ECET 4520 — Fall 2016 — Exam II References

Table 310.15(B)(16) (Condensed) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000
Volts, 60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable,

Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]
60°C
60°C (140°F) 75°C (167°F) 90°C (194°F) (140°F) 75°C (167°F) 90°C (194°F)

Types TBS, SA, Types TBS, 84,

Types RHW, | RHH, RHW-2, Types RHW, | RHH, RHW-2,

THHW, THY, | THHN, THHW, THHW, THW, | THHN, THHW,

Size AWG or THWN, XHHW,| USE-2, XHH, |Types TW,|THWN, XHHW,| USE-2, XHH,
kemil Types TW, UF USE, ZW XHHW-2, ZW-2 UF USE XHHW-2, ZW.2
COPPER ALUMINUM Size AWG or kemil
14 15 20 7 — — — -
12%% 20 15 30 15 20 25 2%
10+ 30 35 40 25 30 35 10#%

8 40 50 55 35 40 45 8
6 55 65 73 40 50 55 6
4 70 85 95 55 65 75 4
3 85 100 115 65 75 85 3
2 95 115 130 75 90 100 2
1 110 130 145 85 00 115 1
1/0 125 150 170 100 120 135 10
20 145 175 195 115 135 150 2/0
3/0 165 200 225 130 155 175 3/0
440 195 230 260 150 180 205 40
230 215 255 290 170 205 230 250
300 240 285 320 195 230 260 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500
600 350 420 475 285 340 383 600
700 385 460 520 315 375 425 700
750 400 475 535 320 385 435 750
800 410 490 555 330 395 445 500
900 435 520 585 355 425 480 900
1000 455 545 613 375 445 500 1000
1250 493 590 663 405 485 545 1250
1500 525 625 705 435 520 385 1500
1750 545 650 735 455 545 615 1750
2000 355 665 750 470 560 630 2000

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
#*Refer to 240.4(D} for conductor overcurrent protection limitaiions.

Table 310.15(BX2)(a) Ambient Temperature Correction
Factors Based on 30°C (86°F)

For ambient temperatures other than 30°C (86°F), multiply the
allowable ampacities specified in the ampacity tables by the
appropriate correction factor shown below.

Table 310.15(B)(3)(a) Adjustment Factors for More Than

Ambient Temperature Rating of Conductor Ambient  Three Current-Carrying Conductors
Temperature Temperature )
°'C 60°C 75°C 920°C °F " S
L) & Percent of Values in Table
10 or less 1.29 1.20 1.15 50 or less 310.15(B)(16) through Table
. - 18 _ S5 310.15(13)(19) as Adjusted for
o - ’ : - Number of Ambient Temperature if
16-20 .15 111 1.08 60-68 Conductors' Necessary
21-25 1.08 1.05 1.04 69-77 4-6 80
7-9 70
26-30 1.00 1.00 1.00 78-86 10-20 50
31-35 0.91 0.94 0.96 §7-95 21-30 45
31-40 40
36-40 0.82 0.88 091 96104 41 and above 35
41-45 71 0,82 : 105- . : . .
? i 04 s Vachis "Number of conductors is the total number of conductors in the race-
46-50 0.58 0.75 0.82 14-122  way or cable, including spare conductors. The count shall be adjusted
in accordance with 310.15(B)5) and (6). The count shall not include
51-55 0.41 0.67 0.76 123-131 ;
conductors that are connected (o electrical components but that cannot
56-60 — 0.58 0.71 1322140 be simultancously energized.



240.6 (A) Standard Ampere Ratings for Circuit Breakers:

15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 150, 175, 200,
225, 250, 300, 350, 400, 450, 500, 600, 700, 800, 1000, 1200, 1600, 2000,
2500, 3000, 4000, 5000, and 6000 amperes.

Table 220.12 General Lighting Loads by Occupancy

Unit Load
Volt-Amperes  Volt-Amperes
per Square per Square
Type of Occupancy Meter Foot

Armories and auditoriums 11 |
Banks 39° "
Barber shops and beauty 33 3

parlors
Churches 11 |
Clubs 22 2
Court rooms 22 2
Dwelling wnits” Kk 3
Garages — commercial ] L4

(storage)
Hospitals 22 2
Hotels and motels, including 22 2

apariment houses without

provision for cooking by

tenants®
Industrial commercial (loft) 22 2

buildings
Lodge rooms 17 1445
Office buildings 39" 3t
Restaurants 22 2
Schools 33 3
Stores a3 3
Warchouses (storage) 3 4
In any of the preceding

occupancies except

one-family dwellings and

individual dwelling units of

two-family and multifamily

dwellings:

Assembly halls and 11 |

auditoriums

Halls, corridors, closets, ] e

stairways

Storage spaces 3 L4

Table 210.24 Summary of Branch-Circuit Requirements

Table 220.42 Lighting Load Demand Factors

Portion of Lighting
Load to Which
Demand Factor

Type of Applies Demand Factor
Occupancy (Volt-Amperes) (%)
Dwelling units First 3000 or less at 100
From 3001 to
120,000 at 35
Remainder over
120,000 at 25
Hospitals™ First 50,000 or less at 40
Remainder over
50,000 at 20
Hotels and motels,  First 20,000 or less at 50
including From 20,001 to
apartment houses 100,000 at 40
without provision .
for cooking by Remamder over
tenants® 100,000 at 30
Warehouses First 12,500 or less at 100
(storage) Remainder over
12,500 at 50
All others Total volt-amperes 100

“The demand factors of this table shall not apply to the calculated load
of feeders or services supplying areas in hospitals, hotels, and motels
where the entire lighting is likely to be used at one time, as in oper-
ating rooms, ballrooms, or dining rooms.

Circuit Rating 15A 20 A 30A 40 A 50 A
Conductors (min. size):
Circuit wires' 14 12 10 8 6
Taps 14 14 14 12 12
Fixture wires and cords
— see 240.5
Overcurrent i
Protection 15A 20A 30 A 40 A S50 A
Outlet devices:
Lampholders Any type Any type Heavy duty Heavy duty Heavy duty
permitted
Receptacle rating” 15 max. A 150r 20 A 30A 40 ar 50 A 50 A
Maximum Load 15A 20A 30 A 40 A 50 A

Permissible load

See 210.23(A)

See 210.23(A)

See 210.23(B)

See 210.23(C)

See 210.23(C)

"These gauges are for copper conductors.
For receptacle rating of cord-connected electric-discharge luminaires, see 410.62(C).



Table 8 Conductor Properties

Conductors Dhirect-Current Resistance at 75°C (167°F)
Stranding Owverall Copper
Size Area Diameter Diameter Area Uncoated Coated Aluminum
(AWG ————————
or Circular ohm/  ohm' ohm!  ohm/ ohm/ ohm/'
kemily mm®  mils Quantity mm i mm  in. mm®  in? km kFT km kFT km kFT
14 208 4110 | — — 163 064 208 0003 10 3.07 104 319 6.6 506
14 208 4110 7 062 0024 1.85 0073 268 0004 103 3.14 107 326 160 517
12 331 6530 | - —_ 206 0081 33 00 634 1.93 637 201 1045 318
12 331 6530 7 078  0.030 232 009z 425 0006 &30 | .98 673 205 1069 325
10 5261 10380 | — — 2588 0102 52 0008 3084 1.21 4148 26 6561 200
10 5261 10380 7 0938 0038 205 06 676 0011 4070 M 4226 29 6670 2
B B34T 16510 | — — 3264 0128 BAT 0013 2506 0764 1570 0.7EG 4125 126
B B34T 16510 7 1.23 0049 370 0046 1076 0T 2551 0778 1653 0800 4204 128
6 1330 26240 7 1.56 0.06] 4467 0184 1708 0027 L60E 0491 LT 0510 2632 0.B0E
4 2115 41740 7 196 0077 389 0232 2719 02 1010 0308 1053 0321 1666 D308
3 2667 52620 7 2 0087 G0 0260 3428 0053 0802 245 (L833 254 1320 D403
T 3362 66360 7 247 0097 742 029 4323 0067 0634 0194 6] 20l 145 D319
I 4241 B3890 19 160 0066 543 0332 3580 O0OET 0505 0154 0324 0.1a0 0820 0233
1A 5340 105600 19 1.EO 0074 045 0372  T041 0109 0399 0122 0415 0127 0ae0 0201
20 6743 133100 19 213 0084 1062 0418 EET4 0137 03ITO 00957 0,320 0101 0523 0150
30 B5.01 16TBOD 19 230 0004 1104 0470 1ILO 073 02512 00766 02610 00707 04132 0124
40 1072 211600 19 268 0106 1341 0328 14101 0219 009s 00608 02050 00626 0.32 010
250 127 37 209 0082 1461 0375 168 0260 01687 00515 01733 0.0535 02778 00847
3152 — 37 220 0090 600 0630 201 0312 00409 00429 01463 00446 02318 00707
3300 37 247 0097 1730 eRL 0 235 0364 00205 00367 01252 00382 01984 0L0E05
400 203 7 264 00104 1849 O0TIE 26E 0416 01053 0.032] 01084 00331 01737 00520
300 253 — 7 205 0116 20065 0813 336 0310 00845 00238 0.OE6Y 00265 01391 00424
G0 304 — 61 252 0009 2268 0893 404 0626 00704 00214 00732 00223 01159 00353
700 335 — 6l 272 0107 2449 0064 471 0730 00e03 00184 00622 00189 00904 00303
750 380 — 6l 2E2 Q111 25335 0008 505 0782 00563 00171 00579 00176 00927 00282
300 405 — 6l 201 0114 2606 1030 538 0834 00528 00161 00544 00166 00868 00265
0 436 — 6l g 0122 279 14 606 0940 00470 00143 048] 00147 L0770 00235
LX) 307 — 6l 325 0128 2026 1152 673 1042 00423 00129 00434 00132 095 00212
1230 633 — a1 298 0117 3274 1289 842 1.305 00338 00103 00347 00106 00354 00160
L300 780 — a1 3 0128 3586 1412 1001 1566 (Q02E14 000838 002814 000883 0Msd 00141
17530 BT — 127 208 0117 3876 1526 1180 1820 002410 000735 002410 000736 00397 00121
200013 — 127 319 0126 4145 1632 1349 2002 002109 0.00643 0021089 000662 00348 00106
Notes:

|. These resistance valves are valid only for the parameters a5 given. Using conductors having coated strands,
different stranding tvpe, and. especially. other temperatures changes the resistance.
2. Formula for temperature change: R: = B, [| + @ (T; — 75} where o, = 000323, o, = 0.00330 at 75°C.



Table & Alternating-Current Resistance and Reactance for 604-Volt Cables, 3Phase, 60 Hz,
75°C (167°F) — Three Single Conduoctors in Conduit

Ohms o Neurral per Kilometer

Ohms wo Neurral per 1000 Feet

X; (Reactance) for

Uncoated

Alternating-Current
Resistance for

Alternating-Current
Resistance for

Effective £ at 0.85 PF
for Unma_lzd Copper

Effective £ at 0,85 PF
for .il!uniunm

All Wires Copper Wires Alominum Wires ‘Wires Wires Size
Size PYC, AWG
(AWG |Aluminum| Steel | PYC |Aluminum| Steel | PYC JAlominum| Steel | PYC JAlominum| Steel | PYC JAluminum| Steel or
or kemil)| Conduits |Conduit|Conduit] Conduit [Conduit|Conduit]| Conduit (Conduit|Conduit| Conduit [Conduit|Conduit] Conduit (Conduit| kemily
14 0.190 | 0240 | 102 10.2 10.2 — — — 89 89 89 — 14
0058 | 0.073 | 31 a1 31 — - — 2.1 27 27 i — i
12 0177 | 0223 | A6 6.6 6.6 105 105 105 56 56 56 02 0.2 9.2 12
0.054 | 0068 | 2.0 20 20 32 32 32 1.7 1.7 1.7 28 28 218
1] 0164 | 0207 [ 39 30 30 6.6 6.6 b 36 36 16 59 39 59 1]
0050 | 0063 | 12 1.2 12 20 20 20 1.1 1.1 1.1 1.8 1.3 1.8
2 0.171 0213 | 256 256 256 | 43 43 43 21326 236 230 | 36 16 36 8
0.052 | 0065 | 078 0.78 0.78 13 1.3 13 0.69 0.69 0.70 1.1 1.1 1.1
& 0.167 | 0210 | L6l 1.61 1.61 266 2.66 266 | 144 1 48 148 | 233 234 236 &
0.051 D0e4 | 049 049 049 02l 0.8l 0El | 044 0.45 45 | 0.71 0.72 072
B 0157 ] 0197 | 102 1.02 1.02 1.67 1.67 167 | 095 0.95 0.98 1.51 1.51 1.51 -
0048 | 0060 | 03] .31 031 03l 0.5l 051 | 0.X 0.29 030 | 04s .46 .46
3 0154 | 0094 | 082 0.82 082 1.31 1.35 131 | 0.75 0.79 0.79 1.21 1.21 1.21 3
0.047 | 0059 | 025 025 025 040 041 040 | 023 0.24 024 | 037 0.37 0.37
2 0148 | 0187 | 062 .66 066 1.05 1.05 105 | 062 0.62 066 | 098 .98 0.98 2
0045 ] 0057 | 019 0.20 020 | 032 032 032 | 0.19 0.19 020 | 030 0.30 0.30
1 0.151 0187 | 0.49 0.52 052 032 (.83 082 | 052 052 052 | D70 0.79 082 1
0046 | 0057 | 015 0.1& 016 | 025 0.2& 0325 | 0.6 0.16 016 | 0.24 0.24 0.15
1o 0144 | 0180 | 039 043 039 066 0.69 066 | 043 .43 043 | 062 .66 .66 110
0044 | 0035 | 012 013 0.12 0.20 0.21 020 | 0.13 0.13 013 | 019 0.20 0.20
0 0.141 0177 | 033 0.33 033 (.52 0.52 052 | 036 0.36 036 | 052 0.52 052 X0
0043 ] 0034 | 010 0.1 010 | 06 016 016 | 011 .11 011 .16 0.1& 0.16
0 0138 | 0171 | 0253 0280 | 0259 043 043 043 | 0280 | 0302 | 0.308 | 0.43 0.43 0.46 30
0042 | 0052 | 0077]| 0082 | 0079 013 0.13 013 | 0088 | 0092 | 0.4 | 013 0.13 0.14
40 0135 | 0167 | 0.203| 0220 | 0207| 033 036 033 [ 0243 | 03256 | 0262 | 036 0.36 036 40
0.041 0051 | 0062) 0067 | 0063 ( 010 011 010 | 0074 | 0078 | OUEC | 0.11 .11 .11
250 0.135 | 0171 | 0171 0.187 | 0I177| 0279| 0295 | 0282 0217 | 0230 | 0.240 | 0.308 0322 | 033 250
0.041 0052 | 0052 0057 | 0054 ( 0085] 0000 | 0086 0066 | 0070 | 0073 | 0.004 0098 | 010
300 0135 0067 | 0144] 0dsl | 0148 0233 0249 | 0236 0.194 | 0207 | 0.213 260 0.282 | 0.289 | 300
0041 0051 | 0044 | 049 | 0045 [ 0071 0076 | 0072( 0050 | 0063 | 0065 | 0.082 0.086 | 0088
150 0.131 Ol&d | 0125] 0041 | 0128 0200] O©217 | 0207 0174 | 0190 | 0.197 | 0.240 | 0253 262 | 350
0040 | 0030 | 0038 0043 | 0039 0061 0066 | 0063 ) 0053 | 0058 [ 0.060 | 0.073 0077 | 0.080
400 0.131 016l | OI0B) 0125 | Q115 ©I77] ©I94 | 0180 | 0.6l 0174 | 0.184 | 0217 0.233 | 0240 | 400
0040 | 0049 | 0033| 0038 | 0035 0054] 0039 | 0035 | 0040 | 0053 | 0056 | 0066 | 0071 0.073
500 0128 | 0157 | 0089 | 0105 | 0095 | 0.141 0157 | 0148 | 0.141 0.157 | 0164 | 0187 0.200 | 0210 500
0039 | 0048 | 0027 | 0032 | 0029 | 0043 | OUME | D45 | 0043 | 043 | 0030 [ 00057 006l .04
G0 0128 | 0157 | 0075 | 0092 | 0082 | 0118 | 0135 | 01325 | 0131 0.144 | 0154 | 0.167 0180 | 0190 00
0039 | 0048 | 0.023 | 0028 | 0025 | 0036 | 0.1 0038 | 0040 | 0044 | 0047 | 0051 0055 | 0058
750 0125 | 0157 | 0062 | 0079 | 0069 | 0095 | 0112 | 0102 | 0118 | 0.131 0141 | 0148 0161 0171 750
0038 | 0048 | 0019 | 0024 | 0021 | 0020 | 0034 | 0031 | 0036 | 04D | 0043 [ 0045 0049 [ D052
10K 0.121 0151 | 0049 | 0062 | 0039 | 0075 | 0089 | 0082 | 0005 | 0.118 0.131 | 0.128 0138 | 0151 | 1000
0037 | 0046 | 0015 | 0019 | GOIE | 0023 | 0027 | 0025 | 0032 | 0036 | 0040 [ 0.039 042 | D044
Motes: 1. ... These resistance values are valid only at 75°C (167°F) and for the parameters as given, but are

representative for 800-voll wire types operating at 60 Hz.

+ X, sin[arccos(PF)].

. Effective Z is defined as R cos(8) + X sin(8), where 8 is the power factor angle of the circuit. Multiplying
current by effective impedance gives a good approximation for line-to-neutral voltage drop. Effective im-
pedance values shown in this table are valid only at 0.85 power factor. For another circuit power factor (PF),
effective impedance (Z¢) can be calculated from R and X, values given in this table as follows: Ze = B x PF



'C" Values for Conductors and Busway

Table 6. * C” Values for Conductors and Busway

Copper
AWG Three Single Conductors Three-Conductor Cable
or Conduit Conduit
kemil  Steel Honrmagnetic Steel Honmagnetic
SO0V SHW 15KV Ll SHV 15KV B0 SHV 15KV [ i) SHWV

14 389 389 38 389 389 380 360 389 ] 369 369
12 B17 §17 617 B17 617 617 617 617 B17 617 617

0 g1 a1 981 Ba1 a1 281 881 881 g1 a1 881
8 1857 1551 1557 1558 1555 1558 1559 1557 1558 1559 1558
[ 2425 2406 2380 2430 2417 2406 2431 2424 2414 2433 2428
4 3806 3750 3885 3825 3789 3752 3830 3811 3778 3837 3023
3 4760 4760 4TED 4802 4802 4802 4760 4780 A7TE0 4802 4802
2 5206 L736 EET4 6044 5026 5800 50B3 5023 5827 6087 6022
1 7292 7029 E7T5H 7493 7306 7108 7454 7364 7188 7573 7507
10 B224 B8543 7973 037 2033 2580 2209 8086 7oy [dT2 [arz
20 10755 10061 9380 11423 10877 10318 11244 11045 10500 11708 11528
30 12843 11804 11021 13923 13048 12360 13656 13333 12613 14410 14118
410 15082 13605 12542 16673 15351 14347 16331 15820 14813 17482 17019
250 16483 14024 13643 18593 17120 15865 18310 17850 16465 19779 18352
300 18176 16282 14768 20867 18975 17408 20617 20051 18318 23524 21838
350 19703 17385 15678 22736 20526 18672 19557 21914 19821 22736 24126
400 20665 18235 16365 24296 21786 19731 24753 23371 21042 26815 26044
500 22185 1172 17482 26706 23277 21328 26080 25449 23125 30028 28712
600 22965 20567 47962 28033 25203 22087 28752 27874 24896 32236 31258
750 241386 21386 18888 28303 25430 22600 31080 30024 26032 3240 31338
1000 35278 22539 19923 31490 28083 24887 33864 32688 20320 37187 35748

Table 1.2. Impedance Data for Three Phase Transformers

Kva R %X T ¥R
3.0 3.7600 1.0000 38907 0265
6.0 2.7200 1.7200 32182 0632
a0 2.3100 1.1600 2.5849 0.502
15.0 2.1000 1.8200 2.7789 0.BE7
30.0 0.8876 1.3312 1.6000 15
45.0 0.84.20 1.4145 1.7000 15
75.0 0.8876 1.3312 1.6000 15
1125 05547 08321 1.0000 15
150.0 06857 0.9885 12000 15
2250 06857 0.9385 1.2000 15
3000 06857 0.9885 12000 15
S00.0 0.7211 1.0816 1.2000 15
7500 06317 3.4435 35000 5.45
1000.0 0.E048 24474 3.5000 570
1500.0 05817 3.4546 35000 6.15
2000.0 0.7457 4.2441 5.0000 E.63
2500.0 0.7457 4.9441 50000 6.63

Mode: UL Listed transformers 26KVA and greater have a +10% tolerance on
their nameplate impedance.



Short-Circuit Current Calculation

The Point-to-Point Method (PtP)
Transformer connected to Infinite Bus

s

rated |

Tpas) = T
NV line
100%
Mudtiplier = — i
%z

]SC'-t(Se('n =1y yisee) - Multiplier

Short-Circuit Current Calculation

The Point-to-Point Method (PtP)

Conductor with known Iy, at “service end”

I[E el I, , , is the available SC current at the service-end of the feeder,
_ N L-L-L L is the length of the feeder,
c-n- V ¢ Is the ft/$2 value for the conductors (see lookup table*), and
line

1 is the number of parallel conductors in cach phase.

* - Cooper Bussmann Bulletin EDP-1, “A Simple

] Approach to Short Circuit Caleulations.” pg. 27
.‘f = Table 6 — “C™ Values for Conductors and Busway
1+ f

15c.4(.r:r':1 = ]sc.m:u M

Short-Circuit Current Calculation

The Point-to-Point Method (PtP)
Transformer with Limited Primary SC Current

'\";3 il SCA( pri) i V,‘Jn "Nz
100,000 kV4

/=
el
1+ f

J '{J!‘l

Tseaay = Lscapn M -

sec




