.10(E)(3), 552.20(D), 

552.46(B), 552.47, 552.56(F) 
Portable 

Definition, 550.2 
Recreational vehicles, in, 551.4l(C) Ex. 1, 

551.42 
Signal transmission between, 517.82 
Small, 210.52(B), 220.52(A), 

550.12(B), 550.18, 
552.46(B)(2), 552.47(A) 

Subject to immersion, 422.41 
Tenninals, identification of, 200.1 O(E) 

Approval, approved 
Definition, Art. 100 
Equipment and materials, 90.4, 90.7, 

110.2, 500.8(B), 680.4, 680.81, 
691.5, 705.6, 710.6, Annex H 
80.19 

Arc-fault circuit interrupters, 210.12 
Definition, Art. 100 
Protection, 440.65, 550.25 
Receptacle replacements, 406.4(D)(4) 
Solar photovoltaic systems, 690.11 

Arc fault protection, direct current 
microgrids, 712.57 

Arc-flash hazard warning, 110.16 
Arcing parts, 240.41 

Enclosure of, 110.18, 430.14(B), 
511.7(B)(l), 513.7(C), 
515.7(B), 516.7(B), 
517.61(B)(2) 

Arc lamps, portable 
Motion picture studios, 530.17 
Stage equipment, 520.61 

Arc-welder motors, see Welders, electric 
Arc welders, see Welders, electric 
Arenas, 410.10(E), Art. 518, Art. 520 

Emergency lighting system, Art. 700 
Armored cable (Type AC), Art 320 

Accessible attics, 320.23 
Ampacity, 320.80 
Bends, 320.24 
Boxes and fittings, 320.40 
Conductor type, 320.104 
Construction, 320M III 
Definition, 320.2 
Equipment grounding, 320.108 
Equipment grounding conductor 

installation, 250.120(A) 
Exposed work, 320.15 
Installation, 320-II 
Marking, 320.120 
Support, 320.30 
Through or parallel to framing members, 

320.17 
Uses not permitted, 320.12 
Uses permitted, 320.!0 
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Armories, Art. 518 
Emergency lighting system, Art. 700 

Array, solar photovoltaic systems, 
690.7(B), 690.43 see also Solar 
photovoltaic systems 

Definition, 690.2 
Arresters, surge, see Lightning (surge) 

arresters 
Artificially made bodies of water, see 

Natural and artificially made 
bodies of water, electrical wiring 
and equipment for 

Askarels 
Definition, Art. 100 
Transformers, 450.25 

Assembly, places of, 4l0.10(E), Art. 518 
Classifications, 518.2 
Emergency lighting system, Art. 700 
Supply, 518.5 
Theaters, audience areas, Art. 520 
Wiring methods, 518.4 

Associated apparatus 
Definition, Art. 100 
Grounding of, 504.50(A) IN, 504.50(B) 
Installation, 504.!0 
Listed, 504.4 
Marking, 500.8(C)(6), 505.9(C)(2) 

Ex. 1, 505.9(C)(2) Ex. 3, 
Table 505.9(C)(2)(4), 
Table 506.9(C)(2)(3), 
506.9(C)(2) Ex. 

Permitted equipment, 500.8(B)(2) 
Associated nonincendive field wiring 

apparatus 
Definition, Art. 100 
Marking, 500.8(C)(6) 

Atmospheric groups, see Hazardous 
(classified) locations 

Attachment plugs (caps), see also 
Hazardous (classified) locations; 
Receptacles, cord connectors, 
and attachment plugs (caps) 

Construction of, 406.7 
Definition, Art. 100 
Flexible cords on, 2l0.50(B), 400.10(B), 

400.24 
Grounding type, 406.10 
Polarized, terminal identification, 

200.10(B) 
Attics 

Armored cable, 320.23 
Knob and tube, 394.23 
Lighting outlets required, 210.70(A)(3) 
Metal-clad cable, 330.23 
Nonmetallic extensions, 382.12(1) 
Nonmetallic-sheathed cable, 334.23 
Open wiring, 398.23 
Sign transformers in, 600.21(E) 

Audio signal processing, amplification, and 
reproduction equipment, 
Art. 640 

Access, 640.5, 640.46 
Conduit or tubing, 640.23 
Definitions, 640.2 
Environmental protection, 640.44 
Flexible cords, use of, 640.21, 640.42, 

640.45 
Grounding, 640.7 
Grouping of conductors, 640.8 
Locations and other articles, 640.3 
Loudspeakers in fire-resistant construction, 

640.25 
Mechanical execution of work, 640.6 
Motion picture projectors, 540.50 
Permanent installations, 640-II 
Portable and temporary installations, 640-III 
Protection of electrical equipment, 640.4 
Theaters, 520.4 
Transformers, 640.9(D) 

Definition, 640.2 
Underwater, 680.27(A), 680.43(G) 
Water, near, 640.10 
Wireways, gutters, auxiliary gutters, 640.24 
Wiring methods, 640.9 
Wiring of equipment racks, 640.22, 640.43 

Auditoriums, Art. 518,Art. 520 
Emergency lighting system, Art. 700 

Authority having jurisdiction, 90.4 see also 
Approval, approved 

Definition, Art. 100 
Automatic 

Definition, Art. 100 
Autotransformers, see Transformers 
Auxiliary gutters, Art. 366 

Conductors 
Ampacities, 366.23 
Clearance, bare live parts, 366.100(E) 
Insulated, 366.58 
Number of, 366.22 

Construction specifications, 366-III 
Covers, 366.100(D) 
Definitions, 366.2 
Extension beyond equipment, 366.12 
Grounding, 366.60 
Indoors 

Listing, 366.6(B) 
Marking, 366.120(B) 
Uses permitted, 366.10(A)(1), 

366.10(B)(2) 
Installation, 366-II 
Listing, 366.6 
Marking, 366.120 
Metallic 

Conductors, 366.22(A), 366.23(A) 
Definition, 366.2 
Securing and supporting, 366.30(A) 
Uses permitted, 366.10(A) 
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Nonmetallic 
Conductors, 366.22(B), 366.23(B) 
Definition, 366.2 
Marking, 366.120 
Securing and supporting, 366.30(B) 
Uses permitted, 366.10(B) 

Outdoors 
Listing, 366.6(A) 
Marking, 366.120(A) 
Uses permitted, 366.10(A)(l), 

366.10(B)(l) 
Sound recording, similar equipment, 

640.7(A), 640.24 
Splices and taps, 366.56 
Support, 366.30 
Uses not permitted, 366.12 
Uses permitted, 366.10 

-B-

Back-fed devices, 408.36(D) 
Backfill, 300.5(F), 300.50(E) 
Balconies, outdoor, receptacles for, 

210.52(E)(3) 
Ballasts, electric discharge lamps, 410-XII, 

410-XIII 
Protection in fluorescent fixtures, 

410.130(E) 
Protection in recessed HID fixtures, 

410.130(F) 
Bare conductors 

Ampacities, 310.15(B)(4) 
Auxiliary gutters, 366.56(B) 
Bonding jumpers, 250.194(A) 
Contact conductors, cranes and hoists, 

610-III 
Definition, Art. 100 
Equipment grounding conductors, 

110.54(B), 225.4 Ex., 
250.118(1), 250.119,250.120, 
250.187(D) 

Grounded conductors, 225.4 Ex., 230.22 
Ex., 230.30(A) Ex., 230.41. Ex. 

Lighting systems operating at 30 volts or 
less, 411.6(C) 

Raceways, 225.27, 230.30(A) Ex. 
Service entrance, Types SE, USE, 338.100 
Sizing conduits for, Chap. 9, Note 3 
Underground conduits, grounded neutral, 

230.30(A) Ex., 230.41 Ex. 
Barriers, 368.234(B), 408.3(A)(2) 
Basements (cellars) 

Lighting outlets required, 210.70(A)(3) 
Nonmetallic extensions, 382.12(1) 
Nonmetallic sheathed cable, 334.15(C) 
Receptacles in, 210.8(A)(5), 210.52(0) 
Unfinished, 210.8(A)(5) 

Bathrooms, see also Bathtubs 
Branch circuits for, 2!0.11(C)(3) 
Definition, Art. 100 
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Disconnecting means, 230.70(A)(2) 
Fixed electric space-heating equipment 

cables, 424.44(E) 
Lighting outlets required, 210.70(A)(l), 

2!0.70(B) 
Overcurrent devices, 240.24(E) 
Receptacles in, 210.8(A)(l), 

Bathtubs 

210.8(B)(l), 210.52(D), 
406.9(C), 550.12(E), 550.13(D) 
through (F), 551.4l(C), 
552.4l(F) 

Hydromassage, 680-VI, 680-VII 
Definition, 680.2 
Fixed electric space-heating equipment 

cables, 424.44(E) 
Luminaires, 410.10(D), 550.14(D), 

551.53(B), 552.54(B) 
Receptacles, 210.8(A)(9), 406.9(C), 

550.13(F), 552.4l(F) 
Switches, 404.4(C) 

Batteries, see also Storage batteries 
Ah·craft, 513.10 
Definition, 706.2 
Energy storage systems, 706.30 to 706.44 
Flow 

Definition, 706.2 
Installations, Art. 480 
Intercelllintertier, 706.31 (B) 

Definitions, 706.2 
Marking, 480.7(D) 
Nominal voltage 

Definition, 480.2, 706.2 
Sealed 

Definition, 480.2, 706.2 
Insulation, 480.7(D) 
Vents, 480.1l(B) 

Terminal, see Terminals 
Battery charging equipment, 511.10(A) 

Aircraft hangars, 513.10(B) 
Battery system, see also Storage batteries 

Definition, Art. 100 
Bedrooms 

Arc-fault circuit-intenupter protection, 
210.12(A) 

Bell circuits, see Remote-control, signaling, 
and power-limited circuits 

Bends, 300.34 see also subhead under entries 
for specific wiring system 

Bipolar photovoltaic arrays, 690.7(B), 
690.31(1) 

Definition, 690.2 
Block (city, town, or village) 

Communication wires 
Protective devices, 800.90(A) 
Underground block distribution, 800.47(B) 

Definition, 800.2, 830.2 

Network-powered broadband 
communications systems, 
protection, 830.90(A) 

Boathouses and boat hoists, ground-fault 
circuit interrupters, 
2!0.8(A)(8), 210.8(C) 

Boatyards, see Marinas, boatyards, and 
docking facilities 

Bodies, conduit, see Conduit bodies 
Boilers 

Electrode-type 
600 volts or less, 424-VIII 
Over 1000 volts, 490-V 

Resistance-type, 424-VII 
Bonding, 250-V 

Agricultural buildings, 547.9(B)(3) 
Aircraft hangars, 513.16 
Bulk storage plants, 515.16 
Cable trays, 392.60 
Carnivals, circuses, fairs, and similar 

events, 525-IV 
CATV and radio distribution systems, 

820.100, 820.106 
Communications circuits, 800.100, 

800.106(B) 
Definition, Art. 100 
Equipotential, 547.10, 680.26,682.33 
Flexible metal conduit (1)1pe FMC), 

348.60 
Floating buildings, 553.11 
Garages, commercial, 511.16 
Grounding-type receptacles, 250.146 
Hazardous (classified) locations, see 

Hazardous (classified) locations 
Health care facilities, 517.13(B), 

517.19(D), 517.19(E) 
Induction and dielectric heating equipment, 

665.26 
Information technology· equipment, 645.15 
Intersystem bonding termination, 

770.!00(B) 
Definition, Art. 100 

Intrinsically safe systems, 504.60 
Irrigation machines, 675.14 
Liquidtight flexible metal conduit (Type 

LFMC), 350.60 
Liquidtight flexible nonmetallic conduit 

(Type LFNC), 356.60 
Loosely jointed raceways, 250.98 
Manufactured buildings, 545.11 
Metal boxes, 314.4 
Mobile homes, 550.16(C) 
Motor fuel dispens.ing facilities, 514.16 
Naturally and artificially made bodies of 

water, electrical equipment for, 
682-III 

Network-powered broadband 
communications systems, 
830.100, 830.106(B) 
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Optical fiber cables, 770.100, 770.106(B) 
Other enclosures, 250.96 
Outside raceway, 250.102(E) 
Over 250 volts, 250.97 
Over 1000 volts, 490.74 
Panelboards, 408.40, 517.14 
Park trailers, 552.57 
Piping systems and exposed structural 

steel, 250.104 
Premises-powered broadband 

communications systems, 
840.106(B), 840.180 

Raceways, see Raceways 
Radio and television equipment, 810.21, 

810.58 
Receptacles, 250.146 
Recreational vehicles, 551.55(B), 551.56 
Separately derived systems, 250.30(A)(8), 

250.30(B)(3), 250.104(D) 
Service equipment, 250.92, 250.94 
Signs and outline lighting, 600.7(B), 

600.33(D) 
Substations, fences and other metal 

structures enclosing, 250.194 
Swimming pools, see Swimming pools 
Tunnels, 110.54 
Wind electric systems, 694-V 

Bonding conductors, 517.19(E), 770.100, 
800.100, 810.21, 810.58, 
820.100, 820.180, 830.100(A) 

Bonding jumpers, see Jumpers, bonding 
Bored holes through studs, joists, 

300.4(A)(1) 
Bowling alleys, Art. 518 

Emergency lighting system, Art. 700 
Boxes (outlet, device, pull, and junction), 

Art. 314 see also Hazardous 
(classified) locations 

Accessibility, 314.29, 314.72(D) 
Agricultural buildings, 547.5(C) 
Community antenna television and radio 

distribution systems, 
820.133(A)(l) 

Concealed work, 314.20 
Conductors, number in box, 314.16 

Entering boxes, conduit bodies or 
fittings, 314.17 

Construction specifications, 314-III 
Covers, 314.25, 314.28(C), 314.41, 314.42, 

314.72(E) 
Cutout, see Cabinets, cutout boxes, and 

meter socket enclosures 
Damp locations, 314.15 
Depth, nrinimum, 314.24 
Drop (theaters, etc.), 520.44, 520.46 

Definition, 520.2 
Enclosures, handhole, 314.29,314.30 
Fill calculations, 314.16(B) 
Fire pumps, 695.6(H)(l), 695.6(1) 
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Fire resistive system, 728.5(E) 
Floor, for receptacles, 314.27(B) 
Flush-mounted installations, 314.19 
Grounding, 250.148, 250-VI 
Gutters, auxiliary, used as, 366.58(B) 
Insulating, see Boxes, nonmetallic 
Junction, pull, see Junction boxes 
Lighting (luminaires) outlets, see Lighting 

outlets 
Marking, 314.44 
Metal 

Construction, 314.40, 314-III 
Grounding and bonding, 314.4 
Installation, 314-II 
Wireways used as pull boxes, 376.23(B) 

Mobile homes, 550.15(!) 
Multioutlet assemblies used as pull boxes, 

380.23(B) 
Network-powered broadband 

communications systems, 
830.133(A)(l) 

Nonmetallic, 314.3, 314.17(C), 314.43, 
334.40 

Receptacles installed in, 406.3(D)(2) 
Wireways used as pull boxes, 378.23(B) 

Not required, 590.4(G) 
Over 1000volts, 314-IV 
Plugging, see Plugging boxes, motion 

picture studios 
Portable 

Rides, tents, and concessions, 525.22 
Theaters, 520.62 

Recreational vehicles, 551.47 
Repairing noncombustible surfaces, 314.21 
Required location, 300.15 
Round, 314.2 
Securing and supporting, 300.11, 314,23, 

392.18(G) 
Snap switches over 300 volts, not ganged, 

404.8(B) 
Solar photovoltaic systems, 690.34 
Surface extensions, 314.22 
Unused openings, closed, 110.12(A) 
Vertical raceway runs, 300.19 
Volume calculations, 314.16(A) 
Wall or ceiling, 314.27(A) 
Wet locations, 314.15 

Branch circuits, Art. 210, Art. 220 
Air conditioners, 440-IV, 440-VII 
Appliances, 210.23, 422-II 

Calculations, 220-II 
Definition, Art. 100 

Arc-fault circuit-interrupter protection, 
210.12 

Audio equipment, 640.10(A), 640.41, 
640.42(E) 

Bathrooms, 210.ll(C)(3) 
Breakout assembly 

Definition, 520.2 

Busways as branch circuits, 368.17(C) 
Calculation of loads, 220-II, Annex D 
Color code, 210.5 
Common area, 210.25 
Conductors, minimum ampacity and size, 

210.19 
Critical, 517.34,517.44 

Definition, 517.2 
Critical operations power systems, 708-II, 

708.30 
Definition, Art. 100 
Electric vehicle supply equipment, 625.41, 

625.47 
Emergency systems, 700.12(F)(2), 700.15, 

700.17,700.18 
Energy management systems, 750.30(C) 
Fire alarm systems, 760.41(B), 760.121(B) 
Fixed electric space-heating equipment, 

424.3 
Boilers, 424.82 
Low-voltage equipment, 424.104 
Radiant heating panels, 424.95, 424.96 

Fixed resistance and electrode industrial 
process heating equipment, 
425.3, 425.22(A), 425.22(D) 

Electrode-type boilers, 425.82 
Resistance-type boilers, 425. 72(D) 

General-purpose 
Definition, Art. 100 

Guest rooms or suites, 210.6(A), 210.17 
Health care facilities, 517.18(A), 

517.63(B), 517.63(C), 
517.73(A)(l) 

Individual 
Definition, Art. 100 
Overcurrent protection, 210.20 
Permissible loads, 210.22 
Rating or setting, 430.52 
Required, 490.72, 600.5, 605.9(B), 

620.22 through 620.25 
Irrigation machines, 675.9, 675.10 
Isolated power systems, 517.160 
Low-voltage suspended ceiling power 

distribution systems, 393.2l(B) 
Maximum loads, 220.18 
Mobile homes, 550.11, 550.12 
Modular data centers, 646.7(B) 
Motor, on individual branch circuit, see 

Motors 
Multiple, 210.7 
Multiple-outlet, 210.23, 210.24, 

Table 210.24 
Multiwire, 210.4, 393.2l(B) 

Defmition, Art. 100 
Outside, see Outside branch circuits and 

feeders 
Overcurrent device, 240.24(B)(2) 

Definition, Art. 100 
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Overcurrent protection, 210.20, 240.4, 
250.32(B)(2), 250.32(C)(2), 

520.52 
Park trailers, 552.42, 552.46 
Patient bed location, 517.18(A), 517.19(A) 
Permissible loads, 210.22, 210.23 
Ratings, 210-II 
Recreational vehicles, 551.42 
Requirements for, 210.24, Table 210.24 
Selection current, 440.4(C) 

Definition, 440.2 
Small-appliance, 210.11(C)(l) 
Stage or set, 530.23 
Taps from, 210.19(A), Table 210.24, 

240.4(E), 240.5(B)(2) 
Through luminaires, 410.64(C) 
Voltage drop, 210.19(A) IN No.4 
Voltage limitations, 210.6 
X-ray equipment, 517-V, 660.4, 660.6(A) 

Branch-circuit selection current 
Definition, 440.2 
Marking on nameplate, 440.4(C) 

Building 
Definition, Art. 100 
First floor of, 362.10 

Building component 
Definition, 545.2 

Building system 
Definition, 545.2 

Building wire, see Conductors 
Bulk storage plants, Art. 515 see also 

Hazardous (classified) locations 
Class I locations, 515.3 
Gasoline dispensing, 515.10 
Grounding and bonding, 515.16 
Sealing, 515.9 
Underground wiring, 515.8 
Wiring and equipment, 515.4, 515.7 

Bull switches, 530.15(D) 
Definition, 530.2 

Burglar alarm systems, see Remote-control, 
signaling, and power-limited 
circuits 

Bus bars 
Aboveground wiring methods, 300.37 
Definition, 393.2 
Industrial control panels, 409 .I 02 
Interconnected electric power production 

sources, 705.12(B)(2) 
Motor control centers, 430.97 
Portable distribution or termination boxes, 

525.22(B) 
Portable stage equipment, 520.62(C) 
Switchboards, 408.3, 408.51 

Bushings 
Cord, luminaire, 410.84 
Electrical nonmetallic tubing, 362.46 
Fiber, 320.40 
Fire alarm systems, 760.3(K) 

70-950 

NATIONAL ELECTRICAL CODE 

Generators, 445.16 
High density polyethylene conduit, 353.46 
Insulated, 300.4(G), 312.6(C) 

Lampholders attached to flexible cord, 
410.62(A) 

Securing fittings or raceways, 300.4(G) 
Intermediate metal conduit, 342.46 
Motors, 430.13 
Outlet boxes, conduit bodies, and outlet 

fittings, 314.17(D), 314.42 
Reinforced thermosetting resin conduit, 

355.46 
Rigid metal conduit, 344.46 
Rigid polyvinyl chloride conduit, 352.46 
Snow-melting and deicing equipment, 

426.22(C) 
Underground installations, 300.5(H) 
Use in lieu of box or terminal fitting, 

300.16(B) 
Busways, Art. 368 

Bartiers, fire, 368.234(B) 
Branches from, 368.56 
Connections, 368.238 
Construction, 368-III 
Dead ends closed, 368.58 
Definition, 368.2 
Drains, 368.236 
Extension through waJls and floors, 

368.!0(C) 
Feeder or branch circuits, 368.17 
Grounding, 368.60 

Over 1000 volts, 368.260 
Installation, 368-II 
Luminaires connected to, 410.36(F) 
Manufactured wiring systems, 

604.!00(A)(4) 
Marking, 368.120,368.320 
Over 1000 volts, 368-IV 
Overcurrent protection, 368.17 
Reduction in size, 368.17(B) 
Seals, vapor, 368.234(A) 
Storage battery, disconnection means, 

480.7(C) 
Support, 368.30 
Terminations, 368.238 
Under 1000 volts, 368.240 
Through walls and floors, 368.10(C) 
Uses not permitted, 368.12 
Uses permitted, 368.10 
Ventilated enclosures, 368.237 

Bypass isolation switch, 700.5(B), 701.5(B), 
708.24 

Definition, Art. 100 

-C-

Cabinets, cutout boxes, and meter socket 
enclosures, Put. 312 

Construction specifications, 312-II 
Damp and wet locations, 312.2 

Definitions, Art. 100 
Deflection of conductors, 312.6 
Installation, 312-1 
Insulation at bushings, 300.4(G), 312.6(C) 
Position in walls, 312.3 
Switch enclosures, splices, taps, 312.8 
Unused openings, 110.12(A) 
Wire-bending space at tenninals, 312.6(B) 
Wiring space, side or back, 312.9 

Cable bending, see type of cable 
Cablebus, Art. 370 

Conductors, 370.20 
Ampacity, 370.80 
Overcurrent protection, 370.23 
Terminations, 370.20(B), 370.42(3) 

Construction specifications, 370-Ill 
Definition, 370.2 
Equipment grounding conductor 

installation, 250.120(A) 
Fittings, 370.42 
Grounding, 370.60 
Installation, 370-II 
Marking, 370.120 
Securing and supporting, 370.30 
Support and extension through walls and 

floors, 370.18 
Uses not permitted, 370-III 
Uses permitted, 370.10 

Cable connectors 
Definition, 324.2 
Theater, 520.67 

Cable end fittings, changing from cable to 
knob-and-tube, 300.16(A) 

Cable management system, 626.23 
Definition, 625.2, 626.2 

Cable routing assembly, 800.26, 800.110, 
800.113, 800.l33(A), 800.154, 
800.182 

Coaxial cables, 820.110, 820.113, 
820.133(A), Table 820.154(a) 

Definition, Art. 100 
Network-powered broadband 

communications systems, 
830.110, 830.113(G), 
830.113(1), 830.133(A)(l), 
Table 830.154(a) 

Premises-powered broadband 
communications systems, 
840.110, 840.170(D) 

Cables 
Abandoned 

Coaxial, 820.25 
Definition, 820.2 

Communications, 800.25 
Definition, 800.2 

Fire alarm, 760.25 
Definition, 760.2 

Interconnecting 
Definition, 645.2 
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Network-powered broadband 
communications, 830.25 

Definition, 830.2 
Optical fiber, 770.25 

Definition, 770.2 
Premises-powered broadband 

communication, 840.25 
Remote-control, signaling, and power­

limited circuits, 725.25 
Definition, 725.2 

Aerial, see Aerial cables 
Armored (Type AC), see Armored cable 

(TypeAC) 
Border lights, theater, 520.44(C) 
Bundled 

Definition, 520.2 
Cable trays, installation in, see Cable trays 
CATV, Art 820 
Circuit integrity, 725.179(F), 760.24(B), 

760.179(0), 770.179(E) 
Communications, 800.179(0) 
Definition, 725.2, 800.2 

Coaxial, Art. 820, 840.47(C), 840.48(C), 
840.93(C), 840.101(A), 
840.110(C) 

Definition, Art. 100 
Continuity, 300.12 
Definition, 800.2 
Festoon, 610.13(C) 

Definition, 610.2 
Fire alarm systems, 760.3, 760.48 
Flat cable assemblies (Type FC), see Flat 

cable assemblies (Type FC) 
Flat conductor (Type FCC), see Flat 

conductor cable (Type FCC) 
Flexible, see Cords, Flexible 
Grouped 

Definition, 520.2 
Heating, Art 424 
Installation in cable trays, see Cable trays 
Installed in grooves, 300.4(F) 
Instrumentation tray (Type ITC), see 

Instrumentation tray cable 
(Type lTC) 

Integrated gas spacer cable (Type IGS), see 
Integrated gas spacer cable 
(Type IOS) 

Manufactured wiring systems, 604.100(A) 
Medium voltage cable (Type MV), see 

Medium voltage cable 
(TypeMV) 

Metal-clad cable (Type MC), see Metal­
clad cable (Type MC) 

Mineral-insulated metal-sheathed (Type 
MI), see Mineral-insulated 
metal-sheathed cable (Type MI) 

Multiconductor cables, identification of 
conductors in, 250.119(B) 
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Nonmetallic extension, see Nonmetallic 
extensions 

Nonmetallic-sheathed (Types NM, NMC, 
and NMS)-, see Nonmetallic­
sheathed cable (Types NM, 
NMC, and NMS) 

Nonmetallic underground conduit with 
conductors, see Nonmetallic 
underground conduit with 
conductors 

Optical fiber, see Optical fiber cables 
Other types of, see names of systems 
Point of entrance 

Definition, 770.2, 800.2, 820.2, 830.2 
Portable, see Cords, flexible 
Power and control tray cable (Type TC), 

see Power and control tray cable 
(TypeTC) 

Preassembled in nonmetallic conduit, 
see Nonmetallic underground 
conduit with conductors 

Protection against physical damage, 300.4 
Sealing, 501.15(D), 501.15(E), 

505 .16(A)(2), 505 .16(B)(5), 
505.16(B)(6), 505.16(B)(7), 
505.16(C)(2) 

Secured, 300.11, 314.17(B), 314.17(C) 
Service, see also Service-entrance cable 

(Types SE and USE) 
Definition, Art. 100 

Service-entrance (Types SE and USE), see 
Service-entrance cable (Types SE 
and USE) 

Splices in boxes, 300.15 
Stage, 530.18(A) 
Support, 392.18(0) 
Through studs, joists, rafters, 300.4 
Traveling, elevator, 620.11(B), 620.12(A), 

620-V 
Two-fer, 520.69 

_Definition, 520.2 
Underground, 230-III, 300.5, 300.50, 

770.47 
Underground feeder and branch circuit 

Type UF, see Underground 
feeder and branch-circuit cable 
(Type UF) 

Vehicle supply equipment, 625.17,626.23 
Definition, 625.2, 626.2 

Welding, 630-IV 
Cable sheath 

Definition, 770.2, 800.2 
Cable suspension, 300.19 
Cable trays, Art. 392 

Accessibility, 392.18(E), 392.18(F) 
Ampacity, 320.80(B), 392.80 
Bends, 392.18(A) 
Bonding, 392.60 
Bushed conduit and tubing, 392.46 

Cable and conductor installation, 392.20 
Cable fill, 392.22 
Communications circuits in, 800.113(H) 
Community antenna television and radio 

distribution systems, g20.113(H), 
820.133(A)(1) 

Construction specifications, 392-III 
Covers, 392.18(C) 
Definition, 392.2 
Equipment grounding conductor 

installation, 250.!20(A) 
Exposed, 392.18(E) 
Fire alarm system conductors, 760.51(C), 

760.133,760.139 
Fire resistive system, 728.5(D) 
Grounding, 392.60 
Installation, 392-II 
Marking, 392.18(H) 
Network-powered broadband 

communications systems, 
830.113(H), 830.133(A)(1) 

Optical fiber cables and raceways, 
770.113(H) 

Outdoors, 725.135(H) 
Over 1000 volts, cables rated, 392.20 
Over 2000 volts, cables rated, 392.80(B) 
Plenums, 300.22(C)(2) 
Securing and supporting, 392.30 
Signaling Class I circuits, 725.51 
Splices, cable, 392.56 
Support for raceways, cables, boxes, and 

conduit bodies, 392.18(G) 
Through partitions and walls, 392.18(D) 
Uses not permitted, 392.12 
Uses permitted, 230.44, 392.10 
Ventilated, 392.22 
Wiring methods, 392.10(A), Table 

392.10(A) 
Calculations, Annex D see also Loads 
Camping trailer, see also Recreational 

vehicles (camping trailers, motor 
homes, park trailers, travel 
trailers, truck campers) 

Definition, 551.2 
Canopies 

Boxes and fittings, 314.25 
Live parts, exposed, 410.5 
Luminaires fixtures 

Conductors, space for, 410.20 
Cover 

At boxes, 410.22 
Combustible finishes, covering 

required between canopy and 
box, 410.23 

Capacitors, Art. 460 see also Hazardous 
(classified) locations 

Enclosing and guarding, 460.2 
Induction and dielectric heating, 665.24 
Installation, Art. 460 
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Motors, 430.27, 460.9 
1000 volts and under, 460-I 

Conductors, 460.8 
Grounding, 460.10 
Marking, 460.12 
Means of discharge, 460.6 
Overcurrent protection, 460.8(B) 
Rating or setting of motor overload 

device, 460.9 
Over 1000 volts, 460-II 

Grounding, 460.27 
Identification, 460.26 
Means for discharge, 460.28 
Overcurrent protection, 460.25 
Switching, 460.24 

Phase converters, 455.23 
X-ray equipment, 517.76, 660-Ill 

Caps, see Attachment plugs 
Carnivals, circuses, fairs, and similar 

events, Art. 525 
Conductor overhead clearance, 525.5 
Definitions, 525.2 
Grounding and bonding, 525-IV 

Equipment bonding, 525.30 
Equipment grounding, 525.31, 525.32 
Grounding conductor continuity 

assurance, 525.32 
Power sources, 525-II 

Multiple sources of supply, 525.li 
Services, 525.10 

Protection of electrical equipment, 525.6, 
525.23 

Wiring methods, 525-Ill 
Concessions, 525.21 
Ground-fault circuit-interrupter 

protection, 525.23 
Portable distribution or terminal boxes, 

525.22 
Rides, 525.21 
Tents, 525.21 

Cartridge fuses, 240-VI 
Disconnection, 240.40 

CATV systems, see Community antenna 
television and radio distribution 
(CATV) systems 

Ceiling fans, 680.22(B), 680.43(B) Support, 
314.27(C), 422.18 

Cell 
Cellular concrete floor raceways 

Definition, 372.2 
Cellular metal floor raceways 

Definition, 374.2 
Definition, 706.2 
Electrolytic,· see Electrolytic cells 
Intercell connectors, 480.4(B) 

Definition, 480.2 
Intertier connectors, 480.4(B) 

Definition, 480.2 
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Solar 
Definition, 690.2 

Storage batteries, 480.4, 480.7(D), 
480.ll(B) 

Definition, 480.2 
Cellars, see Basements 
Cell line, electrolytic cells 

Attachments and auxiliary equipment 
Definition, 668.2 

Definition, 668.2 
Cellular concrete floor raceways, Art. 372 

Ampacity of conductors, 372.23 
Connection to cabinets and other 

enclosures, 372.18(B) 
Definitions, 372.2 
Discontinued outlets, 372.58 
Header, 372.18(A) 
Installation, 372-II 
Junction boxes, 372.18(C) 
Markers, 372.18(E) 
Number of conductors, 372.22 
Size of conductors, 372.20 
Splices and taps, 372.56 
Uses not permitted, 372.12 

Cellular metal floor raceways, Art. 374 
Ampacity of conductors, 374.23 
Connection to cabinets and extension from 

cells, 374.18(A) 
Construction, 374-III 
Defmitions, 374.2 
Discontinued outlets, 374.58 
Inserts, 374.18(C) 
Installation, 374-II 
Junction boxes, 374.18(B) 
Markers, 374.18(D) 
Number of conductors, 374.22 
Size of conductors, 374.20 
Splices and taps, 374.56 
Uses not permitted, 374.12 

Chairlifts, see Elevators, dumbwaiters, 
escalators, moving walks, 
platform lifts, and stairway 
chairlifts 

Charge controllers 
Definition, Art. 100, 694.2 
Energy storage systems, 706.23 
Solar photovoltaic systems, 690.72 

Child care facility 
Definition, 406.2 
Tamper-resistant receptacles in, 406.12(C) 

Churches, Art. 518 
Cinder fill 

Electrical metallic tubing, 358.10(C) 
High density polyethylene conduit, 

353.10(3) 
Intermediate or rigid metal conduits and 

electrical metallic tubing, in or 
under, 342.10(C), 344.10(C) 

Nonmetallic underground conduit with 
conductors, 354.10(3) 

Reinforcing thermosetting resin conduit, 
355.10(C) 

Rigid polyvinyl chloride conduit, 
352.10(C) 

Circuit breakers, Art. 240 see also 
Hazardous (classified) locations 

Accessibility and grouping, 404.8(A) 
Agricultural buildings, 547.6 
Arc energy reduction, 240.87 
Circuits over 1000 volts, 490.21, 490.45, 

490.46 
Damp or wet locations, in, 404.4 
Definition, Art. 100 
Disconnection of grounded circuits, 

404.2(B), 514.11(A) 
Enclosures, 404.3 
Fixed electric heating equipment for 

pipelines and vessels, 427.55(A) 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.21 

General, 110.9, 240-I 
Indicating, 240.81, 404.7, 422.35,425.21 
Markings, 240.83, 240.86(A) 
Overcurrent protection, 230.208, 240-I, 

240-Vll 
Generators, 445.12 
Motors, 250.122(D), 430.52, 430.58, 

430.111, 430.225(C)(l) 
Transformers, 450.3 

Panelboards, 408-Ill, 408.54, 408.55 Ex.l 
Rating 

Fixed-trip circuit breakers, 240.6(A), 
240.83(C), 240.86 

Motor branch circuits, 430.58 
Service disconnecting means, 230.70, 

230.205 
Service overcurrent protection, 230.90, 

230.91 
Solar photovoltaic systems, 690.13(F)(3) 
Stand-alone systems, 710.15(E) 
Switches, use as, 240.83(D), 404.11, 

410.14l(A) 
Switching devices, over 1000 volts 

Definition, Art. 100 
Circuit directory, panelboards, 408.4 
Circuit integrity cables, 725.179(F), 

760.24(B), 760.179(G), 
770.179(E) 

Communications, 800.179(G) 
Definition, 725.2, 800.2 

Circuit interrupters, ground-fault, see 
Ground-fault circuit interrupters 

Circuits 
Abandoned supply circuits 

Definition, 645.2 
Anesthetizing locations, 517.63 
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Branch, see Branch circuits 
Burglar alarm, see Remote-control, 

signaling, and power-limited 
circuits 

Central station, see Fire alarm systems 
Communication, see Communications 

circuits 
Control, see Control circuits 
Electrical circuit protective system, 

250.!20(A) IN, 300.19(B) 
Definition, Art. 100 

Fire alarm, see Fire alarm systems 
Fuel cell systems, see Fuel cell systems 
Grounding, Art. 250 
Impedance, 110.10 
Information technology equipment, 645.5 
-Intrinsically safe, 504.30 

Definition, 504.2 
Inverter input and output circuits, 690.1, 

690.6, 690.8, 690.10, 
705.60(A)(2), 705.65(A) 

Definitions, 690.2 
Less than 50 volts, Art. 720 

Class I , 725-II 
Grounding, 250.20(A) 

Modular data centers, 646.6 through 646.8, 
646.17,646.20 

Motor, 430-11 
Motor control, 430-VI 
Number of, in enclosures, 90.8(B) 
Output, see Output circuits 
Over 600 volts, see Over 600 volts 
Over 1000 volts, see Over 1000 volts 
Photovoltaic output, 690.1, 690.6(B), 

690.7, 690. 8, 690.31 
Defmition, 690.2 

Photovoltaic source, 690.1, 690.6 through 
690.9, 690.31, 690.53 

Definition, 690.2 
Power-limited, see Remote-control, 

signaling, and power-limited 
circuits 

Protectors required, 800.50, 800.90, 
800.100, 800.106,800.170, 
830.90 

Remote~control, see Remote-control, 
signaling, and power-limited 
circuits 

Signal, see Remote-control, signaling, and 
power-limited circuits 

Telegraph, see Communications circuits 
Telephone, see Communications circuits 
Underground, see Communications circuits 
Ungrounded, 210.10, 215.7, 410.93 see 

also Conductors, ungrounded 
Wind electric systems, 694-11, 694.30(C) 

Definitions, 694.2 
Circuses, see Carnivals, circuses, fairs, and 

similar events 
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Clamp fill, boxes, 3!4.16(B)(2) 
Clamps, ground, 250.10, 250.70 
Class 1, 2, and 3 circuits, see Remote-

control, signaling, and power­
limited circuits 

Class I, II, and III locations, see Hazardous 
(classified) locations 

Clean surfaces, grounding conductor 
connections, 250.12 

Clearances, see also Enclosures; Space 
Antennas, 810.13, 810.!8, 810.54 
Community antenna systems, 820.44(A) 

(4), 820.44(B), 820.44(E), 
820.47, 820.!33(A) 

Conductors 
Open, outside branch circuits and 

feeders, 225.!8, 225.19 
Overhead service, 230.24, 230.26, 

551.79 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, and 
stairway chairlifts, 620.5 

Fixed resistance and electrode industrial 
process heating equipment, 
supply conductors, 425.13 

Live parts 
Auxiliary gutters, 366.100(E) 
Circuits over 1000 volts, 110-III 

Luminaires, 410.116,410.136 
Network-powered broadband 

communications systems, 830.44 
Premises-powered broadband 

communication systems, 
840.44(A)(4) 

Swimming pools, 680.9 
Switchboards, 408.5, 408.18 
Wind electric systems, 694.7(G) 

Climbing space, line conductors on poles, 
225.14(D) 

Clothes closets 
Definition, Art. 100 
Heating, 424.38(C) 
Luminaires, 410.16 
Overcurrent devices, 240.24(D) 

Clothes dryers 
Calculations for, 220.54 
Feeder demand factors, Table 220.54, 

220.82(B) 
Grounding, 250.114,250.140 
Mobile homes, 550.!5(E), 550.!6(A), 

550.16(B)(3) 
Clothing manufacturing plants, 500.5(D), 

Art. 503, Art. 506 see also 
Hazardous (classified) locations 

CO/ALR 
Receptacles, 406.3(C) 
Switches, 404.14(C) 

Collector rings, 490.54, 675.11 
Definition, 675.2 

Collectors, cranes and hoists, 610.22 
Color code 

Branch circuits, 210.5 
Conductors, 310.110, 504.80(C), 647.4(C) 

Extra-hard-usage cables, 520.44(C)(3) 
Grounded conductor, 200.6, 200.7, 

400.22, 520.44(C)(3), 
520.54(1)(1) 

Grounding conductor, 250.119, 
3 10.110(B), 400.23, 
520.44(C)(3) 

Isolated power systems, 5!7.!60(A)(5) 
Ungrounded, 2!0.5(C), 215.12(C), 

310.110(C) 
Higher voltage to ground 

Sensitive electronic equipment, 647 .4(C) 
Service-entrance conductors, 230.56 

Combustible dusts, Art. 502, Art. 506 see 
also Hazardous (classified) 
locations 

Definition, Art. 100 
Combustible gas detection systems, 

500.7(K), 505.8(1) 
Definition, Art. 100 

Combustible-liquid produced vapors, see 
Hazardous (classified) locations 

Commercial garages, see Garages, 
commercial 

Common grounding electrode, 250.58 
Common neutral 

Feeders, 215.4 
Outside wiring, 225.7(B) 

Communications circuits, Art. 800 see also 
Community antenna television 
and radio distribution (CATV) 
systems; Premises-powered 
broadband communication 
systeins; Radio and television 

equipment 
Abandoned cables, 800.25 

Definition, 800.2 
Access to electrical equipment, 800.21 
Bonding, 800.IOO(A), SOO.IOO(D), 

800.106(B) 
Cable marking, 800.179, Table 800.179 
Cable routing assemblies, 800.182 
Cable substitution, Table 800.154(d) 
Conductors 

Overhead, 800.44 
Within buildings, 800-V 

Critical operations power systems, 708.14 
Definitions, 800.2 
Dwelling unit communications outlets, 

800.156 
Essential electrical systems, 517 .33(D), 

5!7.43(D) 
Grounding, 800.93, 800-IV 
Health care facilities, 517.33(D), 

5!7.43(D), 517-VI 
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Hybrid power and communications cables, 
800.179(1) 

Installation, 800-V 
Lightning conductors, 800.53 
Limited-power circuits, 725.12l(A)(4) 
Listing of communications wires and 

cables, 800.113(A), 800.179 
Listing of equipment, 800.18, 800-VI 
Mechanical execution of work, 800.24 
Mobile homes, 800.106 
Multifamily dwellings, 800.113(K) 
One- and two-family dwellings, 

800.113(L) 
Protection, 800-III 

Devices, 800.90 
Grounding, 800.100, 800.106(A) 
Mobile homes, grounding and bonding 

at, 800.106 
Primary protectors, 800.50, 800.90, 

800.100, 800.106, 800.170(A), 
830.90 

Secondary protectors, 800.90(D), 
800.170(B) 

Raceways, 800.110,800.113, 
800.133(A)(l), 800.154, 
800.182, 840.170(D) 

Definition, Art. 100 
Types of cable, 800.179 
Underground circuits entering buildings, 

800.47 
Unlisted cables entering buildings, 800.48 

Communications equipment 
Definition, Art. 100 

Community antenna television and radio 
distribution (CATV) systems, 
Art. 820 see also Radio and 
television equipment 

Access to electrical equipment, 820.21 
Cables 

Abandoned coaxial, 820.25 
Definition, 820.2 

Aerial entrance, 820.44 
Within buildings, 820-V 
Coaxial 

Definition, 820.2 
Entering buildings, 820.47 
Listing, 820.113(A), 820.154, 820-VI 
Outside, 820.44 
Types of, 820.179 
Underground, 820.47 

Definitions, 820.2 
Energy limitations, 820.15 
Grounding, 820-IV 

Cables, 820.93, 820-IV, 820.180 
Equipment, 820.103 

Instalhition of cables and equipment, 
820-V 

Locations, 820.3, 820.44, 820.93 
Marking, 820.179, Table 820.179 
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Mechanical execution of work, 820.24 
Mobile homes, 820.106 
Premises community antenna television 

(CATV) circuit 
Definition, 840.2 

Protection, 820-ill, 820.100(A)(6) 
Raceways, 820.113(E), 820.133 
Unlisted cables entering buildings, 820.48 

Compressors, refrigeration, Art. 440 
Computer rooms, see Information 

technology equipment 
Concealed 

Definition, Art. 100 
Electrical metallic tubing, 358.10(A) 
Electrical nonmetallic tubing, 362.10( 4) 
Fixed industrial process duct heaters, 

425.45 
Knob-and-tube wiring, see Knob-and-tube 

wiring 
Low-voltage suspended ceiling power 

distribution systems, 393.12(4) 
Metal wireways, 376.10(4) 
Nonmetallic extensions, see Nonmetallic 

extensions 
Surface metal raceways, 386.12(5) 

Concentric knockouts, see Knockouts 
Concrete 

Boxes 
Enclosures, 314.23(G) 
Flush-mounted installations of, 314.20 

Cellular concrete floor raceways, Art. 372 
Direct-buried cable, conduit, or raceways, 

cover requirements, Table 300.5 
Electrical metallic tubing in, 358.10, 

358.42 
Electrical nonmetallic tubing in, 362.10 
Electrodes encased in, 250.50 Ex., 

250.52(A)(3), 250.66(B), 25Q.68, 
250.70 

Flexible metal conduit, 348.12(6) 
Heating cables, installation in concrete 

floors of, 424.44 
High density polyethylene conduit in, 

353.10 
Intermediate metal conduit, 342.10, 

342.42(A) 
Liquidtight flexible metallic conduit, 

374.18(A) 
Liquidtight flexible nonmetallic conduit, 

356.10(7), 356.42, 374.18(A) 
Metal-clad cable in, 330.12 
Metal raceways and equipment in, 

300.6(A)(3) and (B) 
Mineral-insulated, metal-sheathed cable in, 

332.10(6) 
Nonmetallic-sheathed cable in, 

334.10(8)(3), 334.12, 
334.15(B) 

Nonmetallic underground conduit with 
conductors, 354.10(2) 

Rigid metal conduit, 344.10, 344.42(A) 
Rigid polyvinyl chloride conduit, 

352.10(G) 
Slabs, raceways under, Table 300.50 
Underfloor raceways, 390.3, 390.4 
Underground feeder and branch-circuit 

cable, type UP, 340.12(8) 
Walls, cabinets installed in, 312.3 

Conductive surfaces, exposed 
Definition, 517.2 

Conductor fill 
Audio systems, 640.23(A) 
Auxiliary gutters, 366.22 
Boxes, 314.16(B)(I) and (5) 
Cable trays, 392.22 
Cellular concrete floor raceways, 

372.22 
Cellular metal floor raceways, 374.22 
Control circuits, 517.74(A) 
Electrical metallic tubing, 358.22 
Electrical nonmetallic tubing, 362.22 
Elevators, 620.32, 620.33 
Fixture wire, 402.7 
Flexible metal conduit, 348.22, 

Table 348.22 
Flexible metallic tubing, 360.22 
General installations, 300.17 
Hazardous (classified) locations, sealing 

fittings, 501.15(C)(6), 
505.16(D)(5) 

High density polyethylene conduit, 353.22 
Intermediate metal conduit, 342.22 
Liquidtight flexible metal conduit, 350.22 
Liquidtight flexible nonmetallic conduit, 

356.22 
Maximum pennitted, 300.17 
Nonmetallic underground conduit with 

conductors, 354.100(D) 
Outlet boxes, etc., 314.16 
Reinforcing thermosetting resin conduit, 

355.22 
Remote control circuits, 725.51 
Rigid metal conduit, 344.22 
Rigid polyvinyl chloride conduit, 352.22 
Signs, 600.3l(C) 
Strut-type channel raceway, 384.22 
Surface raceways, 386.22, 388.22 
Theaters, 520.6 
Underfloor raceways, 390.6 
Wireways, 376.22, 378.22 

Conductors, see also Cords, flexible; Fixture 
wires 

Aluminum, 250.120(B) 
Ampacities, Thbles 310.660(C)(67) 

through 310.60(C)(86) 
Properties of, Chap. 9, Table 8 
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Ampacities of, 310.15, Tables 310.15(B)(16) 
through 3!0.15(B)(21), 
Tables 310.660(C)(67) through 

. 310.60(C)(86), 
B.310.15(B)(2)(1) through 
B.3!0.15(B)(2)(!0) 

Amusement attractions, 522.20 through 
522.24 

Applications, 310.104 
Armored cable, Type AC, see Annored 

cable (Type AC) 
Bare, see Bare conductors 
Bending radius, 300.34 
Bonding, see Bonding conductors 
Boxes and fittings, junction, 314.16, 

314.17 
Branch circuits, Art. 210 see also Branch 

circuits 
Bundled, in theaters, etc. 

Definition, 520.2 
Buried, 310.10(F) 
Busways, see Busways 
Cabinets and cutout boxes, 312.5 through 

312.7 
Cablebus, see Cablebus 
Calculations, examples, Annex D 
Capacitors, 460.8 
Cellular concrete floor raceways, see 

Cellular concrete floor raceways 
Cellular metal floor raceways, see Cellular 

metal floor raceways 
Circuit 

Communications, Art. 800 
Control, health care facilities, 517.74 
Fire alarm, Art. 760 
Less than 50 volts, Art. 720 
Over 1000 volts, Art. 490 
Signal, remote-control, power-limited, 

Art. 725 
Combinations, Chap, 9, Table 1 
Communications circuits, 800-II, 800-V 
Concealed knob-and-tube, see Knob-and-

tube wiring 
Conduit or tubing, number in, 342.22, 

344.22, 348.22, Table 348.22, 
350.22, 352.22, 353.22, 354.22, 
356.22, 358.22, 360.22, 362.22, 
Chap. 9 Tables, Annex C 

Construction specifications, 310-III, Tables 
310.104(A) through 310.104(E) 

Cooling of electric equipment, l10.13(B) 
Copper, 110.5, 505.18(A), 760.49(C) 

Ampacities, Tables 310.15(B)(!6) 
through 310.15(B)(21), 
Tables 310.660(C)(67) through 
31 0.60(C)(85), 
B.310.15(B)(2)(1) through 
B.310.15(B)(2)(10) 

Properties, Chap. 9, Table 8 
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Copper-clad aluminum 
Definition, Art. 100 
Equipment-grounding conductors, 

250.!20(B) 
Cords, flexible, see Cords, flexible 
Corrosive conditions, see Corrosive 

conditions 
Covered 

Definition, Art. 100 
Crane and hoists, 610-II, 610-III, 610.41 
Damp locations, 3!0.10(B), Table 310.!04(A) 
Definitions, Art. 100 
Deflection of, see Deflection of conductors 
Different systems, 300.3(C), 725.48 
Dimensions of, Chap. 9, Table 4 
Dry locations, 3!0.10(A) and (B), 

Table 310.104(A) 
Electrical metallic tubing, see Electrical 

metallic tubing 
Electrical nonmetallic tubing, see Electrical 

nonmetallic tubing 
Elevators, dumbwaiters, escalators, moving 

walks, 620-II through 620-IV 
Enclosure, grounding, 250-IV 

Grounding electrode conductors, 
250.64(D), 250.64(E) 

Equipment grounding, see Equipment 
grounding conductors 

Feeder, Art. 215 
Fire alarm systems, 760.3, 760.48, 760.49, 

760.!30 
Fire pumps, 695.6 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.11, 
425.22(D) and (E) 

Fixture wires, Art. 402 
In free air, Tables 310.15(B)(17), 

Table 3!0.15(B)(19), 
Table 310.15(B)(21) 

Gages (AWG), general provisions, 110.6 
General wiring, Art. 310 
Generators, size, 445.13 
Grounded 

Alternating current systems, 250.24, 
250.26 

Identification, 200.6, 200.7, 210.5(A) 
Change in size, 240.23 
Continuity of, 300.!3(B) 
Definition, Art. 100 
Different systems, 200.6(D) 
Electrode-type boilers, over 1000 volts, 

490.72(E) 
Energy storage systems, 706.20(C) 
Flat conductors, nonmetallic extensions, 

382.104(B) 
Fuel cells, 692.8(C) 
Fuses in, 430.36 

Insulated, 200.2(A), 551.54(C), 
552.55(C) 

Minimum rating and size, 2!5.2(A)(2) 
Mobile homes, 550.16(A) 
Motor controllers, 430.85 
Overcurrent protection, 230.90(B), 

240.22 
Panelboards, tennination in, 408.41 
Park trailers, 552.55(C) 
Recreational vehicles, 551.54(C) 
Recreational vehicle site supply 

equipment, 551.76(C) 
Separately derived systems, 250.30(A) 
Services 

Disconnection of, 230.70, 230.75 
Ground:.. fault circuit conductor, 

250.186(A) 
Overcurrent protection, 230.90(B) 

Switches, disconnection, 404.2(B) 
Use and identification, Art. 200 

Grounded power systems in anesthetizing 
locations, 517.63 

Grounding, see Grounding conductors 
Grounding electrode, see Grounding 

electrode conductors 
Grouped 

Definition, 520.2 
Identification, 310.110, 310.120 
Induction and dielectric heating equipment, 

ampacity of supply, 665.10 
Industrial control panels, 409.20 
Installation, 310-II 

Other systems, with, 300.8 
Insulated, Art. 310 

At bushings, 4 AWG and larger, 
300.4(G), 312.6(C) 

Construction and application, 310.104 
Definition, Art. I 00 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, 
and stairway chairlifts, 
620.11 

Fire alarm systems, 760.49(B) 
Fixtures, 410.52, 410.117(A) 
Grounded conductors, 200.2(A), 

551.54(C), 552.55(C) 
Hazardous (classified) locations, 501.20, 

505.18(B) 
Identification, 310.110 
Lighting systems operating at 30 volts or 

less, 4!1.6(D) 
Line-type fire detectors, 760.179(J) 
Low-voltage suspended ceiling power 

distribution systems, 393.14(B) 
Materials, 310.104 
Motion picture projectors, 540.14 
Outside branch circuits and feeders, 

225.4 
Park trailers, 552.55(C) 

70-955 



Reinforced thermosetting resin conduit, 
355.10(1) 

Service conductors, 230.22, 230.30(A), 
230.41 

Splices and joints, 110.14(B), 400.13, 
530.12(B), 590.4(G) 

Switchboards, 408.19 
Theaters, 520.42 

Interconnected electric power production 
sources, 705.12(B)(2) 

Intrinsically safe, 504.30, 504.50 
Length in boxes, 300.14 
Length in surge protective devices, 285.12 
Lightning rods, spacing from, 250.106 IN 

No. 2, 800.53, 820.44(E)(3) 
Liquidtight flexible metal conduit, see 

Liquidtight flexible metal 
conduit 

Liquidtight flexible nonmetallic conduit, 
see Liquidtight flexible 
nonmetallic conduit 

Low-voltage suspended ceiling power 
distribution systems, 393.104 

Marking, 310.120 
Material, 310.106(B) 
Metal-clad cable, see Metal-clad cable 
Metal enclosures, spacing from lightning 

rods, 250.106 IN No.2 
Metal wireways, 376.56(B)(5) 
Mineral-insulated metal-sheathed cable, 

see Mineral-insulated metal­
sheathed cable (Type MI) 

Minimum size, 230.31, 230.42, 
310.106(A), 517.74(B), 620.12, 
650.6(A), 660.9, 725.49(A), 
760.49(A), 760.142, 810.17, 
810.53 

Modular data centers, supply conductors, 
646.6, 646.9(D) 

Motion picture projectors, 540.13 
Motor circuits, 430.6, 430-ll 
Multioutlet assembly, see Multi outlet 

assembly 
Multiple, 250.102(C), 250.122(F), 300.5(!) 

Ex. 1, 300.20, 310.10(H), 
392.20(C), 520.27(A)(2), 
620.12(A)(l) 

Neutral, see Neutral 
Nonmetallic extensions, see Nonmetallic 

extensions 
Nonmetallic sheathed cable, Types 

NM, NMC, and NMS, see 
Nonmetallic-sheathed cable 
(Types NM, NMC, and NMS) 

Number of, in, see Conductor fill 
Organs, 650.6, 650.7 
Outdoor overhead conductors over I 000 

volts, Art. 399 
Outlet boxes, temperature limits, 410.21 
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Outside wiring, Art. 225 
Overcurrent protection, 240.4 

Cablebus conductors, 370.23 
Fixed resistance and electrode industrial 

process heating equipment, 
425.72(E) and (F) 

Grounded conductors, 230.90(B), 240.22 
Service-entrance conductors, 230.90, 

230.91, 230.208 
Overhead service, see Overhead service 

conductors 
Over 1000 volts, Art. 490 

Outdoor overhead conductors, Art. 399 
Paralleled, 250.30(A)(3), 250.102(C), 

250.122(F), 250.186(A)(2), 
250.186(B)(2), 300.3(B)(l), 
300.5(1) Ex. 1, 300.20, 
310.10(H), 366.20, 376.20, 
392.20(C), 520.27(A)(2), 
620.12(A)(l) see a/sa Flat cable 
assemblies (Type FC) 

Pendant fixtures, 410.54 
Properties of, Chap. 9, Table 8 
Raceways, number of conductors in, see 

Conductor fill 
Radio and televisiOn equipment and 

antenna systems, 810.4, Art. 820 
Railway, power and light from, 110.19 
Recreational vehicle site feeder circuit, 

551.73, 551.80 
Definition, 551.2 

Remote-control circuits, Art. 725 
Rigid metal conduit, see Rigid metal 

conduit 
Same circuit, 300.5(1) 
Selection of, examples, Annex D 
Service, see also Overhead service 

conductors; Service-entrance 
cable (Types SE and USE); 
Service-entrance conductors 

Definitions, Art. 100 
Underground service, 300.5(D)(3), 

Table 310.104(A) 
Service-entrance, see Service-entrance 

conductors 
Signal circuits, Art. 725, Art. 760 
Signs and outline lighting, 600.31, 600.32, 

600.33 
Single, 392.10(B)(l), 392.20(D), 

392.22(B), 392.80 
Sizes, 110.6, 540.13, 810.16, Table 

810.16(A), 810.17, 810.53, 
Chap. 9, Tables 5 and SA see 
also subhead: Minimum size 

Spliced, 230.33, 230.46 
Stranded, 310.106(C), Chap.9, Table 10 
Support of, in vertical raceways, 300.19 
Surface raceway, see Strut-type channel 

raceway; Surface metal 

raceways; Surface nonmetallic 
raceways 

Switchboards and panelboards, 408.3(A), 
408.19, 520.53(E), 520.54 

Temperature, limitations of, 310.15(A)(3), 
338.10(B)(3) 

Theaters, portable stage equipment, 520.68 
Tunnels, 110.53, 110.54 
Underfloor raceway, see Underfloor 

raceways 
Underground feeder and branch-circuit 

cable, see Underground feeder 
and branch-circuit cable 
(Type UF) 

Underground service, 300.5(D) (3), 
Table 310.104(A) 

Definition, Art. 100 
Ungrounded 

Flat conductors, nonmetallic extensions, 
382.104(A) 

Grounding separately derived systems, 
250.30(B) 

Identification, 210.5(C), 215.12(C) 
Lampholders, 410.93 
Multiple branch circuits, 210.7 
Overcurrent protection, 240.15 
Services, 230.90(A) 
Tapped from grounded system, 210.10 

Welders, electric 
Ampacity of supply, 630.11, 630.31 
Overcurrent protection, 630.12(B), 

630.32(B) 
Wet locations, 225.4, 310.10(C), 

Table 310.104(A) 
Wireways, see W1reways, metal; Wireways, 

nonmetallic 
X-ray equipment, 517-V, 660.6 through 

660.9 
Conduit bodies, see also Boxes (outlet, 

device, pull, and junction) 
Definition, Art. 100 
Marking, 314.44 
Number of conductors, 314.16(C) 
Over 1000 volts, 314-N 
Pull and junction box, 314.28 
Short radius, 314.16(C)(3) 
Support 

Cable trays, 392.18(G) 
By reinforcing thermosetting resin 

conduit, 355.10(H) 
By rigid nonmetallic conduit, 352.10(H) 

Conduit fill, see also Conductor fill 
Equipment grounding conductors, 

Chap. 9, Note 3 
Grounding conductor, 310.15(B)(6) 

Conduit nipples, Chap. 9, Note 4 
Conduits 

Boxes supporring, 314.23(H)(2) 
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Circuits, p~ysical protection of remote 
control, 725.3l(B) 

Conductors, number in, Chap. 9, 
Table 1, Annex C, Tables Cl 
through C13(A) 

Dimensions, Chap. 9, Table 4 
Electrical metallic' tubing, see Electrical 

metallic tubing 
Electrical nonmetallic tubing, see Electrical 

nonmetallic tubing 
Flexible metal, see Flexible metal conduit 
High density polyethylene conduit 

(Type HDPE), see High density 
polyethylene conduit 
(TypeHDPE) 

Intermediate metal, see Intermediate metal 
conduit 

Liquidtight flexible metal, see Liquidtight 
flexible metal conduit 

Liquidtight flexible nonmetallic, see 

Liquidtight flexible nonmetallic 
conduit 

MetalJic, grounding runs 7.5 m (25ft), 
250.86 Ex.l 

Number of fixture wires in, 402.7 
Outside wiring, 225.10 
Rigid metal, see Rigid metal conduit 
Rigid polyvinyl chloride, see Rigid 

polyvinyl chloride conduit 
Connections 

Aluminum, copper conductors, 110.14 
Busways, 368.238 
Cellular metal floor raceways to cabinets 

and extensions, 374.18(A) 
Electric vehicle supply equipment, 625.44 
Essential electrical systems, 517.34, 

517.43,517.44 
Fixed electric space~ heating equipment, 

424.45(C), 424.99(B)(2) 
Fuel cell systems to other circuits, 692~ VII 
Grounding conductor, 250-III, 250-VI 
High~impedance grounded neutral system, 

250.187(C) 
Integrity of, 110.12(B) 
Multiple circuit connections, grounding, 

250.144 
Point of interconnected power production 

sources, 705.12 
Splices, 110.14(B) 
Switches, 404.2 
Temperature limitations, 110.14(C), 110.40 
Terminals, general provisions, 110.14(A) 
X-ray installations, 517.71 

Connectors 
Armored cable, 320.40 
Boxes, 314.17 
Breakout assembly 

Definition, 520.2 
Cabinets and cutout boxes, 312.5(C) 
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Cable 
Definition, 324.2 
Theater, 520.67 

Connector strip, 520.44, 520.46 
Definition, 520.2 

Electrical metallic tubing, 358.42 
Electric vehicle, 625.19 

Definition, 625.2 
Flexible metal conduit, 348.42 
Intercell 

Definition, 480.2 
Intennediate metal conduit, 342.42 
Intertier 

Definition, 480.2 
Liquidtight flexible metal conduit, 350.42 
Liquidtight flexible nonmetallic conduit, 

356.42 
Low-voltage suspended ceiling power 

distribution systems, 393.40(A) 
Definitions, 393.2 

Pressure (solderless), 250.8(3), 250.70 
Definition, Art. 100 

Rigid metal conduit, 344.42 
Single-pole separable, 520.53(C), 

520.54(1), 525.22(D), 530.22 
Definition, 530.2 

Solar photovoltaic systems, 690.33 
Constant-voltage generators, Art. 445 

Overcurrent protection for, 445.12(A) 
Construction, closed 

Definition, 545.2 
Construction, types of, Annex E 
Construction sites 

Assured equipment grounding conductor 
program, 590.6(B)(3) 

Extension cord sets, 590.6(A) and (B)(2) 
Ground-fault circuit interrupter, protection 

for, 590.6 
Container, storage battery 

Definition, 480.2 
Continuity 

Electrical 
Cable trays, 392.60(A) 
Equipment grounding conductors, 

250.124 
Grounded conductors, 200.2(B) 
Gutters, auxiliary, 366.100(A) 
Metal raceways and cables, 250.92(B), 

250.96, 250.97,300.10 
Wireways, 376.100(A) 

Grounding, metal boxes, grounding-type 
receptacles, 250.148 

Mechanical 
Gutters, auxiliary, 366.100(A) 
Raceways and cables, 300.10, 300.12 
Conductors, 300.13 
Grounded conductor of multi wire 

circuits, 300.13(B) 
Wireways, 376.100(A) 

Continuous duty 
Definition, Art. 100 
Motors, see Motors, Continuous duty 

Continuous industrial processes 
Coordination, electrical system, 240.12 
Ground-fault protection, 230.95 Ex. 
Orderly shutdown, 430.44 
Power loss hazard, 240.4(A) 

Continuous load 
Applications, 210.19(A), 210.20(A), 

215.2(A) 
Definition, Art. 100 

Control, see also Hazardous (classified) 
locations 

Definition, 750.2 
Remote 

Circuits, see Remote-control, signaling, 
and power-limited circuits 

Of induction and dielectric heating 
equipment, 665.7 

X-ray equipment, 517-V, 660-II 
Control centers 

Arc-flash hazard warning, 110.16 
Guarding live parts, 110.28 
Illumination at, 110.26(D) 
Motor, 430-VIII 

Definition, Art. 100 
Working spaces about, 110.26 

Working space, 110.26 
Control circuits, 230.82(7), 430-VI 

Amusement attractions, 522-II, 522-ill 
Definition, Art. 100 

Control drawing, 504.10(A) 
Defmition, Art. 100 

Controllers, see also Hazardous (classified) 
locations 

Agricultural buildings, 547.6 
Air-coriditioning and refrigerating 

equipment, 440.5, 440-V 
Cases, grounding, 250.112(D) 
Charge controllers 

Definition, Art. 100, 690.2, 694.2 
Energy storage systems, 706.23 
Solar photovoltaic systems, 690.72 

Definition, Art. 100 
Diversion load controllers, 694.7(C) 

Definition, 694.2 
Enclosures, grounding, 250.112(D) 
Fire pumps, 695.12 
Motion 

Definition, 620.2 
Motor, 430-VII 

Definition, 430.2, 620.2 
Disconnecting means, 430.75, 430-IX, 

430.227 
Electrically operated pool covers, 

680.27(B)(1) 
Hazardous (classified) locations, 

501.115,502.115,503.115 
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Marking, 430.8 
Power conversion equipment, 430.131 
Tunnels, !10.55 

Operation 
Definition, 620.2 

Ratings, 430.83 
Resistors and reactors, see Resistors and 

reactors 
Control panels, see Industrial control 

panels 
Control room 

Branch circuits, lighting and receptacles, 
620.23 

Definition, 620.2 
Wiring, 620.2l(A)(3), 620.37 

Control space 
Branch circuits, lighting and receptacles, 

620.23 
Definition, 620.2 
Wiring, 620.2l(A)(3), 620.37 

Control system 
Definition, 620.2 

Convenience outlets, set! Receptacles 
Conversion table, AC conductor 

resistances and reactances, 
Chap. 9, Table 9 

Converters 
Definition, 551.2 
Phase, see Phase converters 
Recreational vehicle 

Definition, 551.2 
Cooking unit, counter~ mounted, see also 

Ovens, wall-mounted; Ranges 
Branch circuits, 210.19(A)(3), 210.23(C), 

220.55 
Definition, Art. 100 
Feeders, calculation ofload, 220.82(B)(3) 
Grounding, 250.140 

Cooling of equipment, 110.13(B) 
Coordination, electrical systems, 240.12, 

708.54 
Feeders, 240.100(C), 517.17(B) 
Overcurrent protective devices 

Critical operations power systems, 708.54 
Health care facilities, 517.31(G) 
Information technology equipment, 

645.27 
Legally required standby systems, 

701.27 
Selective, 230.95(C), 620.62, 645.27, 

695.3(C)(3), 700.10(B)(5), 
700.32, 701.27 

Definition, Art. 100 
Copper-clad aluminum conductors, 

see Conductors, copper-clad 
aluminum 

Copper conductors, see Conductors, copper 
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Cord connectors, 626.25(B)(5) see also 
Receptacles, cord connectors, 
and attachment plu~s (caps) 

Definition, Art. 100, 626.2 
Cords, see also Hazardous (classified) 

locations 
Electric-discharge luminaires, 410.62(C) 

(1) 
Flexible, Art. 400,422.16,422.43 

Air conditioner, 440.64 
Ampacities, Tables 400.5(A)(1) through 

400.5(A)(3) 
Anesthetizing locations, 517.6l(A) 
Audio signal processing, amplification, 

and reproduction equipment 
grouping conductors, 640.8, 
640.42, 640.45 

Bending radii, minimum, 400.34 
Construction specifications, 400-II 
Emergency systems, 700.12(F)(2) 
Equipment grounding conductors 

Identification, 400.23 
Over 600 volts, 400.31(B), 400.32, 

400.33 
Size of, 250.122(E) 

Fittings, 400.35 
Hazardous (classified) locations, 505.17, 

506.17 
Identified conductors within, 200.6(C), 

250.119(C), 400.22, 400.23 
Insulation, Table 400.4, 400.2l(B) 
Labels, 400.20 
Lampholders, insulating bushings, 

410.62(A) 
Manufactured wiring systems, 

604.100(A)(3) 
Marking, 400.6 
Modular data center equipment 

enclosures, 646.9 
Motion picture projectors, 540.15 
Office furnishing, 605.9(A) 
Outlets 

Covers, 314.25(C) 
Required, 210.50(B) 

Overcurrent protection, 240.5, 400.16 
Over 600 volts, 400-lii 
Power-limited and signal circuits, 

remote-control, 725.49(A) 
Pull at joints and terminals, 400.14 
Repair of, hard service, 400.13 
Showcases, wall cases, 410.59 
Solar photovoltaic systems, 690.31(E) 
Splices and taps, 400.13, 400.36, 

530.12(A) and (B) 
Construction sites, 590.4(G) 

Swimming pools, fountains, and similar 
installations, 680.8, 680.21(A)(3), 
680.23(B)(3), 680.42(A), 
680.55(B), 680.56 

Types, 400.4, Table 400.4 
Uses not permitted, 400.12 
Uses perutitted, 400.10 
Wind electric systems, 694.30(B) 

Heater, Table 400.4, 422.43(A) 
Information power-supply cord, 645.5(B) 
Mobile home power supply, 550.10 
Park trailer power-supply cord, 552.43(B), 

552.44 
Solar photovoltaic signs, 600.34(C) 
Tinsel 

Overcurrent protection, 400.16 
Types, Table 400.4 

Vehicle supply equipment, 625.17 
Definition, 625.2 

Cord sets, see Extension cord sets 
Correction factors, ambient temperature, 

Table B.310.15(B)(2)(a), 
Table 310.15(B)(2)(b), 
Tables 310.15(B)(16) through 
310.15(B)(20), 310.60(C)(4), 
Table 310.60(C)(4) 

Corrosion protection, see Protection, 
corrosion 

Corrosive conditions 
Agricultural buildings, wiring in, 

547.5(C)(3) 
Armored cable, 320.12(4) 
Bushings, 430.13 IN 
Cablebus, 370.10(3) 
Conductors and conductor insulation, 

300.6, 310.10(G), 505.18(B) 
High density polyethylene conduit, 

353.10(2) 
Rigid polyvinyl chloride conduit, 

352.10(B) 
Deteriorating agerits, 110.11 
Electrical nonmetallic tubing, 362.10(3) 
Fire alarm systems, 760.3(D) 
Flat cable assemblies, 322.12(1) 
Flat conductor cable, 324.12(2), 324.101 
Low-voltage suspended ceiling power 

distribution systems, 393.12(2) 
Luminaires installed in, 410.10(B) 
Metal wireways, 376.12(2) 
Mineral-insulated, metal-sheathed cable, 

332.10(10) 
Nonmetallic-sheathed cable, 334.10(B)(l), 

334.12(B)(1) 
Nonmetallic wireways, 378.10(2) 
Open wiring on insulators, 398.15(B) 
Pool sanitation chemicals, wiring in areas 

of, 680.14 
Reinforcing thermosetting resin conduit, 

355.10 
Surface metal raceways, 386.12(3) 
Underground feeder and branch-circuit 

cable, 340.10(3) 
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Countertops, outlets, 210.52(A)(4), 
210.52(C), 406.5(E) 

Couplings 
Electrical metallic tubing, 358.42 
Fire resistive system, 728.5(C) 
Flexible metal conduit, 348.42 
Intermediate metal conduit, 342.42 
Liquidtight flexible metal conduit, 350.42 
Liquidtight flexible nonmetallic conduit, 

356.42 
Rigid metal conduit, 344.42 
Running threads at, 342.42(B), 344.42(B) 
Threaded and threadless, 250.92(B) 

Cove lighting, space for, 410.18 
Covers 

Auxiliary gutters, 366.100(D) 
Boxes and fittings, 314.25, 314.28(C), 

314.41, 314.42, 314.72(E) 
Cable, 650.6(D) 
Cable trays, 392.18(C) 
Faceplates, see Faceplates 
Luminaires fixtures, outlet boxes for, 

410.22, 410.23 
Pool cover, electrically operated, 680.27(B) 

Definition, 680.2 
Strut-type channel raceways, 384.IOO(C) 
Wireways, 376.2, 376.56(8)(4), 

376.100(D), 378.2 
Cranes, Art. 610 see also Hoists 

Conductors, 610-ill 
Control, 610-VI 
Disconnecting means, 430.112 Ex., 610-IV 
Electtolytic cells, 668.32 
Flexible cords, 400.10(A)(5) 
Grounding, 250.22(1), 250.112(E), 

250.116(1), 610-VII 
Hazardous (classified) locations, 503.155, 

610.3(A) 
Marinas and boatyards, 555.23 
Motors and controllers, disconnecting 

means, 430.112 Ex. 
Nameplates, 610.14(G) 
Overcurrent protection, 610-V, 610.53 
Wiring, 610-II 

Critical branch, 517.34 
Defmition, 517.2 

Critical care space, 517.19, 517.29(B), 
517.45(C) 

Definition, 517.2 
Critical operations data system, 645.10(B) 

Definition, 645.2 
Critical operations power systems, Art.708, 

AnnexF 
Availability and reliability for, Annex F-I 
Circuit wiring and equipment, 708-II 
Commissioning, 708.8 

Definition, 708.2 
Definitions, 708.2 
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Development and implementation of 
functional performance tests 
(FPTs), Annex F-II 

Emergency operations plan, 708.64 
Grounding, 708.20(C) 
Overcurrent protection, 708-IV 
Physical security, 708.5 
Power sources and connection, 708-III 
Risk assessment, 708.4 
System performance and analysis, 708-V 
Testing and maintenance, 708.6, 708.8 

Cross sectional areas 
Conductors, Chap. 9, Tables 5 through 8 
Conduits, Chap. 9, Table 4 

Current-carrying capacities, see Ampacities 
Current-limiting devices, see also Circuit 

breakers; Fuses 
Definition, 240.2 

Curtain machines, theaters, 520.48 
Cutout bases, see Fuseholders 
Cutout boxes, see also Cabinets, cutout 

boxes, and meter socket 
enclosures 

Definition, Art. 100 
Cutting tables, motion picture, 530-IV 

-D-

Dampers (flue), control 
Critical operations power systems, 

708.20(F)( 4) 
Fixed stage equipment, smoke ventilator 

control, 520.49 
Ventilating openings, transformer vaults, 

450.45(E) 
Damp or wet locations, 110.11 see also Wet 

locations 
Agricultural buildings, 547.5(C)(2) 
Armored cable, 320.12 
Boxes and fittings, 314.15 
Busways, 368.12(D) 
Cabinets and cutout boxes, 312.2 
Cablebus, 370.10(3), 370.12(C) 
Conductors, types, 310.10(B), 310.!0(C), 

Table 310.104(A) 
Definition, Art. 100 
Electrical nonmetallic tubing, 362.10( 4 ), 

362.10(7) 
Electric signs and outline lighting, 

600.42(G), 600.42(H)(2) 
Fire alarm systems, 760.3(D) 
Fixed electric space-heating equipment, 

424.12(B) 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.12(B) 

Flat conductor cable, 324.10(E), 324.12(1) 
Lampholders, 410.96 
Low-voltage suspended ceiling power 

disttibution systems, 393.12(1) 

Luminaires, 410.10(A) 
Metal-clad cable, 330.10(A) 
Mineral-insulated, metal-sheathed cable, 

332.10(3) 
Nonmetallic-sheathed cable, 334. !O(B)(1), 

334.12(B)(4) 
Open wiring, 398.15(B) 
Overcurrent protection, enclosure, 240.32 
Panelboards, 408.37 
Receptacles, 406.9 
Reinforcing thermosetting resin conduit, 

355.!0(D) and (E) 
Rigid polyvinyl chloride conduit, 

352.10(D) and (E) 
Switchboards, 408.16 
Switches, 404.4 

Dance halls, Art. 518 
Data centers, modular, see Modular data 

centers 
Data processing systems, see Information 

technology equipment 
DC systems, 250-VIII see also Direct current 

microgrid systems 
Branch circuits, identification of, 

210.5(C)(2) 
Grounding, 250.162,250.164 
Luminaires, installation of, 410.134 
Solar photovoltaic systems, see Solar 

photovoltaic systems 
Dead ends 

Busways, 368.58 
Cablebus, 370.42(2) 
Flat cable assemblies, 322.40(A) 
Wireways, 376.58, 378.58 

Dead front, l10.26(A)(l) 
Definition, Art. 100, 551.2 
Instruments, meters, and relays on, 

250.174(B) 
Park trailers, 552.45(C) 
Recreational vehicles, 551.2, 551.45(C) 
Working spaces about, 110.26(A)(1) 

Decks, receptacles for, 210.52(E)(3) 
Definitions, Art. 100 
Deflection of conductors 

Auxiliary gutters, 366.58(A) 
Cabinets and cutout boxes, 312.6 

Deicing installations, see Fixed outdoor 
electric deicing and snow­
melting equipment 

Delta breakers, 408.36(C) 
Deltaaconnected 

Grounding separately derived systems, 
250.30(A)(3) 

Identifying high-leg, 3-phase supply, 
4-wire, 110.15, 230.56, 
408.3(E)(1), 408.3(F), 
409.102 

Demand factor, see also Loads 
Definition, Art. 100 
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Dental office (medical office) 
Definition, 517.2 

Designated critical operations area, see 
also Critical operations power 
systems 

Definition, 708.2 
Detached buildings, oil~insulated 

transformers in, 450.26 Ex. 5 
Deteriorating agents, 110.11 
Device, see also Receptacles; Switches 

Definition, Put. 100 
Device or equipment fill for boxes, 

3!4.16(B)(4) 
Diagnostic equipment, 517.73(A) 
Diagrams 

Adjustable speed drive control, 
Fig. D.10 

Autotransformer overcurrent protection, 
Fig. 450.4 

Cable insta11ation dimensions, 
underground, Fig. 310.60(C)(3) 
for use with Tables 310.60(C)(77) 
through 310.60(C)(86), Figs. 
B.310.15(B)(2)(2) through 
B.310.15(B)(2)(5) for use 
with Tables B.310.15(B)(2)(5) 
through B.310. 15(B)(2)(10) 

Cable substitution hierarchy 
Communications systems, Fig. 800.154 
Community antenna TV and radio 

distribution systems, 
Fig. 820.154 

Fire alarm systems, Fig. 760. 154(A) 
Optical fiber cables, Fig. 770.154 
Remote control, signaling, and power 

limited circuits, Fig. 725. 154(A) 
Elevators, dumbwaiters, escalators, etc. 

Control system, Fig. 620.2 
Single line diagram, Fig. 620.13 

Feeders, 215.5 
Generator field control, Fig. D.9 
Hazardous (classified) locations, 

Class I, Zones 0, 1, and 2, 
marking, 505.9(C)(2) 

Hazardous (classified) locations adjacent to 
dispensers, Fig. 514.3(A), 
Fig. 514.3(B) 

Luminaires, closet storage space, 
Fig. 410.2 

Marine terminal handling flammable 
liquids, Fig. 515.3 

Mobile homes, receptacle and attachment 
plug, Fig. 550.10(C) 

Motor feeder and branch circuits, 
Fig. 430.1 

Park trailers, receptacles and attachment 
plugs, Fig. 552.44(C)(l) 
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Recreational vehicles, receptacles and 
attachment plugs, 
Fig. 55L46(C)(l) 

Remote control, signaling, and power 
limited circuits, Class 2 and 3 
circuits, Fig. 725.121 

Services, Fig. 230.1 
Solar photovoltaic systems, identification 

of components, Fig. 69.0.1(a), 
Fig. 690.1(b) 

Spray application, dipping, coating, and 
printing, Fig. 516.4, 
Fig. 5!6.5(D)(l), Fig. 516.5(D)(2), 
Fig. 5!6.5(D)(4), 
Fig. 516.5(D)(5), Fig. 516.18, 
Figs. 516.29(a) through (d), 
Figs. 516.35 

Swimming pools, clearance from pool 
structures, Fig. 680.8(A) 

Dielectric heating, see also Induction and 
dielectric heating equipment 

Definition, 665.2 
Different systems, conductors in same 

enclosure, 300.3(C), 725.48, 
725.136(B), 760.48,760.136, 
800.47(A), 800. 133(A), 
810.18(C), 820.133(A) 

Dimensions 
Conductors, Chap. 9, Tables 5 through 8 
Conduits and tubing, Chap. 9, Table 4 

Dimmers 
Emergency lighting circuits, 700.23 
Solid-state-type, 520.25(D) 

Definition, 520.2 
Stage switchboard, 520.25 
Switch, 404.9(B), 404.14(E) see also Snap 

switches 
Dining areas, essential electrical systems, 

517.43(E) 
Dip tanks, Put. 516 
Direct burial 

Ampacities, modification of, 310.60(C)(2), 
Fig. 310.60(C)(3), 
Table 310.60(C)(81) through 
310.60(C)(85) 

CATV coaxial cables, 820.47(B) 
Corrosion protection 

Aluminum metal equipment, 300.6(B) 
Ferrous metal equipment, 300.6(A)(3) 

Electrical nonmetallic tubing, 362.12( 4) 
Flexible meta!lic tubing, 360.12(4) 
Grounding conductor connection, 

250.68(A) Ex. I, 250.70 
High density polyethylene conduit, 

Table 300.50, 353.10(4) 
Integrated gas spacer cable, 326.10 
Intermediate metal conduit, Table 300.5, 

Table 300.50 

Liquidtight flexible metal conduit, 
350.!0(3), 350.120 

Liquidtight flexible nonmetallic conduit, 
356.!0(4), 356.10(7) 

Medium voltage cable, 328.10(4) 
Metal-clad cable, 330.10(A)(5), 330.12(2) 
Nonmetallic underground conduit with 

conductors, 354.10(1) 
Optical fiber cables, 770.47(B) 
Over !000 volts, 300.50 
Premises-powered broadband 

communication, optical fiber 
cables for, 840.47(A)(2) 

Reinforced thermosetting resin conduit, 
Table 300.50 

Rigid metal conduit, Table 300.5, Table 
300.50, 344.10(A)(2), 344.10(B) 

Rigid polyvinyl chloride conduit, 
Table 300.50, 352.10(G) 

Bulk storage plants, 515.8 
Motor fuel dispensing facilities, 514.8 

Ex.2 
Underground feeder and branch-circuit 

cable, 340.10(1) 
Underground service cable, 230.30(A) Ex., 

Table 300.5, 310.10(F) 
Underground service-entrance conductors, 

230.41 Ex. 
Direct current microgrid systems, Art. 712 

Circuits, 712-11 
Definitions, 712.2 
Disconnecting means, 712-ill 
Marking, 712-V 
Primary DC source 

Definition, 712.2 
Directory, 712.10 

Protection, 712-VI 
Systems over 1000 volts, 712-VII 
Wiring methods, 712-IV 

Disco-nnecting means 
Agricultural buildings, 547.9 
Air-conditioning and refrigerating 

equipment, 440-11, 440.63 
Appliances, 422-III 
Branch circuits, multiwire, 210.4(B) 
Capacitors, 460.8(C) 
Carnivals, circuses, fairs, and similar 

events, 525.2l(A) 
Cranes, 430.112 Ex., 610-IV 
Definitions, Art 100, Put. 100, 551.2 
Direct current microgrid systems, 712-III 
Electric deicing, snow-melting equipment, 

426.50 
Electric pipeline, vessel heating equipment, 

427.55 
Electric space heating equipment, 424-III 
Electric vehicle charging system 

equipment, 625.43 
Electrolytic cells, 668.13 
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Electroplating systems, 669.8 
Elevators, 620-VI, 620.9l(C) 
Energy storage systems, 706.7, 706.30(C) 
Fire pumps, 695.4(B) 
Fixed electric heating equipment for 

pipelines and vessels, 427.55 
Fixed outdoor electric deicing and snow­

melting equipment, 426.50 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.19, 
425.65 

Fuel cell systems, see Fuel cell systems 
Fuses, 240.40 
Generators, 445.18 
Identification, 110.22, 230.70(B), 

620.5l(D) 
Induction and dielectric heating equipment, 

665.12 
Industrial control panels, 409.30 
Industrial machlnery, 670.4(B) 
Information technology equipment, 

645.4(1), 645.10 
Interconnected electric power production 

sources, 705.12(B)(l), 705.20 
through 705.22 

Irrigation machines, 675.8 
Lockable, 110.25 
Low-voltage suspended ceiling power 

distribution systems, 393.21 
Luminaires, 410.130(0), 410.14l(A) 
Marinas and boatyards, 555.17 
Mobile homes, 550.11 . 
Motors and controllers, 430.75, 430.95, 

430-IX, 430.128, 430.227 
Naturally and artificially made bodies of 

water, electrical equipment for, 
682.14 

Outside branch circuits and feeders, 
225.31, 225.51,225.52 

Over 1000 volts, mobile and portable 
equipment, 490.5l(D) 

Parking space, 626.22(D), 626.24(C), 
626.3l(A) 

Definition, 626.2 
Phase converters, 455.8, 455.20 
Pools, spas, and hot tubs, 680.13 
Portable equipment, 517.17(C) 
Receptacles, cord connectors and 

attachment plugs (caps), 422.33, 
440.63 

Recreational vehicle parks, 551. 77(B) 
Recreational vehlcles, 551.45(C) 
Sensitive electronic equipment, lighting 

equipment, 647.8(A) 
Separate building on same premises, 

250.32(D) 
Services, 230-VI, 250.64(D) 

Connections, ahead of, 230.82 
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Over 1000 volts, 225.51, 225.52, 
230.205, 230.206 

Shore power connections, 555.17 
Signs and outline lighting, 600.6 
Solar photovoltaic signs, 600.34(E), 691.9 
Solarphotovoltaic systems, 690-lli, 690.56 
Stage switchboard, 520.27(A)(3) 
Standby systems, optional, 702.12 
Storage batteries, 480.7 
Switching devices, over 1000 volts 

Definition, Art. 100 
Temporary circuits, 590.4(E) 
Transformers, 450.14 
Tunnels, 110.58 
Welders, 630.13, 630.33 
Wind electric systems, 694-III 
X-ray equipment, 517.72, 660.5, 660.24 

Discontinued outlets, see Outlets, 
discontinued 

Dishwasher, kitchen, branch circuit, 
210.8(D) 

Dissimilar metals, see Metals, dissimilar 
Distribution panelboards, see Panelboards 
Distribution point, 547.9 

Definition, 547.2 
Diversion charge controller, 706.23(B) 

Definition, 690.2, 694.2, 706.2 
Diversion load, 694.7(C) 

Definition, 694.2 
Diversion load controller, 694.7(C) 

Definition, 694,2 
Docking facilities, commercial and 

noncommercial, see Marinas, 
boatyards, and docking facilities 

Doors, transformer vaults, 450.43 
Dormitory units 

Arc-fault circuit-interrupter protection, 
. 210.12(B), 210.12(D) 

Outlets, 210.60 
Double insulated 

Appliances and tools, 250.114 Ex., 
422.16(B)(l) Ex., 
422.16(B)(2) Ex. 

Pool pumps, 680.2l(B), 680.31 
Double locknuts, see Locknuts, double, 

required 
Drainage 

Busways, 368.236 
Equipment, 501.15(F), 505.16(E) 
Oil-insulated outdoor transformers, 450.27 
Raceways, see Raceways, drainage 
Transformer vaults, 450.46 

Dressing rooms 
Motion picture studios, 530-III 
Theaters, 520-VI 

Drip loops 
Conductors enteting buildings, 230.24(B)(l), 

230.52, 230.54(F), 398.15(B) 
Service heads, 230.54(F) 

Driveways 
Clearance of conductors, 225.18 

Overhead service conductors, 230.24(B) 
Drop, see Service drops; Voltage and volts, 

drop 
Dryers, clothes, see Clothes dryers 
Dry location, 110.11 see also Damp or wet 

locations 
Armored cable, 320.10(3) 
Conductors, types, 310.10(A), 310.10(B), 

Table 310.104(A) 
Definition, Art. 100 
Electrical nonmetallic tubing, 362.10(4) 
Electric signs and outline lighting, 

600.42(H)(l) 
Portable or mobile, 600.10(D) 

Flexible metallic tubing, 360.10(1) 
Low-voltage suspended ceiling power 

distribution systems, 393.10(2) 
Metal-clad cable, 330.10(A)(l0) 
Mineral-insulated, metal-sheathed cable, 

332.10(3) 
Nonmetallic extensions, 382.10(B) 
Open wiring, 398.15(A) 
Reinforcing thermosetting resin conduit, 

355.10(E) 
Rigid polyvinyl chloride conduit, 

352.10(E) 
Surface raceways, 386.10(1), 388.10(1) 
Switchboards, 408.20 
Underground feeder and branch-circuit 

cable, 340.10(3) 
Dry locations 

Medium voltage cable, 328.10(1) 
Nonmetallic-sheathed cable, 334.10 

Dry~type transformers, 450.1 Ex. 2, 
450.8(B), 450.21, 450.22 

Dual~voltage motor, lockedMrotor rating, 
430.7(B)(3) 

Duct heaters, installation of, 424-VI 
Ducts 

Bonding, 550.!6(C)(3), 551.56(F) 
Electrical, 310.60(C)(3), Fig. 310.60(C)(3), 

Tables 310.60(C)(77) through 
310.60(C)(80), 
B.310.15(B)(2)(4) 

Definition, 310.2 
Fixed industrial process heaters in, 425-V 
Luminaires in, 410.10(C) 
Wiring in, 300.21, 300.22, 725.3(C), 

725.135(B), Table 725.154, 
760.3(B), 760.53(B)(l), 
760.135(B), 770.3(B), 770.26, 
770.113(B), Table 770.154(a), 
800.!13(B), Tables 800.154(a) 
through (c), 800.170(C), 820.26, 
820.113(B), Table 820.154(a), 
820.179(A), 830.113(B), 
830.154(a), 830.179(B) 
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Dumbwaiters, see Elevators, dumbwaiters, 
escalators, moving walks, 
platform lifts, and stairway 

chair lifts 
Dust-ignitionproof, 500.7(B), 502.15, 

506.8(A) 
Definition, Art. 100 

Dusts, combustible, see also Hazardous 
(classified) locations 

Definition, Art. 100 
Dusttight, 500.7(C), 500.8(C)(6), 506.8(D) 

Definition, Art. 100 
Duty, types 

Definitions, Art. 100 
Duty cycle, welding, 630.31, 

Table 630.3l(A)(2) 
Dwellings, see also Appliances; Boxes; 

Grounding, and similar general 

categories 
Arc-fault circuit-interrupter protection, 

210.12(A), 210.12(D) 
Branch-circuit voltages, 210.6(A) 
Coaxial cables, community antenna 

television and radio distribution 
. systems, 820.113(G), 820.113(K) 

Coaxial cables, installation, 820.113(K) 
Communications circuits, 800.113(K), 

800.113(L) 
Definitions, Art. 100 
Energy storage systems, 706.30(A) 
Farm, services, 220.102(A), 220.103 
Feeder load, calculations for, 220.14(1), 

220.16(A), 220.82 through 
220.85, Annex D 

Fire alarm circuits, power-limited, 
760.135(C) 

Ground-fault circuit interrupter protection, 
210.8(A), 210.8(D) 

Lighting loads for, Table 220.12 
Lighting outlets required, 210.70(A) 
Luutinaires, 410.135, 410.140(B) see also 

Luminaires 
Network-powered broadband 

communications cables, 

830.113(G) 
Optical fiber cables and raceways, 

installation, 770.113(G) 
Panelboards as services, 408.3(C), 408.36 

Ex. 3 

Receptacles 
Circuits, 210.11 
Outlets, 210.8(A), 2!0.8(D), 210.52 

Tamper-resistant, 406.12 
Remote-control, signaling, and power­

limited circuit cables, 
installation, 725.135(G), 
725.135(L), 725.135(M) 
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Eccentric knockouts, see Knockouts 
Effective ground8 fault current path 

Definition, Art. 100 
Elbows, metal, protection from corrosion, 

300.6 
Electrical datum plane, 555.23, 682.10 

through 682.12, 682.14(B), 

682.15 
Definition, 555.2, 682.2 

Electrical ducts, see Ducts 
Electrical life support equipment 

Definition, 517.2 
Electrically operated pool covers, see 

Covers 
Electrical metallic tubing (TYpe EMT), 

Art. 358 
Bends, 358.24, 358.26 
Connectors and couplings, 358.42 
Construction specifications, 358-III 

Definition, 358.2 
Expansion fittings, 300.7(B) IN 

Grounding, 358.60 
Installation, 358-II 
Listing, 358.6 
Marking, 358.120 
Maximum number of conductors and 

fixture wires in, Tables Cl and 

ClA 
Number of conductors in, 358.22 
Reauting and threading, 358.28 
Securing and supporting, 314.23(E), 

358.30 
Size, 358.20 
Splices and taps, 358.56 
Uses not permitted, 358.12 
Uses permitted, 358.10 

Electrical noise, 647.3 see also Sensitive 
electronic equipment 

Grounding, 250 .96(B), 250 .146(D) 
Receptacles, 406.3(D) 

Electrical nonmetallic tubing (TYpe ENT), 
Art. 362 

Bends, 362.24,362.26 
Bushings, 362.46 
Construction specifications, 362-III 

Definition, 362.2 
Grounding, 362.60 
Installation, 362-11 
Joints, 362.48 
Listing, 362.6 
Marking, 362.120 
Maximum number of conductors and 

fixture wires in, Tables C2 and 

C2A 
Number of conductors in, 362.22 
Securing and supporting, 362.30 

Size, 362.20 

Splices and taps, 362.56 
Temperature limitations, 362.10(9) 
Through metal framing members, 300.4(B) 

Trimuting, 362.28 
Uses not permitted, 362.12 
Uses permitted, 362.10 

Electric-discharge lighting, Art. 410 
Connection of luminaires, 410.24, 

410.62(C) 
Definition, Art. 100 
Hazardous (classified) Class I locations 

501.130(B)(6) ' 

Lamp auxiliary equipment, 410.104 

Marking, 410.146 
Over 1000 volts, 41 0-Xffi 
Signs and outline lighting, Art. 600 
1000 volts or less, 410-XII 

Electric heating equipment, fixed, see Fixed 
electric heating equipment for 
pipelines and vessels; Fixed 
e~ectric space-heating equipment; 
Fixed outdoor electric deicing_ 
and snow-melting equipment 

Electric power production and distribution 
network 

Definition, Art. 100, 690.2 
Electric power production sources, see 

Generators; Interconnected 
electric power production 
sources; Solar photovoltaic 
systems; Wind electric systems 

Electric signs, see Signs, electric 
Electric supply stations 

Definition, 691.2 
Large-scale solar photovoltaic systems, 

Art. 691 
Electric vehicle charging system 

equipment, Art. 625 
Automatic de-energization, 625.19 

Cable, Table 400.4 
Cords and cables, 625.17 
Coupler, 625.10 

Definition, 625.2 
Coupling method, 625.16 
Definitions, 625.2 
Disconnecting means, 625.43 
Equipment construction, 625-11 

Installation, 625-III 
Interactive system, 625.48 
Interlock, 625.18 
Listed, 625.5 
Location, 625.50 
Marking, 625.15 
Personnel protection system, 625.22 

Definition, 625.2 
Primary source, loss of, 625.46 

Rating, 625.42 
Supply equipment connections, 625.52 

Ventilation, 625.52 
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Voltages, 625.4 
Wireless power transfer equipment, 625-N 

Electric vehicles 
Definition, 625.2 
Plug-in hybrid electric vehicle 

Definition, 625.2 
Electric welders, see Welders, electric 
Electrified truck parking space equipment, 

Art. 626 
Definitions, 626.2 
General requirements, 626.4 
Supply equipment, 626-III 
Transport refrigerated unit (TRU), 626-IV 
Wiring systems, 626-II 

Definition, 626.2 
Electrode industrial process heating 

equipment, see Fixed resistance 
and electrode industrial process 
heating equipment 

Electrodes, grounding, 250.64(F) see also 
Grounding electrode conductors 

Aluminum, 250.52(B)(2) 
Common, 250.58 
Community antenna television and radio 

distribution systems, 820.106 
Concrete-encased, 250.50 Ex., 

250.52(A)(3), 250.66(B), 
250.68(A) Ex.l, 250.70 

Definition, Art. 100 
Fuel cell systems, 692.47 
Gas piping as, 250.52(B)(l) 
Intrinsically safe apparatus, 504.50(C) 
Made, 250.50, 250.52 
Metal frame of building as, 250.30(A)(8), 

250.52(A)(2), 250.68(C) 
Metal water piping system, 250.30(A)(4), 

250.30(A)(8), 250.52(A)(l), 
250.68(C) 

Premises-powered broadband 
communications systems, 
840.106(A) 

Separately derived systems, 250.30(A)(4), 
250.30(B)(2), 250.30(C) 

System installation, 250.53 
Wind electric systems, 694.40(B) 

Electrolytes, 480.9 
Definition, 480.2, 706.2 
Flow battery·energy systems, 706-IV 

Electrolytic cells, Art. 668 
Auxiliary nonelectric connections, 668.31 
Cell line conductors, 668.12 
Cell line working zone, 668.10 

Definition, 668.2 
Cranes and hoists, 668.32 
DC cell line process power supply, 668.11 
Definitions, 668.2 
Disconnecting means, 668.13 
Enclosures, 668.40 
Fixed electrical equipment, 668.30 
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Grounding, 668.15 
Portable electrical equipment, 668.20, 

668.21, 668.30 
Shunting means, 668.14 

Electronically actuated fuse 
Definition, Art. 100 

Electronic computer/data processing 
equipment, see Information 
technology equipment 

Electronic lighting control switches, 
404.22 

Electroplating systems, Art 669 
Branch-circuit conductors, 669.5 
Disconnecting means, 669.8 
Overcurrent protection, 669.9 
Warning signs, 669.7 
Wiring methods, 669.6 

Electrostatic equipment, spraying and 
detearing paint, 516.6(E), 
516.10 

Elevators, dumbwaiters, escalators, 
moving walks, platform lifts, 
and stairway chairlifts, Art. 620 

Cables 
Flexible, Table 400.4, 400.10(A)(4), 620.21 
Traveling, 620.ll(B), 620.12(A), 620-V 

Clearances, working, 620.5 
Conductors, 620-II through 620-IV 
Definitions, 620.2 
Disconnecting means and control, 620-VI, 

620.91(C) 
Emergency and standby power systems, 

620-X 
Essential electrical systems, 517 .33(G), 

517.43(G) 
Ground-fault circuit interrupters, 620.85 
Grounding, 250.112(E), 250.116,250.136, 

620-IX 
Live parts, 620.4 
Machine room, 620-VIII 
Overcurrent protection, 620-VII 
Voltage limitations, 620.3 
Wiring, 620-III 
Working clearances, 620.5 

Emergency systems, Art. 700 see also Exits, 
emergency lighting for; Legally 
required standby systems; 
Optional standby systems 

Capacity, 700.4 
Circuits for lighting and power, 700-IV, 

700-V 
Circuit wiring, 700-II 
Connections at services, 230.82 
Control, 700-V 
Definitions, 700.2 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, and 
stairway chairlifts, 620-X 

Grounding, 700.7(B) 

Overcurrent protection, 700.10(B)(5)(b), 
IN Fig. 700.10(B)(5)(b)(l), IN 
Fig. 700.10(B)(5)(b)(2), 700-VI 

Service disconnecting means, 230.72(B) 
Services, 230.2(A) 
Signals, 700.6 
Signs, 700.7 
Sources of power, 700.3(F), 700-III 
Tests and maintenance, 700.3 
Transfer equipment, 700.5 
Unit equipment, 700.12(F) 
Wiring, 700.10, IN Fig. 700.10(B)(5)(b)(l), 

IN Fig. 700.10(B)(5)(b)(2) 
Enamel, coating of 

General equipment, indoor use only, 
300.6(A)(l) 

Metal boxes, 314.40(A) 
Removing for grounding connections, 

250.96(A) 
Rigid metal conduit, 344.10(A)(4) 

Enclosed 
Definition, Art. 100 

Enclosures, see also Hazardous (classified) 
locations 

Arcing parts, 110.18, 515. 7(B), 516.7(B) 
Bonding, 250.96, 250.146 
Busways, 368.237 
Cabinets and cutout boxes, 312.7 through 

312.9, 312.1!(D) 
Circuits in, number of, 90.8(B) 
Cranes, hoists, resistors, 610.3(B) 
Definition, Art. 100 
Electrolytic cells, 668.40 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, 
and stairway chairlifts, 620.4, 
620-VIII 

Entrances, 110.33(A) 
Fire alarm circuits and conductors, 760.48, 

760.49(A), 760.53(A)(l), 
760.130(B)(l), 760.133, 
760.136,760.139 

Grounding, 250.64(D), 250.64(E), 250-IV 
Handhole enclosures, 314.29, 314.30, 

314-IV 
Definition, Art. 100 

High-intensity discharge lamp auxiliary 
equipment, 410.!04(A) 

Indoor use, for, Table 110.28 
Induction and dielectric heating, 665.20 
Industrial control panels, 409.100 
Installations over 1000 volts, 110.31 
Intrinsically safe systems, 504.10(C), 

504.30(A)(2), 504.50(A) 
Low-voltage suspended ceiling power 

distribution systems, 393.40(B) 
Membrane 

Definition, 516.2 
Spray application operations in, 516-IV 
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Modular data centers, 646.7(C), 646.9 
Outdoor use, for, Table 110.28 
Overcurrent protection, 230.208(B), 

240-III, 312.8 
Panelboards, 408.38 
Portable stage equipment, 520.62(A) 
Radio equipment, 810.7l(A) 
Resistors and reactors over 1000 volts, 

470.18(B) 
Signs, 600.8, 600.42(H) 
Switches, 312.8, 404.3, 404.12, 404.28, 

450.8(C) 
TYpes, 110.28 
Underground, 110.59 see also Manholes; 

Vaults 
Energized 

Definition, Art. 100 
Energized parts, see also Live parts 

Fire pumps, 695.12(D) 
Motors, motor circuits, and controllers, 

430-Xll 
Energy-limited, Class 2 and Class 3 

control and signal circuits, 
725.12l(A)(4) 

Energy management systems, Art. 750 
Alternate power sources, 750.20 
Definitions, 750.2 
Field markings, 750.50 
Load management, 750.30 

Energy storage systems, Art. 706 
Charge control, 706.23 
Circuit requirements, 706-II 
Connection to other energy sources, 706.8 
Definitions, 706.2 
Directory, 706.11 
Disconnecting means, 706.7, 706.30(C) 
Electrochemical systems, 706-III 
Flow battery systems, 706-IV 
Locations, 706.10 
Multiple systems in single building, 706.6 
Nameplates, 706.20(A)(l) 
Other systems, 706-V 
Overcurrent protection, 706.21 

Enforcement of, 90.4, 510.2, Annex H 
Engineering supervision, 310.15(C), 645.25 
Entertainment devices 

Definition, 522.2 
Equipment, see also specific types of 

equipment 
Approval, see Approval, approved 
Cooling of, 110.13(B) 
Defmition, Art. 100 
Examination of, 90.7, 110.3 
Grounding, 250-VI 
Installation, general provisions, Art. 110 
Less than 50 volts, Art. 720 
More than 1000 volts, Art. 490 
Mounting, see Mounting of equipment 
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Sealable 
Definition, Art. 100 

Service 
Definition, Art. 100 

Signal 
Definition, 620.2 

Equipment bonding jumpers, see Jumpers, 
bonding 

Equipment branch, 517.44 
Definition, 517.2 

Equipment grounding conductor fill and 
boxes, 314.16(B)(5) 

Equipment grounding conductors 
Agricultural buildings, 547.5(F) 
Armored cable (TYpeAC) as, 320.108 
Cable trays as, 392.10(B)(l), 392.60 
Capacitor cases connected to, 460.10, 

460.27 
Carnivals, circuses, fairs, equipment at, 

525.30, 525.31,525.32 
Connections at outlets, 250.146, 250.148, 

400.33 
Definition, Art. 100 
Fixed outdoor electric deicing and snow-

melting equipment, 426.44 
Floating buildings, 553.8, 553.10 
Fuel cell systems, 692.44, 692.45 
Hazardous (classified) locations, 

50!.30(B), 502.30(B), 
503.30(B), 506.25(B) 

Health care facilities, 517.19(E), 517.19(G) 
Identification, 210.5(B), 250.119, 

310.110(B), 400.23 
Information technology equipment, 645.15 
Installation, 215.6, 250.120, 250.130 
Intrinsically safe apparatus connected to, 

504.50(A) 
Luminaires, 410.42, 410.44,410.46 
Marinas, boatyards, and docking facilities, 

555.15 
Messenger-supported wiring, 396.30(C) 
Metal-clad cable (TYpe MC) as, 330.108 
Mineral-insulated metal-sheathed cable 

(Type MI) as, 332.108 
Mobile homes, 550.16(B) 
Motor control centers, 430.96 
Motor terminal housings, 430.12(E) 
Nonmetallic sheathed (Type NMS) cable 

as, 334.108 
Panelboards, 408.40 
Parallel, 310.10(H)(5) 
Park trailers, interior equipment, 552.56(B) 
Patient care areas, equipment in, 517.13(B) 
Pmtable cables over 600 volts, 400.3l(B), 

400.32, 400.33 
Receptacles and cord connectors, 

406.3(D)(l), 406.4, 406.10 
Recreational vehicles, 551.55 

Resistor and reactor cases/enclosures 
connected to, 470.19 

Signs and outline lighting, 600.7(A) 
Sizing, 250.122, 250.190(C)(3) 
Snap switches, general-use, 404.9(B) 
Solar photovoltaic systems, 690.43 through 

690.46 
Spas and tubs, 680.8(B) 
Swimming pools, 680.8(B), 680.23(B)(3), 

680.23(F)(2) 
Switchboard, stage, 520.51 
Switch enclosures connected to, 404.12 
Switchgear and control assemblies frames 

connected to, 490.36, 490.37 
Systems and circuits over 1 kV, 250.190(C) 
Tunnels, 110.54(B) 
TYpes recognized, 250.118,250.120, 

250.134 
Underground feeder and branch-circuit 

cable, 340.108 
Wind electric systems, 694.40 

Equipotential plane, 547.10,682.33 
Definition, 547.2, 682.2 

Escalators, see Elevators, dumbwaiters, 
escalators, moving walks, 
platform lifts, and stairway 
chair lifts 

Essential electrical systems, health care 
facilities, see Health care 
facilities 

Examples (calculations), Annex D 
Exciters 

Leads in enclosure with other conductors, 
300.3(C)(2)(b) 

Overcurrent protection for, 445.12{A) 
Exhaust ducts, see Ducts 
Exits, emergency lighting for, 517.33(A), 

517.33(B), 517.43(A), 
517.43(B), 646.16, 646.17, 
700.12(F)(2), 700.16 

Exit signs, see Signs, exit 
Expansion joints (fittings), 250.98, 

300.7(B), 352.44, 355.44, 
366.44, 368.244, 424.98(B), 
424.99(B)(l), 426.20(E), 
426.2l(C), 426.22(D), 
427.16 

Explanatory material, 90.5(C) IN 
Explosionproof equipment, 500.7(A), 

501.10(B)(4), 502.5, 
505.16(B)(2) 

Definition, Art. 100 
Explosive atmospheres, gases, liquids, 

dusts, ignitible fibers/flyings, 
and lint, see Hazardous 
(classified) locations 

Exposed, see also Enclosures 
Cable trays, 392.18(E) 
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Conductive surfaces 
Definition, 517.2 

Definition, 770.2, 800.2, 820.2, 830.2 
Deicing and snow-melting equipment, 

426.21 
Electrical metallic tubing, 358. 10(A) 
Hazardous (classified) locations, 501.25, 

502.25, 503.25,505.19 
Live parts, 110.26 

Definition, Art 100 
Luminaire parts, 410.5, 410.42,410.46 
Metal wireways, 376.10(1) 
Nonmetallic extensions, 382.10(B) 
Receptacle terminals, 406.5(1) 
Recreational vehicle site supply equipment, 

55L76(A) 
Structural metal, grounding, 

250.52(A)(2) 
Transformers, 450.8(C) 
Wiring methods 

Definition, Art. 100 
Open wiring on insulators, 398.15 

Extension cord sets 
On construction sites, 590.6(A), 

590.6(B)(3) 
Overcurrent protection, 240.5 

Extensions 
Auxiliary gutters, 366.12 
Cellular metal floor raceways, 374.18(A) 
Flat cable assemblies, 322.40(D) 
Lighting systems operating at 30 volts or 

less, conductors for, 411.5(A) 
Nonmetallic, see Nonmetallic extensions 
Surface, boxes and fittings, 314.22 
Surface raceways, 386.10(4), 388.10(2) 
Wireways, 376.70, 378.10(4), 378.70 

Externally operable 
Definition, Art. 100 

-F-

Faceplates 
Grounding, 404.9(B), 406.6(B), 550.15(D) 
Material, 404.9(C), 406.6 
Miltimum thicknesses for, 404.9(C), 406.6 
Mobile homes, 550. 15(D) 
Mounting surfaces, against, 404.9(A), 

404.10(B), 406.5, 406.9(E) 
Fairs, see Carnivals, circuses, fairs, and 

similar events 
Fans, ceiling, see Ceiling fans 
Farm buildings, feeder calculations, 

220.102 see also Agricultural 
buildings 

Fault current, available, 110.24 
Fault protection device 

Definition, 830.2 
Faultatolerant external control circuits, 

695.14(A) 
Definition, 695.2 
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Feeder assembly, mobile homes, 550. !O(A) 
Definitions, 550.2 

Feeders, Art. 215, Art 220 
Busways, 368.17 
Calculation of loads, see Loads 
Critical operations power systems, 

708.52(B), 708-11 
Definition, Art. 100 
Electric vehicle supply equipment, 625.47 
Emergency systems, 700. 10(B)(5)(b), IN 

Fig. 700.10(B)(5)(b)(l), IN Fig. 
700. 10(B)(5)(b)(2), 700. !O(D) 

Equipment grounding conductors, 
250.122(G) 

Farm buildings, for, 220.102 
Fire pumps, 695.3, 695.4(B)(l), 695.5(C), 

695.6(A)(2) 
Ground-fault circuit interrupters, with, 

215.9 
Grounding means, 215.6 
Hoistways and machine rooms, 620.37(C) 
Identification, 225.37, 225.52(F), 230.2(E) 
Interconnected electric power production 

sources, 705.12(B)(2) 
Kitchen equipment, commercial, 220.56 
Loads, see Loads, feeders 
Mobile homes and parks, 550.10(A), 

550-III 
Modular data centers, 646.6(B)(2), 

646.7(B), 646.8 
Motion picture studios, 530. 18(B) 
Motors, 430-11 
Outside, see Outside branch circuits and 

feeders 
Overcurrent protection, 215.3 

·Accessibility, 240.24(A) 

Motor, 430-V 
Park trailers, 552.43(A) 
Pools, permanently installed, 680.25 
Recreational vehicle sites, 551.73,551.80 
Restaurants, 220.88 
Services, 220-III 
Stage switchboard, 520.27 
Taps, 240.2l(B), 240.92, 430.28, 

646.6(B)(2), 725.45(B) 
Television studio sets, 530.19 

Feed-through conductors, 312.ll(D) 
Fences, grounding and bonding of, 250.194, 

691.11 
Ferrous metals, see also Rigid metal conduit 

(TypeRMC) 
Induced currents in enclosures or raceways, 

300.20 
Protection from corrosion, 300.6(A) 

Festoon cable, 610.13(C) 
Definition, 610.2 

Festoon lighting 
Conductor size, 225.6(B) 
Definition, Art. 100 

Insulation, 225.4 
Portable stage equipment, 520.65 

Festoon wiring, portable stage equipment, 
520.65 

Fiber bushings, AC cable ends, 320.40 
Fibers/flyings, lint, ignitible, Art. 503, 

Art. 506 see also Hazardous 
(classified) locations 

Field evaluation body (FEB) 
Definition, Art. 100 

Field labeled 
Definition, Art 100 
Fuel cell systems, 692.6 
Interactive inverters, 705.6 
Microgrid interconnect devices, 705.170 
Photovoltaic equipment, 690.4(B), 

690.12(B), 691.5(2) 
Service equipment, 230.66 
Stand alone systems, 710.6 
Wind electric systems, 694.7(B), 

694.7(F) 
Figures, see Diagrams 
Films, motion picture, see also Projector 

rooms, motion picture 
Storage vaults, 530-V 
Viewing, cutting, patching tables, 530-IV 

Finish rating 
Definition, 362. 10(2) IN 

Fire alarms, see Alarms; Fire alarm systems 
Fire alarm systems, Art. 760 

Abandoned cables, 760.25 
Definition, 760.2 

Access to electrical equipment, 760.21 
Circuits extending beyond one building, 

760.32 
Connections at services, 230.82(5), 230.94 

Ex.4 
Critical operations power systems, Art. 708 
Definitions, 760.2 
Grounding, 250. 112(1) 
Health care facilities, 517.33(C), 

517.43(C), 517-VI 
Identification, 760.30 
Installation, 760.32 
Location, 760.3 
Mechanical execution of work, 760.24 
Nonpower-limited circuits, 760-II 

Cable marking, 760.176, 
Table 760.176(G) 

Conductors, 760.49(B) 
Different circuits in same raceway, 

etc., 760.48, 800.47 
Number of conductors in raceway, 

etc., and derating, 760.51 
Definition, 760.2 
Listing, 760.176 
Marking, 760.176 
Multiconductor cable, 760.53 
Optical fiber cables, 840.47(A)(l) 
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Overcurrent protection, 760.43, 760.45 
Power source requirements, 760.41 
Requirements, 760.35(A) 
Wiring method, 760.46, 760.53(A) 

Power-limited circuits, 760-III 
Cable markings, 760.179 
Cable substitutions, 760.15 4(A), 

Table 760.154(A) 
Circuit integrity cable, 760.179(G) 
Circuit markings, 760.124 
Conductors 

Separation, 760.136 
Size, 760.142 
Support, 760.143 

Definition, 760.2 
Installation, 760.133, 760.139 
Line-type fire detectors, 760.145, 

760.179(J) 
Listing, 760.179 
Marking, 760.179 
Overcurrent protection, Chap. 9, 

Tables 12(A) and 12(B) 
Power sources, 760.121 
Requirements, 760.35(B) 
Wiring methods and materials 

Load side, 760.130 
Supply side, 760.127 

Fire detectors, line-type, 760.179(J) 
Fire pumps, Art. 695 

Connection at services, 230.72(A) Ex., 
230.72(B), 230.82(5), 230.94 
Ex.4 

Continuity of power, 695.4 
Control wiring, 695.14 
Definitions, 695.2 
Emergency power supply, Art. 700 
Equipment location, 695.12 
Grounding, 250.112(L), 250.112(M) 
Listing, 695.6(H), 695.10 
Motor, overcurrent protection, 430.31 
On-site standby generator, 695.3(B)(2), 

695.3(0), 695.4(B), 695.6(C) 
Ex.2 

Definition, 695.2 
Power sources to electric motor-driven, 

695.3 
Power wiring, 695.6 
Remote-control circuits, 430.72(B) Ex. 1 
Service equipment -overcurrent protection, 

230.90(A) Ex. 4 
Services, 230.2(A)(I) 
Supervised connection, 695.4 
Transformers, 695.5 
Voltage drop, 695.7 

Fire~ resistive cable systems, Art. 728 
Grounding, 728.60 
Installation, 728.5 
Marking, 728.120 
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Fire spread 
Prevention of, wiring methods, 300.21, 

725.3(B), 760.3(A), 770.26, 
800.26, 820.26, 830.26, 840.26 

Fire-stopped partitions, 300.21 see also 
Firewalls 

Firewalls, wiring through, 300.21 
Fittings, Art 314 see also Wiring methods, 

Types and materials 
Conduit bodies, 314.16 
Cords, flexible, 400.35 
Definition, Art. 100 
Expansion, see Expansion joints (fittings) 
F1at cable assemblies, installed with, 

322.40(C) 
Insulation, 300.4(G) 
Integrated gas spacer cable, 326.40 

Fixed electric heating equipment for 
pipelines and vessels, Art. 427 

ContinUous load, 427.4 
Control and protection, 427-VII 

Controls, 427.56 
Disconnecting means, 427.55 
Overcurrent protection, 427.57 

Defmitions, 427.2 
Impedance heating, 427-IV 

Definition, 427.2 
Grounding, 427.29 
Induced currents, 427.28 
Isolation transformer, 427.26 
Personnel protection, 427.25 
Secondary conductor sizing, 427.30 
Voltage limitations, 427.27 

Induction heating, 427-V 
Definition, 427.2 
Induced current, 427.37 
Personnel protection, 427.36 
Scope, 427.35 

Installation, 427-II 
GeneraJ, 427.10 
Identification, 427.13 
Thermal protection, 427.12 
Use, 427.11 

Resistance heating elements, 427-III 
Definition, 427.2 
Electrical connections, 427.19 
Equipment protection, 427.22 
Expansion and contraction, 427.16 
Flexural capability, 427.17 
Grounded conductive covering, 427.23 
Marking, 427.20 
Not in direct contact, 427.15 
Power supply leads, 427.18 
Secured, 427.14 

Skin effect heating, 427-VI 
Conductor ampacity, 427.45 
Grounding, 427.48 
Pull boxes, 427.46 
Single conductor in enclosure, 427.47 

Fixed electric space-heating equipment, 
Art. 424 

Branch circuits for, 424.3 
Boilers, 424.82 
Low-voltage equipment, 424.104 
Radiant heating panels, 424.95, 424.96 

Cables, 424-V 
Area restrictions, 424.38 
Ceilings 

Clearances, 424.36 
Finished, 424.42 

Clearances, wiring 
Ceilings, 424.36 
Other objects, openings, 424.39 

Construction, 424.34 
Installation 

In concrete or poured masonry floors, 
424.44 

Nonheating leads, 424.43 
Marking, 424.35 
Splices, 424.40, 424.41(0) 
Tests and inspections, 424.46 

Control and protection, 424-III 
Controllers, 424.20(A) 
Disconnecting means, 424.19 through 

424.21, 424.65 
Indicating, 424.21 

Overcurrent protection, 424.22, 424.72, 
424.82 

Duct heaters, 424-VI 
Airflow, 424.59 
Condensation, 424.62 
Disconnecting means, location, 424.65 
Elevated inlet temperature, 424.60 
Fan circuit interlock, 424.63 
Identification, 424.58 
Installation, 424.61, 424.66 
Limit controls, 424.64 

Electrode-type boilers, 424-Vill 
Installation, 424-II 

Location 
Damp or wet locations, 424.12(B) 
Exposed to physical damage, 

424.12(A) 
Low-voltage equipment, 424.103 
Spacing, combustible materials, 424.13 
Special permission, 424.10 
Supply conductors, 424.11 

Listed, 424.6 
Load, 220.51, 220.82(C), 220.83 
Low-voltage, 424-X 
Marking, 424-IV 

Boilers, 424.86 
Cables, 424.35, 424.47 
Heating elements, 424.29 
Nameplates, 220.82(C), 424.28 
Radiant heating panels and heating panel 

sets, 424.92 
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Overcurrent protection for, 424.22, 424.72, 
424.82 

Radiant heating panels and heating panel 
sets, 424-IX, 427.23(B) 

Clearances, wiring 
Ceilings, 424.94 
Walls, 424.95 

Connection, 424.96 
Definitions, 424.91 
Installation, 424.93, 424.98, 424.99 
Markings, 424.92 
Nonheating leads, 424.97 

Resistance-type boilers, 424-VII 
Fixed equipment, grounding, 250.110, 

250.112,250.116,250.134, 
250.136,250.190,517.13 

Fixed outdoor electric deicing and snow-
melting equipment, Art. 426 

Branch circuits for, 210.19(A)(4) Ex.l(e) 
Connections, 426.24 
Continuous load, 426.4 
Control and protection, 426-VI 
Cord-and-plug-connected, 426.50(B), 

426.54 
Definitions, 426.2 
Disconnecting means, 426.50 
Ground-fault circuit interrupters, 

210.8(A)(3) Ex. 
Grounding, 426.22(A), 426.27, 426.34, 

426.44 
Identification of, 426.13 
Impedance heating, 426-IV 

Definition, 426.2 
Induced currents, 426.33 
Isolation transformer, 426.31 
Personnel protection, 426.30 
Voltage limitations, 426.32 

Installation, 426-II 
Marking, 426.25 
Nonheating leads, installation of, 426.22, 

426.23 
Protection 

Corrosion, 426.26, 426.43 
Exposed equipment, nonheating leads 

for, 426.23(B) 
Ground fault, 210.8(A)(3) Ex., 426.28 
Thermal, 426.12 

Resistance heating elements, 426-III 
Definition, 426.2 
Embedded, 426.20 
Exposed, 426.21 

Skin effect heating, 426-V 
Conductor ampacity, 426.40 
Definition, 426.2 
Pull boxes, 426.41 
Single conductor in enclosure, 426.42 

Special permission, 426.14 
Thermostats for, 426.51 
Use of, 426.11 
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Fixed resistance and electrode industrial 
process heating equipment, 
Art. 425 

Boilers 
Electrode-type, 425-VII 
Resistance-type, 425-VI 

Control and protection, 425.65, 425-III 
Duct heaters, 425-V 
Installation, 425-II 
Marking, 425-N 

Conductors, overcurrent protective 
devices, 425.72(E) and (F) 

Duct heaters, 425.58 
Electrode-type boilers, 425.81, 425.86 
Resistance-type boilers, 425.71 

Fixtures, see Luminaires 
Fixture wires, Art. 402 

Ampacities, 402.5 
Grounded conductor, identification, 402.8 
Marking, 402.9 
Minimum size, 402.6 
Number in conduits or tubing, 402.7 
Overcurrent protection, 240.5, 402.12 
TYpes, 402.3 
Uses not permitted, 402.11 
Uses permitted, 402.10 

Flame spread, see Fire spread 
Flammable anesthetics, see also 

Anesthetizing locations 
Definition, 517.2 

Flammable gases, see Hazardous (classified) 
locations 

Flammable~Iiquid produced vapors, see 
Hazardous (classified) locations 

Flammable liquids, see Hazardous 
(classified) locations 

Flashers, time switches, etc., 404.5, 600.6(B) 
Flat cable assemblies (Type FC), Art. 322 

Boxes and fittings, 322.40 
Branch-circuit rating, 322.10(1) 
Conductor insulations for, 322.112 
Conductor size, 322.104 
Construction, 322-III 
Dead ends, 322.40(A) 
Definition, 322.2 
Extensions from, 322.40(D) 
Fittings for, 322.40(C) 
Identification of grounded conductor, 

322.120(B) 
Installation, 322-II 
Luminaire hangers, 322.40(B) 
Marking, 322.120 
Number of conductors in, 322.100 
Size of conductors in, 322.104 
Splices, 322.56 
Support, 322.30 
Terminal block identification, 322.120(C) 
Uses not permitted, 322.12 
Uses permitted, 322.10 

Flat conductor cable (Type FCC), Art. 324 
Branch-circuit rating, 324.10(B) 
Cable connections and ends, 324.40(A) 
Construction, 324-III 

Conductor identification, 324.120(B) 
Insulation, 324.112 
Markings, 324.120(A) 
Receptacles and housings, 324.42 
Shields, 324.100(B) 

Definitions, 324.2 
Transition assemblies, 324.56(B) 

Definition, 324.2 
Definitions, 324.2 
Grounding, 324.60 
Installation, 324-II 

Alterations, 324.56(A) 
Boxes and fittings, 324.40 
Cable connections and insulating ends, 

324.40(A) 
Connections to other systems, 324.40(D) 
Crossings, 324.18 
Floor coverings, 324.41 
Heated floors, 324.10(F) 
Metal shield connectors, 324.40(E) 
Receptacles and housings, 324.42 
Shields, 324.40(C), 324.40(E) 

Definition, 324.2 
Support, 324.30 
System height, 324.10(G) 

Insulating ends, 324.40(A) 
Definition, 324.2 

Listing requirements, 324.6 
Polatization, 324.40(B) 
Splices and taps, 324.56 
Systems alterations, 324.56(A) 
Uses not permitted, 324.12 
Uses permitted, 324.10 

Flatirons 
Cords, 422.43(A) 
Signals, 422.42 
Stands for, 422.45 
Temperature-limiting means, 422.42, 

422.46 
Flexible cords, see Cords, flexible 
Flexible metal conduit (Type FMC), 

Art. 348 
Bends, 348.24, 348.26 
Couplings and connectors, 348.42 
Definition, 348.2 
Grounding and bonding, 348.60 
Installation, 348-II 
Liquidtight, see Liquidtight flexible metal 

conduit 
Listing, 348.6 
Maximum number of conductors and 

fixture wires in, Tables C3 and 
C3A 

Number of conductors in, 348.22 
Securing and supporting, 348.30 
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Size, 348.20 
Splices and taps, 348.56 
Trimming, 348.28 
Uses not permitted, 348.12 
Uses permitted, 348.10 

Flexible metallic tubing (Type FMT), 
Art. 360 

Bends, 360.24 
Construction specifications, 360-III 
Definition, 360.2 
Grounding, 360.60 
Installation, 360-II 
Listing, 360.6 
Marking, 360.120 
Number of conductors, 360.22 
Sizes, 360.20 
Splices and taps, 360.56 
Uses not permitted, 360.12 
Uses perntitted, 360.10 

Floating buildings, Art. 553 
Bonding of noncurrent -carrying metal 

parts, 553.11 
Definition, 553.2 
Feeder conductors, 553.6 
Grounding, 553-III 
Insulated neutral, 553.9 
Service conductors, 553.5 
Service equipment location, 553.4 
Services and feeders, installation, 553.7 

Floor pockets, 520.46 
Floors, see also Underfloor raceways 

Busways through, 368.10(C)(2) 
Cablebus support and extension through, 

370.18 
Flat conductor cable (Type FCC) inion, 

324.10(C) 
Floor coverings, 324.41 
Heated floors, 324.10(F) 

Insulating ends, 324.41 
Masonry or concrete floors, installation of 

heating cables in, 424.44 
Radiant heating panels, installation of, 

424-IX 
Receptacles, 210.52(A)(3), 250.146(C), 

314.27(B), 406.9(D) 
Surface metal raceways 

Extension through floors, 386.10(4) 
Under raised floors, 386.10(3) 

Surface nonmetallic raceways, 388.10(2) 
Flue damper control, see Dampers (flue), 

control 
Fluorescent luminaires, 410-XII, 410-XIII 

Autotransformers in ballasts, 220.18(B), 
410.138 

Auxiliary equipment, 410.104, 410.137 
Ballast protection required, 410.130(E) 
Circuit breakers used to switch, 240.83(D) 
Connection of, 410.24, 410.62(C) 
Disconnecting means, 410.130(0) 
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Load calculations, branch circuits, 210.23 
Raceways, 410.64 
Snap switches for, 404.14(A)(l), 

404.14(B)(2) 
Surface-mounted or recessed, 410.16(A), 

410.16(C) 
Thermal protection, 410.130(E) 

Fluoroscopic equipment, see X -ray 
equipment 

Flyings, ignitible, see Fibers/flyings, lint, 
ignitible 

Footlights, theaters, 520.43 
Definition, 520.2 
Disappearing, 520.43(C) 

Formal interpretations, 90.6 
Forming shells, underwater pool 

luminaires, 680.23(B), 
680.24(B), 680.26(B)(4), 
680.27(A)(3) 

Definition, 680.2 
Fountains, see Swimming pools, fountains, 

ao.d similar installations 
Foyers, receptacles in, 210.52(I) 
Frame 

Definition, 551.2 
Fuel cell systems, Art. 692 

Circuit requirements, 692-II 
Circuit sizing, 692.8 
Connection at services, 230.82(6) 
Connection to other circuits, 692-VII 

Identified interactive equipment, 692.60 
Loss of interactive system power, 692.62 
Output characteristics, 692.61 
Point of connection, 692.65 
Transfer switch, 692.59 
Unbalanced interconnection, 692.64 

Critical operations power systems, 
708.20(H) 

Definitions, 692.2 
Disconnecting means, 692-III 

All conductors, 692.13 
Switch or circuit breaker, 692.17 

Emergency systems, source of power for, 
700.12(E) 

Grounding, 692-V 
Equipment grounding conductor, 692.44, 

692.45 
Grounding electrode system, 692.47 
System grounding, 692.41 

Health care facilities, 517 .30(B )(2) 
Installation, 692.4 
Marking, 692-VI 

Fuel cell power sources, 692.53 
Fuel shutoff, 692.54 
Stored energy, 692.56 

Overcurrent protection, 692.8(B), 692.9 
Stand-alone system, 692.10 

Definition, 692.2 

Standby systems, legally required, 
701.12(F) 

Wiring methods, 692-IV 
Full-load current motors 

Alternating current 
Single-phase, Table 430.248 
Three-phase, Table 430.250 
Two-phase, Table 430.249 

Direct current, Table 430.247 
Furnaces, see Heating equipment, central 
Fuseholders 

Cartridge fuses, 240-VI 
Over 1000 volts, 490.2l(B) 
Plug fuses, 240-V 
Rating, motor controllers, 430.90 
Size, m~tor branch circuit protection, 

430.57 
Type S, 240.53, 240.54 

Fuses, Art. 240 see also Hazardous 
(classified) locations 

Cartridge, see Cartridge fuses 
Communications circuits, protectors for, 

800.90(A)(2) 
Disconnecting means, 240.40 
Electronically actuated 

Definition, Art. 100 
Enclosures, 240-III 
Energy storage systems, 706.2l(E) 
Generators, constant-voltage, 445.12(A) 
Group installation of motors, 430.53(C) 
Location in circuit, 240.21 
Location on premises, 240.24 
Markings, 240.60(C) 
Motor branch circuit protection, 430-IV 
Motor overload protection, 430.4 Ex., 

430.28 Ex., 430.225(C)(l) 
Multiple, see Multiple fuses 
Network-powered broadband 

communications circuits, 
protectors for, 830.90(A)(2) 

Over 1000 volts, Art. 100, 490.2l(B) 
In parallel, not permitted, 240.8, 404.27 
Plug, Edison-base type, 240-V 
Potential (voltage) transformers, 450.3(C) 
Ratings, 240.6 
Service equipment, 230.95(B) 
Services over 1000 volts, 230.208 
Switches, arrangement on panelboards 

with, 408.39 
TypeS, 240.53, 240.54 
Wind electric systems, 694.26 

Future expansion and convenience, 
90.8(A) 

-G-

Gages (AWG), conductors, 110.6 
Garages, commercial, Art. 511 

Battery charging equipment, 5ll.IO(A) 
Classification of locations, -511.3 
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Definitions, Art. 100, 511.2 
Electric vehicle charging, 511.10(B) 
Elevators, dumbwaiters, escalators, moving 

walks, in, 620.38 
Equipment, 511.4, 511.7 
Ground-fault circuit-interrupter protection, 

210.8(B)(8), 511.12 
Grounding, 250.112(F) 
Grounding and bonding, 511.16 
Locations, 511.4 
Sealing, 511.9 
Special equipment, 511.10 
Ventilation, 511.3(C) through (E), Table 

511.3(C), Table 511.3(D) 
Wiring, 511.4, 511.7 

Gases, see Hazardous (classified) locations 
Gasoline bulk storage plants, see Bulk 

storage plants; Hazardous 
(classified) locations 

Gasoline dispensing and service stations, 
see Motor fuel dispensing 
facilities 

Gas pipe 
As grounding electrode, 250.52(B)(l) 

General care space, 517.18 
Definition, 517.2 

General provisions, installation of wiring 
and equipment, Art. 110 

General requirements for wiring methods, 
Art. 300 see also Wiring methods 

Boxes, conduit bodies, or fittings, where 
required, 300.15 

Changing raceway or cable to open wiring, 
300.16 

Conductors, 300.3 
Different systems, 300.3(C) 
Installation with other systems, 300.8 
Insulated fittings, 300.4(G) 
Number and sizes of, in raceways, 300.17 
Supporting of conductors in vertical 

raceways, 300.19 
Exhaust and ventilating ducts, wiring, 

300.22 
Expansion joints, raceways, 300.7(B) 
Free length of wire at outlets, junction and 

switch points, 300.14 
Induced currents in ferrous metal 

enclosures, 300.20 
Mechanical and electrical continuity, 

conductors, raceways, cables, 
300.10, 300.12,300.13 

Over 1000 volts, 110-III, 300-1~ Art 490 
Protection against 

Corrosion, 300.6 
Physical damage, 300.4 

Raceway installations, 300.18 
Raceways and cables with other systems, 

300.8 
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Raceways and fittings, metric designator 
and trade size, 300.l(C) 

Raceways as a means of support, 
300.ll(C) 

Raceways exposed to different 
temperatures, 300.7 

Raceways in wet locations above grade, 
300.9 

Sealing, raceways, change in temperature, 
300.7(A) 

Securing and supporting, 300.11 
Spread of fire or products of combustion, 

300.21 
Temperature limitations, 310.15(A)(3) 
Through studs, joists, rafters, 300.4 
Underground installations, 300.5, 300.50 
Voltage limitations, 300.2 
Wiring in ducts, plenums, air-handling 

spaces, 300.22 
General-use snap switches, see Snap 

switches 
Generating capacity 

Definition, 691.2 
Generating station 

Definition, 691.2 
Generators, Art. 445 

Bushings, 445.16 
Conductor, ampacity of, 445.13 
Critical operations power systems, 

708.20(F) 
Disconnecting means, 445.18 
Emergency systems, 700.12(B) 
Essential electrical systems, task 

illumination, 517.33(E), 
517.33(F), 517.43(F) 

Ground-fault circuit interrupters, 445.20 
Grounding, 250.34, 250.35, 250.112 
Guards for attendants, 445.15 
Hazardous (classified) locations, 501.125, 

502.125,503.125, 505.16(E)(2), 
505.22 

Health care facilities, 517.30(B), 
517.33(F), 517.41 

Interconnected electric power production 
sources, 705-III 

Legally required standby systems, 
701.12(B) 

Location, 445.10 
Marking, 445.11 
Overcurrent protection, 445.12 
Portable, 250.34 
Protection of live parts, 445.14 
Recreational vehicles, 551.30 
Standby systems, Art. 701, 702 

Fire pump, on-site, 695.3(B)(2), 
695.3(D), 695.4(B), 695.6(C) 
Ex.2 

Terminal housings, 445.17 
Goosenecks, service cables, 230.54 

Grid bus rail, 393.104(B) 
Definition, 393.2 

Grooves, cables and raceways installed in, 
300.4(F) 

Ground· 
Definition, Art. 100 
Voltage to 

Definition, Art. 100 
Ground clamps, 250.10, 250.70 
Grounded 

Definition, Art. 100 
Reference-grounded DC system, 712.30, 

712.35, 712.52(B), 712.55 
Definition, 712.2 

Resistively, 712.30, 712.35, 712.52(B), 
712.55 

Definition, 712.2 
Solidly, 110.54(A), 712.30(1) 

Definition, Art. 100 
Three-wire DC system, 712.35 

Definition, 712.2 
1\vo-wire DC system, 712.35 

Definition, 712.2 
Grounded conductor, see Conductors, 

Grounded; Neutral 
Ground fault 

Definition, Art. 100 
Ground-fault circuit conductors, 250.186 
Ground-fault circuit interrupters 

Accessory 'buildings, dweUing units, 
210.8(A)(2) 

Aircraft hangars, 513.12 
Appliances, 422.5 
Basements, dwe11ing units, unfinished, 

210.8(A)(5) 
Bathtubs, hydromassage, 680.71 
Carnivals, circuses, fairs, and similar 

events, 525.23 
Definition, Art. 100 
Electrically operated pool covers, 

680.27(B)(2) 
Electric signs, portable or mobile, 

600.10(C)(2) 
Electrified truck parking space supply 

equipment, 626.24(D) 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, and 
stairway chairlifts, 620.85 

Fixed electric space-heating equipment, 
424.44(E), 424.45(E), 
424.99(B)(5) 

Fountains, 680.5l(A) 
Garages 

Commercial, 511.12 
Dwelling units, 210.8(A)(2) 

Generators, 445.20 
Naturally and artificially made bodies of 

water, electrical equipment for, 
682.15 
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Flammable liquids, Arts. 500 and 501 
Garages, commercial, 511.3, 511.4 
Gases, flammable, Arts. 500 and 501 
Gasoline service stations, see Motor fuel 

dispensing facilities 
General, 500.4 
Group classifications, 500.6 
Hoists, 503.155 
Inhalation anesthetizing locations, see 

Anesthetizing locations 
Intrinsic safety, 500.7(E) see also 

Intrinsically safe systems 
Lighting systems, less than 30 volts, 411.8 
Material groups, 500.6 
Protection techniques, 500.7 
Specific occupancies, Art. 510 
Vapors, flammable, Art. 500, 501 

Hazardous (classified) locations, Class I, 
500.5(B), 500.6(A), Art. 501 
see also Hazardous (classified) 
locations, Classes I, II, and ill, 
Divisions 1 and 2; Hazardous 
(classified) locations, Class I, 
Zone 0, 1, and 2locations 

Bonding, 501.30(A), 504.60 
Circuit breakers, 501.115, 501.135(B)(3) 
Control transformers and resistors, 

501.105(B)(3), 501.120 
Cranes and hoists, 610.3(A)(l) 
Drainage of equipment, 501.15(F) 
Exposed parts, 501.25 
Flexible cords, 501.140 
Fuses, 501.115, 501.135(B)(3) 
Grounding, 501.30 
Hermetically sealed, 500.7(J) 
Induction and dielectric heating equipment, 

665.4 
Luminaires, 501.130 
Meters, instruments, and relays, 501.105 
Motor controllers, 501.115 
Motors and generators, 501.120 
Nonincendive circuit, 500.7(F) 
Nonincendive component, 500.7(H) 
Nonincerrdive equipment, 500.7(G) 
Oil immersion, 500.7(I) 
Process sealing, 501.17 
Receptacles and attachment plugs, 501.145 
Sealing, 501.15,501.17 
Signaling, alarm, remote-control, and 

communications systems, 
501.150 

Surge protection, 501.35 
Switches, 501.115, 501.130(B)(5), 

501.135(B)(3) 
Transformers and capacitors, 501.100 
Utilization equipment, 501.135 
Wiring methods, 501.10 
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Zone 0, 1, and 2locations, see Hazardous 
(classified) locations, Class I, 
Zone 0, 1, and 2 locations 

Zone equipment, 501.5 
Hazardous (classified) locations, Class I, 

Zone 0, 1, and 2 locations, 
Art. 505 

Bonding, 505.25(A) 
Class I, Zone 0, 1, and 2 group 

classifications, 505.6(A) 
through (C) 

Classification of locations, 505.5 
Class I, Zone 0, 505.5(B)(l) 
Class I, Zone 1, 505.5(B)(2) 
Class I, Zone 2, 505.5(B)(3) 

Conductors and conductor insulator, 
505.18 

Definitions, 505.2 
Documentation, 505.4(A) 
Equipment cons.truction, 505.9 

Class I temperamre, 505.9(D) 
Listing, 505.9(B) 
Marking, 505.9(C) 
Optical fiber cable, 505.9(F) 
Suitability, 505.9(A) 
Tbreading, 505 .9(E) 

Equipment for use in, 505.20 
Exposed parts, 505.19 
Flexible cords, 505.17 
General, 505.4 
Grounding, 505.25 
Material groups, 505.6 
Process sealing, 505.26 
Protection techniques, 505.8 

Combustible gas detection system, 
505.8(I) 

Encapsulation, 505.8(G) 
Definition, 505.2 

Flameproof, 505.8(A) 
Definition, 505.2 

Increased safety, 505.8(F), 505.22 
Definition, 505.2 

Intrinsic safety, 505.8(C) 
Defmition, 505.2 

Oil immersion, 505. 8(E) 
Definition, 505.2 

Powder filling, 505.8(H) 
Definition, 505.2 

Purged and pressurized, 505.8(B) 
Definition, 505.2 

Type of protection "n", 505.8(D) 
Definition, 505.2 

Reference standards, 505.4(B) 
Sealing 

Drainage and, 505.16 
Process, 505.26 

Special precaution, 505.7 
Wiring methods, 505.15 

Zone equipment, 505.9(C)(2), 
Fig. 505.9(C)(2) 

Hazardous (classified) locations, Class 
II, 500.5(C), Art. 502 see also 
Hazardous (classified) locations, 
Classes I, II, and III, 
Divisions 1 and 2 

Bonding, 502.30(A) 
Circuit breakers, 502.115 
Control transformers and resistors, 501.120 
Cranes and hoists, 610.3(A)(2) 
Exposed parts, 502.25 
Flexible cords, 502.140 
Fuses, 502.115 
Grounding, 502.30 
Luminaires, 502.130 
Motor controllers, 502.115 
Motors and generators, 502.125 
Receptacles and attachment plugs, 502.145 
Sealing, 502.15 
Signaling, alarm, remote-control, and 

communications systems, meters, 
instruments, and relays, 502.150 

Surge protection, 502.35 
Switches, 502.115 
Transformers and capacitors, 502.100 
Utilization equipment, 502.135 
Ventilating piping, 502.128 
Wiring methods, 502.10 
Zone 20, 21, and 22l.ocations for· 

flammable dusts, fibers/ flyings, 
Art. 506 

Zone equipment, 502.6 
Hazardous (classified) locations, 

Class III, 500.5(D), Art. 503 
see also Hazardous (classified) 
locations, Classes I, II, and Ill, 
Divisions 1 and 2 

Bonding, 503.30(A) 
Circuit breakers, 503.115 
Control transformers and resistors, 503.120 
Cranes and hoists, 503.155, 610.3(A)(3) 
Exposed parts, 503.25 
Flexible cords, 503.140 
Fuses, 503.115 
Grounding, 503.30 
Luminaires, 503.130 
Motor controllers, 503.115 
Motors and generators, 503.125 
Receptacles and attachment plugs, 503.145 
Signaling, alarm, remote-control, 

and local loudspeaker 
intercommunications, 503.150 

Storage battery charging equipment, 
503.160 

Switches, 503.115 
Transformers and capacitors, 503.100 
Utilization equipment, 503.135 
Ventilation piping, 503.128 
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Wiling methods, 503.10 
Zone 20, 21, and 22locations for 

flammable dusts, fibers/ flyings, 
Art. 506 

Zone equipment, 503.6 
Hazardous (classified) locations, specific, 

Art. 510 
Hazardous (classified) locations, Zone 20, 

21, and 22, Art. 506 
Bonding, 506.25(A) 
Classification of locations, 506.5 
Definitions, 506.2 
Documentation, 506.4(A) 
Equipment installation, 506.20 

Manufacturer's instructions, 506.20(E) 
Temperature, 506.20(F) 

Equipment requirements, 506.9 
Listing, 506.9(B) 
Marking, 506.9(C) 
Suitability, 506.9(A) 
Temperature, 506.9(D) 
Threading, 506.9(E) 

Flexible cords, 506.17 
General, 506.4 
Grounding, 506.25 
Material groups, 506.6 
Protection teclmiques, 506.8 

Definitions, 506.2 
Dust-ignitionproof, 506.8(A) 
Dusttight, 506.8(D) 
Encapsulation, 506.8(E) 

Definition, 506.2 
Enclosure, 506.8(G) 

Definition, 506.2 
Intrinsic safety, 506.8(C), 506.8(!) 

Definition, 506.2 
Nonincendive equipment, 506.8(F) 
Purged and pressurized, 506.8(B), 

506.8(H) 
Definition, 505.2, 506.2 

Reference standards, 506.4(B) 
Sealing, 506.16 
Special precautions, 506.7 
Wiring methods, 506.15 
Zone equipment, 506.9(C)(2) 

Headers 
Cellular concrete floor raceways, 372.2, 

372.18(A) 
Ce11ular metal floor raceways, 374.2, 

374.56 
Definition, 372.2, 374.2 

Health care facilities, Art. 517 
Communications, signaling systems, data 

systems, less than 120 volts, 
nominal, 517-VI 

Other-than-patient care areas, 517.81 
Signal transmission between appliances, 

517.82 
Definitions, 517.2 
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Essential electrical systems, 517 -III 
Ambulatory health care centers, 517.45 
Clinics, medical and dental offices, 

and other health care facilities, 
517.45 

Connections 
Alternate power source, 517.35 
Equipment branch, 517.44 
Life safety branch, 517.43 

Critical branch, 517.32 
Definition, 517.2 
Equipment branch, 517.44 
Hospitals, 517.29 
Life safety branch, 517.32, 517.33 
Nursing homes and limited care 

facilities, 517.40 
Power sources, 517.35,517.41 
Requirements, 517.31 

General, 517-I 
Inhalation anesthetizing locations, 517-IV 

Classification, 517.60 
Grounded power systems in 

anesthetizing locations, 517.63 
Grounding, 517.62 
Line isolation monitor, 517.160{8) 
Low-voltage equipment and instruments, 

517.64 
Wiring and equipment, 517.61,517.160 

Isolated power systems, 517-VII 
Critical care areas, 517.19(F), 517.19(G) 
Definition, 517.2 
Essential electrical systems, 

517.31(C)(2) 
Grounding, 517.19(G), 647.7(B) 
Installation, 517 .160(A) 
Wet procedure locations, 517 .20(B) 

Wiring and protection, 517-II 
Anesthetizing locations, 517.61 
Applicability, 517 .I 0 
Critical care areas, 517.19 
Essential electrical systems, 517 .31(C) 
Fixed electrical equipment and 

grounding of receptacles, 517.13 
General care areas, 517.18 
General installation/construction criteria, 

517.11 
Ground-fault circuit-interrupter 

protection, 517.20(A), 517.21 
Ground-fault protection, 517.17 
Grounding, 517.13 
Panelboard bonding, 517.14, 517.19(E) 
Receptacles, 517.13, 517.16, 517.19, 

517.31(E), 517.42(E) 
Wet locations, 517.20 
Wiring methods, 517.12 

X-ray installations, 517-V 
Connection to supply circuit, 517.71 
Control circuit conductors, 517.7 4 
Disconnecting means, 517.72 

Equipment installations, 517.75 
Guarding and grounding, 517.78 
High tension.x-ray cables, 517.77 
Overcurrent protection, 517.73 
Rating of supply conductors, 517.73 
Transformers and capacitors, 517.76 

Heater cords, see Cords, heater 
Heat generating equipment, see Induction 

and dielectric heating equipment 
Heating, see also Heating systems; Induction 

and dielectric heating equipment 
Dielectric 

Definition, 665.2 
Induction 

Definition, 665.2 
Heating appliances, Art. 422 see also 

Infrared lamp industrial heating 
appliances; Water heaters 

Heating cables, Art. 424 
Heating elements 

Marking, 422.61 
Resistance, see Fixed electric heating 

equipment for pipelines and 
vessels; Fixed outdoor electric 
deicing and snow-melting 
equipment 

Heating equipment 
Central, 422.12 
Definitions, 665.2 
Fixed, see Fixed electric heating equipment 

for pipelines and vessels; Fixed 
electric space-heating equipment; 
Fixed outdoor electric deicing 
and snow-melting equipment 

Induction and dielectric, see Induction and 
dielectric heating equipment 

Outside, 550.20(B) 
Receptacle outlets, 210.63 
Swimming pools, see Swimming 

pools, fountains, and similar 
installations 

Heating panels and heating panel sets, 
radiant, see Fixed electric space­
heating equipment, Radiant 
heating panels and heating panel 
sets 

Heating systems 
Definition, 426.2 
Impedance, see Fixed electric heating 

equipment for pipelines and 
vessels; Fixed outdoor electric 
deicing and snow-melting 
equipment 

Induction, see Induction heating systems 
Skin effect, see Fixed electric heating 

equipment for pipelines and 
vessels; Fixed outdoor electric 
deicing and snow-melting 
equipment 
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Heavy-duty lampholders 
Branch circuits, 210.2l(A), 210.23, Table 

210.24 
Unit loads, 220.14(E) 

Hermetically sealed, 500.7(J) 
Definition, Art. 100 

Hermetic refrigerant motor-compressors, 
see also Air-conditioning and 
refrigerating equipment 

Ampacity and rating, 440.6(A) 
Definition, Art. 100 
Marking, 440.4 
Rating and interrupting capacity, 440.12(A) 

High density polyethylene conduit (Type 
HDPE), Art. 353 

Bends, 353.24, 353.26 
Bushings, 353.46 
Construction specifications, 353-III 
Definition, 353.2 
Grounding, 353.60 
Installation, 353-11 
Joints, 353.48 
Listing, 353.6 
Marking, 353.120 
Number of conductors, 353.22 
Size, 353.20 
Splices and taps, 353.56 
Trimming ends, 353.28 
Underground installations, Table 300.50 
Uses not permitted, 353.12 
Uses permitted, 353.10 

High-impedance grounded neutral 
systems, 200.2(A), 250.20(D), 
250.30(A)(3), 250.36, 
250.186(A)(4), 250.187 

Hoists, Art. 610 see also Cranes 
Conductors, contact, 610-III 
Control, 610-VI 
Electrolytic cells, 668.32 
Flexible cords, 400.10(A)(5) 
Grounding, 250.22(1), 250.112(E), 

250.116(1), 610-VII 
Hazardous (classified) locations, 503.155 
Marinas and boatyards, 555.23 
Motors and controllers, disconnecting 

means, 430.112 Ex., 610-IV 
Nameplates, 610.14(G) 
Overcurrent protection, 610-V, 610.53 
Wiring, 610-11 

Hoistways 
Busways in, 368.12(B) 
Cablebus in, 370.12(1) 
Definition, Art. 100 
Flexible metal conduit, 348.20(A) 
Messenger-supported wiring, 396.12 
Surface raceways, 386.12(4), 388.12(4) 
Wiring in, 620.2l(A)(l), 620.37, 
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Hoods, range, cord-and-plug-connected, 
422.16(B)(4) 

Hoods for commercial cooking, lighting in, 
410.10(C) 

Hospitals, see also Health care facilities 
Definition, 517.2 
Essential electrical systems, 517.29 
Patient care space, see Patient care space 
Psychiatric 

Definition, 517.2 
Hotels and motels 

Branch-circuit voltages, guest rooms and 
suites, 210.6(A) 

Lighting load, Table 220.12 
Lighting outlets required, 210.70(B) 
Overcurrent devices, guest rooms and 

suites, 240.24(E) 
Receptacle ground-fault circuit interrupter 

protection, 210.8(B) 
Receptacle outlets, guest rooms and suites, 

210.60, 210.70(B), 220.14(J) 
Hot tubs, see Spas and hot tubs 
Houseboats, see Floating buildings 
HVAC systems, Art. 708 
Hybrid systems, 705.82, 705.100(A) 

Definition, Art. 100 
Hydromassage bathtubs, 680-VII 

Definition, 680.2 

-I-

Identification, see also Color code; Markings 
Agricultural building distribution points, 

547.9(D) 
Boxes (outlet, device, pull, and junction), 

314.44 
Branch circuits, 210.5 
Critical operations power systems wiring, 

708.10(A) 
Direct-buried cables, Table 300.50 Noted 
Disconnecting means, 110.22, 230.70(B), 

620.5l(D) 
Service disconnects, 230.2(E) 

Emergency circuits and systems, 700.10(A) 
Feeders, 215.12 
Fixed electric space-heating equipment, 

424.45(A), 424.58, 424.99(A) 
Fixed resistance and electrode industrial 

process heating equipment 
Duct heaters, 425.58 
Resistance-type boilers, 425.71 

Flexible cords, identified conductors 
within, 200.6(C), 250.119(C), 
400.22, 400.23 

Fuel cell systems, 692.4(B) 
Grounded conductors, Art. 200, 400.22, 

402.8 
Grounding-pole, 406.10(B) 
High-leg, 110.15, 230.56, 408.3(E)(l), 

408.3(F), 409.102 

Intrinsically safe systems, 504.80 
Sensitive electric equipment conductors, 

647.4(C) 
Service disconnecting means, 230.70(B) 
Switchboards and panelboards, 408.3(F), 

408.4, 409.102 
Ungrounded conductors, 210.5(C), 215.12(C) 
Wiring device tenninals, 250.126, 504.80 

Identified 
Definition, Art. 100 

Illumination, see also Lighting; Luminaires 
Battery system working spaces, 480.10(G) 
Energy storage systems, 706.10(E) 
Means of egress, 517.33(A), 517.43(A) 
Modular data centers, 646.15 
Task, 517.34 

Definition, 517.2 
Immersible appliances, 422.41 
Immersion heaters, cord-and-plug­

connected, 422.44 
hnmersion pools, see Swimming pools, 

fountains, and similar 
installations 

Impedance heating systems, see Fixed 
electric heating equipment for 
pipelines and vessels; Fixed 
outdoor electric deicing and 
snow-melting equipment 

IN, explanatory material, 90.5(C) 
Incandescent lamps, Art. 410 see also 

Hazardous (classified) locations 
Guards 

Aircraft hangars, 513.7(C) 
Garages, 511.7(B) 
Theater dressing rooms, 520.72 

Lamp wattage, marking on luminaire 
(fixture), 410.120 

Medium and mogul bases, 410.103 
Signs with larnpholders for, 600.4(C) 
Snap switches for, 404.14(B)(3) 

Independent 
Circuits for emergency lighting, 700.17 
Supports, services, over buildings, 230.29 
Wiring, emergency circuits, 700.10(B) 
X -ray control, 660.24 

Individual branch circuits, see Branch 
circuits, individual 

Induced currents, metal enclosures, 300.20, 
330.31 

Induction and dielectric heating 
equipment, Art. 665 

Ampacity of supply conductors, 665.10 
Definitions, 665.2 
Disconnecting means, 665.12 
Guarding, grounding, and labeling, 665-II 

Access to interior equipment, 665.22 
Capacitors, 665.24 
Component interconnection, 665.19 
Control panels, 665.21 
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Enclosures, 665.20 
Grounding and bonding, 665.26 
Marking, 665.27 
Shielding, 665.25 
Waming labels or signs, 665.23 

Hazardous (classified) locations, 665.4 
Output circuits, 665.5 
Overcurrent protection, 665.11 
Remote control, 665.7 

Induction heating systems, see also 
Induction and dielectric heating 
equipment 

Definition, 427.2, 665.2 
Fixed equipment for pipelines and vessels, 

427-V 
Inductive loads 

Signs, 600.6(B) 
Switches, types, ratings, 404.14 

Industrial control panels, Art. 409 
Arc-flash hazard warning, 110.16 
Conductors 

Busbars, 409.102 
Minimum size and ampacity, 409.20 

Construction specifications, 409-III 
Definition, Art. 100 
Disconnecting means, 409.30 
Enclosures, 409.100 
Grounding, 409.60 
Installation, 409-11 
Marking, 409.110 
Overcurrent protection, 409.21 
Service equipment, 409.108 
Spacing, minimum, 409.106 
Wiring space in, 409.104 

Industrial equipment limitedMpower 
circuits, 725.121(A)(4) 

Industrial installation, supervised 
Definition, 240.2 
Overcurrent protection, 240~ VIII 

Industrial machinery, Art. 670 
Definition, 670.2 
Disconnecting means, 670.4(B) 
Nameplates, 670.3 
Supply conductors and overcurrent 

protection, 670.4 
Industrial manufacturing system 

Definition, 670.2 
Industrial process heating equipment, 

fixed, see Fixed resistance and 
electrode industrial process 
heating equipment 

Informational notes, explanatory material, 
90.5(C) 

Information technology equipment, 
Art. 645 

Class 2 and Class 3 circuits, power source 
for, 725.121(A)(4) 

Definitions, Art. 100, 645.2 
Disconnecting means, 645.4(1), 645.10 
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Engineering supervision, 645.25 
Grounding, 645.14,645.15 
Marking, 645.16 
Power distribution units, 645.17 
Selective coordination, 645.27 
Special requirements for information 

technology equipment rooms, 

645.4 
Supply circuits and interconnecting cables, 

645.5 
Uninterruptible power supplies (UPS), 

645.11 
Information technology equipment rooms 

Definition, 645.2 
Special requirements, 645.4 
Zones, 645.10(A)(3) 

Definition, 645.2 
Informative annexes, 90.5(D), Annexes A 

through J 
Infrared lamp industrial heating 

appliances, 422.48, 425.14 
Branch circuits, 210.23(C), 422.11(C), 

424.3(A) 
Overcurrent protection, 422. ll(C) 

Inhalation anesthetizing locations, see 
Anesthetizing locations 

lnnerduct, 770.12 
Definition, Art. 100 

Inserts 
Cellular metal floor raceways, 374.18(C) 
Underfloor raceways, 390.14 

In sight from 
Air-conditioning or refrigerating 

equipment, 440.14 
Center pivot irrigation machines, 675.8(B) 
Definition, Art. 100 
Duct heaters, 424.65 
Electric-discharge lighting, 410.141 (B) 
Fixed electric space-heating equipment, 

424.19(A) 
Motor driven appliartces, 422.31(C) 
Motors, motor controllers, 430.102 
Room air conditioners, 440.63 
Signs, 600.6(A) 

Institutions, emergency lighting, Art. 700 
Instructions, 110.3(B), 230.95(C) 
Instrumentation tray cable (Type ITC), . 

Art. 727 
Allowable ampacity, 727.8 
Bends, 727.10 
Construction, 727.6 
Definition, 727.2 
Marking, 727.7 
Overcurrent protection, 727.9 
Uses not permitted, 727.5 
Uses permitted, 727.4 

Instruments, meters, relays 
Grounding, 250-IX 

Hazardous (classified) location, 501.105, 
502.150 

Low-voltage, 517.64 
Instrument transformers, grounding, 

230.82(4), 250-IX 
Insulation 

Conductors, see Conductors, insulated 
Double, see Double insulated 
Equipment, 110.3(A)(4) 
Faceplates, 406.6(C) 
Fixture wire, 402.3 IN, Table 402.3 
Flexible cords, Table 400.4, 400.21(B) 
Heating cables, 424.36, 424.41(E), 424.42 
Luminaire and lampholder parts, 410.52, 

410.56 
Thermal insulation 

Armored cable installed in, 320.80(A) 
Luminaires, installed near, 410.116(B) 
Service-entrance cables installed in, 

338.10(B)(4) 
Insulators 

Nonabsorbent, 230.27, 394.30(A) 
Open wiring, see Open wiring on insulators 
Outdoor overhead conductors, 399.30(C) 

Integrated electrical systems, Art. 685 
DC system grounding, 685.12 
Orderly shutdown, 645.11, 685-II 
Overcurrent protection, location of, 685.10 
Ungrounded control circuits, 685.14 

Integrated gas spacer cable (Type IGS), 
Art.326 

Construction, 326-III 
Conductors, 326.104 
Conduit, 326.116 
Insulation, 326.112 
Marking, 326.120 

Definition, 326.2 
Installation, 326-11 

Ampacity, 326.80 
Bending radius, 326.24 
Bends, 326.26 
Fittings, 326.40 
Uses not permitted, 326.12 
Uses permitted, 326.10 

Interactive inverters, 705-11, 705.170(3) IN 
see also Utility-interactive 
inverters 

Definition, Art. 100 
Hybtid systems, 705.80, 705.82, 705.100(A) 
Multimode inverters, 705.170(3) IN 

Definition, 705.2 
Output circuits, 705.60(A)(2), 705.65(A) 

Definition, 705.2 
Interactive systems, see also Utility-

interactive inverters 
Definition, Art. 100, 690.2, 692.2 
Fuel cell systems, 692-VII 
Solar photovoltaic systems, 690.54 
Wind electric systems, 694.50, 694.60 
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Intercommunications systems, see 
Communications circuits; 
Hazardous (classified) locations 

Interconnected electric power production 
sources, Art. 705 see also 
Utility-interactive inverters 

Definitions, 705.2 
Directory, 705.10 
Disconnect device, 705.22 
Disconnecting means 

Equipment, 705.21 
Sources, 705.12(B)(1), 705.20 

Equipment approval, 705.6 
Generators, 705-III 
Ground-fault protection, 705.32 
Grounding, 705.50 
Interrupting and short-circuit current 

rating, 705.16 
Loss of 3-phase primary source, 705.42 
Loss of primary source, 705.40 
Output characteristics, 705.14 
Overcurrent protection, 705.12(B)(1), 

705.30, 705.31 
Generators, 705.130 
Interactive inverters, 705.65 

Point of connection, 705.12 
Synchronous generators, 705.143 
System installation, 705.8 

Intermediate metal conduit (Type IMC), 
Art.342 

Bends, 342.24, 342.26 
Bushings, 342.46 
Conductors outside of building, 230.6(5) 
Construction, 342-III 
Couplings and connectors, 342.42 
Definition, 342.2 
Dissimilar metals, 342.14 
Expansion fittings, 300.7(B) IN 
Installation, 342-II 
Listing, 342.6 
Marking, 342.120 
Maximum number of conductors and 

fixture wires in, Tables C4 and 
C4A 

Number of conductors in, 342.22 
Optical fiber cable, 770.49 
Reaming and threading, 342.28 
Securing and supporting, 314.23(E), 

314.23(F), 342.30 
Size, 342.20 
Splices and taps, 342.56 
Standard lengths, 342.130 
Underground installations, 300.50(C), 

Table 300.50 
Uses permitted, 342.10 

Intermittent duty 
Definition, Art. 100 
Motors, 430.22(E), 430.33 

Interpretations, formal, 90.6 
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Interrupter switch 
Definition, Art. 100 

Interrupting rating, 110.9, 240.60(C)(3), 
240.83(C), 712.72 

Definition, Art. 100 
Intersystem bonding termination, 

770.100(8) 
Definition, Art. 100 

Intrinsically safe apparatus 
Bonding, 504.60(A) 
Cable shields for, 504.50(B) 
Definition, Art. 100 
Grounding, 504.50(A) 
Installation, 504.10, 504.20 
Listed, 504.4, 505.20(A) 
Marking, 505.9(C)(2) Ex. 3, 

Table 505.9(C)(2)(4), 
Table 506.9(C)(2)(3) 

Permitted equipment, 500.8(B)(2) 
Sealing, 504.70 Ex. 

Intrinsically safe circuits, 504.30 
Definition, 504.2 

Intrinsically safe systems, Art. 504 
Bonding, 504.60 
Conductors, separation of, 504.30 
Definition, Art. 100 
Definitions, 504.2, 506.2 
Enclosures, 504.30(A)(2), 504.50(A) 
Equipment installation, 504.10, 506.8(C), 

506.8(I) 
Equipment listing, 504.4 
Grounding, 504.50 
Identification, 504.80 
Sealing, 504.70 
Separation of intrinsically safe conductors, 

504.30 
Wiring methods, 504.20 

Introduction, Art. 90 
Invasive procedure 

Definition, 517.2 
Inverters~ see also Interactive inverters 

Definition, 690.2, 694.2 
Input circuit, 706.20(A)(3) 

Definition, 706.2 
Multimode, 705.170(3) IN 

Definition, 705.2 
Output circuit, 706.20(A)(2) 

Definition, 706.2 
Solar photovoltaic systems, 690.6, 

690.8(A), 690.9(A), 690.15, 
690.31(B), 690.47(B) 

Utilization output circuit, 706.20(A)(4) 
Definition, 706.2 

Wind electric systems, 694.12(A) 
Irons, see Flatirons 
Irrigation machines, Art. 675 

Bonding, 675.14 
Center pivot, 675-II 

Definition, 675.2 

Collector rings, 675.11 
Conductors, 675.5, 675.9 
Current ratings, equivalent, 675.7 
Definitions, 675.2 
Disconnecting means, 675.8 
Grounding, 675.12,675.13 
Irrigation cable, 675.4 
Lightning protection, 675.15 
Marking, 675.6 
Motors on branch circuit, 675.10 
Supply source, more than one, 675.16 

Isolated 
Arcing parts, 110.18 
Circuits, low voltage, 517.64(C) 
Definition, Art. 100 
Equipment groundihg conductor, 

250.146(D) 
Health care facility power systems, 

517-VII 
Critical care areas, 517.19(F), 517.19(G) 
Definition, 517.2 
Essential electrical systems, 517.31(C)(2) 
Grounding, 517.19(G), 647.7(B) 
Installation, 517.160(A) 
Wet procedure locations, 517.20(B) 

Phase installations, 300.5(I) Ex. 2 
Isolating means, over 1000 volts, 490.22 
Isolating switches, see Switches, isolating 
Isolation by elevation 

Circuits over 1000 volts, 110.34(E) 
Circuits under 1000 volts, 110.27(A) 
Resistors and reactors over 1000 volts, 

470.18(B) 
Isolation equipment, systems (motors), 

430.109(A)(7) 
Definition, 430.2 

Isolation transformer, see Transformers, 
Isolation 

-J-

Joints, see also Splices and taps 
Electrical nonmetallic tubing, 362.48 
Expansion, see Expansion joints 
Grounding electrode conductor, 250.64(C) 
High density polyethylene conduit, 353.48 
Insulating, fixtures, 410.36(D) 
Insulation of, 110.14(B) 
Reinforced thermosetting resin conduit, 

355.48 
Rigid polyvinyl chloride conduit, 352.48 
Strain at, 400.14 

Joists 
Air-handling, space, 300.22(C) Ex. 
Armored cable, 320.15, 320.23(A) 
Concealed knob-and-tube wiring, 394.23 
Electric space heating cables, 424.41(1), 

424.41(J) 
Holes through or notches in, 300.4(A) 
Nonmetallic sheathed cable, 334.15(C) 
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Open wiring, crossing, 398.15(C) 
Parallel to framing members, cables and 

raceways, 300.4(D) 
Jumpers, bonding, 250.168 

Cable trays, 392.60(C) 
Community antenna television and radio 

distribution systems, 820.100(D) 
Definitions, Art. 100 
Equipment, 250.98,250.102, 310.10(H)(6), 

517.13(B) 
Definition, Art. 100 
Generators, 250.35(B) 
High-impedance grounded neutral 

system, 250.36(E), 250.36(G) 
Separately derived systems, 250.30(A)(2) 
Solar photovoltaic systems, 690.50 

Expansion joints, telescoping sections of 
raceways, 250.98 

Grounding electrode system, 250.53(C), 
250.64(F), 250.68 

Grounding-type receptacles, 250.146 
Hazardous (classified) locations, 

250.100, 501.30(A), 502.30(A), 
503.30(A), 505.25(A) 

Health care facilities, 517.13(B), 
517.19(D) and (E) 

Main, 250.24(B), 250.28 
Definition, Art. 100 
Wire or busbar, as, 250.24(A)(4) 

Metal, structural, 250.104(C) 
Network-powered broadband 

communications system, 
830.100(D) 

Optical fiber cables, 770.100(D) 
Panelboards, 408.3(C) 
Piping systems, 250.104 
Radio and television equipment, 8!0.21(1) 
Separately derived systems, 250.30(A), 

250.30(B)(3) 
Service equipment, 250.28, 250.92(B), 

250.!02(C), 250.186 
Solar photovoltaic systems, 690.43(B), 

690.50 
Supply-side, 250.30(A)(2), 250.30(B)(3) 

Definition, 250.2 
Switchboards, 408.3(C) 
System, 250.28, 250.30(A) 

Definition, Art. 100 
Junction boxes, see also Boxes; Pull boxes 

Accessibility, 314.29 
Cellular concrete floor raceways, 

372.18(C) 
Cellular metal floor raceways, 374.18(B) 
Covers, 314.28(C), 314.72(E) 
Deicing and snow-melting cables, 

426.22(E), 426.24(B) 
Fountains, 680.52 . 
Motor controllers and disconnects, · 

430.10(A) 
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Nonheating cable leads, 424.43 
Over 1000 volts, 314-IV 
Sensitive electronic equipment, 647 .4(B) 
Separation from motors, 430.245(B) 
Size 

Conductors 4 AWG and larger, 3!4.16, 
314.28(A) 

Conductors 6 AWG and smaller, 
314.16(C)(l) 

Construction specifiCations, 314-III 
Support, 314.23 
Swimming pools, 680.23(C)(2), 680.24 
Switch enclosures, 110.59, 404.3(B) 
Underfloorraceways, 390.13 

-K-

Kitchen 
Arc-fault circuit-interrupter protection, 

210.12(A) 
Definition, Art. 100 
Fixed electric space-heating equipment 

cables, 424.44(E) 
Receptacles in, 210.8(A)(6), 210.8(D), 

210.52 
Kitchen dishwasher branch circuit, 

210.8(D) 
Kitchen equipment, commercial, 220.56, 

422.ll(F)(2) 
Knife switches 

Butt contacts, 404.6(C) 
Connection, 404.6(C) 
Construction specifications, 404-II 
Enclosures, 404.3(A) Ex. 1 
General-use, 404.13(C) 
Interrupt cunent, 404.13(B) 
Isolating, 404.13(A) 
Motor-circuit, 404.13(D) 
Position, enclosed and open types, 404.6 
Ratings, 404.14 
600-volt, 404.26 

Knob-and-tube wiring, Art. 394 
Accessible attics, 394.23 
Clearances, 394.19 
Conductors, 394.104 
Construction, 394-III 
Definition, 394.2 
Devices, 394.42 
Installation, 394-II 
Securing and supporting, 394.30 
Splices and taps, 394.56 
Through or parallel to framing members, 

394.17 
Uses not permitted, 394.12 
Uses permitted, 394.10 

Knockouts 
Bonding 

Over 250 volts, 250.97 Ex. 
Service equipment, 250.92(B) 

Openings to be closed, 1!0.12(A), 
314.17(A) 

-L· 

Labeled 
Definition, Art. 100 

Labels required, 550.20(B), 550.32(B), 
550.32(G), 551.46(D), 551.47(Q) 
(3), 551.47(R)(4), 552.44(D), 
552.48(P)(3), 552.48(Q)(3), 
552.59(B) see also Warning 
signs (labels), at equipment 

Lacquers and paints 
Application, Art. 516 
Atmospheres, 500.5(B), 500.6(A), 

Art. 50!, 505.5(B),Art. 505 
Lampholders 

Branch circuits supplying, 210.23 
Circuits less than 50 volts, 720.5 
Combustible material, near, 410.97 
Damp or wet locations, 410.10(A), 410.96 
Double-pole switched, 410.93 
Heavy-duty, see Heavy-duty lampholders 
Installation, 410-Vill 

Mogul base, see Mogul base lampholders 
Outdoor, 225.24 
Outlet boxes, 314.27(A) 
Pendant 

Bathrooms, 410.10(D) 
Clothes closets, 410.16(B) 
Not in theater dressing rooms, 520.71 

Screw-shell types for lamps only, 410.90 
Support, 314.23(F) 
Unswitched over combustible material, 

410.12 
Lamps, Art. 410 see also Hazardous 

(classified) locations; Luminaires 
Arc, see Arc lamps, portable 
Auxiliary equipment, 410-IX 
Backstage (bare bulb), 520.47 
Clothes closets, in, 410.16 
Electric discharge, 410.62(C), 410.104, 

410-Xll, 410-XIII 
Electric discharge, auxiliary equipment 

enclosure, 410.104(A) 
Fluorescent, see Fluorescent luminaires 
Guards, see Guarding, guards 
Handlamps, portable, 410.82 
Incandescent, see Incandescent lamps 
Infrared, see Infrared lamp industrial 

heating appliances 
Motion picture projectors, 540.14, 540.20 
Motion picture studios 

Film storage vaults, 530.51 
Stages, portable, 530.16,530.17 
Viewing, cutting tables, 530.41 

Outdoor, location, 225.25 
Pendant conductors, 410.54 
Portable, see Portable luminaires 
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Stand, 520.68(A)(2), 530.18(G) 
Definition, 520.2, 530.2 

Theaters 
Border and proscenium, 520.44 
Dressing rooms, lamp guards, 520.72 
Festoons, 520.65 
Footlights, 520.43 
Stage, arc, portable, 520.61 
Switchboards, pilot lights, 520.53(A) 

Wattage marking, flush and recessed 
luminaires, 410.120 

Laundry 
Arc-fault circuit-interrupter protection, 

210.12(A) 
Circuit load, 220.52(B) 
Outlets 

Dwelling, 210.ll(C)(2), 210.50(C), 
210.52(F) 

Mobile homes, 550.13(D)(7) 
Receptacles, 210.8(A)(10) 

Laundry area, 210.8(A)(10), 210.12(A), 
210.52(F), 550.12(C), 
550.13(D)(7), 550.18 

Definition, 550.2 
Leakage~current detector~ interrupter, 

440.65 
Definition, 440.2 

LED lighting, Art. 410 
Clothes closets, 410.16 
Connection ofluminaires, 410.24, 

410.62(C) 
Feeder and branch-circuits, 410.68 
Lurninaire rating, 410.74(B) 
Mounting, 410.136, 410.137(B) 
Sign illumination systems 

Definition, 600.2 
Thermal insulation installation, 410.116(B) 

Legally required standby systems, Art. 701 
Accessibility, 701.25 
Capacity and rating, 701.4 
Circuit wiring, 701-II 
Definition, 701.2 
Ground-fault protection of equipment, 

701.26 
Grounding, 701.7(B) 
Overcurrent protection, 701-IV 
Signals, 701.6 
Signs, 701.7 
Sources or power, 701-111 
Tests and maintenance, 701.3 
Transfer equipment, 701.5 
Wiring, 701.10 

Lengths 
Branches from busways, 368.56(B) 
Conduit bodies, 314.71 
Electtical metallic tubing~ 358.120 
Electrical nonmetallic tubing, 362.120 
Enclosures, handhole, 314.71 
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Free conductors at outlets and switches, 
300.14, 424.43, 426.23(A) 

High density polyethylene conduit, 
marking, 353.120 

Intermediate metal conduit, 342.120, 
342.130 

Liquidtight flexible nonmetallic conduit, 
356.120 

Open wiring in nonmetallic flexible tubing, 
398.15(A) 

Pull and junction boxes, 314.28,314.71 
Reinforced thermosetting resin conduit, 

355.120 
Rigid metal conduit, 344.120,344.130 
Rigid polyvinyl chloride conduit, marking, 

352.120 
Space-heating cable, nonheating leads, 

424.34 
Surface metal raceways, 386.120 
Surface nonmetallic raceways, 388.120 
Taps, 210.19(A)(4) Ex. 1, 240.21, 

240.92(B) 
Motor branch circuit, 430.53(D) 
Motor feeders, 430.28 

Life safety branch 
Definition, 517.2 
Essential electrical systems, 517.32, 

517.33,517.43 
Life support equipment, electrical, 

517.45(B) 
Definition, 517.2 

Lighting 
Airfield lighting cable, 310.10(F) Ex. 2 
Battery-powered lighting units, 

517.63(A) 
Definition, 517.2 

Branch circuits, calculation of load, 220.12 
Cove, 410.18 
Decorative, 410-XV 
Emergency, Art. 700 see also Exits, 

emergency lighting for 
Exits, see Exits, emergency lighting 
Feeders, calculation of load, 220.42, 

220-IV 
Festoon, see Festoon lighting 
Fixtures, see Luminaires 
Modular data centers, 646-III 
Outlets, see Lighting outlets 
Outline, see Outline lighting 
Park trailers, 552.46(B)(1), 552.47 
Sensitive electronic equipment, 647.8 
Systems, see Lighting systems, 30 volts 

or less 
Track, see Lighting track 

Lighting assembly, cord~and~plug~ 
connected 

Definition, 680.2 
Lighting hoist, theaters, 520.40 

Definition, 520.2 . 

Lighting outlets, 210.70, 314.27(A), 
410.36(A), 410-III 

Definition, Art. 100 
Lighting systems, 30 volts or less, Art. ·411 

Branch circuit, 411.7 
Hazardous (classified) locations, 411.8 
Listing required, 411.4 
Location requirements, 411.5 
Secondary circuits, 411.6 

Lighting track, 410-XIV 
Construction requirements, 410.155 
Definition, Art. 100 
Fastening, 410.154 
Heavy-duty, 410.153 
Installation, 410.151 
Load calculations, 220.43(B) 

Lightning (surge) arresters, Art. 280 
Antenna discharge units, 810.20 
Community antenna television and radio 

distribution systems, 820.106 
Connections at services, 230.82(4) 
Definition, Art. 100 
Fire pumps, 695.15 
Grounding, 250.60, 250.106, 280.25 
Information technology equipment, 645.18 
Radio and television equipment 

Receiving stations (antenna discharge 
units), 810.20 

Transmitting stations, antenna discharge 
units, 810.57 

Services over 1000 volts, 230.209 
Lightning (surge) protection, Art. 280 see 

also Surge-protective devices 
(SPDs) 

Communication circuit conductors, 800.53 
Community antenna television and radio 

distribution systems, 820.106 
Connections at services, 230.82(4) 
Critical operations power systems, 708.20(D) 
Emergency systems, 700.8 
Hazardous (classified) locations, 501.35, 

502.35 
Hoistways and machine rooms, 620.37(B) 
Industrial machinery, 670.6 
Irrigation machines, 675.15 
Network-powered broadband 

communications systems, 
830.44(G)(3) 

Lightning rods 
Spacing from, 250.106 IN No.2, 

820.44(E)(3) 
Lights, see also Lamps; Lighting; Luminaires 

Border, 520.44 
Cables for, theaters, 520.44(C) 
Definition, 520.2 

From railway conductors, 110.19 
Scenery, theaters, halls, 520.63 
Sttip, 520.64 

Definition, 520.2 
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Limited care facilities, see also Health care 
facilities 

Definition, 517.2 
Essential electrical systems, 517.40 

Limited finishing workstation, 516.5(D)(5) 
Definition, 516.2 

Line isolation monitor, 517 .160(B) 
Definition, 517.2 

Lint, flyings, Art. 503, Art. 506 
Liquidtight flexible metal conduit 

(Type LFMC), Art. 350 
Bends, 350.24, 350.26 
Construction specifications, 350-III 
Couplings and connectors, 350.42 
Definition, 350.2 
Grounding and bonding, 350.60 
Installation, 350-II 
Listing, 350.6 
Marking, 350.120 
Maximum number of conductors and 

fixture wires in, Tables C8 and 
C8A 

Number of conductors and cables in, 
350.22 

Securing and supporting, 350.30 
Size, 350.20 
Splices and taps, 350.56 
Uses not permitted, 350.12 
Uses permitted, 350.10 

Liquidtight flexible nonmetallic conduit 
(Type LFNC), Art. 356 

Bends, 356.24, 356.26 
Construction specifications, 356-III 
Couplings and connectors, 356.42 
Definition, 356.2 
Grounding and bonding, 356.60 
Installation, 356-II 
Listing, 356.6 
Marking, 356.120 
Maximum number of conductors and 

fixture wires in, Tables CS 
through C7A 

Number of conductors or cables in, 356.22 
Securing and supporting, 350.30, 356.30 
Size, 356.20 
Splices and taps, 356.56 
Trimming, 356.28 
Uses not permitted, 356.12 
Uses permitted, 356.10 

Listed 
Definition, Art. 100 

Live parts, see also Enclosures; Energized 
parts; Guarding, guards 

Arc~flash hazard warning, 110.16 
Capacitors, 460.2(B) 
Definition, Art. 100 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, 
and stairway chairlifts, 620.4 
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Exposed, 110.26 
Generators, protection, 445.14 
Guarding, see Guarding, guards 
Lampholders, 410.5, 410.142 
Lamp terminals, 410.142 
Lighting systems, electric discharge, 

410.!30(B), 410.140(C) 
Luminaires and lamps, 410.5, 410.140(C) 
Metal wireways, 376.56(B)(4) 
In motion picture and television studios, 

530.15 
Over 1000 volts, 490.24, 490.35 
Storage batteries, 480.10(B) 
In theaters, 520.7 
Transformers, guarding, 450.8(C) 
In tunnels, 110.56 

Loads 
Appliances, household cooking, demand 

table, 220.55 
Branch circuits 

Calculations, Art. 220, Annex D 
Maximum, 210.25, 220.18 
Mobile homes, 550.12 
Permissible, 210.22 through 210.24, 

Table 210.24 
Continuous, see Continuous load 
Demand 

Clothes dryers, 220.54 
Household cooking appliances, 

210.2l(B)(4), 220.55 
Emergency systems, 700.4(B) 
Energy management systems, management 

by, 750.30 
Farm, 220-V 
Feeders, calculations for, 215.2(A), 

Art. 220, Annex D 
Electrified truck parking space 

equipment, 626.11 
Inductive, see Inductive loads 
Mobile home parks, 550.31 
Mobile homes, 550.18 
Motors, conductors, 430-Il 
Nonlinear 

Definition, Art. 100 
Service, calculations for, Art. 220 
Stage equipment, circuit loads, 520.41 

Location boards, 530.15(D), 530.18(D) 
Definition, 530.2 

Locations 
Air-conditioning or refrigerating 

equipment, disconnecting means, 
440.14 

Capacitors, 460.2(A) 
CATV coaxial cables, 820.113(B) 

through (K) 
Communications circuits 

Protective devices, 800.90(B), 
830.90(B), 830.90(C) 

Raceways, 800.1!3(B) through (L) 

Community antenna television and radio 
distribution systems, 820.3, 
820.44, 820.93 

Crane and hoist disconnecting means, 
610-IV 

Damp or wet, see Damp or wet locations 
Definition, Art. 100 
Dry, see Dry location 
Electric discharge lighting transformers, 

over 1000 volts, 410.144 
Elevator motor disconnecting means, 

620.5l(C) 
Energy storage systems, 706.10, 706.2l(F) 
Essential electrical system, health care 

facilities, 517.30(C), 517.4l(C) 
Foreign pipes, accessories, transformer 

vaults, 450.47 
Generators, 445.10 
Grounding connections at electrodes, 

250.68 
Hazardous, see Hazardous (classified) 

locations 
Intrinsically safe equipment, 504. 10(B) 
Lamps, outdoors, 225.25 
Luminaires, 410-II 
Mobile homes disconnecting means 

and branch-circuit protective 
equipment, 550.11 

Motion picture projection equipment, 
540.11 

Motor disconnecting means, 430.102 
Motor feeder taps, 430.28 Ex. 
Motors, 430.14 
Network-powered broadband 

communications systems, 
830.44, 830.113(B) through (H) 

Optical fiber cables, 505.9(F), 770.3(A), 
770.113(B) through (J) 

Outlet boxes and conduit boxes, 314.29 
Overcurrent devices, 240-II 
Overhead service, 230.54 
Panelboards, damp or wet, 408.37 
Premises-powered broadband 

communication systems, 840.44 
to 840.48 

Recreational vehicle disconnecting means 
and distribution panelboard, 
551.45(B) 

Resistors and reactors, 470.2 
Service disconnecting means, 230.70(A), 

230.72(A) Ex. 
Service overcurrent protection, 230.91, 

230.92 
Shooting 

Definition, 530.2 
Sign switches, 600.6(A) 
Splices and taps 

Auxiliary gutters, 366.56 
Wireways, 376.56, 378.56 
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Surge arresters, 280.11 
Surge protective devices, 285.11 
Swimming pool junction box and 

transformer enclosures, 680.24 
Switchboards, 408.16, 408.17,408.20 
Switches in damp or wet locations, 404.4 
System grounding connections, 250-II 
Transformers and vaults, 450.13 
Ventilation openings for transformer vaults, 

450.45(A) 
Wet, see Wet locations; Damp or wet 

locations 
Locked rotor motor current 

Code letters, 430.7(B), Table 430.7(B) 
Conversion, Table 430.25l(A), 

Table 430.25l(B) 
Hermetic refrigerant motor-compressors, 

440.4(A) 
Locknuts, double, required 

Hazardous (classified) locations, 
501.30(A), 502.30(A), 
503.30(A), 505.25(A), 506.25(A) 

Mobile homes, 550.15(F) 
Over 250 volts to ground, 250.97 Ex. 
Recreational vehicles, 551.47(B) 

Low"voltage circuits, see also Remote­
control, signaling, and power­
limited circuits 

Definition, 551.2 
Less than 50 volts, Art. 720 
Modular data centers, 646.20(A) 
Park trailers, 552.10 

Low-voltage fixed electric space-heating 
equipment, 424-X 

Low-voltage lighting systems, see Lighting 
systems, 30 volts or less 

Low-voltage suspended ceiling power 
distribution systems, Art. 393 

Conductor sizes and types, 393.104 
Connectors, 393.40(A) 
Construction specifications, 393-III 
Definitions, 393.2 
Disconnecting means, 393.21 
Enclosures, 393.40(B) 
Grounding, 393.60 
Installation, 393-11 
Listing, 393.6 
Overcurrent protection, 393.45(A) 
Securing and supporting, 393.30 
Splices, 393.56 
Uses not pennitted, 393.12 
Uses permitted, 393.10 

Lugs 
Connection to terminals, 110.14(A) 
Listed type at electrodes, 250.70 

Luminaires, Art. 410 see also Hazardous 
(classified) locations 

Adjustable, 410.62(B) 
Agricultural buildings, 547.8 
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Arc, portable, 520.61,530.17 
Autotransformers 

BalJasts supplying fluorescent 
luminaires, 410.138 

Supply circuits, 210.9, 215.11, 
220.18 

Auxiliary equipment, 410.137 
Bathtubs, near, 410.10(D), 550.14(0), 

551.53(B) 
Boxes, canopies, pans, 410-III 
Branch circuits, 368.17(C), 410.24(A), 

410.68 
Computation of, 210.19(A)(4), 220.12, 

220.14 
Sizes, 220.18 
Voltages, 210.6, 410.130 

Clothes closets, 410.16 
Definition, 410.2 

Combustible material, near, 410.11, 
410.12, 410.23, 410.70, 
410.116(A)(2), 410.136 

Connection, fluorescent, 410.24, 
410.62(C) 

Construction, 410.155, 410-VII, 410-XI 
Cords, flexible, see Cords, Flexible 
Damp, wet, or corrosive locations, 

410.10(A), 410.10(B), 
410.30(B)(l) 

Decorative lighting, 410-XV 
Definition, Att. 100 
Dry-niche, 680.23(C) 

Definition, 680.2 
Ducts or hoods, in, 410.10(C) 
Emergency systems, 700.12(F)(2), 700.24 
Energy storage systems, 706. 10(E) 
Flat cable assemblies, luminaire hangers 

installed with, 322.40(B) 
Fluorescent, see Fluorescent luminaires 
Flush, 410-X, 410-XI 
Fountains, 680.51 
Grounding, 410-V 
Indoor sports, mixed-use, and all-purpose 

facilities, use in, 410. 10(E) 
Inspection, 410.8 
Listing, 410.6 
Live parts, 410.5 
Location, 410-11 
Marking, 410.74(A) 
Motion picture and television studios, 

Art. 530 
Mounting, 410.136,410.137 
No-niche, 680.23(D), 680.24(B), 

680.26(B)(4) 
Definition, 680.2 

Outlet boxes, 3!4.27(A) 
Outlets required, see Lighting outlets 
Overcurrent protection, wires and cords, 

240.5 
Polarization, 410.50 

Portable, see Portable luminaires 
Raceways, 410.30(B), 410.36(E), 410.64 
Rating, 410.74 
Recessed, see Recessed luminaireS 
Recreational vehicles, 551.53 
Sensitive electronic equipment, 647 .8(B) 
Showers, near, 410.10(D), 550.14(D), 

551.53(B) 
Show windows, 410.14 
Spray application, dipping, coating, and 

printing processes, 516.6(C), 
5!6.6(D), 516.37 

Strip lights, 520.64 
Defmition, 520.2 

Support, 314.23(F), 355.12(B), 358.12(2), 
362.12(2), 410-N, 501.130(A)(4) 

Swimming pools, spas, and similar 
installations, 680.22(B), 680.23, 
680.26(B)(4), 680.33, 680.43(B), 
680.51, 680.62(F), 680.72 

Theaters, Art. 520 
Wet, 410.10(A), 410.30(B)(l) 
Wet-niche, 680.23(B) 

Definition, 680.2 
Wiring, 410-VI 

Luminaire stud construction, 410.36(C) 

-M-

Machine rooms 
Branch circuits, lighting and receptacles, 

620.23 
Definition, 620.2 
Guarding equipment, 620.71 
Wiring, 620.2l(A)(3), 620.37 

Machinery space 
Branch circuits, lighting and receptacles, 

620.23 
Definition, 620.2 
Wiring, 620.2l(A)(3), 620.37 

Machine tools, see Industrial machinery 
Made electrodes, 250.50, 250.52 
Mandatory rules, 90.5(A) 
Mandatory ruJes, permissive rules, and 

explanatory material, 90.5 
Manholes, 110-V 

Access, 110.75 
Covers, 110.75(D) 
Dimensions, I 10.75(A) 
Location, 110.75(C) 
Marking, 110.75(E) 
Obstructions, 110.75(B) 

Conductors 
Bending space for, 110.74 
Class I, installation, 725.48(B)(3), 

725.136(F) 
Class 2, 3 installation, 725.133, 

725.136(F) 
Over 1000 volts, 300.3(C)(2)(d) 

Control circuits installed in, 522.24(B)(3) 
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Fixed ladders, 110.79 
Ventilation, 110.77, 110.78 
Work space, 110.72, 110.73 

Manufactured buildings, Art. 545 
Bonding and grounding, 545.11 
Boxes, 545.9 
Component interconnections, 545.13 
Definitions, 545.2 
Grounding electrode conductor, 545.12 
Protection of conductors and equipment, 

545.8 
Receptacle or switch with integral 

enclosure, 545.10 
Service-entrance conductors, 545.5, 545.6 
Service equipment, 545.7 
Supply conductors, 545.5 
Wiring methods, 545.4 

Manufactured homes, see also Mobile 
homes; Recreational vehicles 

Definition, 550.2 
Manufactured phase 

Definition, 455.2 
Marking, 455.6(B) 

Manufactured wiring systems, Art. 604 
Construction, 604.100 
Definition, 604.2 
Installation, 604.7 
Listing requirements, 604.6 
Markings, 604.100(B) 
Uses not pennitted, 604.12 
Uses permitted, 604.10 

Marinas, boatyards, and docking facilities, 
Art. 555 

Circuit breakers, 555.11 
Connections, 555.9 
Cranes, 555.23 
Definitions, 555.2 
Disconnecting means, 555.17 
Distribution system, 555.4 
Enclosures, 555.10 
Ground-fault circuit interrupters, 

555.19(B)(l) 
Ground-fault protection, 555.3 
Grounding, 555.15 
Hoists, 555.23 
Load calculations, 555.12 
Marine power outlets, 555.11 

Definition, 555.2 
Motor fuel dispensing stations, 555.21 
Panelboards, 555. II 
Railways, 555.23 
Receptacles, 555.19 
Repair facilities, 555.22 
Service equipment, location, 555.7 
Switches, 555.11 
Transformers, 555.5 
Wiring methods and installation, 555.13 

2019 California Electrical Code 

INDEX 

Markings, 110.21, 310.120 see also 
Identification subhead Marking 
under entries for specific wiring 
and equipment 

Field-applied hazard, I 10.21(B) 
Manufacturer, 110.2!(A) 

Means of egress 
Battery rooms, 480.10(E) 
Health care facilities, 517.33, 51 7.43(A), 

517.43(B) 
Illumination, 517.33(A), 5!7.43(A) 

Mechanical execution of work, 110.12, 
640.6, 720.11, 725.24, 760.24, 
770.24, 800.24, 820.24, 830.24, 
840.24 

Medical office (dental office) 
Definition, 517.2 

Medium voltage cable (Type MY), 
Art. 328 

Ampacity, 328.80 
Construction specifications, 328-III 
Definition, 328.2 
Installation, 328-II 
Marking, 328.120 
Support, 328.30 

Meeting rooms 
Outlets, 210.71 

Membrane enclosures 
Definition, 516.2 
Spray application operations in, 516~IV 

Messenger~supported wiring, Art. 396 
Definition, 396.2 
Grounding, 396.60 
Installation, 396-11 
Messenger support, 396.30 
Splices and taps, 396.56 
Uses not permitted, 396.12 
Uses permitted, 396.10 

Metal-clad cable (Type MC), Art. 330 
Accessible attics, 330.23 
Ampacity, 330.80 
Bends, 330.24 
Conductors, 330.104 
Construction specifications, 330-III 
Definition, 330.2 
Equipment grounding conductor, 330.108 
Installation, 330-11 
Insulation, 330.112 
Marking, 310.120 
Sheath, 330.116 
Single conductors, 330.10(A)(l2), 330.3 I, 

330.80(B) 
Support, 330.30 
Tirrough or parallel to framing members, 

300.4(A), 330.17 
Uses not permitted, 330.12 
Uses permitted, 330.10 

Metal-enclosed switchgear, see Switchgear, 
metal-enclosed 

Metal frame of building 
Bonding, 250.104,250.194 
Grounding electtode, 250.30(A)(8), 

250.52(A)(2), 250.68(C) 
Not permitted as equipment grounding 

conductor, 250.136(A) 
Metal gutters, see Auxiliary gutters 
Metal outlet boxes, see Boxes, metal 
Metals 

Corrosion, protection against, see 
Protection, Corrosion 

Dissimilar, 110.14, 250.70, 342.14,344.14 
Ferrous, 300.6(A), 300.20 

Metal siding, grounding of, 250.116 IN 
Metal wireways, see Wireways, metal 
Metal working machine tools and plastic 

machinery, see Industrial 
machinery 

Meters 
Connection and location at services, 

230.82, 230.94 Ex. 5 
Grounding of cases, 250.174, 250. I 76 
Grounding to grounded circuit conductor, 

250.!42(B) Ex. 2 
Hazardous (classified) locations, 501.105, 

502.150 
Recreational vehicle site, 551.78(B) 

Meter socket enclosures, see Cabinets, 
cutout boxes, and meter socket 
enclosures 

Metric equivalents 
Raceways, trade sizes, 300.1(C) 

Metric units of measurement, 90.9 
Microgrid interconnect devices, 705.170 

Definition, 705.2 
Micro grid systems, 705-IV see also Direct 

current micro grid systems 
Definition, 705.2 

Mineral~insulated metal~sheathed cable 
(Type Ml), Art. 332 

Ampacity, 332.80 
Bends, 332.24 
Boxes and fittings, 332.40 
Conductors, 332.104 
Construction specifications, 332-III 
Definition, 332.2 
Equipment-grounding conductors, 332.108 
Installation, 332-11 
Insulation, 332.112 
Sheath, 332.116 
Single conductors, 332.31, 332.80(B) 
Support, 332.30 
Terminal seals, 332.40(B) 
Through or parallel to framing members, 

300.4, 332.17 
Uses not permitted, 332.12 
Uses permitted, 332.10 

Mobile equipment 
Definition, Art. 100 
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Mobile home lot 
Definition, 550.2 

Mobile borne parks, Art. 550 
Definitions, 550.2 
Distribution system, 550.30 
Electrical wiring system 

Definition, 550.2 
Feeder and service demand factors, 

550.18, 550-III, Table 550.31 
Minimum allowable demand factor, 

550.31 
Mobile home service equipment, 550.32 
Service equipment, 550.1, 550.16,550.32 

Definition, 550.2 
Mobile homes, Art. 550 see also Park 

trailers; Recreational vehicles 
Accessory buildings or structures 

Definitions, 550.2 
Appliances, 550.12(B), 550.12(D), 550.14, 

550.15(J), 550.18 
Arc-fault circuit-interrupter protection, 

550.25 
Branch-circuit protective equipment, 

550.11 
Branch circuits, 550.ll(B), 550.12 
Calculations of loads, 550.18 
CATV coaxial cables, bonding and 

grounding of, 820.106 
Communications circuits, 800.106 
Definitions, 550.2 
Disconnecting means, 550.11 
Expandable and dual units, wiring, 550.19 
Feeder, 550.33 
General requirements, 550.4 
Ground-fault circuit interrupter, 550.13(B) 
Grounding, 550.16 
Insulated neutral required, 550.16(A)(1) 
Luminaires, 550.14, 550.20 
Multiple section, wiring, 550.19 
Nameplates, 550. ll(D) 
Network-powered broadband 

communications cables, bonding 
and grounding of, 830.106 

Optical fiber cables, 770.106 
Outdoor outlets, luminaires, air-cooling 

equipment, 550.20 
Power supply, 550.10 
Premises-powered broadband 

communications systems, 
bonding and grounding of, 
840.106 

Receptacle outlets, 550.13 
Service equipment, 550.32 

Definition, 550.2 
Testing, 550.17 
Wiring methods arid materials, 550.15 

Mobile X-ray equipment, 660.4(B), 660.21 
Definition, 660.2 
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Modular data centers, Art. 646 
Definition, 646.2 
Enclosures, cords and cables for 

connecting, 646.9 
Equipment, 646-II 
Field-wiring compartments, 646.8 
Lighting, 646-III 
Nameplates, 646.5 
Overcurrent protection, 646.6(B) 
Short-circuit current rating, 646.7 
Supply conductors, 646.6 
Workspace, 646-1V 

Modules, solar photovoltaic systems, 
690.8(D), 690.32, 690.43, 
690.51,690.52 see also Solar 
photovoltaic systems 

Definition, 690.2 
Mogul base lampholders, 210.6(C)(3), 

410.103 
Monitor 

Definition, 750.2 
Monopole subarrays 

Definition, 690.2 
Monorails, 555.23, Art. 610 
Motion picture and television studios, 

Art. 530 
Definitions, 530.2 
Dressing rooms, 530-III 
Feeder conductors, sizing, 530.19 
Film storage vault, 530-V 
Grounding, 530.20 
Lamps, portable arc, 530.17 
Live parts, 530.15 
Luminaires, portable, 530.16 
Overcurrent protection, 530.18, 530.63 
Portable equipment, 530.6 

Definition, 530.2 
Stage or set, 530-II 
Substations, 530-VI 
Viewing, cutting, and patching tables, 530-N 
Wiring 

Permanent, 530.11 
Portable, 530.12 

Motion picture projector rooms, see 
Projector rooms, motion picture 

Motion picture theaters, see Theaters 
Motor-circuit switches, 404.7, 404.13(D), 

430.109(A)(l), 430.110(A) Ex., 
430.110(C)(2) Ex. 

Definition, Art. 100 
Motor control center, see Control centers 
Motor fuel dispensing facilities, Art. 514 

see also Hazardous (classified) 
locations 

Circuit disconnects, 514.11 
Classification of locations, 514.3 
Definition, 514.2 
Equipment, 514.4, 514.7 
Grounding and bonding, 514.16 

Maintenance and servicing, 514.13 
Marinas, boatyards, and docking facilities, 

555.21 
Sealing, 514.9 
Underground wiring, 514.8 
Wiring, 514.4, 514.7, 514.8 

Motor-generator arc welders, see Welders, 
electric 

Motor homes, see also Mobile homes;_ 
Recreational vehicles 

Definition, 551.2 
Motors, Art. 430 

Adjustable speed drive and drive systems, 
430.88, 430-X 

Definitions, Art. 100 
Air-conditioning units, Art. 440 
Appliances, motor -driven, see Appliances 
Branch circuits, 430-II 

Adjustable speed drive systems, 
430.130,430.131 

Combination loads, 430.54, 430.63, 
430.131 

Overload protection, 430-III 
Short-circuit and ground-fault 

protection, 430-IV, 430.130 
Taps, 430.28, 430.53(D) 
Torque motors, 430.52(D) 

Bushing, 430.13 
Capacitors, 430.27, 460.9 
Circuit conductors, 430~II 
Code letters, Table 430.7(B) 
Conductors, 430-II 

Adjustable speed drive systems, 430.122 
Ampacities, 430.6 
Combination loads, 430.25 
Continuous duty, 430.22 
Direct-current motor-rectifier supplied, 

430.22(A) 
Equipment grounding conductors, 

250.122(D) 
Feeder demand factor, 430.26 
Intermittent duty, 430.22(E) 
Motor and other loads, 430.24 
Several motors, 430.24 
Single motor, 430.22 
Small motors, 430.22(G) 
Wound rotor secondary, 430.23 
Wye-start, delta-run, 430.22(C) 

Continuous duty, 430.32 
Controller rating, 430.83(D) 
Overload protection, 430.32(A), 

430.32(C) 
Wound-rotor secondary, 430.23 

Control centers, see Control centers 
Control circuits, 430-VI 
Controllers, see Controllers, motor 
Cord-and-plug-connected, 430. 109(F) 
Current, full load, see Full-load current 

motors 
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Curtain, theater, 520.48 
Definitions, 430.2 
Disconnecting means, 430.75, 430.95, 

430-IX, 430.128,430.227 
Feeder demand factor, 430.26 
Feeders, calculation of load, 220.50, 

220-IV 
Full-load current, see Full-load current 

motors 
Fuseholder, size of, 430.57 
General, 430-I 
Ground-fault protection, 430-IV, 430-V, 

430.130 
Grounding, 250-VI, 430.12(E), 430.96, 

430-Xlll 
Grouped, 430.24, 430.42, 430.53, 430.87, 

430.112 Ex. 
Guards for attendants, 430.233 
Hazardous (classified) locations, 501.125, 

502.125, 503.125, 505.16(E)(2), 
505.22 

Highest rated or smallest rated, 430.17 
Industrial machinery, Art. 670 
Intermittent duty, 430.22(E), 430.33 
Liquids, protection from, 430.11 
Live parts, protection of, 430-XII 
Location, 430.14 
Maintenance, 430.14(A) 
Marking, 430.7 

Motor control centers, 430.98 
Terminals, 430.9(A) 

Motor control centers, 430-VIII 
Multispeed, see Multispeed motors 
Overcurrent protection 

Branch circuits, 430-IV 
Combined overcurrent protection, 

430.55 
Control circuits, 430.72 
Equipment grounding conductors, 

250.122(D) 
Motor control centers, 430.94 
Motor feeders, 430-V 
Over 1000 volts, 430.225 

Overheating, dust accumulations, 
430.16 

Overload protection, 430-JII, 430.55, 
430.124, 430.225(B), 460.9 

Overtemperature protection, 430.126 
Over 1000 volts, 430-XI 
Part winding, see Part-winding motors 
Power conversion equipment, 430.131 
Rating or setting of branch-circuit short-

circuit and ground-fault devices, 
Table 430.52 

Restarting, automatic, 430.43 
Short circuit protection, 430-N, 430-V 
Short-circuit protection, 430.130 
Speed limitations, 430.89 
Starting, shunting, 430.35 
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Swimming pools, fountains, and similar 
installations, 680.21, 
680.27(B)(l) 

System isolation equipment, 430.109(A)(7) 
Defmition, 430.2 

Tables, 430-XN 
Taps, 430.28, 430.53(D) 
Terminal housings, 430.12, 430.245(A) 
Terminals, 430.9 
Three overload units, Table 430.37 
Torque motors 

Branch circuits, 430.52(D) 
Controller rating, 430.83(D) 
Disconnecting means, 430.109(0), 

430.l!O(B) 
Ultimate trip current, 430.32(A)(2) 
Ventilation, 430.14(A), 430.16 
Wiring diagram, Fig. 430.1 
Wiring space in enclosures, 430.10 

Mounting of equipment, 110.13, 314.23, 
404.9(A), 404.10, 410-N 

Moving walks, see Elevators, dumbwaiters, 
escalators, moving walks, 
platform lifts, and stairway 
chair lifts 

Multimode inverters, 705.170(3) IN 
Definition, 705.2 

Multioutlet assembly, Art. 380 
Calculation of load, 220.14(H) 
Definition, Art. 100 
Deflected insulated conductors, 380.23(A) 
Installation, 380-II 
Insulated conductors, 380.23 
Metal, through dry partitions, 380.76 
Pull boxes, use as, 380.23(B) 
Uses not permitted, 380.12 
Uses permitted, 380.10 

Multiple branch circuits, 210.7 
Multiple circuit connections, grounding, 

250.144 
Multiple conductors (conductors in 

parallel), see Conductors, 
multiple 

Multiple fuses (fuses in parallel), 240.8, 
404.27 

Definition, Art 100 
Multispeed motors 

Branch circuits, 430.22(B) 
Locked-rotor code letters, 430.7(B)(l) 
Marking, 430.7(B)(l) 
Overload protection, 430.52(C)( 4) 

Multiwire branch circuit, 210.4 
Definition, Art. 100 

Nacelle, 694.40(A) 
Definition, 694.2 

-N-

Nameplates, see subhead under entries for 
specific wiring and equipment 

Natural and artificially made bodies of 
water, electrical wiring and 
equipment for, Art. 682 

Definitions, 682.2 
Grounding and bonding, 682-ill 
Installation, 682-II 

Neat and workmanlike installation, 110.12, 
720.11, 725.24, 760.24, 770.24, 
800.24, 820.24, 830.24, 840.24 

Neon tubing, 600.41 
Definition, 600.2 

Network interface unit 
Definition, 830.2 

Network~ powered broadband 
communications systems, 
Art. 830 

Access to electrical equipment behind 
panels, 830.21 

Buildings, 830-Il, 830-V 
Cables outside or entering, see subhead: 

Cables outside and entering 
buildings 

Installation methods within, 830-V 
Underground circuits entering, see 

subhead: Underground circuits 
entering buildings 

Cables outside and entering buildings, 
830-II 

Aerial cables, 830.44 
Above roofs, 830.44(B) 
Between buildings, 830.44(F) 
On buildings, 830.44(G) 
Clearance from ground, 830.44(C) 
Climbing space, 830.44(A)(3) 
Final spans, 830.44(E) 
Lead-in clearance, 830.44(A)(4) 
Over pools, 830.44(D) 
On poles, 830.44(A) 

Entrance cables, 830.40 
Low-power circuits, 830.40(B) 
Medium-power circuits, 830.40(A) 

Cable types, 830.113, Table 830.154(a), 
830.179 

Definitions, 830.2 
Grounding methods, 830-IV 

Bonding and grounding at mobile 
homes, 830.106 

Cable network interface unit, and 
primary protection, 830.100 

Metallic entrance conduit, 830.49 
Metallic members, 830.93 

Listing, 830.113(A), 830-VI 
Locations, 830.3(A), 830.44 
Low-power cables, 830.110, 830.133(A) 

(1), 830.179(B) 
Marking, 830.179 
Mechanical execution of work, 830.24 
Medium-power wiring, 830.110, 

830.133(A)(l), 830.179(A) 
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Power limitations, 830.15 
Protection, 830~III 

Grounding of metallic members, 830.93 
Physical damage, protection against, 

830.3(E), 830.44(0)(4), 
830.47(C), 830.100(A)(6) 

Primary electrical protection, 830.90 
Underground circuits entering buildings, 

. 830.47 

Direct-buried cables and raceways, 
830.47(B) 

Mechanical protection, 830.47(C) 
Pools, under, 830.47(D) 
Underground systems, 830.47(A) 

Network terminal, Art. 840-IV, 840.170(A) 
Definition, 840.2 

Neutral, see also Conductors, grounded 
Bare, 230.22 Ex., 230.30(A) Ex., 

230.41 Ex. 
Busways, over 1000 volts, 368.258 
Cartridge fuses and fuseholders, 

240.60(A)(2) 
Common, see Common neutral 
Conductor, 310.15(B)(5), 310.15(B)(7), 

Tables B.310.15(B)(2)(1) 
through B.310.15(B)(2)(10) 

Definition, Art. 100 
Continuity of, 300.13(B) 
Direct current generators, 445.12(D), 

445.13 
Electrode-type boilers, over 1000 volts, 

490.72(D), 490.72(E) 
Feeder and service load, 220.61, 

220.82(A), 220.84(A) 
Floating buildings, conductors in, 553.9 
Grounding of 

AC systems, 250.4, 250.24, 250.26, 
250.36 

DC systems, 250.4, 250.36, 250.162(B) 
High-voltage systems, 250.182 through 

250.187 
Identification, Art. 200 
Installation, 200.4 
Interconnected electric power production 

sources, 705.95 
Messenger supported wiring, 396.30(B) 
Multiple circuits, 200.4(B) 
Multiwire branch circuits, 210.4(C), 

240.15(B)(l) 
Overcurrent relays and current 

transformers, 240.100(A)(l) 
Point, 240.15(B)(3), 240.50(A)(2) 

Definition, Art. 100 
Direct current generators, 445.12(D) 

Ranges and dryers, grounding, 210.19(A)(3) 
Ex. 2, 250.140 

Recreational vehicle distribution system, 
551.72(D) 
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Switchboard, stage, 520.27(A)(2), 
520.27(B), 520.53(B), 520.54(1) 

Ungrounded conductors 
Overcurrent protection, 240.15(B) 
Tapped from grounded systems, 210.10, 

215.7 
Uninsulated, where permitted, 230.22 

Ex., 230.30(A) Ex., 230.41 Ex., 
250.140 Ex., 338.10(B)(2) 

Neutral systems 
High-impedance grounded, see High­

impedance grounded neutral 
systems 

Over 1000 volts, 200.2(A), 250.182, 
250.184, 250.186(A)(4), 250.187 

Nightclubs, Art. 518 
Nipples, conduit, see Conduit nipples 
Noise, see Electrical noise 
Nonautomatic 

Definition, Art. 100 
Nonconductive optical fiber cables, see 

Optical fiber cables 
Nonelectrical equipment, grounding, 

250.116 
Nongrounding-type receptacles, 

replacements, 250:130(C), 
406.4(D)(2) 

Nonincendive circuits, 500.7(F) 
Definition, Art. 100 

Nonincendive component, 500.7(H) 
Definition, Art. 100 

Nonincendive equipment, 500.7(G), 
506.8(F) 

Definition, Art. 100 
Nonincendive field wiring, 501.10(B)(3), 

502.10(B)(3), 503.10(A)(4) 
Definition, Art. 100 

Nonincendive field wiring apparatus, see 
also Associated nonincendive 
field wiring apparatus 

Definition, Art. 100 
Nonlinear load 

Definition, Art. 100 
Nonmetallic boxes, see Boxes, nonmetallic 
Nonmetallic conduit, see Liquidtight flexible 

nonmetallic conduit; Nonmetallic 
underground conduit with 
conductors 

Nonmetallic extensions, Art. 382 
Bends, 382.26 
Boxes and fittings, 382.40 
Concealable, 382.15(B) 

Bends, 382.26(B) 
Definition, 382.2 
Flat conductors, 382.104 
Listing, 382.6 
Securing and supporting, 382.30(B) 
Uses permitted, 382.10 

Construction specifications, 382-III 

Definition, 382.2 
Devices, 382.42 
Exposed, 382.10(B), 382.15 
Flat conductors, 382.104 
Installation, 382-II 
Insulation, 382.112 
Listing requirements, 382.6 
Marking, 382.120 
Securing and supporting, 382.30 
Splices and taps, 382.56 
Uses not permitted, 382.12 
Uses permitted, 382.10 

Nonmetallic-sheathed cable (Types NM, 
NMC, and NMS), Art. 334 

Accessible attics, 334.23 
Ampacity, 334.80 
Bends, 334.24 
Boxes and fittings, 334.40 
Conductors, 334.104 
Construction, 334-III 
Definition, 334.2 
Devices of insulating material, 334.40(B) 
Devices with integral enclosures, 

334.40(C) 
Equipment grounding conductor, 334.108 
Exposed work, 334.15 
Installation, 334-II 
Insulation, 334.112 
Listed, 334.6 
Marking, 310.120 
Nonmetallic outlet boxes, 334.40(A) 
Sheath, 334.116 
Support, 334.30 
Through or parallel to framing members, 

300.4, 334.17 
Unfinished basements, 334.15(C) 
Uses not permitted, 334.12 
Uses permitted, 334.10 

Nonmetallic underground conduit with 
conductors (Type NUCC), 
Art. 354 

Bends, 354.24, 354.26 
Bushings, 354.46 
Conductor terminations, 354.50 
Construction specifications, 354-III 
Definition, 354.2 
Grounding, 354.60 
Installation, 354-II 
Joints, 354.48 
Listing, 354.6 
Listing requirements, 354.6 
Marking, 354.120 
Number of conductors, 354.22 
Size, 354.20 
Splices and taps, 344.56 
Trimming, 354.28 
Uses not permitted, 354.12 
Uses permitted, 354.10 
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Nonmetallic wireways, see Wireways, 
nonmetallic 

Nonpower-limited control circuits 
Amusement attractions, 522.10(B) 

Nonpower-limited fire alarm circuits 
(NPLFA), see Fire alarm 
systems, Nonpower-limited 
circuits 

Nontamperable 
Circuit breakers, 240.82 
Type S fuses, 240.54(D) 

Number of services, 230.2 
Disconnecting means, 230.71, 250.64(D) 
Service-entrance conductor sets, 230.40 

Nurses' stations 
Definition, 517.2 

Nursing homes, see also Health care 
facilities 

Definition, 517.2 
Essential electrical systems, 517.40 

-0-

Occupancy, lighting loads, 220.12, 
Table 220.12 

Office furnishings, Art. 605 
Definition, 605.2 
Lighting accessories, 605.6 
Partitions, 605.3 

Fixed-type, 605.7 
Freestanding type, 605.8, 605.9 
Interconnections, 605.5 

Wireways, 605.4 
Official interpretations, 90.6 
Oil (filled) cutouts, 490.21(D) 

Definition, Art. I 00 
Oil-filled equipment, 490.3 see also 

Transformers, oil-insulated 
Oil immersion, 500.7(1) 

Definition, Art. 100 
Oil-insulated transformers, see 

Transformers 
On-site power production facility, 695.3(A) 

Definition, 695.2 
On-site standby generator, 695.3(B)(2), 

695.3(D), 695.4(B), 695.6(C) 
Ex. 2 

Definition, 695.2 
Openings in equipment to be closed, 

110.12(A), 3!2.5(A), 3!4.17(A) 
Open wiring on insulators, Art. 398 

Accessible attics, 398.23 
Clearances, 398.19 
Conductors, types permitted, 398.104 
Construction specifications, 398-Ill 
Definition, 398.2 
Devices, 398.42 
Exposed work, 398.15 
Flexible nonmetallic tubing, 398.15(A) 
Installation, 398-II 
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Securing and supporting, 398.30 
Through or parallel to framing members, 

398.17 
Uses not pennitted, 398.12 
Uses permitted, 398.10 

Operable, externally 
Definition, Art. I 00 

Operating device 
Definition, 620.2 

Operating rooms, hospital, 517 -IV 
Emergency lighting system, Art. 700 
Receptacles, 5!7.19(C) 

Optical fiber cables, Art. 770 
Abandoned cable, 770.25 

Definition, 770.2 
Access to electrical equipment, 770.21 
Applications of listed cables and raceways, 

770.154 
Within buildings, 770-III, 770.100, 770-V 
Composite cable, 770.3(C) 

Definition, Art. 100 
Conductive cable, 770.48(A) 

Definition, Art. 100 
Definitions, Art. 100,770.2 
Fire alarm systems, 760.3(F) 
Grounding, 770.93, 770-IV, 770.114, 

770.180, 840.93(A), 840.100 
Installation, 770-V 
Listing, 770.113(A), 770-VI, 840.170(B) 
Location, 505.9(F), 770.3(A), 770.1 !3(B) 

through (J) 
Marking, Table 770.179 
Mechanical execution of work, 770.24 
Nonconductive cable, 770.48, 

770.110(B)(2) 
Definition, Art. I 00 

Outside and entering buildings, 770-II 
Premises-powered broadband 

communication systems, Art. 840 
Protection, 770-III 
Raceway system, 770.26,770.110, 

770.154, 840.110 
Substitution cables, 770.154 
Underground, 770.47 

Optical network terminal (ONT), 
840.93(C), 840.113 

Optional standby systems, Art. 702 
Capacity and rating, 702.4 
Circuit wiring, 702-II 
Definition, 702.2 
Grounding, 702.7(B), 702.11 
Portable generator grounding, 702.11 
Signals, 702.6 
Signs, 702.7 
Transfer equipment, 702.5 

Organs 
Electronic, 640.1 

Definition, 650.2 

Pipe, Art. 650 
Conductors, 650.6 
Definitions, 650.2 
Grounding, 250.112(B), 650.5 
Installation of conductors, 650.7 
Overcurrent protection, 650.8 
Source of energy, 650.4 

Outdoor overhead conductors over 
1000 volts, Art. 399 

Definition, 399.2 
Support, 399.30 
Uses permitted, 399.10 

Outdoor receptacles, 210.8(A)(3), 
210.52(E), 406.9, 680.22(A), 
680.32 

Outdoor spray area, 516.18(2) IN I, 
Table 516.18 

Definition, 516.2 
Outlet boxes, see Boxes 
Outlets 

Appliance, 210.50(C) 
Communications circuits, 800.156 
Definition, Art. I 00 
Discontinued 

Cellular concrete floor raceways, 372.58 
Cellular metal floor raceways, 374.58 
Underfloor raceways, 390.8 

Heating, air-conditioning, and refrigeration 
equipment, 210.63, 550.12(D) 

Laundry, see Laundry 
Lighting, see Lighting outlets 
Loads, 220.14 
Meeting rooms, 210.71 
Multi outlet assembly, see Multioutlet 

assembly 
Outdoor, 550.20, 551.53(C), 552.4l(E), 

552.59 
Power 

Definition, Art. 100 
Receptacle, 210.50 

Definition, Art. 100 
Dwellings, where required, 210.52 
Guest rooms, guest suites, and 

dormitories, 210.60 
Meeting rooms, 210.71 

Required, 210-III 
Vacuum assembly, central, 422.15 

Outlet spacing, dwelling baseboard 
heaters, 210.52 

Outline lighting, Art. 600 see also Signs 
Bonding, 600.7(B), 600.33(D) 
Branch circuits, 220.14(F), 600.5 
Definitions, Art. 100, 600.2 
Grounding, conductor size, 600.7(A), 

600.24(B), 600.33(D) 
Output circuits 

Amplifiers, 640.9(C) 
Definition, 690.2, 692.2, 694.2 
Fuel cell systems, 692.61 
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Heat generating equipment, 665.5 
Solar photovoltaic systems, 690.1, 

690.6(B), 690.7, 690.8, 690.9(C), 
690.31 

Wind electric systems, 694.12(A), 
694.30(C) 

Outside branch circuits and feeders, 
Art. 225 

Calculation of load, 225.8 
Branch circuits, 220-1, 220-ll, 225.8(A) 
Feeders, 220-III, 225.8(B) 

Circuit entering, exiting, or attached to 
buildings, 225.11 

Conductors 
Clearance 

From buildings, 225.19, 225.61 
From ground, 225.18,225.60 

Covering, 225.4 
Size, 225.5, 225.6, 225.50 

Disconnection, 225.31, 225.51,225.52 
Lighting equipment installed outdoors, 

225.7 
Marinas, boatyards, and docking facilities, 

555.13(B)(2) 
More than one building or structure, 

225-11 
Access to occupants, 225.35 
Access to overcurrent protective devices, 

225.40 
Disconnect 

Construction, 225.38 
Disconnecting means, 225.31 
Grouping of, 225.34 
Location of, 225.32 
Maximum number, 225.33 
Rating of, 225.39 
Suitable for service equipment, 

225.36 
Identification, 225.37, 230.2(E) 
Number of supplies, 225.30 

Outdoor lampholders, 225.24, 225.25 
Outdoor lamps, location of, 225.25 
Over 1000 volts, 225-III 
Physical damage, protection against, 

225.20 
Point of attachment, 225.16 
Spacing, open conductors, 225.14 
Support 

Masts, 225.17 
Open conductors, 225.12 
Over buildings, 225.15 

Vegetation, 225.26 
Wiring on buildings, 225.10 

Outside of buildings 
Separately derived systems, 250.30(C) 
Services considered, 230.6 

Ovens, wall~mounted, see also Cooking 
unit, counter-mounted; Ranges 

Branch circuits, 210.19(A)(3), 210.23(C), 
220.55, Table 220.55 
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Connections, 422.16(B)(3) 
Demand factors and loads, Table 220.55 
Feeders, calculation of load, 220.82(B)(3) 
Grounding, 250.140 

Overcurrent 
Definition, Art. 100 

Overcurrent devices, see also 'Overcurrent 
protection 

Branch circuit, 240.24(B)(2) 
Definition, Art. 100 

Enclosed, 230.208(B), 312.8 
Standard, 240.6 

Overcurrent protection, Art. 240 
Air-conditioning and refrigerating 

equipment, 440-III 
AmUsement attractions, 522.23 
Appliances, 422.11 
Auxiliary gutters, 366.56(D) 
Branch circuits, 210.20, 240.4, 

250.32(B)(2), 250.32(C)(2), 
520.52 

Busways, 368.17 
Capacitors, 460.8(B), 460.25 
Circuit breakers, 240-VII 
Circuits, remote control, signaling, and 

power-limited 
Class 1 systems, 725.43 
Class 2 and Class 3 systems, Chap. 9, 

Tables 11(A) and 11(B) 
Communications systems, see 

Communications circuits, 
protection 

Conductors, see Conductors 
Cords, flexible and tinsel, 240.5, 400.16 
Cord sets, extension, 240.5 
Cranes and hoists, 610-V 
Critical operations power systems, 708-IV 
Current-limiting 

Definition, 240.2 
Direct current microgrid systems, 712.70 
Disconnecting and guarding, 240-IV 
Electric pipeline, vessel heating equipment, 

427.57 
Electric space-heating equipment, 424.22 
Electric vehicle supply equipment, 625.41 
Electroplating systems, 669.9 
Elevators, dumbwaiters, escalators, moving 

walks, platform lifts, stairway 
chairlifts, 620-VII 

Emergency systems, 700.10(B)(5)(b), IN 
Fig. 700.10(B)(5)(b)(l), IN Fig. 
700.10(B)(5)(b)(2), 700-VI 

Enclosures, 230.208(B), 240-III, 312.8 
Energy storage systems, 706.21 
Exciters, 445.12(A) 
Feeders, 215.3, 250.32(B)(2), 250.32(C)(2) 
Feeder taps, 240.21(B), 240.92,430.28 
Fire alarm systems, 760.43, 760.45, 

Chap. 9, Tables 12(A) and 12(B) 

Fire pumps, 230.90(A) Ex. 4, 430.31, 
695.3(H), 695.4(B), 695.5(B), 
695.5(C) 

Fixed resistance and electrode industrial 
process heating equipment 

Electrode-type boilers, 425.82 
Resistance-type boilers, 425.72 
Supply conductors, 425.19(A), 

425.22(C) 
Fixture wires, 240.5, 402.12 
Flexible cords, see Cords, flexible 
Fuel cell systems, 692.8(B), 692.9 
Fuses and fuseholders, 240.8, 240-V, 240-

VI, 404.27 
Generators, 445.12 
Induction and dielectric heating equipment, 

665.11 
Industrial control panels, 409.21 
Industrial installations, supervised, 

240-VIII 
Industrial machinery, 670.3(B), 670.4(C) 
Instrumentation tray cable (Type ITC), 

727.9 
Integrated electrical systems, 685.10 
Interconnected electric power production 

sources, 705.12(B)(l), 
705.12(B)(3), 705.30, 705.31 

Generators, 705.130 
Interactive inverters, 705.65 

Legally required standby systems, 701-IV 
Lighting track, 410.153 
Location, 230.91, 230.92, 240.92, 240-11 
Low-voltage suspended ceiling power 

distribution systems, 393.45(A) 
Mobile home, 550.11 
Modular data centers, 646.6(B) 
Motion picture and television studios, 

530.18,530.63 
Motors, see Motors 
Multiple fuses and circuit breakers (in 

parallel), 240.8, 404.27 
Occupant access to, 240.24(B) 
Organs, 650.8 
Over 1000 volts, 110.52, 240-IX, 460.25, 

490.52 
Panelboards, 408.2, 408.36, 408.52, 

408.54, 408.55 Ex. I 
Paralleled fuses and circuit breakers, 240.8, 

404.27 
Park trailers, 552.10(E) 
Phase converters, 455.7 
Portable distribution or termination boxes, 

rides, tents, and concessions, 
525.22(C) 

Recreational vehicle parks, 551.74 
Recreational vehicles, 551-IV, 551.43, 

551.45 
Remote-control circuits, 240.4(G), 

725.41(A)(2), 725.43, 725.45, 
Chap. 9, Tables 11(A) and 11(B) 
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Sensitive electronic equipment, 647 .4(A) 
Services 

Equipment, 110.16(B), 230-VII 
Over 1000 volts, 230.208 

Solar photovoltaic systems, 690.9 
Storage battery prime movers, 480.6 
Supervised industrial installations, 

240-VIII 
Supplementary, 240.10 

Definition, Art. 100 
Switchboards, 408.2 
Television studios, see Motion picture and 

television studios 
Theaters, stage switchboards, 520.21(3), 

520.25(A), 520.50(C), 520.52, 
520.62(B) 

Transformers, 450.3, 450.4(A), 450.5(A)(2), 
450.5(B)(2), 450.6(B) 

Vertical position, enclosures, 240.33 
Welders, electric, 630.12, 630.32(B) 
Wind electric systems, 694.12(B), 694.15 
X-ray equipment, 517.73,660.6 

Overhead gantry, 626.23 
Definition, 626.2 

Overhead service conductors, 230-II, 
800.44 

Clearances, 230.24, 230.26, 551.79 
Definition, Art. 100 
Insulation or covering, 230.22 
Location, 230.54 
Means of attachment, 230.27 
Minimum size, 230.23 
Point of attachment, 230.26, 230.28 
Supports over buildings, 230.29 

Overhead spans, 225.6(A) 
Overload 

Definition, Art. 100 
Protection, see also Overcurrent protection 

Cranes and hoists, 610.43 
Fire pumps, 695.6(C) 
Motors, motor circuits, and controllers, 

430-III, 430.55, 430.225(B), 
460.9, 610.43(A) through (C), 
620.6l(B) 

Over 600 volts 
Circuit breakers, see Circuit breakers 
Grounding, Att. 250 
Portable cables, 400.36 
Switches, knife, 404.26 
Temporary, Art. 590 

Over 1000 volts, Att. 490 
Ampacity, 310.15, 310.60, 392.80(B) 
Bending, 300.34 
Bonding, 490.74 
Boxes, pull and junction, 314-N 
Busways, 368-IV 
Capacitors, 460-IT 
Circuit conductors, 110.36 
Circuit interrupting devices, 490.21 
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Conductors, 110-III, 300.39 
Conduit bodies, 314-N 
Definitions, Art. 100,490.2 
Direct current microgrid systems, 712-VII 
Distribution cutouts, 490.21(C) 
Electric discharge lighting, 410. 140 
Electrode-type boilers, 490-V 

Bonding, 490.74 
Branch circuit requirements, 490.72 
Electrical supply system, 490.71 
General, 490.70 
Pressure and temperature limit control, 

490.73 
Elevation of unguarded live parts, 

110.34(E) 
Enclosed power switchgear and industrial 

control assemblies, 490-III 
Accessibility of energized parts, 490.35 
Arrangement of devices in assemblies, 

490.31 
Circuit breaker locking, 490.46 
Circuit breakers-interlocks, 490.45 
Clearance for cable conductors entering 

enclosure, 490.34 
Door stops and cover plates, 490.38 
Enclosed equipment, 490-III 
Fused interrupter switches, 490.44 
Gas discharge from interrupting devices, 

490.39 
General, 490.30 
Grounding, 490.36, 490.37 
Guarding, 490.32, 490.33 
Inspection windows, 490.40 
Interlocks - interrupter switches, 

490.42, 490.45 
Location of industrial control equipment, 

490.41 
Service equipment, 490.47 
Stored energy for opening, 490.43 

Enclosure for electrical installations, 
110.31, 490-III 

Enclosures, handhole, 314-IV 
Equipment, Art. 490 
Fuses and fuseholders, 490.2l(B) 
Grounding, Att. 250, 490.36, 490.37 
Headroom above working spaces, 110.32 
Illumination of working spaces, 110.34(D) 
Indoor installations, 110.31 
Insulation shielding, 300.40 
Isolating means, 490.22 
Load intermpters, 490.2l(E) 
Metal clad cable, 330.112(B) 
Mobile and portable equipment, 490-IV 

Collector rings, 490.54 
Enclosures, 490.53 
General, 490.51 
High-voltage cables for main power 

supply, 490.56 
Overcurrent protection, 490.52 

Power cable connections to mobile 
machines, 490.55 

Moisture, mechanical protection, metal­
sheathed cables, 300.42 

Oil-filled equipment and cutouts, 490.3, 
490.2l(D) 

Outdoor installations, 110.31 
Outdoor overhead conductors, Art. 399 
Outside branch circuits and feeders, 225-III 
Overcurrent protection, 110.52, 240-IX, 

460.25, 490.52 
Protection of equipment, 110.34(F) 
Resistors and reactors, 470-ll 
Separation, 490.24, Table 490.24 
Services, 230-VIII 
Shielding solid dielectric-insulated 

conductors, 310. 10(E) 
Substations, see Substations 
Temporary, Art. 590 
Tray installations, Art. 392 
Tunnel installation, 110-IV 
Voltage regulators, 490.23 
Wiring methods, 230.43, 300-Il, Table 

300.50 
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Panel, solar photovoltaic systems, 690.4(B), 
690.34 

Definition, 690.2 
Panelboards, Art. 408 

Arc-flash hazard warning, 110.16 
Bonding, 408.40, 517.14, 517.19(E) 
Circuit directory, 408.4 
Component parts, 408.53 
Damp or wet locations, 408.37 
Definition, Art. 100 
Disttibution, 550.10(B), 550.11, 551.45, 

551.54(B), 552.45, 552.55(B) 
Enclosure, 408.38 
General, 408.30 
Grounded conductor terminations, 408.41 
Grounding, 408.40, 517.19(E) 
Installation, 110.26(E) 
Marking, 408.58 
Overcurrent protection, 408.36, 408.52, 

408.54,408.55 Ex.l 
Relative arrangement of switches and 

fuses, 408.39 
Sensitive electronic equipment, 647 .4(A) 
Service equipment, 408.3(C), 408.36 Ex. 1, 

408.36 Ex. 3 
Spacing, minimum, 408.56 
Support for bus bars and conductors, 408.3 
Wire-bending space, 408.55 
Working spaces about, 110.26 

Pans, fixture, 410.23 
Paralleled 

Alternate sources, Art. 705 
Circuit breakers and fuses, 240.8, 404.27 
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Conductors, see Conductors, paralleled 
Elevators, dumbwaiters, escalators, moving 

walks, 620.12(A)(l) 
Power production sources, Art. 705 

Park trailers, Art. 552 see also Mobile 
homes; Recreational vehicles 

Appliance accessibility and fastening, 
552.58 

Bonding, 552.57 
Branch circuits, 552.42,552.46 
Calculations, 552.47 
Combination electrical systems, 552.20 
Conductors and boxes, 552.48, 552.49 
Connection of terminals and splices, 

552.51 
Cord, 552.43(B), 552.44 
Definition, 552.2 
Distribution panelboard, 552.45, 552.55(B) 
Grounded conductors, 552.50 
Ground-fault circuit interrupters, 552.4l(C) 
Grounding, 552.55, 552.56 
Low-voltage systems, 552.10, 552.60(B) 
Luminaires, 552.10(G), 552.20(D), 552.54, 

552.59 
Nominal120- or 120/240-volt systems, 

552.60(A), 552-IV 
Outdoor outlets, fixtures, equipment, 

552.41(E), 552.59 
Power supply, 552.43 
Receptacle outlets required, 552.53 
Receptacles, 551.20(F), 552.41, 552.48(K), 

552.48(L) 
Switches, 552.52 
Tests, factory, 552.60 
Wiring methods, 552.48 

Parts, see specific type such as Live parts 
Part-winding motors, 430.4 

Code letter markings, 430.7(B)(5) 
Conductors, 430.22(D) 

Patching tables, motion picture, 530-IV 
Path, ground-fault current, 250.4(A)(5) 
Patient bed location, 517.18(B), 517.19 

Definition, 517.2 
Patient care space, 517.13, 517.80 see also 

Health care facilities 
Definition, 517.2 

Patient care vicinity, 517.16(A) 
Definition, 517.2 

Pediatric locations, 517.18(C) 
Pendant conductors, lamps, 410.54 
Pendants 

Aircraft hangars, 513.7(B), 513.16(B)(l) 
Anesthetizing locations, 517.61 (B)(3) 

Ex. 2, 517.61(C)(l) Ex. 
Bathrooms, 410.10(D) 
Clothes closets, 410.16(B) 
Connector, cord, 210.50(A) 
Dressing rooms, theater, 520.71 
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Flexible cord, 314.25(C), Table 400.4, 
400.10(A)(l) 

Garages, commercial, 511.7(A)(2), 
511.16(B)(1) 

Hazardous (classified) locations, 
501.130(A)(3), 501.130(B)(3), 
502.130(A)(3), 502.130(B)(4), 
503.130(C), 511.7(A)(2) 

Mobile homes, 550.14(C) 
PerformanCe area 

Definition, 520.2 
Periodic duty 

Definition, Art. 100 
Permanent plaque or directory, 225.37, 

225.52(F), 230.2(E), 705.10 
Permission, special 

Definition, Art. 100 
Permissive rules, 90.5(B) 
Person, qualified 

Definition, Art. 100 
Phase converters, Art. 455 

Capacitors, 455.23 
Conductors, 455.6 
Connection of single-phase loads, 455.9 
Defmition, 455.2 
Different types of, 455-II 
Disconnecting means, 455.8, 455.20 
Equipment grounding connection, 455.5 
Marking, 455.4 
Overcurrent protection, 455.7 
Power interruption, 455.22 
Rotary 

Definition, 455.2 
Start-up, 455.21 
Static 

Definition, 455.2 
Terminal housings, 455.10 

Photovoltaic systems, see Solar photovoltaic 
systems 

Physical damage, see Protection, physical 
damage 

Pipe, gas 
As grounding electrode, 250.52(B)(1) 

Pipe electrodes, 250.30(A)(4), 250.30(A)(8), 
250.52(A)(l), 250.52(A)(5), 
250.53, 250.66(A), 250.68(C), 
250.70 

Pipe heating 
Cable outlet 

Mobile home, 550.13(E) 
Park trailer, 552.41(D) 

Cord-and-plug connected assembly, 422.50 
Pipeline, see also Fixed electric heating 

equipment for pipelines and vessels 
Definition, 427.2 

Pipe organs, see Organs, pipe 
Piping systems, bonding, ;?.50.1 04 
Places of assembly, see Assembly, places of 

Plants 
Bulk storage, Art. 515 
Cleaning and dyeing, 500.5(B)(l), 

Art. 501' Art. 505 
Clothing manufacturing, 500.5(D), 

Art. 503, Art. 506 
Plate electrodes, 250.52(A)(7), 250.53, 

250.66(A) 
Platform lifts, see Elevators, dumbwaiters, 

escalators, moving walks, 
platform lifts, and stairway 
chairlifts 

Plenums, 300.22 
Definition, Art. 100 
Wiring in, 300.22 

CATV coaxial cable, 820.110(A)(2), 
820.113(C), Table 820.154(a), 
820.179(A) 

Communications circuits, Tables 
800.154(a) through (c), 
800.170(C), 800.179(A), 
800.182(A) 

Network-powered broadband 
communications cables, 
830.113(C), Table 830.154(a), 
830.179(A)(2), 830.179(B) 

Non-power-limited fire alarm circuits, 
760.53(B)(2) 

Optical fiber cables, Table 770.154(a) 
Power-limited fire alarm circuits, 

760.135(C) 
Remote control, signaling, and power­

limited circuits, 725.!35(C), 
Table 725.154 

Pliable raceways, 362.2 
Plugging boxes, motion picture studios, 

530.14, 530.15(D), 530.18(E), 
530.18(G) 

Definition, 530.2 
Plugs, attachment, see Attachment plugs 
Point of common coupling, 692.2 
Point of entrance 

Definition, 770.2, 800.2, 820.2, 830.2 
Polarization 

Appliances, 422.40 
Connections, 200.11 
Luminaires, 410.50 
Plugs, receptacles, and connectors, 

200.10(B) 
Portable handlarnps, 410.82(A) 
Receptacle adapters, 406.10(B)(3) 
Screw-shell-type lampholders, 410.50 

Poles 
Communications wiring 

Coaxial cables, 820.44(A) 
Communications wiring, 800.44(A) 
Network-powered broadband 

communications cables, 830.44(A) 
Optical fiber cables, 840.44(A) 
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Conductors 
Climbing space provided, 225.14(D) 
Protection against physical damage, 

225.20 
Supporting luminaires, 410.30(B), 

410.64 
Pool covers, see Covers 
Pools, see also Swimming pools, fountains, 

and similar installations 
Definitions, 680.2 

Porches, receptacles for, 210.52(E)(3) 
Portable appliances, see Appliances 
Portable equipment 

Definition, Art. 100, 520.2, 530.2 
Disconnecting means, 517.17(C) 
Double insulation, 250.114 Ex. 
Electric vehicle charging system 

equipment, 625.44(A) 
Definition, 625.2 

Fire alarm systems, 760.135(1) 
Generators, 250.34 
Grounding, 250.114,250.138 

Conductor size, 250.122, 
Table 250.122 

High-voltage equipment, 250.188, 
250.190 

Stage and studio, 520.5(B), 520-V, 530.6 
X-ray, 660.4(B), 660.21 

Definition, 660.2 
Portable handlamps, 410.82 
Portable luminaires, 410.82, 513.10(E)( 1), 

515.7(C) 
Flexible cords for, Table 400.4, 400.10 
Handlamps, 410.82 
Hazardous (classified) locations, 

501.130(B)(4), 502.130(B)(l), 
503.130(D), 511.4(B)(2), 
516.6(D) 

Live parts, 410.5 
Motion picture studios, in, 530.16 
Show windows, showcases, 400.15 Ex. 2 
Spray application, dipping, coating, and 

printing processes, 516.6(D) 
Stage equipment, 520.68(3) 

Portable power distribution unit, 520.62, 
525.22 

Definition, 520.2 
Portable structures, 525.6, 525.11 

Clearance to, 525.5(B) 
Definition, 525.2 
Disconnecting means, 525.21(A) 
Equipment bonding, 525.30 
Portable wiring, 525.2l(B) 

Portable switchboards, theater stages, 
520-N 

Portable wiring 
Motion picture studios, 530.12 
Tents and concessions, 525.21(B) 
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Positive-pressure ventilation, 500.5(B)(2), 
500.7(D), 501.125(A), 505.8(B), 
506.8(B) 

Power, emergency systems, see Emergency 
systems 

Power and control tray cable (Type TC), 
Art. 336 

Ampacity, 336.80 
Bends, 336.24 
Conductors, 336.104 
Construction specifications, 336-III 
Definition, 336.2 
Installation, 336-Il 
Jacket, 336.116 
Marking, 336.120 
Support, 336.10(7) 
Uses not permitted, 336.12 
Uses permitted, 336.10 

Power distribution blocks, 376.56(B) 
Power factor 

Definition, Annex D 
Power~limited circuits, see Remote-control, 

signaling, and power-limited 
circuits 

Power~limited control circuits 
Amusement attractions, 522.10(A) 

Power-limited fire alarm circuit (PLFA), 
see Fire alarm systems, Power­
limited circuits 

Power-limited tray cable (Type PLTC), 
725.135, 725.154 

Class I, Division 2locations, 501.10(B)(l) 
Definition, 725.2 
Marking, 310.120, 725.179(E) 

Power outlets, see Outlets 
Power production sources, see 

Interconnected electric power 
production sources 

Power source 
Alternate, 424.10l(B), 517.35, 551.33, 

700.3(F), 750.20 see also Critical 
operations power systems 

Definition, 517.2 
Emergency systems, 700.3(F), 700-III 
Photovoltaic 

Definition, 690.2 
Identification of, 690.56 

Power supply 
Information technology equipment, 645.5 
Low-voltage suspended ceiling power 

distribution systems 
Definition, 393.2 

Mobile homes, 550.10 
Supervisory control and data acquisition 

(SCADA), Annex G 
Definition, 708.2 

Power-supply assembly 
Electrified truck parking spaces, 626.25 

Recreational vehicles, 551.44,551.46 
Definition, 551.2 

Preassembled cable in nonmetallic conduit, 
see Nonmetallic underground 
conduit with conductors 

Premises 
Definition, 800.2, 820.2 

Premises communications circuits, 
840.113(A), 840.170(E) 

Definition, 840.2 
Premises-powered broadband 

communication systems, 
Art. 840 

Access to electrical equipment behind 
panels, 840.21 

Cables outside and entering buildings, 
840-Il 

Definitions, 840.2 
Grounding, 840.93, 840-IV, 840.180 
Installation within buildings, 840-V 
Listing, 840.113, 840.154 
Locations, 840.44 to 840.48 
Premises powering of communications 

equipment over communications 
cables, 840-VI 

Protection, 840-III 
Underground circuits entering buildings, 

840.47 
Premises wiring (system) 

Definition, Art. 100 
Pressure (solderless) connectors, 250.8(3), 

250.70 
Definition, Art. 100 

Pressure controls 
Electrode-type boilers, over 1000 volts, 

490.73 
Fixed industrial process electrode-type 

boilers, 425.84 
Fixed industrial process resistance-type 

boilers, 425.74 
Pressurized 

Definition, Art. 100 
Prevention of fire spread, see Fire spread 
Printing processes, Art. 516 
Process seal 

Definition, Art. 100 
Product safety standards, Annex A 
Projector rooms, motion picture, Art. 540 

Audio signal equipment, 540.50, 540-IV 
Definitions, 540.2 
Projectors, nonprofessional, 540-III 

Definition, 540.2 
Listing, 540.32 
Projection rooms, 540.31 

Projectors, professional type, 540-II 
Conductor size, 540.13 
Conductors on hot equipment, 540.14 
Definition, 540.2 
Flexible cords, 540.15 
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Listing, 540.20 
Location of equipment, 540.11 
Marking, 540.21 
Projector room, 540.10 
Work space, 540.12 

Proscenium 
Definition, 520.2 

Protection 
Combustible material, appliances, 422.17 
Communications systems, see 

Communications circuits 
Corrosion 

Aluminum metal equipment, 300.6(B) 
Boxes, metal, 312.10(A), 314.40(A), 

314.72(A) 
Cable trays, 392.10(D), 392.100(C) 
Conductors, 310.10(0) 
Deicing, snow-melting equipment, 

426.26, 426.43 
Electrical metallic mbing, 358.10(B) 
Energy storage system batteries, 

706.31(A) 
Flat conductor cilble, 324.101 
General equipment, 300.6 
Intermediate metal conduit, 342.10(B) 

and (D) 
Metal-clad cable, 330.12(2), 330.116 
Metal equipment, 300.6(A) and (B), 

312.10(A) 
Mineral-insulated metal-sheathed cable, 

332.12(2) 
Mobile home power supply cords, 

550.10(H) 
Power and control tray cable, 336.10(8) 
Rigid metal conduit, 344.10(B) and (D) 
Storage batteries, 480.4(A) 
Strut-type channel raceways, 384.100(B) 
Underfloor raceways, 390.3(B) 

Ground fault, see Ground-fault protection 
Ground fault circuit interrupter, see 

Ground-fault circuit interrupters 
Hazardous (classified) locations, 500.7, 

505.8, 506.8 
Liquids, motors, 430.11 
Live parts, 445.14, 450.8(C) 
Luminaires and lamps, conductors and 

insulation for, 410.56 
Marinas, boatyards, and docking facilities, 

wiring, 555.13(B)(5) 
Mobile home power supply cords, 

550.10(0) and (H) 
Motor overload, 430.55, 430.225(B), 430-III 
Motor overtemperature, 430.126 
Overcurrent, see Overcurrent protection 
Overload, see Overload 
Park trailers, wiring, 552.48 
Physical damage 

Agricultural buildings 
Luminaires, 547.8(B) 
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Wiring, 547.5(E) 
Armored cable, 320.12,320.15 
Audio signal processing, amplification, 

and reproduction equipment, 
640.45 

Busways, 368.12(A) 
Cabinets, cutout boxes, and meter socket 

enclosures, 312.5 
Conductors, 250.64(B), 300.4, 

300.50(C) 
CATV coaxial cable, 820.100(A)(6) 
Communications systems, 

800.100(A)(6) 
Motor control circuits, 430.73 
Network-powered broadband 

communications cable, 830.3(F), 
830.44(0)(4), 830.47(C), 
830.100(A)(6) 

Optical fiber cables, 770.100(A)(6), 
840.47(A)(3) 

Radio and television receiving station, 
810.2l(D) 

Cords, flexible, 400.12(7), 400.17, 
640.45 

Critical operations power systems, 
708.10(C)(I) 

Electrical metallic tubing, 358.12(1) 
Electrical nonmetallic tubing, 362.12(8) 
Electric signs, 600.33(C), 600.41(D) 
Emergency system, 517.31(C)(3) 
Fixed resistance and electrode industrial 

process heating equipment, 
425.12(A) 

Flat cable assemblies, 322.10(3) 
Flexible metal conduit, 348.12(7) 
Flexible metallic tubing, 360.12(5) 
Information technology equipment 

cables, 645.5(D) 
Lamps, electric discharge lighting, 

410.145 
Lighting track, 410.151(C)(l) 
Liquidtight flexible metal conduit, 

350.12(1) 
Liquidtight flexible nonmetallic conduit, 

356.12(1) 
Live parts, 110.27(B) 
Low-voltage suspended ceiling power 

distribution systems, 393.12(3) 
Luminaires, 410.10(E), 501.130(A)(2), 

501.130(B)(2), 502.130(A)(2), 
502.130(B)(3) 

Messenger-supported wiring, 396.12 
Metal-clad cable, 300.42, 330.12 
Mineral-insulated, metal-sheathed cable, 

332.10(10), 332.12(1) 
Multioutlet assembly, 380.12(2) 
Nonmetallic-sheathed cable, 334.15(B) 
Open conductors and cables, 

230.50(B)(2) 

Open wiring, 398.15(A), 398.15(C) 
Overcurrent devices, 240.24(C), 

240.30(A) 
Park trailer wiring, 552.48(J) 
Power and control tray cable, 336. 10(7), 

336.12(1) 
Raceways, 300.5(D)(4), 300.50(C) 
Recreational vehicle park underground 

branch circuits and feeders, 
551.80(B) 

Recreational vehicle wiring, 551 A 7 
Reinforcing thermosetting resin conduit, 

355.12(C) 
Remote-control circuits, 725.31(B) 
Resistors and reactors, 470.18(A) 
Rigid polyvinyl chloride conduit, 

352.12(C) 
Service-entrance cable, 338.12(A)(I) 
Service-entrance conductors, 230.50 
Service-lateral conductors, 230.32 
Space-heating systems, 424.12(A) 
Surface raceways, 386.12(1), 

388.12(2) 
Transformers, 450.8(A) 
Tunnels, 110.51(C) 
UF cable, 340.12(10) 
Underground installations, 230.32, 

230.50(A), 300.5(D) and (J) 
Wireways, 376.12(1), 378.12(1) 

Thermal protection, see Thermally 
protected (thermal protection) 

Protective devices, see Arc-fault circuit 
interrupters; Circuit breakers; 
Fuses; Ground-fault circuit 
interrupters; Overcurrent 
protection 

Protective equipment, see Guarding, guards 
Protector, communications systems, see 

Communications circuits 
Public address systems, Art 640 
Public assembly places, Art. 518 

Emergency lighting system, Art. 700 · 
Pull boxes, see also Boxes; Junction boxes 

Accessibility, 314.29 
Construction specifications, 314.72, 

314-III 
Gutters, auxiliary, used as, 366.58(B) 
Multi outlet assemblies used as, 380.23(B) 
Nonmetallic wireways used as, 378.23(B) 
Over 1000 volts, 314-N 
Sizes 

4AWG and larger conductors, 
314.28(A) 

6 AWG and smaller conductors, 
314.16(C)(I) 

Over 1000 volts, 314.71 
Pumps, see also Fire pumps 

Energy storage systems, flow battery, 
706.44 
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Grounding, water pumps, 250.112(L), 
250.112(M) 

Pool 
Double insulated, 680.21(B), 680.31 
Storable pools, 680.31 

Purged and pressurized, 500.7(D), 
50!.125(A) 

Definition, Art. 100 

·Q· 

Qualified person 
Definition, Art. 100 

·R· 

Raceways 
Bonding, 250-V, 501.30(A), 502.30(A), 

503.30(A), 505.25(A) 
Busways, see Busways 
Cables trays, supported by, 392.18(G) 
CATV coaxial cable, 820.110, 820.113(E), 

820.133 
Cellular concrete floor, see Cellular 

concrete floor raceways 
Cellular metal floor, see Cellular metal 

floor raceways 
Communications, see Communications 

circuits 
Conductors in service, 230.7 
Continuity, 300.10,300.12 
Cords, flexible, installed in, 400.17 
Definition, Art. 100 
Drainage, 225.22, 230.53 
Electrical metallic tubing (Type EMT), see 

Electrical metallic tubing (Type 
EMT) 

Electrical nonmetallic tubing (Type ENT), 
see Electrical nonmetallic tubing 
(TypeENT) 

Emergency circuits, independent, 
700.10(B) 

Equipment grounding conductor 
installation, 250.!20(A) 

Expansion joints, 250.98, 300.7(B), 352.44 
Exposed to different temperatures, 300.7 
Fire alarm systems, 760.3, 760.48, 

760.130(B)(l), 760.135(E), 
760.136(C) 

Fire resistive system, 728.5(C) 
Fixed outdoor electric deicing and snow­

melting equipment, 426.22(B) 
Flexible metal conduit (Type FMC), see 

Flexible metal conduit (Type 
FMC) 

Flexible metallic tubing (Type FMT), see 
Flexible metallic tubing 
(TypeFMT) 

Grounding, 250.132, 250-IV 
Short sections, 250.86 Ex. 2, 250.132 

Induced currents, 300.20 
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Installed in grooves, 300.4(F) 
Insulating bushings, 300.4(G), 300.16(B) 
Intermediate metal conduit (Type IMC), 

see Intermediate mf:tal conduit 
(TypeiMC) 

Intrinsically safe systems, 504.50(A) 
Liquidtight flexible metal conduit (Type 

LFMC), see Liquidtight flexible 
metal conduit (Type LFMC) 

Liquidtight flexible nonmetallic conduit 
(Type LFNC), see Liquidtight 
flexible nonmetallic conduit 
(TypeLFNC) 

Luminaires (fixtures) 
Poles used as raceway, 410.30(B), 

410.64 
Supported by raceway fittings, 

410.36(E) 
Manufactured wiring systems, 

604.100(A)(5) 
Network-powered broadband 

communications systems, 
830.110, 830.113, 830.133(A)(l) 

Number of conductors, 300.17 see also 
Conductor fill 

Optical fiber cable, 770.26,770.110, 
770.113(E), 770.154, 840.110 

Pliable, 362.2 
Premises-powered broadband 

communications systems, 
840.110 

Remote-control, signaling, and power­
limited circuit cables, 
installation, 725.135(E), 
725.136(C), 725.139 

Rigid metal conduit (Type RMC), see 
Rigid metal conduit (Type RMC) 

Rigid polyvinyl conduit (Type PVC), see 
Rigid polyvinyl chloride conduit 
(Type PVC) 

Seal, 225.27, 230.8, 300.7(A), 300.50(F) 
Secured, 300.11(A) 
Service, see Service raceways 
Signaling Class I circuits, 725.48, 725.51 
Strut-type channel, see Strut-type channel 

raceway 
Support for nonelectrical equipment, 

300.11(C) 
Supporting conductors, vertical, 300.19 
Support of, 392.18(G) 
Surface metal, see Surface metal raceways 
Surface nonmetallic, see Surface 

nonmetallic raceways 
Underfloor, see Underfloor raceways 
Underground, 300.5, 300.50 
Wireways, see Wireways, metal; Wrreways, 

nonmetallic 
Wiring, exterior surfaces of buildings, 

225.22 

Radiant heating panels and radiant 
heating sets, see Fixed electric 
space-heating equipment 

Radio and television equipment, Art. 810 
see also Community antenna 
television and radio distribution 
(CATV) systems 

Amateur transmitting and receiving 
stations, 810-III 

Antenna lead-in protectors, 810.6 
Community television antenna, 810.4 
Interior installation - transmitting 

stations, 810-IV 
Noise suppressors, 810.5 
Receiving equipment antenna systems, 

810-II 
Radiographic equipment, see X-ray 

equipment 
Rail, 393.30(B) 

Definition, 393.2 
Railway conductors, power and light, 

110.19 
Rainproof 

Definition, Art. 100 
Rain tight 

Definition, Art. I 00 
Ranges, 422.16(B)(3), 422.33(B) see also 

Cooking unit, counter-mounted; 
Ovens, wall-mounted 

Branch circuits, 2!0.!9(A)(3), 2!0.23(C) 
Calculation ofload, 220.55, Table 220.55 
Conductors, 210.19(A)(3) 
Maximum load, 220.18(C) 

Feeders, calculation of load, 220.82(B)(3) 
Grounding, 250.140 
Hoods, cord-and-plug connected, 

422.16(B)(4) 
Loads, demand factors and, 2!0.21(B)(4), 

Table 220.55 
Mobile homes, 550.15(E), 550.16(A), 

550.!6(B)(3) 
Receptacles, 250.140 Ex. 

Rated load current, 440.4(A) 
Definition, 440.2 

Rated power 
Definition, 694.2 

Reactors, see Resistors and reactors 
Readily accessible, see also Accessible 

Definition, Art. 100 
Reaming, ends of metal conduits, 342.28, 

344.28, 358.28 
Re-bar electrodes, 250.50 Ex., 250.52(A)(3), 

250.68(C)(3) 
Receptacles, cord connectors, and 

attachment plugs (caps), 
Art. 406 

Agricultural buildings, 547.5(G), 547.6 
Air-conditioning or refrigerating 

equipment, 440.55, 440.63 
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Anesthetizing locations, 517.64(F) 
Branch circuits, 210.2l(B), 210.52 
Configurations, 550.10(C), 551.46(C), 

552.44(C) 
Critical branch, 517.34(A) 
Definition, Art. 100 
Disconnecting means, 422.33, 440.63 
Electric vehicle charging equipment, 

511.10(B) 
Electrified truck parking space supply 

equipment, 626.24(B), 
626.25(B), 626.3l(C) 

Faceplates, 406.5, 406.6, 406.9(E) 
Flexible cords connecting inlets to 

receptacles, 400.10(A)(ll) 
Grounding type, 250.130(C), 250.146, 

406.4(A), 406.10, 406.11, 
517.13, 517.19(H) 

Hazardous (classified) locations, 501.145, 
502.145,503.145 

Health care facilities, 517.13, 517.18, 
517.19, 517.3l(E), 517.34(A), 
517.42(E), 517.61 

Insulated grounded tenninals, 250.146(D) 
Isolated ground, 517.16 
Less than 50 volts, 720.6, 720.7 
Manufactured wiring systems, 604.100(C) 
Marinas and boatyards, 555.19 
Maximum cord-and-plug-connected 

load to, 210.2l(B)(2), Table 
210.2l(B)(2), 210.23 

Minimum ratings, 406.3(B) 
Mobile homes, 550.13 
Modular data center equipment enclosures, 

646.12 
Motors, 430.109(F) 
Mounting, 406.5, 406.9(E) 
Nongrounding-type, replacement, 

250.130(C), 406.4(D)(2) 
Noninterchangeable, 406.4(F), 406.8 
Nonmetallic extensions, 382.42 
Outdoor, see Outdoor receptacles 
Outlets, 210.50 

Definition, Art. 100 
Dwellings, where required, 210.52 
Guest rooms, guest suites, and 

dormitories, 210.60 
Loads, 220.14 
Meeting rooms, 210.71 

Park trailers, 552.41, 552.48(K), 552.48(L) 
Patient bed location, 517.18(B), 517.19(B) 
Portable distribution or termination boxes, 

rides, tents, and concessions, 
525.22(C) 

Ratings for various size circuits, 
210.2l(B)(3), Table 210.2l(B)(3) 

Recreational vehicles, 551.20(F), 551.41, 
551.52, 551.72(C) 

Replacement, 406.4(D) 
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Selected, health care facilities, 517.34(A) 
Definition, 517.2 

Sensitive electronic equipment, 647.7 
Showcases, wall cases, 410.59(B) 
Show windows, in, 210.62 
Stages and sets, 520.62(B), 530.21 
Swimming pools, 680.22(A), 680.32, 

680.34, 680.43(A), 680.62(E) 
Tamper-resistant, 406.12 

Child care facilities, 406.12(C) 
Dwelling units, 406.12(A) 
Guest rooms and suites, 406.12(B) 
Replacements, 406.4(D)(5) 

Temporary installations, 590.4(D), 
590.6(A) 

Terminals, identification, 200.10(B) 
Theaters, 520.45 
Voltages between adjacent devices, 

406.5(J) 
Weather-resistant, 406.4(D)(6), 

406.9(A) 
Wind electric systems, small, 694.7(E) 

Recessed luminaires, 410-X, 410-XI 
Clearances, installation, 410.116 
Construction,410-XI 
As raceways, 410.64 
Temperatures, 410.115 
Wiring, 410.117 

Rechargeable energy storage system 
Definition, 625.2 

Recording systems, Art. 640 
Recreational areas, essential electrical 

systems, 517.43(E) 
Recreational vehicle parks, 551-VI 

Calculated load, 551.73 
Demand factors, Table 551.73(A) 

Definitions, 551.2 
Disconnecting means, 551.77(B) 
Distribution system, 551.72 
Grounding, 551.75, 551.76 
Outdoor equipment, protection of, 551.78 
Overcurrent protection, 551.74 
Overhead conductors, clearance for, 551.79 
Receptacles, 551.71, 551.81 
Underground wiring, 551.80 

Recreational vehicles (camping trailers, 
motor homes, park trailers, 
travel trailers, truck campers), 
Art. 551 

Alternate power source restrictions, 551.33 
Appliance accessibility and fastening, 

551.57 
Attachment plugs, 551.20(F), 551.46(C) 
Bonding, 551.55(B), 551.56 
Branch circuits, 551.42, 551.43 
Calculation for loads, 551.42(D) 
Combination electrical systems, 551.20, 

551-11 
Conductors, 551.48 

Connections 
Grounding, 551.54,551.55 
Power supply, 551.46 
Splices and terminals, 551.50 

Definitions, 551.2 
Distribution panelboard, 551.45 
Expandable units, connection, 551.47(P) 
Generator installations, 551 .30 
Ground-fault circuit-interrupter, 551.40(C), 

551.4l(C) 
Grounding, 551.54, 551.55 
Grounding conductor splices, 551.50 
Identification of grounded conductor, 

551.49 
Luminaires, 551.53 
Multiple supply source, 551.31 
Other power sources, 551.32 
Outlet boxes, 551.48 
Overcurrent protection 

Branch circuit, 551.43 
Distribution panelboard, 551.45 
Power sources, other, 551-III 

Power-supply assembly, 551.44, 551.46 
Definition, 551.2 

Receptacles, 551.20(F), 551.41, 551.52, 
551.72(C) 

Supply source 120-volt or 120/240,volt 
system, 551-IV 

Switches, 551.51 
System voltages, 551-IV 
Tags, labels, and marking, 551.46(D) 
Tests, factory, 551-V 
Wiring methods, 551.47 

Recreational vehicle site 
Definition, 551.2 
Supply equipment, 551.71,551.77 

Definition, 551.2 
Grounding, 551.76 
Marking, 551.77(F) 

Recreational vehicle stand 
Definition, 551.2 

Refrigeration compressor motors and 
controls, Art. 440 

Refrigeration equipment, see Air­
conditioning and refrigerating 
equipment 

Refrigerators, grounding, 250.114 
Regulator bypass switch, over 1000 volts, 

490.23 
Definition, Art. 100 

Reinforced thermosetting resin conduit 
(Type RTRC), Art. 355 

Bends, 355.24, 355.26 
Bushings, 355.46 
Construction specifications, 355-III 
Definition, 355.2 
Expansion fittings, 300.7(B) IN 
Grounding, 355.60 
Installation, 355-11 
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Joints and expansion fittings, 355.44, 
355.48 

Listing, 355.6 
Marking, 355.120 
Number of conductors, 355.22 
Securing and supporting, 314.23(E), 

355.30, Table 355.30 
Size, 355.20 
Splices and taps, 355.56 
Trimming, 355.28 
Uses not permitted, 355.12 
Uses permitted, 355.10 

Reinforced thermosetting resin conduit 
(Type RTRC), Table 300.50 

Relays 
Automatic load control 

Definition, 700.2 
Hazardous (classified) locations, 501.105, 

502.150 
Overload, motor overcurrent protection, 

430.40 
Reverse-current, transformers, 450.6(B) 

Remote control 
Circuits, see Remote-control, signaling, 

and power-limited circuits 
Disconnect control 

Energy storage systems, 706.7(B) 
Information technology equipment, 

645.!0(A) 
Definition, 645.2 

Of induction and dielectric heating 
equipment, 665.7 

Switches, 517.63(D) 
Remoteacontrol, signaling, and powera 

limited circuits, 250.112(I), 
Art. 725 

Abandoned cables, 725.25 
Definition, 725.2 

Access to electrical equipment, 725.21 
Class 1 circuits, 725-ll 

Circuits extending beyond one building, 
725.52 

Conductors, 725.49 
Different circuits, 725.48 
Extending beyond one building, 

725.52 
Insulation, 725.49(B) 
Number in raceways and cable trays, 

725.51 
Overcurrent protection, 725.4l(A)(2), 

725.43 
Size and use, 725.49(A) 

Locations, 725.3(D), 725.45 
Overcurrent protection, 725.4l(A)(2), 

725.43, 725.45 
Physical protection, 725.3l(B) 
Power limitations, 725.41 
Wiring methods, 725.46 
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Class 2 and Class 3 circuits, 725-III 
Applications ofPLTC cables, 725.154 
Circuits extending beyond one building, 

725.141 
Conductors, 725.133,725.143 
Installation, 725.133 through 725.141 
Interconnection of power supplies, 

725.12l(B) 
Listing, 725-!V 
Locations, 725.3(D) 
Marking, 725.12l(C), 725.124,725.170, 

725.179 
Overcurrent protection, Chap. 9, 

Tables !!(A) and li(B) 
Power and data transmission, 725.144, 

725.170 
Power sources, 725.12l(A), Chap. 9, 

Tables ll(A) and (B) 
Separation, 725.136 
Wiring methods 

Load side, 725.130 
Supply side, 725.127 

Classifications, defmitions, 725.2 
Class 1, 725-ll 
Class 2 and Class 3, 725-lll 

Definition, Art. 100 
Identification, 725.30 
Mechanical execution of work, 725.24 
Motors, 430-VI 
Overcurrent protection, 240.4(G), 

725.4!(A)(2), 725.43, 725.45, 
Chap. 9, Tables ll(A) and l!(B) 

Safety-control equipment, 725.31 
Remote machine room and control room 

Definition, 620.2 
Remote machinery space and control space 

Definition, 620.2 
Requirements for electrical installations, 

Art. 110 
Residential occupancies, see Dwellings 
Resistance 

AC resistance and reactance, cables, 
Chap. 9, Table 9 

Conductor properties, Chap. 9, Table 8 
Dimmers, 520.25(B) 
Heating equipment, see Fixed electric 

heating equipment for pipelines 
and vessels; Fixed resistance 
and electrode industrial process 
heating equipment 

Welders, 630-lll 
Resistors and reactors, Art. 470 

Combustible material, on, near, 470.3, 
470.18(C) 

Conductor insulation, 470.4 
Hazardous (classified) Class II locations, 

502.120 
Location, 470.2 
1000 volts and under, 470-I 

Over 1000 volts, 470-ll 
General, 470.18 
Grounding, 470.19 
Oil-filled reactors, 470.20 

Space separation, 470.3 
Restaurants, service or feeder load, 220.88 
Retrofit kit 

Definition, Art. 100 
Reverse polarity protection (backfeed 

protection) 
Definition, 393.2 
Low-voltage suspended ceiling power 

distribution systems, 393.45(C) 
Rheostats 

Construction specifications, 430.82(C) 
Stages and studios, 530.15(C), 540.20 

Ride device 
Definition, 522.2 

Rigid metal conduit (Type RMC), Art. 344 
Bends, 344.24, 344.26 
Bushings, 344.46 
Cinder fill, 344. 10(C) 
Conductors outside of building, 230.6(5) 
Construction specifications, 344-III 
Couplings and connectors, 344.42 
Definition, 344.2 
Dissimilar metals, 344.14 
Expansion fittings, 300.7(B) IN 
Ferrous, 300.6(A) 
Grounding, 344.60 
Installation, 344-ll 
Listing, 344.6 
Marking, 344.120 
Maximum number of conductors and 

fixture wires in, Tables C9 and 
C9(A) 

Number of conductors, 344.22, Chap. 9, 
Table I 

Optical fiber cable, 770.49 
Reaming and threading, 344.28 
Securing and supporting, 314.23(E) 

and (F), 344.30 
Size, 344.20 
Splices and taps, 344.56 
Standard lengths, 344.130 
Underground installations, 300.50(C), 

Table 300.50 
Uses permitted, 344.10 
Wet locations, 344.10(D) 

Rigid polyvinyl chloride conduit (Type 
PVC), Art. 352 

Bends, 352.24, 352.26 
Bushings, 352.46 
Construction specifications, 352-III 
Definition, 352.2 
Expansion fittings, 300.7(B) IN, 352.44, 

Table 352.44 
Exposed, 352.10(F) 
Grounding, 352.60 

70-993 



Installation, 352-11 
Joints, 352.48 
Listing, 352.6 
Marking, 352.120 
Maximum number of conductors and 

fixture wires in, Tables ClO 
through Cl3(A) 

Number of conductors, 352.22 
Schedule 80, 300.5(D)(4), Table 300.50, 

551.80(B) 
Securing and supporting, 314.23(E), 

352.30, Table 352.30 
Size, 352.20 
Splices and taps, 352.56 
Trimming ends, 352.28 
Uses not permitted, 352.12 
Uses permitted, 352.10 

Road show connection panel, 520.50 
Rod electrodes, 250.52(A)(5), 250.53, 

250.66(A), 250.70 
Roof decking 

Cables and raceways installed under, 
300.4(E) 

Luminaires installed in or under, 410.10(F) 
Roofs, conduits exposed to sunlight on, 

310.15(B)(3)(c) 
Room air conditioners, see Air conditioners, 

room 
Rooms, motion picture projector, see 

Projector rooms, motion picture 
Rotary phase converter 

Definition, 455.2 
Rules, permissive, 90.5(B) 
Running threads, 342.42(B), 344.42(B) 

-S-

Safety, examination of equipment for, 90.7 
Screws, tightening torque tables, Annex I 
Screw shells 

Electric-discharge luminaires and LED 
luminaires, 410.62(C)(2) 

Identification 
Polarity, 200.10,410.50 
Terminals, 200.10 

Lampholders, 410.122 
Sensitive electronic equipment luminaires, 

647.8(C) 
Sealable equipment 

Definition, Art. 100 
Sealing, see also Hazardous (classified) 

locations 
Busways, vapor seals for, 368.234(A) 
Conduit systems, 501.15, 502.15, 505.16, 

506.16 
Intrinsically safe systems, 504.70 
Raceway seal, underground service, 

230.8 
Temperature changes, 300.7(A) 

Hermetically, 500.7(J) 
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Raceways, 225.27, 230.8, 300.7(A), 
300.50(F) 

Seating areas, receptacles in, 406.5(H) 
Secondary ties, transformers, 450.6 
Security systems, Art. 708 
Selective coordination, see Coordination, 

electrical systems 
Sensitive electronic equipment, Art. 647 

Grounding, 647.6 
Lighting equipment, 647.8 
Receptacles, 647.7 
Single-phase supply system, 647.3 
Three-phase supply system, 647.5 
Wiring methods, 647.4 

Separable power supply cable assembly, 
626.25, 626.32 

Definition, 626.2 
Separately derived systems, 250.2l(A), 

250.28(D), 250.30, 250.35(A) 
Definition, Art. 100 
Feeders or branch circuits, buildings/ 

structures supplied by 
Grounded systems, 250.32(B)(2) 
Ungrounded systems, 250.32(C)(2) 

Grounding electrode conductors, 250.169 
Metal piping and frames, bonding of, 

250.104(D) 
Portable generators, 702.11(A) 
Surge protective devices, connection of, 

285.24(C) 
Service cables, see also Service-entrance 

cable (Types and USE) 
Definition, Art. 100 

Service conductors, see Conductors, service 
Service drops 

Connections, service head, 230.54 
Definition, Art. 100 

Service-entrance cable (Types SE and 
USE), Art. 338 

Bends, 338.24 
Branch circuits or feeders, 338.10(B) 
Construction, 338-III 
Definition, 338.2 
Grounding frames of ranges and clothes 

dryers, 250.140 Ex. 
Installation, 338-II 
Installation methods, for branch circuits 

and feeders, 338.10(B)(4) 
Marking, 338.120 
Service-entrance conductors, 230-IV, 

338.10(A) 
Support, 338.10(B)(4), 338.12(A)(3) 
Uses not permitted, 338.12 
Uses permitted, 338.10 

Service-entrance conductors, 230-IV, 
338.10(A) 

Conductor sets, number of, 230.40 
Considered outside of building, 230.6 
Definitions, Art. 100 

Disconnecting means, 230-VI 
Drip loops, 230.52 
Insulation, 230.41 
Mounting supports, 230.51 
Overcurrent protection, 230.90, 230.91, 

230.92, 230.208 
Overhead system 

Definition, Art.1 00 
Over 1000 volts, 230-VIII 
Physical damage, 230.50 
Service head, 230.54 
Size, 230.42 
Splices, 230.46 
Underground, 300.5(D)(3), 338.12(B) 

Definition, Art.l 00 
Wiring methods, 230.43 

Service-entrance equipment, see Service 
equipment 

Service equipment, 230-V 
Arc-flash hazard warning, 110.16(B) 
Definition, Art. 100 
Disconnecting means, 230-VI 

Connections, supply side, 230.82 
Connections to terminals, 230.81 
Electrically operated, 230.94 Ex. 6 
Grounded conductor, disconnection of, 

230.75 
Ground-fault, protection at, 230.95, 705.32 
Grounding electrode conductor 

installation, 250.64(D) 
Indicating, 230.77 
Location, 230.70(A) 
Marking, 230.70(B) 
Maximum number of disconnects, six 

switch rule, 230.71 
Multiple occupancy buildings, 

230.72(C) 
Over 1000 volts, 230.205, 230.206 
Rating, 230.79, 230.80 
Simultaneous openings, 230.74 
Six switch rule, 230.71 
Suitable for use, 230.70(C) 

Ground-fault circuit conductor brought to, 
250.186 

Guarding, 230.62 
Industrial control panels as, 409.108 
Marking, 230.66 
Mobile homes/manufactured homes, 

550.32 
Modular data centers, 646.6(B)(l), 

646.7(A), 646.8 
Motor control centers as, 430.95 
Overcurreilt protection, 230-VII 

Accessibility, 240.24(A) 
Arc-flash hazard warning label, 

110.16(B) 
Location, 230.91, 230.92 
Over 1000 volts, 230.208 
Relative location, 230.94 
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Specific circuits, 230.93 
Ungrounded conductors, 230.90(A) 

Over 1000 volts 
Overcurrent protection, 230.208 
Switchgear, 490.47 

Panelboards, 408-III 
Receptacles in area of, 210.64 
Switchgear used as, 490.47 

Service lateral 
Definition, Art. 100 
Physical damage, protection against, 230.32 
Service-entrance conductor set supplied by, 

230.40 
System grounding connections, 

250.24(A)(l), 250.24(E), 
250.64(D)(l) 

Service loads, calculations, Art. 220, 
AnnexD 

Service point, 250.186 
Definition, Art. 100 

Service raceways 
Conductors, others perrnitted in, 230.7 
Drainage, 230.53 
Service head, 230.54 
Underground, 230-III 

Services, Art. 230 
Definition, Art. 100 
Emergency systems separate service, 

700.12(D) 
m, 220-V 
ound-fault protection, 230.95 

Insulation, 230.22 
Masts, service, 230.28 
Number, 230.2 

Disconnecting means, 230.71, 250.64(D) 
Service-entrance conductor sets, 230.40 

Overhead supply, 230-ll 
Over 1000 volts, 230-VIII 
Supply to one building not through another, 

230.3 
Two or more buildings, 250.32 
Underground, 230-III 

iervice stations, gasoline, see Motor fuel 
dispensing facilities 

:etting (of circuit breaker) 
Definition, Art. 100 

hielding, see Guarding, guards 
hort-circuit current rating, 110.10 
Definition, Art. 100 
Direct current rnicrogr:id systems, 712.72 
Industrial machinery, 67"0.5 
Modular data centers, 646.7 
Surge protective devices, 285.7 
tort-time duty 
Definition, Art. 100 
.owcases, waH cases, 410.59 
ower spaces, see Bathtubs 

ndows 
J,_ __ ~,:tion, Art. 100 
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Flexible cords, 400.15 
Luminaires, 410.14 

Branch circuits, 220.14(G) 
Feeders, 220.43(A) 

Receptacles, 210.62, 314.27(B) Ex. 
Sidelights, borders, and proscenium, 

520.44 
Signaling circuits, see also Fire alarm 

systems; Remote-control, 
signaling, and power-limited 
circuits 

Critical operations power systems, 708.14 
Definition, Art. 100 
Health care facilities, 517-VI 
Installation requirements, Art. 725, Art. 

760 
Signaling systems, Art. 708 
Signals for heated appliances, 422.42 
Sign body 

Definition, 600.2 
Signs 

Discharge, lighting, electric, 410-XII, 
410-XIII 

Electric, Art. 600 
Ballasts, transfonners, and electronic 

power supplies, 600.21 through 
600.24 

Bonding, 600.7(B), 600.33(D) 
Branch circuits, 220.14(F), 600.5 
Definitions, Art. 100, 600.2 
Disconnects, 600.6 
Enclosures, 600.8 
Field-installed secondary wiring, 600.12 
Field-installed skeleton tubing, 600-II 

Applicability, neon secondary circuit 
conductors, 600.30 

Grounding, 250.112(G), 600.7(A), 
600.24(B), 600.33(D) 

Listing, 600.3 
Location, 600.9, 600.10(D), 600.21, 

600.33(A), Table 600.33(A)(l), 
600.42(G), 600.42(H) 

Markings, 600.4 
Portable or mobile, 600.10 
Section signs 

Definition, 600.2 

Solar photovoltaic powered sign, 
600.34 

Definition, 600.2 
Exit, health care facilities, 517.33(B), 

517.43(B) 
Mandated standby, 701.7(A) 
Outline lighting, Art. 600 
Standby, 702.7 
Warning, see Warning signs (labels), at 

equipment 
Simple apparatus, 504.4 Ex. 

Definition, Art. I 00 

Installation, 501.10(B )(3 ), 502.10(B )(3 ), 
503.10(A)(4), 504.10, 
505.15(C)(1)(7), 506.15(C)(7) 

Marking, 500.8(C)(6), 505.9(C)(2) Ex. 2 
Site-isolating devices, 547.9(A) 

Definition, 547.2 
Skeleton tubing, 600.4(F), 600.6, 

600.7(A)(l), 600-IT 
Definition, 600.2 

Slices and taps 
Service-entrance conductors, 230.46 

Smoke ventilator control, stage, 520.49 
Snap switches 

AC general use, 404.14 
Accessibility, grouping, 404.8(B) 
Electric-discharge lighting, 410.138 
Enclosures, 404.3(A) Ex. 1 
General-use 

Definition, Art. 100 
Grounding, 404.9(B) 
Motors, 430.83(C), 430.109(A)(3), 

430.109(C), 430.109(G) 
Mounting, 404.10 
Multipole, 404.8(C) 
Ratings, 404.14 

Snow melting, see Fixed outdoor electric 
deicing and snow-melting 
equipment 

Solar cell 
Definition, 690.2 

Solar pbotovoltaic powered signs, 600.34 
Definition, 600.2 

Solar photovoltaic systems 
AC modules, 690.6, 690.52 

Definition, 690.2 
Building integrated photovoltaics 

Definition, 690.2 
Rapid shutdown, 690.12 

Circuit sizing and current, 690.8 
Connection to supply side of service 

disconnect, 230 .82( 6) 
DC combiner, 600.34(A), 690.4(B), 690.15 

Definition, 690.2 
DC-to-DC converter, 690.4(B), 690.7(B) 

Definition, 690.2 
Definitions, Art. 100, 690.2, 691.2 
Disconnecting means, 690-ill, 690.56, 

691.9 
Ground-fault protection, 690.4l(B) 
Large-scale, Art. 691 
Marking, 690.13(B), 690.3l(B)(l), 

690.3I(G) 
Overcurrent protection, 690.9 
Stand-alone systems, 690.8(A)(4), 690.10, 

690.56(A) 
Definition, 690.2 

Underground feeder and branch-circuit 
cable, 340.10(5) 

Voltage, 690.7 
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Solderless (pressure) connectors, 250.8(3), 
250.70 

Definition, Art. 100 
Solidly grounded, 430.83(E), 490.71, 712.30 

Definition, Art. 100 
Photovoltaic systems, 690.31(B), 

690.31(1), 690.41, 690.42, 
690.47 

Solidly, 110.54(A) 
Swimming pools, fountains, and similar 

installations, Table 680.9(A) 
Sound recording equipment, Art. 640 

Audio signal processing, amplification, and 
reproduction equipment, 540.50 

Theaters, 520.4 
Space 

Cabinets and cutout boxes, 312.7, 312.9, 
312.11 

Climbing space, line conductors on poles, 
225.14(D) 

Lightning rods, conductor enclosures, 
equipment, 250.60,250.106 
lNNo. 2 

Outside branch circuits and feeders, 225.14 
Over 1000 volts, separation, 110.32 

through 110.34 
Working,.see Working space 

Space heating, fixed, see Fixed electric 
space-heating equipment 

Spacing between bare metal parts, 408.56, 
Table 408.56 

Spas and hot tubs, 680-IV 
Defmitions, 680.2 
Indoor installations, 680.43 
Outdoor installations, 680.42 
Packaged equipment assembly 

Definition, 680.2 
Protection, 680.43, 680.43(A)(2) 

Special permission 
Definition, Art. 100 

Spider (cable splicing block), 530.15(D) 
Definition, 530.2 

Splices and taps 
Antennas, 810.14 
Auxiliary gutters, 366.56 
Cabinets and cutout boxes, 312.8 
Cable trays, in, 392.56 
Cellular concrete floor raceways, 372.56 
Cellular metal floor raceways, 374.56 
Concealed knob-and-tube, 394.56 
Conduit bodies, 300.15, 314.16(C)(2) 
Construction sites, 590.4(G) 
Deicing and snow-melting, 426.24(B) 
Electrical metallic tubing, 358.56 
Electrical nonmetallic tubing, 362.56 
Equipment grounding conductors, 

250.122(G) 
Fire resistive system, 728.5(H) 
Flat cable assemblies, 322.56 

70-996 

NATIONAL ELECTRICAL CODE 

Flat conductor cable, 324.56 
Flexible cords and cables, 400.13, 400.36, 

530.12(A), 530.12(B), 590.4(G) 
Flexible metal conduit, 348.56 
Flexible metallic tubing, 360.56 
General provisions, 110.14 
Hazardous (classified) Class I locations, 

501.15(C)(4) 
High density polyethylene conduit, 353.56 
Intennediate metal conduit, 342.56 
Liquidtight flexible metal conduit, 350.56 
Liquidtight flexible nonmetallic conduit, 

356.56 
Low-voltage suspended ceiling power 

distribution systems, 393.56 
Luminaires, 410.56(C), 410.56(D) 
Messenger-supported wiring, 396.56 
Nonmetallic extensions, 382.56 
Nonmetallic underground conduit with 

conductors, 354.56 
Reinforced thermosetting resin conduit, 

355.56 
Rigid metal conduit, 344.56 
Rigid polyvinyl chloride conduit, 352.56 
Space-heating cables, 424.40, 424.41(D) 
Strut-type channel raceways, 384.56 
Surface raceways, 386.56, 388.56 
Underfloor raceways, 390.7 
Underground, 300.5(E), 300.50(D) 
Wireways, 376.56, 378.56 

Spray application, dipping, coating, and 
printing processes, Art. 516 

Classification of locations, 516.5, 516.18, 
516.29 

Definitions, 516.2 
Equipment, 516.5(A)(3), 516.6, 516.7, 

516.10, 516.38(B) 
Grounding, 516.16 
Membrane enclosures, 516-IV 

Definition, 516.2 
Open containers, 516-II 
Printing, dipping, and coating processes, 

516-V 
Processes, 516-ill 
Wiring, 516.6, 516.7, 516.38(A) 

Spread of fire or products of combustion, 
see Fire spread 

Stage effect (special effect) 
Definition, 530.2 

Stage equipment, theaters 
Definition, 520.2 
Fixed, 520-111 
Lighting hoist, 520.40 

Definition, 520.2 
Portable, 520.5(B), 520-V 

Definition, 520.2 
Stage property 

Definition, 530.2 

Stages, motion picture an 
530-II 

Definition, 530.2 
Stage set 

Definition, 530.2 
Stairway cbalrlifts, Art 620 see; 

Elevators, dumbwait(ll, 
escalatOrs, moving wiks, 
platform lifts, and st$Way 
chairlifts 

Stand-alone systems, Art. 710 
Definition, Art. 100, 690.2, 6912 
Fuel cell systems, 692.10 
Solar photovoltaic systems, 69)8(A)(4 ), 

690.10, 690.56(A) 
Wind electric systems, 694.12!')(3), 

694.54 
Standby systems, see Emergenq systems; 

Legally required sta<dby 
systems; Optional ~ndby 
systems 

Static phase converter 
Definition, 455.2 

Steel, strnctura~ bonding, 251104 
Steel siding, 250.116 IN 
Storage batteries, Art. 480 

Aircraft hangars, 513.10(B) 
Charging equipment, 503. W 
Container 

Definition, 480.2 
Critical operations power sy!lems, 

708.20(E), 708.21JF)(4) 
Definitions, 480.2 
Disconnecting means, 480.1 
Electric vehicle, 625.10(A) 

Definition, 625.2 
Emergency systems, 700.JJ{A), 

700.12(B)(4) 
Fire pumps, 695.12(C) 
Garages, 511.10 
Insulation, 480.8 
Legally required standby s1stems, 

701.12(A), 701.12(B)(4) 
Locations, 480.10 
Overcurrent protection for prime movers, 

480.6 
Sound recording equipment. 640. 9(B) 
Support, 480.9 
Terminations, 480.4 
Vents, 480.11 
Wiring and equipment supplied from, 480.£ 

Strike termination devices1 see also 
Lightning (surge) arresters 

As a ground, 250.60 
Structural metal, see Metal frame of 

building 
Structures 

Definition, Art. 100 
Portable, see Portable structures 

2019 California Electrical 0 



Strut-type channel raceway, Art. 384 
Construction specifications, 384-III 
Definition, 384.2 
Grounding, 384.60 
Installation, 384-II 
Listing requirements, 384.6 
Marking, 384.120 
Number of conductors, 384.22 
Securing and supporting, 384.30 
Size of conductors, 384.21 
Splices and taps, 384.56 
Uses not permitted, 384.12 
Uses permitted, 384.10 

Subarrays, 690.31(1) 
Definition, 690.2 

Submersible equipment, 680.51 
Substations, 490.48 

Definition, Art. 100 
Grounding system at, 250.191,250.194 
Motion picture and television studios, 

530-VI 
Supervision, engineering, 310.15(C), 645.25 
Supervisory control and data acquisition 

(SCADA), Annex G 
Definition, 708.2 

Support fittings fill, boxes, 314.16(B)(3) 
Supports, see subheads Securing and 

supporting and Support under 
entries for specific wiring and 
equipment 

Suppressors, radio noise, 810.5 
Surface metal raceways, Art. 386 

Combination raceways, 386.70 
Construction specifications, 386~III 
Definition, 386.2 
Grounding, 386.60 
Installation, 386-II 
Listing requirements, 386.6 
Marking, 386.120 
Number of conductors or cables, 386.22 
Securing and supporting, 386.30 
Size of conductors, 386.21 
Splices and taps, 386.56 
Uses not permitted, 386.12 
Uses permitted, 386.10 

Surface nonmetallic raceways, Art. 388 
Combination raceways, 388.70 
Construction specifications, 388~III 
Definition, 388.2 
Grounding, 388.60 
Installation, 388~ll , 
Listing requirements, 388.6 
Marking, 388.120 
Number of conductors or cables in, 

388.22 
Securing and supporting, 388.30 
Size of conductors, 388.21 
Splices and taps, 388.56 
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Uses not permitted, 388.12 
Uses permitted, 388.10 

Surfaces, exposed conductive 
Definition, 517.2 

Surge arresters, see Lightning (surge) 
arresters 

Surge protection, see Lightning (surge) 
protection 

Surge-protective devices (SPDs), Art. 285, 
501.35, 502.35, 694.7(D) 

Conductor routing, 285.12 
Connection, 285-III 
Definition, Art. 100 
Installation, 285-II 
Listing, 285.6 
Location, 285.11 
Number required, 285.4 
Short circuit current rating, 285.7 
Uses not permitted, 285.3 

Suspended ceiling grid, 300.ll(B), 393.30, 
410.36(B) see also Low-voltage 
suspended ceiling power 
distribution systems 

Definition, 393.2 
Swimming pools, fountains, and similar 

installations, Art. 680 
Approval of equipment, 680.4 
Bonding, 680.26, 680.42(B), 680.43(D), 

680.53, 680.57(E), 680.62(B), 
680.62(C), 680.74 

Ceiling fans, 680.22(B), 680.43(B) 
Cord-and-plug-connected equipment, 

680.8, 680.2l(A)(3), 680.22(B)(5), 
680.31, 680.42(A)(2), 680.56 

Deck area heating, 680.27(C) 
Definitions, 680.2 
Fountains, 600.7(B)(8), 680-V 
Ground-fault circuit interrupters, 680.5 

Fountains, 680.5l(A) 
Hydromassage bathtubs, 680.71 
Junction boxes for, 680.24 
Luminaires, 680.22(B), 680.23(A)(3), 

680.24(B) 
Motors, 680.2l(C) 
Pool covers, 680.27(B)(2) 
Receptacles, 680.5, 680.6, 680.22(A)(4), 

680.32, 680.43(A), 680.44, 
680.57(B), 680.58, 680.62(E) 

Signs, 680.57(B) 
Spas, hot tubs, 680.43, 680.44 
Storable pool equipment, for, 680.32, 

680.33(B)(3) 
Therapeutic pools, 680.62(A), 680.62(E) 
Wiring to, 680.24(B) 

Grounding, 680.6, 680.8(B), 680.23(B)(3), 
680.23(B)(4), 680.23(B)(5), 
680.23(F)(2), 680.24(D), 
680.24(F), 680.43(F), 680.54, 
680.55, 680.57(E), 680.62(D) 

Heaters and heating equipment 
Deck area heating, 680.27(C) 
Pool water heaters, 680.10 

Hydromassage bathtubs, 680-VI, 680-VII 
Junction boxes and enclosures, 

680.23(C)(2), 680.24, 680.52 
Lighting, 411.5(B), 680.22(B), 680.23, 

680.26(B)(4), 680.33, 680.43(B), 
680.51, 680.62(F), 680.72 

Overhead conductor clearances, 680.9 
Permanently installed, 680-II 
Receptacles, location and protection, 

680.22(A), 680.32, 680.34, 
680.43(A), 680.62(E) 

Spas and hot tubs, 680-IV 
Storable, 680-III 

Definition, 680.2 
Switches and switching devices, 

680.22(C), 680.41 
Therapeutic pools and tubs, 680-VI 
Transformers, 680.23(A)(2), 680.24(B) 
Underwater audio equipment, 680.23 
Underwater luminaires, 680.23, 

680.26(B)(4), 680.33, 
680.43(B)(2) 

Switchboards, Art. 408 
Arc-flash hazard warning, 110.16 
Clearances, 110.26, 408.5, 408.18 
Combustible material, location relative to, 

408.17 
Conductor insulation, 408.19 
Construction specifications, 408-IV 
Damp or wet locations, 408.16 
Definition, Art. 100 
Dry location, 408.20 
Easily ignitable materials, near, 408.17 
Grounding frames and structures, 

250.112(A) 
Grounding instruments, 408.22 
Illumination, 110.26(D) 
Installation, indoor and outdoor, 110.26 
Instruments, meters, and relays on, 250.174 
Location, 408.16, 408.17,408.20 
Motion picture and television studios, 

530.64 
Portable, theater stages, 520-IV 
Stage, 520-II, 520-IV 

Definition, 520.2 
Support, bus bars, conductors, 408.3 
Working spaces about, 110.26 

Switches, Art. 404 see also Hazardous 
(classified) locations; specific 
types of switches 

Accessibility and grouping, 404.8 
Agricultural buildings, 547.6 
Air-conditioning and refrigerating 

equipment, 440-ll 
Appliances, 422.34, 422.35 
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Bypass isolation, 700.5(B), 701.5(B), 
708.24 

Definition, Art. 100 
Capacitors, 460.24 
Circuit breakers used as, 240.83(D) 
Construction specifications, 404-II 
Definitions, Art. 100 
Devices, over 1000 volts, 368.239 

Definition, Art. 100 
Devices over 600 volts 

In busways, 368.239 
Dimmer, see Dimmers 
Disconnecting means 

Appliances, 422-III 
Definition, Art. 100 
Identification, 110.22 
Motors, controller, 430-IX 
Services, 230-VI 

Electronic lighting control switch, 404.22 
Emergency systems, 700-V 

X-ray equipment, 517.72, 660-II 
Enclosures, installation in, 404.3, 404.12, 

404.28, 450.8(C) 
Fixed electric heating equipment for 

pipelines and vessels, 427.55(A) 
Fixed outdoor electric deicing and snow­

melting equipment, 426.5l(D) 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.19(C), 
425.21 

General-use, Art. 404 
Definition, Art. 100 

Indicating, 404.7, 422.35, 424.21,425.21 
Interrupter, over 1000 volts 

Definition, Art. 100 
Isolating, 501.115(B)(2) 

Capacitors, over 600 volts, 460.24(B) 
Definition, Art. 100 
Motors over 100 HP, 430.109(E) 
Outside branch circuits and feeders, 

225.51 
Services, over 1000 volts, 225.51, 

230.204 
Definition, Art. 100 

Solar photovoltaic systems, 690.15(C), 
690.4l(B)(2) 

Knife, see Knife switches 
Manually operable, Art. 404 
Motor-circuit, see Motor-circuit switches 
Motor controllers, 430-VII 
Oil, over 1000 volts, 430.11l(B)(3) 

Definition, Art. 100 
Panelboards, 408.36(A), 408.39 
Park trailers, 552.10(F) 
Regulator bypass, over 1000 volts, 490.23 

Definition, Art. 100 
Remote-control, 517.63(D) 
Service, 230-VI 
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Signs, outline lighting, 600.6 
Snap, see Snap switches 
Solar photovoltaic systems, 690.13(F)(3), 

690.15(C), 690.56(C) 
Stage lighting and effects control, 530.13, 

530.15(B) 
Swimming pools, fountains, and similar 

installations, 680.22(C) 
Theater dressing rooms, 520.73, 520.74 
Transfer, see Transfer switches 
Thnnels, 110.55 
Unit 

Appliances, 422.34, 422.35 
Fixed resistance and electrode industrial 

process heating equipment, 
supply conductors, 425.19(C) 

X-ray equipment, 517.72, 660-II 
Switchgear, metal-enclosed, 110.33(A), 

110.34(F), 230.211, 250.112(A), 
490-III 

Definition, Art. 100 

-T-

Tables, Chap. 9, Annex C 
AC resistance and reacta;nce cables, 

Chap. 9, Table 9 
Ampacities 

Amusement attraction conductors, 
Table 522.22 

Cable insulated, over 2000 volts 
Three-conductor aluminum in isolated 

conduit in air, 
Table 310.60(C)(76) 

Three-conductor aluminum in 
underground electrical ducts, 
Table 310.60(C)(80) 

Three-conductor aluminum isolated in 
air, Table 310.60(C)(72) 

Three-conductor copper cable in 
isolated·conduit in air, 
Table 310.60(C)(75) 

Three-conductor copper in 
underground electrical ducts, 
Table 310.60(C)(79) 

Three-conductor copper isolated in 
air, Table 310.60(C)(71) 

Triplexed or three single-conductor 
aluminum in isolated conduit in 
air, Table 310.60(C)(74) 

Triplexed or three single-conductor 
aluminum in underground 
electrical ducts, 
Table 310.60(C)(77) 

Triplexed or three single-conductor 
copper in isolated conduit in air, 
Table 310.60(C)(73) 

Conductor, single insulated, isolated in 
air, over 2000 volts 

Aluminum, Table 310.60(C)(70) 
Copper, Table 310.60(C)(69) 

Conductor, single insulated, triplexed in 
air, over 2000 volts 

Aluminum, Table 310.60(C)(68) 
Copper, Table 310.60(C)(67) 

Conductor, three single-ins~lated in 
underground electrical ducts, 
over 2000 volts, 
Table 310.60(C) (78) 

Crane and hoist motor conductors, 
Table 610.14(A) 

Fixture wire, Table 402.5 
Flexible cord, Tables 400.5(A)(l) 

through 400.5(A)(3) 
General conductors, 0 through 2000 

volts 
Aluminum, copper, or copper-clad 

aluminum, single-conductor in 
free air, Table 310.15(B)(l7), 
Table 310.15(B)(19) 

Aluminum, copper, or copper-clad 
aluminum, two or three single­
insulated conductors supported 
on messenger, 
Table 310.15(B)(20) 

Aluminum, copper, or copper-clad 
aluminum in raceways or cables 
types AC, NM, NMC SE, 
Table 310(B)(16), 
Table 310.15(B)(18) 

Bare or covered conductors, 
310.15(B)(21) 

Multiconductor cables, types TC, 
MC, and MI in free air, Table 
B.310.15(B)(2)(3) 

Three-conductor cable in raceway in 
free air, Table B.31 0.15(B)(2)(1) 

Three insulated conductors in cable 
in underground electrical ducts, 
Table B.310.15(B)(2)(6) 

Three single insulated conductors 
directly buried in earth, types UF, 
USE, Table B.310.15(B)(2)(10) 

Three single insulated conductors 
in nonmagnetic underground 
electrical ducts, 
Table B.31 0.15(B)(2)(5) 

Three single insulated conductors in 
underground electrical ducts, 
Table B.310.15(B)(2)(7) 

Three triplexed single insulated 
conductors directly buried in 
earth (UF and USE cables), 
Table B.310.15(B)(2)(9) 

Two or three insulated conductors 
cabled within an overall covering 
directly buried in earth, 
Table B.310.15(B)(2)(8) 

Wound-rotor secondaries, 
Table 430.23(C) 
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Bare metal parts, spacings between 
switchboard and panelboard, 
Table 408.56 

Branch-circuit requirements, Table 210.24 
Bulle storage plants, electrical area 

classifications, Table 515.3 
Cable markings, Tables 725.179, 

760.176(0), 760.179(!) 
Cable substitutions, Tables 725.154(A), 

760.154(A), 770.154(b), 
800.154(a), 820.154(b), 
830.154(b) 

Cable trays 
Cable fill, Tables 392.22(A), 392.22(A)(5), 

392.22(A)(6), 392.22(B)(1) 
Wiring methods, Table 392.10(A) 

Calculation of feeder loads by occupancies, 
Table 220.42 

Coaxial cables 
Applications in buildings of, 

Table 820.154(a) 
Uses and permitted substitutions, 

Table 820.154(b) 
Communications circuits 

Applications in buildings of, 
Tables 800.154(a) through (c) 

Cable marking, Table 800.179 
Cable substitution, Table 800.154(d) 

Conductors 
Application, Tables 310.104(A) through 

310.104(E), 402.3 
Clearances, conductors entering bus 

enclosures, 408.5 
Clearances, services, Table 230.51(C) 
Conduit and tubing fill for, Annex C 

Tables 
Deflection, minimum beTiding space in 

cabinets, cutout boxes, 
Tables 312.6(A), 312.6(B) 

Dimensions 
Compact aluminum building wiring, 

Chap. 9 
Compact copper and aluminum 

building wiring, Table 5A 
Insulated conductors, and fixture 

wires, Chap. 9, Table 5 
Rubber, thermoplastic-covered, 

Chap. 9, Table 5 
Fixture wires, Table 402.3, Chap. 9, 

Table 5 
Flexible cords and cables, types, 

Table 400.4 
Grounding, size 

For AC equipment, Table 250.122 
For grounded systems, Table 250.66 

Hazardous (classified) locations, Classes 
I, II, and III, Divisions 1 and 2 

Classification of maximum surface 
temperature, Table 500.8(C) 
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Class II temperatures, 
Table 500.8(D)(2) 

Hazardous (classified) locations, Class I, 
Zones 0, 1, and 2 

Classification of maximum surface 
temperature of Group II 
equipment, Table 505.9(D)(l) 

Gas classification groups, 
Table 505.9(C)(l )(2) 

Minimum distance of obstructions 
from flameproof flange 
openings, Table 505.7(D) 

Types of protection designation, 
Table 505.9(C)(2)(4) 

Insulations, Tables 310.104(A) through 
310.104(E) 

Maximum number in, Annex C Tables 
Electrical metallic tubing, Tables Cl 

and Cl(A) 
Electrical nonmetallic tubing, 

Tables C2 and C2(A) 
Flexible metal conduit, Tables C3 and 

C3(A) 
Intermediate metal conduit, Tables C4 

and C4(A) 
Liquidtight flexible metal conduit, 

Tables C8 and C8(A) 
Liquidtight flexible nonmetallic 

conduit, Tables C5 through 
C6(A) 

Rigid metal conduit, Tables C9 and 
C9(A) 

Rigid nonmetallic conduit, Tables C9 
through C12(A) 

Metal boxes, number in, Table 
314.16(A) 

Minimum size of, Table 310.106(A) 
Over 2000 to 35,000 volts, ampacities, 

Table 310.60(C)(77) through 
310.60(C)(86) 

Properties, Chap. 9, Table 8 
Support, vertical raceways, 300.19(A) 

Volume required per conductor, 
Table 314.16(B) 

Conduit or tubing 
Combination of conductors, percent area 

fill, Chap. 9, Table 1 
Conduit and tubing fill, for conductors 

and fixture wires, Annex C 
Tables 

Dimensions, Chap. 9, Table 4 
Expansion characteristics, Table 352.44 
Flexible metal (trade size, Table 348.22 
Number of conductors in, Annex C 

Tables 
PVC rigid nonmetallic, expansion 

characteristics, 352.44 
Supports, Table 344.30(B)(2), 

Table 352.30 

Construction, types of, Annex E Tables 
Cooking appliances, demand factors and 

loads, Tables 220.55, 
Table 220.56 

Ducts, wiring in, Table 725.154, Table 
770.154(a), Table 800.154(a) 

Electrified truck parking space feeder/ 
service load calculations, 
Table 626.ll(B) 

Farm load, method for computing, 
Tables 220.102,220.103 

Fixture wires 
Conduit and tubing fill for, Annex C 

Tables 
Maximum number in 

Electrical metallic tubing, Tables C1 
and C1(A) 

Electrical nonmetallic tubing, Tables 
C2 and C2(A) 

Flexible metal conduit, Tables C3 and 
C3(A) 

Intermediate metal conduit, Tables C4 
and C4(A) 

Liquidtight flexible metal conduit, 
Tables C8 and C8(A) 

Liquidtight flexible nonmetallic 
conduit, Tables C5 through 
C7(A) 

Rigid metal conduit, Tables C9 and 
C9(A) 

Rigid polyvinyl chloride conduit, 
Tables ClO through Cl3(A) 

General lighting loads by occupancies, 
Table 220.12 

Household clothes dryers, demand loads, 
Table 220.54 

Household ranges and similar cooking 
appliances, demand factors and 
loads, Table 220.55 

Live parts, separation 
Minimum distance from fence to live 

parts, Table 110.31 
Over 1000 volts 

Air separation, Table 490.24 
Elevation, Table 110.34(E) 
Working space, Table 110.34(A) 

Working clearances, Table ll0.26(A)(1) 
Mobile home park demand factors, 

Table 550.31 
Motor fuel dispensing facilities 

Class I locations, Table 514.3(B)(1) 
Electrical equipment classified areas, 

Table 514.3(B)(2) 
Motors 

Conductor rating factors for power 
resistors, Table 430.29 

Duty cycle service, Table 430.22(E) 
Full-load currents, Tables 430.247 

through 430.250 
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Locked-rotor, code letters, 
Table 430.7(B) 

Locked-rotor current conversion, 
Tables 430.25l(A) and (B) 

Maximum rating or setting, branch­
circuit protective devices, 
Table 430.52 

Maximum rating or setting, control 
circuit overcurrent protective 
device, Table 430.72(B) 

Minimum spacings between bare Jive 
parts, motor control centers, 
Table 430.97(0) 

Number and location, overload units, 
Table 430.37 

Other articles, Table 430.5 
Secondary ampacity, Table 430.23(C) 
Terminal, spacing and housing, 

Tables 430.12(B), 430.12(C)(1), 
430.12(C)(2) 

Multifamily dwellings, optional 
calculation demand factors, 
Table 220.84 

Network-powered broadband 
communications systems 

Applications in buildings of, 
Table 830.154(a) 

Cable substitution, Table 830.154(b) 
Cover requirements, Table 830.47(C) 
Limitations, Table 830.15 

Optical fiber cables 
Applications of, Thble 770.154(a) 
Marking, Table 770.179 
Substitutions, Table 770.154(b) 

Optional calculations, three or more 
multifamily units, Table 220.84 

Power-limited fire alarm circuits 
Applications in buildings of, 

Table 760.154 
Radio and TV equipment, antenna sizes 

Amateur stations, Table 810.52 
Receiving stations, Table 810.16(A) 

Rating factors for power resistors, 
Table 430.29 

Recreational vehicle park demand factors, 
Table 551.73(A) 

Remote control, signaling, and power~ 
limited circuits, Table 725.154 

RestaUrants, optional method load 
calculation, Table 220.88 

Schools, optional method load calculation, 
Table 220.86 

Screws, tightening torque tables, Annex I 
Support services, Table 230.51(C) 
Transformers, medium and high voltage, 

Tables 450.3(A), 450.3(B) 
Underground wiring, minimum cover, 

Tables 300.5, Table 300.50 
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Wire-bending space, minimum, 
Tables 312.6(A), 312.6(B) 

Tamperability 
Circuit breakers, nontamperable, 240.82 
TypeS fuses, nontamperable, 240.54(0) 

Tamperproof receptacles, see Receptacles 
Taps, see also Splices and taps 

Branch circuit, 210.19(A), 240.5(B)(2) 
Busways, 368.17(C) Ex. 1 
Connection at services, 230.82(5) 
Cranes and hoists, 610.42(B), 610.53(A) 
Definition, 240.2 
Equipment grounding conductors, 

250.122(G) 
Feeders, see Feeders, taps 
Grounding electrode conductors, 

250.64(0)(1) 
Interconnected electric power production 

sources, 705.12(B)(2) 
Luminaires, 410.117(C) 
Modular data centers, 646.6(B)(2) 
Overcurrent protection, 240.21, 240.92, 

368.17(C) Ex. 1 
Remote-control circuits, 725.45 
Separately derived systems, 250.30(A)(6) 

Task illumination, 517.33(A) 
Definition, 517.2 

Telecommunications equipment, see 
Communications circuits 

Telegraph systems, see Communications 
circuits 

Telephone exchanges, circuit load, 220.14 Ex. 
Telephone systems, see Communications 

circuits 
Television and radio distribution systems, 

see Community antenna 
television and radio distribution 
(CATV) systems 

Television equipment, see Radio and 
television equipment 

Television studios, Art. 520, Art. 530 
Temperature controls 

Electrode-type boilers, over 1000 volts, 
490.73 

Fixed electric heating equipment for 
pipelines and vessels, 427.56 

Fixed electric space-heating equipment 
Electrode-type boilers, 424.83 
Resistance-type boilers, 424.73 

Fixed outdoor electric deicing and snow­
melting equipment, 426.51 

Fixed resistance and electrode industrial 
process heating equipment 

Duct heaters, 425.64 
Electrode-type boilers, 425.83 
Resistance-type boilers, 425.73 

Motor overtemperature protection, 430.126 
Temperature limitations 

Conductors, 310.15(A)(3), 338.10(B)(3) 

Fixed outdoor electric deicing and snow­
melting equipment, 426.2l(B) 

Nonmetallic raceways and tubing, see 
subhead under entries for 
specific raceway or tubing type 

In outlet boxes for luminaires (fixtures), 
410.21 

Service-entrance cable, 338.10(B)(3) 
Temporary installations, Art. 590 

All wiring installations, 590.2 
Branch circuits, 590.4(C) 
Disconnecting means, 590.4(E) 
Feeders, 590.4(B) 
Ground-fault protection, 590.6 
Guarding over 600 volts, 590.7 
Lamp protection, 590.4(F) 
Protection from accidental damage, 

590.4(H) 
Receptacles, 590.4(0), 590.6 
Services, 590.4(A) 
Splices, 590.4(G) 
Terminations at devices, 590.4(I) 
Time constraints, 590.3 

Terminal housings 
Generator, 445.17 
Motor, 430.12 

Grounding through, 430.245(A) 
Phase converters, 455.10 

Terminals 
Battery, 480.4(C), 480.10(0), 706.31 

Definition, 480.2 
Connections to, 110.14, 250.8, 250.68 
Electric discharge tubing, signs, etc., 600.42 
Identification 

Flat conductor cable, 322.120(C) 
Motors, controllers, 430.9(A) 
Polarity, 200.9 through 200.11 
Wiring device, 250.126 

Portable distribution or tennination boxes, 
525.22(B) 

Portable stage equipment, 520.62(C) 
Receptacles, 406.5(1) 

Tests 
Critical operations power systems, 708.6, 

708.52(C) 
Emergency systems, 700.3 
Fixed industrial process duct heaters, 

425.45 
Ground-fault protection, 230.95(C) 
Insulation resistance, space heating cables, 

424.46 
Legally required standby systems, 701.3 
Mobile homes, 550.17 
Park trailers, 552.60 
Recreational vehicles, 551.60 

Theaters, Art. 520 
Audio signal processing, 520.4 
Branch circuits, 520.9 
Conductors, number in raceway, 520.6 
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Definitions, 520.2 
Dressing room, 520-VI 
Electrical nonmetallic tubing, 362.12(6) 
Emergency systems, Art. 700 
Grounding, 520-VII 

Fixed electric equipment, 250.!12(F) 
Live parts, 520.7 
Portable equipment, 520.10 
Rigid polyvinyl chloride conduit, 

352.12(E) 
Stage equipment 

Fixed, 520-11 
Portable, 520-V 

Switchboard 
Fixed, 520-11 
Portable, 520-N 

Wiring methods, 520.5 
Therapeutic equipmen~ 5!7.73(B) 
Therapeutic pools and tubs, 680~ VI 

Definitions, 680.2 
Thermal devices 

Overcurrent protection, 240.9 
Thermally protected (thermal protection) 

Definition, Art. 100 
Fixtures, recessed, 410.115(C) 
Fluorescent lamp ballasts in luminaires, 

410.130(E) 
Luminaires, recessed, 410.115(C) 

Thermal protector 
Defmition, Art. 100 
Motor, 430.32(A)(2), 430.32(B)(2) 

Thermal resistivity 
Definition, 310.2 

Three overload units, motors, Table 430.37 
Tightening torque tables, Annex I 
Tools 

Double insulated, 250.114 Ex. 
:Metal working machine, see Industrial 

machinery 
Motor-operated, hand-held, grounding, 

250.114(4)(c) 
Tower, wind electric system, 694.7(F), 

694.40(B) 
Definition, 694.2 

Track lighting, see Lighting track 
Trailers, types of, see also Park trailers 

Definition, 551.2 
Transfer switches 

Critical operations power systems, 708.24 
Definition, Art. 100 
Emergency systems, 700.5 
Essential electrical systems, 517.31(B), 

517.33(E), 517.42(B) 
Fire pumps, 695.12(A) 
Fuel cell systems, 692.59 
Legally required standby systems, 701.5 
Optional standby systems, 702.5 
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Transformers, Art. 450 see also Hazardous 
(classified) locations 

Amusement attractions, 522.10(A)(1) 
Arc welders, 630-11 
Askarel-insulated, 450.25 
Audio, see Audio signal processing, 

amplification, and reproduction 
equipment 

Autotransformers, 430.109(D), 450.4 
Audio, 640.9(D) 

Definition, 640.2 
Ballast for lighting units, 410.138 
Branch circuits, 210.9, 220.18 
Dimmers, 520.25(C) 
Feeders, 215.11 
Grounding, 450.5 
Motor starting, 430.82(B), 430.109(D) 
Park trailers, 55l.20(E) 

Control transformer in controller enclosure, 
430.75(B) 

Definitions, 450.2 
Disconnecting means, 450.14 
Dry-type, 450.1 Ex. 2, 450.8(B), 

450.10(A), 450.21,450.22 
Electric discharge lighting systems 

More than 1000 volts, 410-XIII 
1000 volts or less, 410-XII 

Elevators, dumbwaiters, escalators, 
moving walks, platform lifts, and 
stairway chair lifts, 620.13(C) 

Fire pumps, 695.5 
Grounding, 450.5, 450.6(C), 450.10 
Guarding, 450.8 
Hazardous (classified) Class II locations, 

control transformers at, 502.120 
Installations, indoor and outdoor, 450.21 

through 450.27 
Instrument, grounding, 250-IX 

Connections at services, 230.82(4) 
Interconnected electric power production 

sources, 705.30(B), 705.65(B) 
Isolation 

Definition, 517.2 
Electric deicing, snow-melting 

equipment, 426.3! 
Electric pipeline, vessel heating 

equipment, 427.26 
Health care facilities, 517.19(G), 

5!7.20(B), 517.63(E), 517.63(F), 
5!7.64(B), 517.64(C), 517.76, 
517.160(A)(4) 

Less-flammable liquid-insulated, 450.23 
Location, accessibility, 450.13 
Marking, 450.11 
Modification of, 450.28 
Modular data center equipment enclosures, 

646.11 
Motor control circuit, 430.72(C) 
Nonflammable fluid-insulated, 450.24 

Oil-insulated 
Indoors, 450.26 
Outdoors, 450.27 

Overcurrent protection, 450.3, 450.4(A), 
450.5(A)(2), 450.5(B)(2), 
450.6(B) 

Parallel operation, 450.7 
Power-limited and signaling circuits, 

remote control, 725.41(A)(l), 
725.45(D) 

Remote control circuits for, 725.41(A)(l), 
725.45(D) 

Research and development, 450.1 Ex.8 
Secondary ties, 450.6 
Signs and outline lighting, 600.21, 600.23, 

600.24 
Solar photovoltaic systems, 690.9(D) 
Specific provisions, 450-II 
Swimming pools, fountains, and similar 

installations, 680.23(A)(2), 
680.24(B) 

Terminal wiring space, 450.12 
Tunnels, I 10.55 
Two-winding, underwater lighting, 

680.23(A)(2) 
Unused current transformers, short-

circuiting of, 110.23 
Vaults, 450-111 
Ventilation, 450.9 
Wind electric systems, 694.15(B) 
X-ray equipment, 517.76, 660-III 

Transformer vaults, 450-III 
Doorways, 450.43 
Drainage, 450.46 
Location, 450.41 
Storage, 450.48 
Ventilation openings, 450.45 
Walls, roofs,.and floors, 450.42 
Water pipes and accessories, 450.47 

Transmitting stations, radio and television, 
810-111 

Transport refrigerated unit (TRU), 626-IV 
Definition, 626.2 

Travel trailer, see also Park trailers 
Definition, 551.2 

Trees, luminaires (lighting fixtures) 
supported by, 4!0.36(G) 

Truck camper, see also Recreational 
vehicles 

Definition, 551.2 
Truck coupler 

Definition, 626.2 
Truck flanged surface inlet, 626.25(B)(4) 

Definition, 626.2 
Trucks 

Definition, 626.2 
Electrified, parking space equipment, see 

Electrified truck parking space 
equipment 
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Thbing, see also Conduits 
Electrical metallic, see Electrical metallic 

tubing 
Electrical nonmetallic, see Electrical 

nonmetallic tubing 
Flexible metallic, Art. 360 see Flexible 

metallic tubing 
Neon, 600.32, 600.41 see also Skeleton 

tubing 
Definition, 600.2 

Tunnels 
Access, 110.76 
Installations over 1000 volts, nominal, 

110-IV 
Ventilation, 110.57, 110.77, 110.78 

TV, see Radio and television equipment 
Two-fer, 520.69 

Definition, 520.2 

.u. 

Unclassified locations 
Definition, Art. 100 

Underfloor raceways, Art. 390 
Conductors. 

Ampacity, 390.17 
Number in raceway, 390.6 
Size of, 390.5 

Connections to cabinets, wall outlets, 
390.15 

Covering, 390.4 
Dead ends, 390.1 I 
Definition, 390.2 
Discontinued outlets, 390.8 
Inserts, 390.14 
Junction boxes, 390.13 
Laid in straight lines, 390.9 
Markers, 390.10 
Splices and taps, junction boxes, 390.7 
Uses not permitted, 390.3(B) 
Uses permitted, 390.3(A) 

Underground circuits, communication, 
800.47 

Underground enclosures, 110.59 see also 
Manholes; Vaults 

Underground feeder and branch~circuit 
cable (Type UF), Att. 340 

Ampacity, 340.80 
Bending radius, 340.24 
Conductors, 340.104 
Construction specifications, 340-III 
Definition, 340.2 
Equipment grounding conductor, 340.108 
Installation, 340-!1 
Insulation, 340.112 
Listing, 340.6 
Sheath, 340.116 
Support, 340.10(7) 
Uses not permitted, 340.12 
Uses permitted, 340.10 
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Underground installations, see Manholes; 
Tunnels; Vaults 

Underground service conductors, 
300.5(D)(3), Table 310.104(A) 

Definition, Art. 100 
Underground service~entrance cable 

(USE), see Service-entrance 
cable (1\'pes SE and USE) 

Underground wiring, 300.5 see also 
Hazardous (classified) locations 

Aircraft hangars, 513.8 
Ampacities, 310.60(C)(2), 

Fig. 310.60(C)(3), 
Tables 310.60(C)(77) through 
310.60(C)(85) 

Bulk storage plants, 515.8 
Buried conductors, Types USE, UF, 340.10 
CATV coaxial cables, 820.47 
Conductor types in raceways, 310.10(F) 
Dry and damp locations, 310.10(B) 
Earth movement and, 300.5(J) 
Flexible metallic tubing, 360.12(4) 
High density polyethylene conduit, 

353.10(4) 
Intermediate metal conduit, 342.10(B) 

and (C) 
Liquidtight flexible metal conduit, 

350.10(3) 
Liquidtight flexible nonmetallic conduit, 

356.10(4), 356.10(7) 
Minimum cover requirements, 300.5(A) 
Motor fuel dispensing facilities, 514.8 
Optical fiber cables, 770.47 
Over 1000 volts, 300.50 
Protection of, 300.5(D), 300.5(J) 
Raceways, service, 250.84 
Recreational vehicle parks, 551.80 
Reinforcing thermosetting resin conduit, 

355.10(0) 
Rigid metal conduit, 344.10 
Rigid nonmetallic underground conduit, 

Art. 354 
Rigid polyvinyl chloride conduit, 352. IO(G) 
Service cable, 250.84 
Services, 230-ill 
"S" loops, 300.5(J) IN 
Splices and taps, 300.5(E), 300.50(D) 
Swimming pools, 680.11 
Wet locations, 310.10(C) 

Ungrounded, see also Conductors, 
Ungrounded 

DC system, 712.35, 712.55 
Definition, 712.2 

Definition, Art 100 
Separately derived systems, 250.32(C)(2) 

Uninterruptible power supplies (UPS), 
--~ ... 645.11, 700.12(C), 701.12(C), 

708.20(0) 
Definition, Art. 100 

Unit equipment, emergency and standby 
systems, 700.12(F), 701.12(0) 

Unused openings 
Boxes and fittings, 110.12(A) 

Utility~interactive inverters, 200.3 Ex., 
705.30(D) see also Interactive 
inverters 

Defmition, Art. 100 
Energy storage systems, 706.23(B)(3) 
Fuel cell systems, 692.65 
Hybrid systems, 705.80 

Utilization equipment 
Aircraft hangars, portable utilization 

equipment in, 513.10(E)(2) 

Boxes 
Minimum depth of, 314.24 
Outlet, 314.24(B), 314.27(D) 

Branch circuits, permissible loads, 210.23 
Bulk storage plants, 515.7(C) 
Definition, Att. 100 

-V-

Vacuum outlet assemblies, central, 422.15 
Valve actuator motor (VAM) assemblies, 

430.102(A) Ex. 3 
Definition, 430.2 

Vapors, flammable liquid-produced, see 
Hazardous (classified) locations 

Varying duty 
Definition, Art. 100 

Vaults, !10.71, 110.73, 110'V 
Access, 110.76 
Capacitors, 460.2(A) 
Film storage, 530-V 
Service over 1000 volts, I 10.31, 230.212 
Transformers, 230.6(3), 450-III 
Ventilation, 110.77, 110.78 

Vehicles, see Electric vehicles; Recreational 
vehicles 

Ventilated 
Busway enclosures, 368.238 
Cable trays, 392.22 
Definition, Art. 100 

Ventilating ducts, wiring, 300.21, 300.22 
Ventilating piping for motors, etc., 502.128, 

503.128 
Ventilation 

Aircraft hangars, 513.3(D) 
Battery locations, 480.10(A) 
Critical operations power systems, 708.21 
Electric vehicle charging system 

equipment, 625.52, 
Table 625.52(B)(I)(a), 
Table 625.52(B)(I)(b) 

Energy storage systems, 706. IO(A) 
Equipment, general, 110.13(B) 
Garages, commercial, 511.3(C) through (E) 
Manholes, tunnels, and vaults, 110.57, 

110.77, I 10.78 
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Motor fuel dispensing facilities, lubrication 
and service rooms- without 
dispensing, Table 514.3(B)(l), 
Table 514.3(B)(2) 

Motors, 430.14(A), 430.16 
Printing, dipping, and coating processes, 

516.36 
Transformers, 450.9, 450.45 

Vessels, see also Fixed electric heating 
equipment for pipelines and 

vessels 
Definition, 427.2 

Viewing tables, motion picture, 530-IV 

Volatile flammable liquid 
Definition, Art 100 

Voltage and volts 
Branch circuits, limits, 210.6 

Circuit 
Definition, Art. 100 

Drop 
Branch circuits, 210.19(A) IN No.4 
Conductors, 310.15(A)(l) IN No.1 
Sensitive electronic equipment, 647 .4(D) 

Electric discharge lighting, 410-XII, 
410-XIII 

Fuel cell systems, maximum voltage, 
692.10(C) 

Defmition, 692.2 
General provisions, 110.4 

Ground, to 
Definition, Art. 100 

High 
Definition, 490.2 

Less than 50, Art. 720 
Limitations, elevators, dumbwaiters, 

escalators, moving walks, 620.3 
Low, see also Lighting systems, 30 volts or 

less; Low-voltage circuits; Low­
voltage suspended ceiling power 

distribution systems 

Defmition, 551.2 
Fixed electric space-heating equipment, 

424-X 
Marking, 240.83(E) 
Nominal, 712.2, 712.30 

Definition, Art. 100, 480.2, 706.2 
Over 600 volts, see Over 600 volts 
Over 1000 volts, see Over 1000 volts 
Photovoltaic system, 690.7 
Receptacles, voltages between adjacent, 

406.5(J) 
Swimming pool underwater luminaires, 

680.23(A)(4) 
Wind electric systems, maximum, 694.10, 

694.66 
Definition, 694.2 

Wiring methods, 300.2 
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Wading pools 
Definition, 680.2 

Wall cases, 410.59 

-W-

Wall-mounted ovens, see Ovens, wall­
mounted 

Warning signs (labels), at equipment, 
110.21 (B) see also Labels 

required 
Aircraft hangars, 513.7(F), 513.10 
Arc-flash hazard warning, 110.16 
Conduit and cable systems, access point to 

conductions in, 300.45 

Electroplating, 669.7 
Electrostatic hand spraying, 516.10(A)(8) 
Elevators, dumbwaiters, escalators, 

moving walks, platform lifts, 
and stairway chairlifts, 620.3(A), 

620.52(B) 
Emergency systems, 700.7(B) 
Fuel cell systems, 692.\0(C), 692.17, 

692.56 
Guarding of live parts, 110.27(C) 
Induction and dielectric heating, 665.23 
Legally required standby systems, 701.7(B) 
Locked room or enclosure with live parts 

over 600 volts, 110.34(C) 
Locked room or enclosure with live parts 

over 1000 volts, 490.2I(B)(7) 
Ex., 490.2l(C)(2), 490.2l(E), 
490.44(B), 490.53, 490.55 

Marinas, boatyards, and docking facilities, 

555.24 
Optional standby systems, 702.7(B) 
Single-pole separable connectors, 

530.22(A) 
Solar photovoltaic systems, 690.3l(G), 

690.56(C) 
Stand-alone systems, 7!0.15(C) 
Substations, 490.48(B) 
Switchboards or panels, 408.3(F), 

520.53(C) 
Transformers, 450.8(D) 
Utility interactive inverters, 705.12(B)((3) 
Wind electric systems, 694.22(A) 

Watertight 
Definition, Art. 100 

Weatherproof 
Definition, Art. 100 

Welders, electric, Art. 630 
Arc, 630-II 
Resistance, 630-III 
Welding cable, 630· IV 

Wet location 
Auxiliary gutters, 366.6(A)(2) 
Electrical nonmetallic tubing, 362.10(7) 
Flexible metal conduit, 348.12(1) 
Low-voltage lighting, 411.1 
Messenger-supported wiring, 396.10(B)(2) 

Metal-clad cable, 330.10(A) 
Mineral-insulated, metal-sheathed cable, 

332.10(3) 
Power and control tray cable, 336.10(8) 
Underground feeder and branch-circuit 

cable, 340.10(3) 
Wet locations, see also Damp or wet 

locations 
Cablebus, 370.12(C) 
Conductors, types, 3!0.10(C), 

Table 3!0.104(A) 
Control circuits in, 522.28 
Definition, Art. 100 
Electrical metallic tubing, 358.10(C) 
Electric signs and outline lighting, 600.9(D), 

600.21 (C), 600.33(A)(3), 
600.42(G), 600.42(H)(2) 

Enameled equipment, 300.6(A)(l) 
Flat conductor cable, 324.l2(1) 
Ground-fault circuit-interrupters, 

210.8(B)(6) 
Gutters, sheet metal auxiliary, 366.10(A)(2) 
Health care facilities, 517.20 
Intermediate metal conduit, 342.10(D) 

Lampholders in, 410.96 
Luntinaires in, 410.\0(A), 4!0.30(B)(l), 

552.54(C) 
Medium voltage cable, 328.10(1) 
Metal wireways, 376.1 0(3) 
Mounting of equipment, 300.6(D) 
Nonmetallic wireways, 378.10(3) 

Water, natural and artificially made bodies 
of see Natural and artificially ' . 

Raceways 
Above grade locations, installed in, 

300.9 
made bodies of water, electncal 
wiring and equipment for 

Water heaters, 422.ll(F)(3), 422.13 

Controls, 422.47 
Protection, 422.1 I(F)(3) 

Water pipe 
Bonding (metal), 250.104 
Connections, 250.68 
As grounding electrode, 250.52(A)(l), 

250.53(D) 

Exterior surfaces of buildings, on, 

225.22 
Recreational vehicle parks, 551.78(A) 
Reinforcing thermosetting resin conduit, 

355.\0(D) 
Rigid metal conduit, 344.10(D) 
Rigid polyvinyl chloride conduit, 

352.10(D) 
Underground locations as, 300.5(B) 

70-1003 



Wet procedure locations 
Health care facilities, 517.20 

Definition, 517.2 
Wind electric systems, Art. 694 

Circuit requirements, 694-II 
Connection to other sources, 694-VII 
Definitions, 694.2 
Disconnecting means, 694-III 
Grounding, 694-V 
Guy, 694.40(B)(4) 
Installation, 694.7, 694.28, 694.62 
Markings, 694.22(C)(2), 694-VI 
Maximum voltage, 694.10,694.66 

Definition, 694.2 
Overcurrent protection, 694.12(B), 694.15 
Stand-alone systems, 694.12(A)(3), 694.54 
Turbine shutdown, 694.23 
Wiring methods, 694-lV 

Windows, show, see Show windows 
Wind turbines, see also Wind electric 

systems 
Definition, 694.2 

Wired luminaire sections, 410.137(C) 
Wireless power transfer 

Definition, 625.2 
Wireless power transfer equipment 

Definition, 625.2 
Wires, see also Conductors; Cords; Fixture 

wires 
In concrete footings, electrodes, 

250.52(A)(3) 
Definition, 800.2 

Wireways, metal, Art. 376 
Ampacities, 376.22 
Bends, 376.56(B)(3) 
Construction specifications, 376-III 
Dead ends, 376.58 
Definition, 376.2 
Deflected insulated, 376.23(A) 
Extensions, 376.70 
Installation, 376-II 
Insulated conductors, 376.23 
Marking, 376.120 
Number of conductors, 376.22 
Power distribution blocks, 376.56(B) 
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Securing and supporting, 376.30 
Size of conductors, 376.21 
Splices and taps, 376.56 
Uses not pennitted, 376.12 
Uses permitted, 376.10 

Wireways, nonmetallic, Art. 3 78 
Construction specifications, 378-III 
Dead ends, 378.58 
Definition, 378.2 
Deflected insulated, 378.23(A) 
Expansion fittings, 378.44 
Extensions, 378.10(4), 378.70 
Grounding, 378.60 
InstalJation, 378-II 
Insulated conductors, 378.23 
Listing requirements, 378.6 
Marking, 378.120 
Number of conductors, 378.22 
Securing and supporting, 378.30 
Size of conductors, 378.21 
Splices and taps, 378.56 
Uses not permitted, 378.12 
Uses permitted, 378.10 

Wiring integrity, 110.7 
Wiring methods, 110.8, Art. 300 

Ducts, 300.21, 300.22 
Exposed 

Definition, Art. 100 
Open wiring on insulators, 398.15 

Fuel cell systems, 692-IV 
General requirements for, see General 

requirements for wiring methods 
Hazardous (classified) locations, see 

subhead under entries for 
specific hazardous location 
involved 

Health care facilities, 517-IT, 517.3l(C), 
517.61 

Intrinsically safe systems, 504.20 
Manufactured homes, 550.10 
Mobile home parks, 550.10 
Mobile homes, 550.10 
Planning, 90.8 
Temporary, see Temporary installations 
Theaters, 520.5 

TYpes and materials, Chap. 3 
Wind electric systems, 694~ IV 

Within sight from, see In sight from 
Working space, see also Access and working 

space 
About electrical equipment, 110.26, 110.32 

through 110.34, 110.72, 110.73 
Adjacent to live parts (circuits over 1000 

volts), 110.32 through 110.34 
Battery systems, 480.10(C) through (G) 
Energy storage systems, 706.10(C), 

706.10(E) 
Fixed resistance and electrode industrial 

process heating equipment, 
425.8(B) 

Illumination at, 110.26(D), 110.34(D) 
Manholes, 110.72, 110.73 
Modular data centers, 646-IV 
Motion picture projectors, 540.12 
Recreational vehicles site supply 

equipment, 551.77(E) 
Switchboards, 110.26,408.18 
Wind electric systems, 694.7(G) 

Workmanlike installation, 110.12, 720.11, 
725.24, 760.24, 770.24, 800.24, 
820.24, 830.24, 840.24 

-X-

X-ray equipment, 517-V, Art. 660 
Control, 517.74, 660-II 
Definitions, 517.2, 660.2 
Guarding and grounding, 517.78, 660-IV 
Transformers and capacitors, 517.76, 

660-Ill 

-Z-

Zone 0, 1, and 2 locations, see Hazardous 
(classified) locations, Class I, 
Zone 0, 1, and 2locations 

Zone 20, 21, and 22, see Hazardous 
(classified) locations, Zone 20, 
21, and 22 

Zones, information technology equipment 
rooms, 645.10(A)(3) 

Definition, 645.2 
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Sequence of Events for the Standards 
Development Process 

Once the current edition is published, a Standard is opened for 
Public Input. 

Step 1 -Input Stage 
• Input accepted from the public or other committees for 

consideration to develop the First Draft 
• Technical Committee holds First Draft Meeting to revise 

Standard (23 weeks); Technical Committee(s) with Cor­
relating Committee (10 weeks) 

e Technical Committee ballots on First Draft (12 weeks); 
Technical Committee(s) with Correlating Committee 
(11 weeks) 

• Correlating Committee First Draft Meeting (9 weeks) 
e Correlating Committee ballots on First Draft (5 weeks) 
• First Draft Report posted on the document information 

page 

Step 2- Comment Stage 
• Public Comments accepted on First Draft (10 weeks) fol­

lowing posting of First Draft Report 
• If Standard does not receive Public Comments and the 

Technical Committee chooses not to hold a Second Draft 
meeting, the Standard becomes a Consent Standard and 
is sent directly to the Standards Council for issuance (see 
Step 4) or 

• Technical Committee holds Second Draft Meeting 
(21 weeks); Technical Committee(s) with Correlating 
Committee (7 weeks) 

• Technical Committee ballots on Second Draft (11 weeks); 
Technical Committee(s) with Correlating Committee 
(10 weeks) 

• Correlating Committee Second Draft Meeting (9 weeks) 
• Correlating Committee ballots on Second Draft 

(8 weeks) 
• Second Draft Report posted on the document informa­

tion page 

Step 3 - NFPA Technical Meeting 
• Notice oflntent to Make a Motion (NITMAM) accepted 

(5 weeks) following the posting of Second Draft Report 
• NITMAMs are reviewed and valid motions are certified 

by the Motions Committee for presentation at the NFPA 
Technical Meeting 

• NFPA membership meets each June at the NFPA Techni­
cal Meeting to act on Standards with "Certified Amend­
ing Motions" (certified NITMAMs) 

• Committee(s) vote on any successful amendments to the 
Technical Committee Reports made by the NFPA mem­
bership at the NFPA Technical Meeting 

Step 4- Council Appeals and Issuance of Standard 
• Notification of intent to file an appeal to the Standards 

Council on Technical Meeting action must be filed within 
20 days of the NFPA Technical Meeting 

• Standards Council decides, based on all evidence, 
whether to issue the standard or to take other action 

Notes: 

1. Time periods are approximate; refer to published sched­
ules for actual dates. 

2. Annual revision cycle documents with certified amend­
ing motions take approximately 101 weeks to complete. 

3. Fa11 revision cycle documents receiving certified amend­
ing motions take approximately 141 weeks to complete. 

Committee Membership 
Classificationsl-·2

•
3

•
4 

The following classifications apply to Committee members 
and represent their principal interest in the activity of the 
Committee. 

1. M Manufacturer: A representative of a maker or mar­
keter of a product, assembly, or system, or portion 
thereof, that is affected by the standard. 

2. U User: A representative of an entity that is subject to 
the provisions of the standard or that voluntarily 
uses the standard. 

3. IM Installer/Maintainer: A representative of an entity that 
is in the business of installing or maintaining a prod­
uct, assembly, or system affected by the standard. 

4. L Labor: A labor representative or employee concerned 
with safety in the workplace. 

5. RT Applied Research/Testing Laboratory: A representative 
of an independent testing laboratory or indepen­
dent applied research organization that promulgates 
and/ or enforces standards. 

6. E Enforcing Authority: A representative of an agency or 
an organization that promulgates and/ or enforces 
standards. 

7. I Insurance: A representative of an insurance company, 
broker, agent, bureau, or inspection agency. 

8. C Consumer: A person who is or represents the ultimate 
purchaser of a product, system, or sei\Iice affected by 
the standard, but who is not included in (2). 

9. SE Special Expert: A person not representing ( 1) through 
(8) and who has special expertise in the scope of the 
standard or portion thereof. 

NOTE 1: "Standard" connotes code, standard, recom­
mended practice, or guide. 

NOTE 2: A representative includes an employee. 

NOTE 3: While these classifications will be used by the 
Standards Council to achieve a balance for Technical Com­
mittees, the Standards Council may determine that new 
classifications of member or unique interests need repre­
sentation in order to foster the best possible Committee 
deliberations on any project. In this connection, the Stan­
dards Council may make such appointments as it deems 
appropriate in the public interest, such as the classification 
of "Utilities" in the National Electrical Code Committee. 

NOTE 4: Representatives of subsidiaries of any group are 
generally considered to have the same classification as the 
parent organization. 



Submitting Public Input / Public Comment Through the Online Submission System 

Soon after the current edition is published, a Standard is open for Public Input. 

Before accessing the Online Submission System, you must first sign in at www.nfpa.org. Note: You will be asked to 
sign-in or create a free online account with NFPA before using this system: 

a. Click on Sign In at the upper right side of the page. 

b. Under the Codes and Standards heading, click on the "List ofNFPA Codes & Standards," and then select 
your document from the list or use one of the search features. 

OR 

a. Go directly to your specific document information page by typing the convenient shortcut link of 
www.nfpa.org/ document# (Example: NFPA 921 would be www.nfpa.org/921). Sign in at the upper right 
side of the page. 

To begin your Public Input; select the link "The next edition of this standard is now open for Public Input" 
located on the About tab, Current & Prior Editions tab, and the Next Edition tab. Alternatively, the Next Edition 
tab includes a link to Submit Public Input online. 

At this point, the NFPA Standards Development Site will open showing details for the document you have 
selected. This "Document Home" page site includes an explanatory introduction, information on the current 
document phase and closing date, a left-hand navigation panel that includes useful links, a document Table of 
Contents, and icons at the top you can click for Help when using the site. The Help icons and navigation panel 
will be visible except when you are actually in the process of creating a Public Input. 

Once the First Draft Report becomes available there is a Public Comment period during which anyone may 
submit a Public Comment on the First Dra.,ft. Any objections or further related changes to the content of the First 
Draft must be submitted at the Comment stage. 

To submit a Public Comment you may access the online submission system utilizing the same steps as previously 
explained for the submission of Public Input. 

For further information on submitting public input and public comments, go to: http:/ /www.nfpa.org/ 
publicinput. 

Other Resources Available on the Document Information Pages 

About tab: View general document and subject-related information. 

Current & Prior Editions tab: Research current and previous edition information on a Standard. 

Next Edition tab: Follow the committee's progress in the processing of a Standard in its next revision cycle. 

Technical Committee tab: View current committee member rosters or apply to a committee. 

Technical Questions tab: For members and Public Sector Officials/ AHJs to submit questions about codes and 
standards to NFPA staff. Our Technical Questions Service provides a convenient way to receive timely and consis­
tent technical assistance when you need to know more about NFPA codes and standards relevant to your work. 
Responses are provided by NFPA staff on an informal basis. 

Products & Training tab: List ofNFPA's publications and training available for purchase. 



Information on the NFPA Standards Development Process 

I. Applicable Regulations. The primary rules governing the processing ofNFPAstandards (codes, standards, 
recommended practices, and guides) are the NFPA Regulations Governing the Development ofNFPA Standards (Regs). Other 
applicable rules include NFPA Bylaws, NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in 
the NFPA Standards Development Process, and the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of 
the Standards Council. Most of these rules and regulations are contained in the NFPA Standards Directory. For copies of the 
Directory, contact Codes and Standards Administration at NFPA Headquarters; all these documents are also available on 
the NFPA website at "WW\'l.nfpa.org." 

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and 
regulations for a full understanding of this process and for the criteria that govern participation. 

TI. Technical Committee Report. The Technical Committee Report is defined as "the Report of the responsible 
Committee (s), in accordance with the Regulations, in preparation of a new or revised NFPA Standard." The Technical 
Committee Report is in two parts and consists of the First Draft Report and the Second Draft Report. (See Regs at 
Section 1.4.) 

Ill. Step 1: First Draft Report. The First Draft Report is defined as "Part one of the Technical Committee Report, which 
documents the Input Stage." The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee 
and Correlating Committee Statements, Correlating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3.) 
Any objection to an action in the First Draft Report must be raised through the filing of an appropriate Comment for 
consideration in the Second Draft Report or the objection will be considered resolved. [See Regs at 4.3.1 (b).] 

IV. Step 2: Second Draft Report. The Second Draft Report is defined as "Part two of the Technical Committee Report, 
which documents the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with 
corresponding Committee Actions and Committee Statements, Correlating Notes and their respective Committee 
Statements, Committee Comments, Correlating Revisions, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.4.) 
The First Draft Report and the Second Draft Report together constitute the Technical Committee Report. Any outstanding 
objection following the Second Draft Report must be raised through an appropriate Amending Motion at 
the NFPA Technical Meeting or the objection will be considered resolved. [See Regs at 4.4.l(b).] 

V. Step 3a: Action at NFPA Technical Meeting. Following the publication of the Second Draft Report, there is a period 
during which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their 
intention by submitting a Notice of Intent to Make a Motion (NITMAM). (See Regs at 4.5.2.) Standards that receive 
notice of proper Amending Motions (Certified Amending Motions) will be presented for action at the annual June NFPA 
Technical Meeting. At the meeting, the NFPA membership can consider and act on these Certified Amending Motions as 
well as Follow-up Amending Motions, that is, motions that become necessary as a result of a previous successful Amem;ling 
Motion. (See 4.5.3.2 through 4.5.3.6 and Table 1, Columns 1-3 of Regs for a summary of the available Amending Motions 
and who may make them.) Any outstanding objection following action at an NFPA Technical Meeting (and any further 
Technical Committee consideration following successful Amending Motions, see Regs at 4.5.3. 7 through 4.6.5.3) must be 
raised through an appeal to the Standards Council or it will be considered to be resolved. 

VI. Step 3b: Documents Forwarded Directly to the Council. Where no NITMAM is received and certified in accordance 
with the Technical Meeting Convention Rules, the standard is forwarded directly to the Standards Council for action on 
issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5.) 

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters 
related to the development, content, or issuance of any document of the NFPA or on matters within the purview of the 
authority of the Council, as established by the Bylaws and as determined by the Board of Directors. Such appeals must be in 
written form and filed with the Secretary of the Standards Council (see Regs at Section 1.6). Time constraints for filing an 
appeal must be in accordance -with 1.6.2 of the Regs. Objections are deemed to be resolved if not pursued at this level. 

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The 
Council acts on the issuance of a document presented for action at an NFPA Technical Meeting "'Within 75 days from the 
date of the recommendation from the NFPA Technical Meeting, unless this period is extended by the Council (see Regs at 
4.7 .2). For documents forwarded directly to the Standards Council, the Council acts on the issuance of the document at its 
next scheduled meeting, or at such other meeting as the Council may determine (see Regs at 4.5.2.5 and 4.7.4). 

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the 
administration of the codes and standards development process and the issuance of documents. However, where 
extraordinary circumstances requiring the intervention of the Board of Directors exist, the Board of Directors may take· 
any action necessary to fulfill its obligations to preserve the integrity of the codes and standards development process 
and to protect the interests of the NFPA The rules for petitioning the Board of Directors can be found in the Regulations 
Governing Petitions to the Board of Directors from Decisions of the Standards Council and in Section 1. 7 of the Regs. 

X. For More Information. The program for the NFPA Technical Meeting (as well as the NFPA website as information 
becomes available) should be consulted for the date on which each report scheduled for consideration at the meeting will 
be presented. To view the First Draft Report and Second Draft Report as well as information on NFPA rules and for up-to­
date information on schedules and deadlines for processing NFPA documents, check the NFPA website (www.nfpa.org/ 
docinfo) or contact NFPA Codes & Standards Administration at (617) 984-7246. 




