D = (6.78 x P x H’)/ (Exd,’ x dy) Equation-9.4

D = Deflection in inches

P = Load in pounds

H = Height of pole from ground line to the point where the load is applied
E = Modulus of Elasticity

d, = Diameter of pole at ground level line

d; = Diameter of pole at the point where load is applied

Where;

Table- 9.12
Deflection of SYP Pole for 150 feet span
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1 2 3 4 5 6 7 8 9 10 11 12 13
R-43; 35'-N6 2241 98 10171 11402 12412 | 136435 | 12344 | 46564 | 31988 | 52133 | 314 | 11645 | 12.34
R-44: 35'-N5 24595 10171 11402 12630 | 13861.1 11.030 | 46737 | 32428 | 52306 | 318 | 86121 | 9,089
R-43; 40'-N5 3587.7 12406 13916 | 13994 | 175036 | 12210 | 472.88 | 40587 | 52857 | 397 | 11362 | 11.92
R-46; 40'-N4 3771.7 12406 13916 16178 | 17687.6 | 14.053 | 473.79 | 40976 | 52948 | 401 | 10786 | 11.29
R-47: 45'-N4 4913 6 14419 16179 19332 | 210924 | 18744 | 47798 | 48535 | 53367 | 474 | 16254 | 1693
R-48; 50'-N4 6226.6 16431 18442 | 22658 | 246684 | 23948 | 48233 | 56370 | 53802 | 550 | 23.164 | 24.03
R- ;55-N3 8343.0 18443 20705 | 26786 | 29047.6 | 27.103 | 48998 | 656.02 | 54567 | 639 | 24902 | 2560
R-49; 60'-N2 10890 20456 22968 | 31346 | 338579 | 30481 | 49837 | 75477 | 554.06 | 733 | 26.879 | 2741
35'-N4 2677.0 10171 11402 12847 | 140786 | 10.023 | 469.10 | 32865 | 52479 | 322 | 6.5427 | 6.879
35'-N3 2896.1 10171 11402 13067 14297.7 9.166 470.85 | 333.01 626,54 | 326 5.066 5.307
40'-N3 4070.6 12406 13916 16477 | 17986.5 | 13.055 | 47581 | 41555 | 531.50 | 406 | 8.5106 | 8.872
40'-N2 4369.6 12406 13916 | 16776 | 182855 | 12,188 | 477.84 | 42129 | 53353 | 411 | 68364 | 7.101
45'-N3 5327.7 14419 16179 19746 | 21506.5 16.85 | 48054 | 493.10 | 53623 | 481 12487 | 1296
45'-N2 5708.7 14419 16179 | 20127 | 218875 | 15907 | 48282 | 50025 | 53851 | 488 | 10171 | 1051
50'-N3 6740.0 16431 18442 | 23171 | 251817 | 21.763 | 485.17 | 573.10 | 54086 | 559 | 18.042 | 1863
50'-N2 72533 16431 18442 | 23684 | 256950 | 19.931 | 488.01 | 48239 | 54370 | 567 1434 | 1475
55'-N2 8988.6 18443 20705 | 27412 | 296733 | 24991 | 49311 | 667.08 | 54880 | 649 | 19977 | 2046
60'-N2 10890 20456 22968 | 31346 | 33857.9 | 30481 | 49837 | 75477 | 554.06 | 733 | 26879 | 2741

Table- 9.13
Deflection of SYP Pole for 200 feet span
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R-43; 35'-N6 2241 98 13302 14943 15544 17185 12344 | 603,00 | 30933 | 677.25 | 305 | 13637 | 1461
R-44; 35'-N35 2459.5 13302 14943 | 25762 17403 11.030 | 60473 | 31276 | 67898 | 308 | 99976 | 1068
R-45; 40'-N35 35877 16225 18237 | 19812 21825 12210 | 61024 | 389.60 | 68449 | 283 | 12969 | 13.78
R-46; 40'-N4 37717 16225 18237 19996 22009 14053 | 611.15 | 39264 | 68540 | 385 | 12241 | 1298
R-47; 45'-N4 49136 18855 21202 | 23769 26116 18.744 | 61534 | 463.53 | 68959 | 454 | 18228 | 19.25
R-48; 50'-N4 62266 21486 24167 | 27712 30393 23948 | 619.69 | 53663 | 69394 | 526 | 25676 | 27.01
R- ;55'-N3 8343.0 24116 27131 32459 35474 | 27.103 | 627.34 | 62089 | 701.59 | 607 | 27.03 | 2821
R-49: 6('-N2 10890 26747 30096 | 37637 40986 30481 | 63573 | 71043 | 70998 | 693 | 28593 | 2961
35'-N4 2677.0 13302 14943 15979 17620 10.023 | 60646 | 31618 | 680.71 | 311 | 7.5316 | 802
35'-N3 2896, 13302 14943 16198 17840 9166 | 60821 | 31959 | 68246 | 314 | 57841 | 6.14
40'-N3 4070.6 16225 18237 | 20295 22308 13.055 | 613.17 | 397.19 | 68742 | 389 | 9.5768 | 10.12
40'-N2 4369 6 16225 18237 | 20594 22607 12.188 | 61520 | 401.71 | 78945 | 393 | 7.6303 | 8036
45'-N3 5327.7 18855 21202 | 24183 26530 16.845 | 61790 | 46955 | 692.15 | 460 | 13.872 | 14.60
45'-N2 5708.7 18855 21202 | 24564 26911 15907 | 62018 | 47529 | 69443 | 465 | 11.205 | 11.75
50'-N3 6739.96 21486 24167 | 28226 30907 21763 | 62253 | 54408 | 69678 | 532 | 19.808 | 20.76
50'-N2 725328 21486 24167 | 28739 31420 19.931 | 62537 | 55146 | 69962 | 539 | 15602 | 1629
55'-N2 8968.64 24116 27131 33085 36100 24991 | 63047 | 62972 | 70472 | 615 | 21486 | 2234
60'-N2 10890.4 26747 30096 | 37637 40986 30481 | 63573 | 71043 | 70998 | 693 | 28593 | 2961

Each cell of column-7 is higher than column-12 or column-13 for 150 ft. span i.e. Grosbeak or
Mallard is okay for 150 ft span. For 200 ft. span R=43 is not suitable for Mallard. All other
pole are okay for both Grosbeak & Mallard conductor as regard for deflection which is within

the tolerable range.

10. Angle Structure or Angle Pole
When survey is conducted to select the route for construction of distribution or transmission

line, for various reason the line route is not straight and line angle is required. When there is
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line angle the horizontal tension of the conductor of both side of the pole are not in line, thus
not balance by themselves and make a resultant pull inward of the angle. It then forms the case
of cantilever beam and tends to deflect or break the pole. This may also be happened due to
deadends, long spans, slack spans, changing of conductors or changing of ruling spans. Guys

and anchors are generally used to take the pull of the conductor.

For angles between 10 and 45 degrees, bisector guys are generally used. Above 45 degrees and
for double deadends head & back guys are used. For large angle structures, the transverse load

due to conductor’s tension is a heavy permanent load, so, head & back guys will be more

effective.

Guys and anchors are used at deadends, angle, long spans where pole strength is exceeded or
unbalanced conductor tension condition e.g. for changing of ruling span or slack span and

where the soil condition is not good.

To determine the resultant conductor tension at the point of conductor attachment due to line
angle and wind loading, the resultant conductor tension for each conductor at the point of
conductor attachment due to line angle and wind load on each conductor are to be calculated.
So the total tension due to line angle and due to wind for each conductor can be calculated by

the equation given below-
R = (2T(Sin(0/2)) F. + W (Cos(@/2))F((Si +S2)/2) Equation- 10.1

Where: R = Resultant tension of each conductor due to angle at the point of conductor
attachment in
T = Maximum design tension on each conductor in Ins.

© = Line angle.
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T

W, = Wind loading on conductor in Ibs/fr*
S; = Back span in ft.

S, = Forward span in ft.

F. = OCF for conductor tension.

F., = OCF for wind load.

The tension of each conductor is to be balanced or overcome by installing guy. To determine
the pull on the guy wire, the horizontal pull on the guy is to be determined which can be
calculated by taking moment about ground line. Following equation is used to determine the

horizontal pull on guy attachment-
Pou= ((RaxHy + RpgxHg + RexHe + RocxHog)/Hga) Equation- 10.2

Where: Pgy = Horizontal pull on guy attachment due to line angle and wind load for all
conductor and OHGW
Ha = Height from ground line to the attached point of conductor A at pole
Hg = Height from ground line to the attached point of conductor B at pole
He = Height from ground line to the attached point of conductor C at pole
Hog = Height from ground line to the attached point of OHGW at pole
Hga = Height from ground line to the attached point at pole

Wind load on pole may also act along the direction of the resultant tension of conductor. The
resultant wind load at pole and the point of acting the wind load may have from Table- 9.1A or
9.1B Column- 8 & 9 for SPC pole and Table- 9.8 column-9 for SYP pole. This will be found

by the following equation-

Pwp = (Mp*xFw)/Hga) Equation-10.3
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Where: Pwp = Total wind load on pole as shown in Table-9.3 Column-5 for SPC pole and
Table-9.8 Column-6 for SYP pole.

Mp = Total moment on pole due to wind loading in ft-Ibs

Now the total resultant tension at guy attachment, Py is the summation of Pgy and Pwp . That

& Py = Prig Pup Equation- 10.4

Py = Total resultant tension at the guy attachment. This is the horizontal component of

guy tension.

Other symbols are mentioned earlier.
The tension Py is the Cos component of the guy wire tension, so the guy wire tension will be

Pt = Pry/ Sin@ Equation- 10.5

Where: Prg = The guy wire tension along the guy wire

© = Angle between the guy wire and the pole

From the equation 9.6 it is clear that the magnitude and direction of “R” varies with “@”. The

different Sine & Cosine value of @/2 are furnished below-

T.G.ht:uk 7056 Wea beak 0.7425 Fe 1.15 Siso 150

Tmaiarg | 10752 W cMallard 0.855 Fw 2 S200 200
Towss 3780 Weowars 0.270 FTgwie 5075 WTcowriie 0.33
Table 10.1

Line Angle in Degrees

Angle @ [ 10° T15° [20° [25° [30° [35° [40° [45° [50° [55° |60° |DE |
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Sign(@/2) | 0.087 | 0.13 | 0.174 | 0.2162 | 0.2588 | 0.301 | 0.342 | 0.383 | 0.423 | 0.46 0.500 | 1.00
Cos(©/2) | 0.996 | 0.99 | 0.985 | 0.9764 | 0.9659 | 0.954 | 0.940 | 0.924 | 0.906 | 0.89 0.866 | 0.00
Rowseiso | 838.4 | 1215 | 1589 | 1958.3 | 2328.4 | 2692 | 3050 | 3401.9 | 3747.7 | 4086 | 4417 | 4347
R xwiso 1636 | 2339 | 3037 | 37253 | 4415.5 | 5092 | 5760 | 6416.2 | 7060.5 | 7691 8307 | 8114
Rumaitard-1s0 | 2411 | 3482 | 4547 | 5595.7 | 6648.3 | 7681 | 8699 | 9700.5 | 10684 | 11646 | 12587 | 12365
Rowrngasa | 1115 | 1621 | 2123 | 2618.6 | 3115.6 | 3603 | 4084 | 4557.3 | 5021.7 | 5477 | 3921 | 5836
Rowimaoo | 865.3 | 1242 | 1616 | 1984.7 | 2354.5 | 2717 | 3075 | 3426.8 | 3772.1 [ 4110 | 4441 | 4347
Rak 200 1710 | 2413 | 3111 | 3797.8 | 4487.2 | 5163 | 5830 | 6484.8 | 7127.8 | 7757 | 8372 | 8114
Rumiara.200 | 2796 | 3567 | 4631 | 5679.2 | 6730.9 | 7762 | 8779 | 9779.5 | 10761 | 11722 | 12661 | 12365
Rowzineoon | 1147 | 1653 | 2155 | 26504 | 3147.1 | 3634 | 4115 | 4587.4 | 5051.3 | 5506 | 5949 | 5836

Horizontal pull Pgy at guy attachment due to line angle and wind load for all conductor and
OHWG are to be calculated. To find this, the height of different phases and OHGW for
different pole from ground line are to be determined. Here guy attachment position of
Grosbeak conductor at 10” is determined. This will vary for different angle as well as for

different conductor.

Table- 10.2.
Guy Attachment Location

[tem No. & Pole Design With OHGW Without OHGW
Pole Size Height | Setting (From GL) (From GL)
L in depth
feet To To ToY & To guy ToR | ToY | Toguy
OHGW | Phase | B Phase | Attachme | Phase | & B | Attach
nt Phase Phase ment
Phase
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1 2 3 4 5 6 7 8 9 10
R-43; 35'-N6 35 6.0 28.5 25.44 20.44 23 28.5 23.50 22
R-44; 35'-N5 35 6.0 28.5 2544 20,44 23 285 23.50 22
R-45; 40'-N3 40 6.0 335 30,44 2544 28 335 28.50 27
R-46; 40'-N4 40 6.0 335 30.44 2544 28 335 28.50 27
R-47; 45'-N4 45 6.5 380 34.94 29.94 32 38.0 33.00 31
R-48; 50'-N4 30 7.0 42.5 39 44 34.44 36 42.5 37.50 35
R- ;55'-N3 55 75 47.0 43.94 38.94 40 47.0 42,00 39
R-49; 60'-N2 60 8.0 51.5 4844 4344 44 515 46,50 43
35'-N4 35 6.0 285 2544 20.44 23 28.5 23.50 22
35'-N3 35 6.0 285 25.44 2044 23 28.5 23.50 22
40'-N3 40 6.0 335 30,44 25.44 28 335 28.50 27
40'-N2 40 6.0 335 30.44 25.44 27 33,5 28.50 27
45'-N3 45 6.5 38.0 34.94 29.94 32 38.0 33.00 31
45'-N2 45 6.5 380 34,94 29.94 12 38.0 33.00 31
50'-N3 50 7.0 42.5 39.44 34.44 36 425 37.50 35
50'-N2 50 7.0 425 39.44 34.44 36 425 37.50 35
55'-N2 55 75 47.0 43.94 3894 40 47.0 42,00 39
60'-N2 60 8.0 51.5 48.44 43.44 44 51.5 46.50 43

If the guy attachment position shown in column-7 and 10 in Table 11.2 is same for all angles

as for other conductor, the horizontal pull at guy attachment can be seen from following tables.
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Table 10.3

Horizontal Pull at Guy Attachment for Grosbeak 150’ Span with OHGW

Item No. R Grosher150 With 3/8 OHGW
Pole Si
PN Angle @
0% | 15 20° 25Y 30° 359 | 40° 45° 50" 55 60° DE
1 2 3 4 5 6 7 8 9 10 11 12 13

R-43: 35'-N6 5913 | 8432 | 10934 13399 | 15873 | 18299 | 20691 | 230432 | 25352 | 27613 | 29822 | 29172

R-44; 35'-N5 5929 | 8450 | 10955 13423 | 15898 | 18327 | 20721 | 23076.2 | 25388 | 27651 | 29862 | 29211

R-45; 40°-NS 5978 [ 8511 | 11027 13505 | 15992 | 18432 | 20837 | 23202.0 | 25524 | 27797 | 30017 | 29363

R-46; 40'-N4 5987 | 8520 | 11036 13415 | 16003 | 18443 | 20848 | 23214.2 | 25537 | 27810 | 30031 [ 29377

R-47; 45'-N4 6024 | 8566 | 11091 13578 | 16074 | 18522 | 20935 | 23308.9 [ 25639 | 27920 | 30148 [ 29491

R-48; 50'-N4 6063 | 8614 | 11148 13643 | 16148 | 18604 | 21026 | 23407.8 | 25746 | 28035 | 30271 [ 29610

R- ;55-N3 | 6132 [ 8697 | 11245 13755 | 16274 | 18744 | 21180 | 23575.1 25926 | 28228 | 30477 | 29812

R-49; 60'-N2 6208 | 8789 | 11352 13878 | 16412 | 18898 | 21348 | 23758.5 26124 | 28441 | 30703 [ 30034

35'-N4 5944 | B468 | 10976 13446 [ 15924 | 18355 | 20752 | 23109.2 | 25423 | 27689 | 29901 [ 29250
35-N3 5960 | B487 | 10997 13469 | 15950 | 18383 | 20783 | 231425 25459 | 27727 | 29942 [ 29290
40'-N3 6006 | 8541 | 11061 13543 | 16033 | 18476 | 20885 | 23253.8 | 25579 | 27856 | 30079 | 29424
40'-N2 6023 | 8563 | 11085 13570 | 16064 | 18510 | 20922 | 23293.3 | 25621 | 27901 | 30127 | 29471
45'-N3 6047 | 8593 | 11122 13614 | 16114 | 18566 | 20983 | 23360.9 | 25695 | 27980 | 30212 | 29553
. 45'-N2 6068 | 8617 | 11150 13645 | 16148 | 18604 | 21025 | 23405.7 | 25743 | 28031 | 30266 | 29606
50'-N3 6089 | 8644 | 11183 13683 | 16192 | 18653 | 21079 | 23465.8 | 25808 | 28102 | 30342 | 29680
50'-N2 6115 | 8674 | 11218 13723 | 16236 | 18702 | 21133 | 23523.5 | 25870 | 28168 | 30412 | 29749
55'-N2 6160 | 8731 | 11284 13799 | 16323 | 18798 | 21239 | 23639.1 25995 | 28302 | 30555 | 29889
60'-N2 6208 | 8789 | 11352 13878 | 16412 | 18898 | 21348 | 237585 | 26124 | 28441 | 30703 | 30034
Table 10.4
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Horizontal Pull at Guy Attachment for Mallard 150’ Span with OHGW

Item No. Rom a0 With 3/8 OHGW
Pole Size
Angle @
109 159 20Y 25° 30Y 359 40" 45Y 509 55" 60" DE
| ) 3 4 5 6 7 3 9 10 11 12 13

R-43; 35'-N6 8169 | 11761 | 15331 | 18847 | 22376 | 25837 | 29251 | 32608.6 | 35905 | 39133 | 42286 | 41551

R-44; 35'-N5 8187 | 11783 | 15356 | 18876 | 22408 | 25873 | 29290 | 326513 35951 [ 39182 | 42339 | 41603

R-45; 40'-N5 8264 | 11885 | 15482 | 19025 | 22582 | 26071 | 29511 | 32894.7 | 36217 [ 39470 | 42648 | 41907

R-46; 40'-N4 8273 | 11894 | 16494 | 19037 | 22594 | 26083 | 29525 | 329093 36232 | 39486 | 42665 | 41924

R-47; 45'-N4 8329 | 11968 | 15583 | 19145 | 22719 | 26226 | 29683 [ 33084.1 36423 | 39692 | 42886 | 42141

R-48: 50"-N4 8385 | 12041 | 15672 | 19250 | 22841 | 26363 | 29837 | 332533 36607 [ 39892 | 43100 | 42352

R- ; 55%-N3 8474 | 12153 | 15809 | 19410 | 23024 | 26570 | 30066 | 33505.1 36881 | 40187 | 43417 [ 42663

R-49; 60'-N2 8569 | 12274 | 15955 | 19581 | 23220 | 26790 | 30311 | 337734 [ 37173 | 40501 | 43753 | 42995

35-N4 8205 | 11804 | 15381 | 18904 | 22440 | 25909 | 29330 | 32693.9 [ 35997 | 39231 | 42391 | 41655
35'-N3 8223 | 11826 | 15406 | 18933 | 22473 | 25945 | 29369 | 32737.1 36044 | 39281 | 42444 | 41707
40'-N3 8294 | 11920 | 15522 [ 19071 | 22633 | 26127 | 29572 | 32960.8 | 36288 | 39545 | 42728 [ 41986
40'-N2 8315 | 11945 | 15552 [ 19105 | 22671 | 26170 | 29619 | 32012.2 | 36343 | 39605 | 42792 | 42049
45'-N3 8356 | 12001 | 15622 [ 19190 | 22770 | 26282 | 29746 | 331523 | 36497 [ 39771 | 42971 | 42225
45'-N2 8380 | 12030 | 15656 [ 19229 | 22814 | 26331 | 29800 | 332109 | 36560 | 39839 | 43043 | 42296
50'-N3 8415 | 12077 | 15716 | 19300 | 22898 | 26427 | 29907 | 33329.6 | 36690 | 39980 | 43195 | 42445
50-N2 8445 | 12114 | 15759 | 19351 | 22954 | 26490 [ 29977 | 33405.6 [ 36772 | 40069 | 43289 | 42538
55-N2 8507 | 12194 | 15857 | 19466 | 23087 | 26640 | 30144 | 33589.6 | 36973 | 40285 | 43522 | 42767
60'-N2 8569 | 12274 | 15955 | 19581 | 23220 | 26790 | 30311 | 33773.3 37173 | 40501 | 43753 | 42995
Table 10.5
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Horizontal Pull at Guy Attachment for Grosbeak 200’ Span with OHGW

Item No. R Groshek200 With 3/8 OHGW
le Size
i Angle @
0* | 15° | =0% | asP 309 35° [ 40° 45° 50 559 | 60 DE
1 2 3 4 5 6 7 8 9 10 11 12 13

R-43;35-N6 | 61623 | 8680 | 11181 | 13643 | 16114.2 | 18537 | 20926 | 23274.3 25579.1 27835 | 30038 | 29172

R-44;35-N5 | 6178.2 | 8698 | 11202 | 13667 | 16140.2 | 18566 | 20957 | 23307.5 | 25614.7 | 27873 | 30078 | 29211

R-45:40-N5 | 62294 | 8761 | 11275 | 13751 | 16235.6 [ 18672 | 21073 [ 234348 | 25752.1 28020 | 30236 | 29363

R-46:40-N4 | 6237.6 | 8770 | 11285 | 13761 | 16246.2 | 18683 | 21085 | 23447.1 25765 28034 | 30250 | 29377

R-47:45'-N4 | 6276.5 | 8817 | 11340 | 13825 | 16318.2 | 18763 | 21173 | 235429 | 25868.5 28145 | 30368 | 29491

R-48:50-N4 | 6316.8 | 8866 | 11398 | 13892 | 16393.3 [ 18847 | 21265 [ 236428 | 25976.5 28261 | 30491 | 29610

R-

(55-N3 | 63873 | 8951 | 11497 | 14005 | 165209 | 18988 | 21420 | 23811.6 | 26158.4 | 28456 | 30699 | 29812

R-49;60-N2 | 6464.6 | 9044 | 11606 | 14129 | 16660.9 [ 19143 | 21591 [ 239967 | 26358 28669 | 30927 | 30034

35'-N4 6194 8717 | 11223 | 13690 | 16166.1 | 18594 | 20987 | 23340.7 25650.2 27911 | 30118 | 29250

35'-N3 6210 8735 | 11244 | 13714 | 161923 | 18623 | 21019 | 23374.2 | 25686.1 27949 | 30159 | 29290

40'-N3 6256.2 | 8791 | 11309 | 13789 | 16277.2 | 18717 | 21122 | 23486.9 [ 25807.7 | 28079 | 30298 | 29424

40'-N2 6274.7 | 8813 | 11334 | 13817 | 16308.1 | 18751 [ 21159 [ 23526.7 | 258503 | 28125 | 30346 | 29471

45'-N3 6300 8845 | 11372 | 13861 | 16385.5 | 18807 | 21222 | 235952 | 259247 | 28205 | 30431 | 29553

45'-N2 63209 | 8869 | 11400 | 13893 | 16393.5 [ 18846 | 21263 | 23640.3 | 25973.1 28256 | 30486 | 29606

50°-N3 63429 | 8897 | 11434 | 13932 | 16438.1 | 18896 | 21319 | 23701.2 26039.2 28328 | 30562 | 29680

50°-N2 6368.9 | 8928 | 11469 | 13972 | 16482.8 [ 18945 | 21373 | 237594 | 26101.7 | 28394 | 30633 | 29749

55'-N2 6416 8985 | 11537 | 14049 | 16570.4 | 19043 | 21480 | 23876.1 262278 28530 | 30778 | 29889

60'-N2 6464.6 | 9044 | 11606 | 14129 | 16660.9 | 19143 | 21591 | 23996.7 | 26358 28669 | 30927 | 30034

Table 10.6
Horizontal Pull at Guy Attachment for Mallard 200’ Span with OHGW
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Item NO. RGH Mallard-150 With 3!"’8 O['IGW

Pole Size
Angle @
10° 159 209 257 30° 357 40° 45° 50" 559 60" DE
1 2 3 4 5 6 7 8 9 10 11 12

R-43,35-N6 | 8450.6 | 12042 | 15609 | 19123 | 22648.7 [ 26107 | 29517 [ 32869.8 [ 36161.2 | 39383 | 42531 | 41551

R-44; 35'-N5 8468.8 | 12063 | 15634 | 19152 | 22681.3 | 26143 | 29556 | 32912.8 | 36207.6 39433 | 42584 | 41603

R-45.40-N5 | 85481 | 12167 | 15763 | 19304 | 22857.2 [ 26342 | 29779 [ 33158.1 [ 364752 | 39723 | 42895 | 41907

R-46; 40'-N4 8556.9 [ 12177 | 15773 | 19315 | 22869.4 [ 26355 | 29793 | 33172.8 | 36490.6 39739 | 42912 | 41924

R-47,45-N4 | 8615.0 | 12252 | 15866 | 19425 | 22996.1 | 26499 | 29953 [ 333489 | 36682.7 | 39946 | 43134 | 42141

R-48; 50'-N4 8672.1 | 12326 | 15956 | 19532 | 23119.2 | 26638 | 30108 | 33519.4 | 36868.5 40147 | 43350 | 42352

R-

1 SSSN3 | B762.8 | 12441 | 16095 | 19693 | 23304.6 | 26847 | 30339 | 33773.1 | 37144.1 40444 | 43668 | 42663

R-49:60-N2 | 88603 | 12564 | 16243 | 19866 | 23502.5 [ 27069 | 30585 | 340432 | 37437.5 | 40760 | 44006 [ 42995

35'-N4 8486.9 | 12085 | 15660 | 19181 | 22713.9 | 26179 | 29596 [ 32955.8 | 36253.8 39483 | 42636 | 41655

35'-N3 85053 | 12107 | 15686 | 19210 | 22746.8 | 26216 | 29636 | 32999.2 | 36300.6 | 39533 | 42690 | 41707

40'-N3 8578.3 | 12203 | 15803 | 19350 | 22908.5 | 26399 | 29840 [ 33224.6 | 36546.6 | 39799 | 42975 | 41986

40'-N2 8599.7 | 12229 | 15834 | 19380 | 22947.5 | 26442 | 29888 | 33276.4 | 36602.4 | 39859 | 43039 | 42049

45'-N3 86424 | 12286 | 15905 | 19470 | 23047.5 | 26556 | 30016 | 33417.6 | 36757.0 | 40026 | 43219 | 42225

45'-N2 8666.5 | 12315 | 15940 | 19510 | 23091.9 | 26606 | 30070 | 33476.6 | 36820.6 | 40094 | 43292 | 42296

50'-N3 8702.5 | 12363 [ 16000 | 19582 | 23176.5 | 26702 | 30178 | 33596.2 | 36951.5 | 40236 | 42445 [ 42445

S0'-N2 8732.9 | 12401 [ 16044 | 19633 | 23233.8 | 26766 | 30248 | 33672.7 | 37034.3 | 40325 | 43540 [ 42538

55-N2 8796.4 | 12482 | 16143 | 19750 | 23368.1 | 26917 | 30417 | 33858.1 | 37236.1 40543 | 43773 | 42767

60'-N2 8860.3 | 12564 | 16243 | 19866 | 23502.5 | 27069 | 30585 | 34043.2 | 374375 40760 | 44006 | 42995

In case of angle structure, anchor(s) and guy(s) are to be installed before stringing. When the
structure is a double dead end or large angle, the pole, guys, and anchors must be such that
these are capable of sustaining the full dead end load with the overload factor. For the tangent
double dead end fittings, the pole must be capable of sustaining the maximum axial load which
might occur if all phase conductors of one side of structures were removed. A higher class pole

is to be used in such cases.

When guy is used, a vertical component is acted on pole. This component can be reduced, if a
higher height of tangent structure is installed adjusted to the guyed angle or dead ends and by
installing a shorter pole at guyed structure.

Also decreasing the guy slop, the vertical load component on the pole can be reduced. Line

survey should be conducted meticulously so that angle and dead end structure should not be
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more than 5% of total number of structures. If the line angle is more, it will significantly

increase the total cost of line.

The above table from 9.16 to 9.19 the horizontal pull at guy attachment is shown. To find the

tension in the guy wire, the equation 9.10 is to be used.

Above 450 angle unequal tensions are developed which can’t be carried by resultant or

bisector guy. Head and back guys carry this load effectively.

Table 10.7
Base Guy Wire Data
Guy Wire Guy Wire Cross Weight Ultimate Maximum
Size Diameter in Sectional (GW); Strength of Strength of
inch dgw Area of Gu [bs/ ft Guy Wire Guy Wire,
Wire inch 90% of US..
1 2 3 4 5 6
3/8 HS Steel 0.360 0.0792 0.273 5400 9720
7/16 HS Steel 0.435 0.116 0.399 14500 13050
7/16 EHS Steel 0.435 0.116 0.399 20800 18720

According to Table- 11.3 Column-13, maximum horizontal strength of guy wire can be known
b}’ Prg = P’[‘HJ’Siﬂ 0

For a dead end 40'-N3 pole with grosbeak conductor having span 150’ one to one lead to
height ratio is 29363 Ibs,

So the Guy tension Prg=29363/0.7071 = 41526
If 4 nos. of 7/16 HS steel are used, the maximum strength of guy wire will be 13050x4 =
52200 Ibs. Guy strength is higher than the guy tension, so it is okay.
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Again according to Table-11.6 Column-13, maximum horizontal strength of guy wire can be
known by for a dead end 40'-4 pole with Mallard conductor having span 200’ one to one lead
to height ratio is 41907 Ibs,

So the Guy tension Prg=41907//0.7071 = 59266

If 5 nos. of 7/16 HS steel are used, the maximum strength of guy wire will be 13050x5 =
65250 Ibs. Guy strength is higher than the guy tension, so it is okay.

Pole Stability or Vertical Load on Pole against Buckling:

It is understood that the tension in the guy wire has two component, one is horizontal
component which is taken by the horizontal component of the conductor and other is vertical
component which is taken by the pole. The weight of conductor and insulator are also taken by
pole. Now it is a question whether the pole has got the strength to carry this compressive load.
So after calculating the tension in the guy wire, the compressive strength of pole is to checked.
The consideration of material strength i.e. fiber stress and cross-sectional area is not sufficient
to find out the behavior of a long slender member. The axial load which makes a pole from
stable or equilibrium condition to unstable or in-equilibrium condition can be calculated by the

following formula which is also called Euler’s Formula for column with one free end-
P =n’El/41> = n’® Ed*/32F1?

Where

P = Vertical load from lower guy to ground line in pound;
E = Modulus of Elasticity

d = Diameter of 2/9 distance from the lower guy
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F = Factor of safety;

| = Height from lower guy to ground line of pole
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Table- 10.8

Guy Attachment Location

Item No. & Pole
Size g |5 Q
2 Bo |
e |& B3 =
3 |s g2 | &
=] O = =
= g ‘b Lo} 5]
5 | B |2 [sg | g
o = g Ho L 2] — - W
3 g 3 3 E= g - L o _8
77 = k=) £ L= 2y o &
= = = 5 = 3 2
g . 1= e o |£& B3 & B =
= a B '*E © 3 i o Sh N = =
g o 7} 8 w a5 Q@ I3 g 8 > s
Tl =zl § |2| 8 L |18 5= (B8 =
- 2 A gh 7} < 2 g 2 0 & 3
218l e |2| E | § |52 | 52 5
|18 & | & =) S QEE @ | as >
1 2 3 4 5 6 7 8 9 10 11
R-43; 35'-N6 35 5 6.05 | 6.0 9.23 18.46 5 18 9.562 9373499.1
R-44; 35'-N35 3 4 6.68 | 6.0 | 1003 20.19 5 18 10.78 15179730.6
R-45; 40'-N5 40 4 668 |60 | 1146 | 25.70 6 21 11.99 15851377.9
R-46; 40'-N4 40 3 732 | 6.0 | 1146 | 26.61 6 21 11.82 149.33246.3
R-47; 45'-N4 45 3 732 | 65| 11.88 | 30.80 7 25 12.02 11943463.4
R-48; 50'-N4 50. 3 732 | 7.0 | 12.30 | 35.15 8 28 13.39 14328938.2
R- ;55'-N3 55 2 796 | 7.5 13.67 | 42.80 9 31 14.77 17057785.7
R-49; 60'-N2 60 1 8.59 | 8.0 | 15.03 51.19 | 10 35 1598 19270563.8
35'-N4 35 3 7.32 | 6.0 | 10.82 | 21.92 5 18 10.68 14669486.3
35'-N3 35 2 7.96 | 6.0 | 11.63 23.67 5 18 11.00 17082327.4
40'-N3 40 2 796 | 60| 1225 | 28.63 6 21 11.85 15148639.4
40'-N2 40 1 8.59 | 6.0 13.05 30.66 6 21 1296 | 21744821.5
45'-N3 45 2 796 | 6.5 12.84 | 33.36 7 25 12.50 14044767.6
45'-N2 43 | 859 | 68 | 13.62 | 3564 7 25 13.73 20490123.1
50'-N3 50 2 796 | 7.0 | 13.25 37.99 8 28 14.93 22217084.6
S0'-N2 50 | 859 | 7.0 | 14.19 | 40.83 8 28 13.87 16605402.6
55'-N2 53 | 859 | 7.5 | 14.61 45.93 9 3 13.92 13504383.6
60'-N2 60 1 8.59 | 8.0 | 15.03 51.19 | 10 35 15.83 18529851.7

The buckling load of SPC pole is not checked. Concerned authority was requested for some

relevant data. Manufacturer also assured they will take care of buckling load.
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Anchors:

Guys and anchors are installed at dead ends, angles, loan spans or where there is unbalanced
conductor tension. The guys or anchors have the tendency to get uplift due to tension of the
conductor or OHGW for angle or dead end or unbalanced tension in the conductor. This is
resisted ultimately by the soil. This resistance of soil must be equal or more than the tension in
the guy wire or anchor. If the soil is very loose or soft or wet, it may not hold the guy. So it is
to be considered whether the soil is wet or dry, soft or stiff, hard or loose, disturbed or
undisturbed. The holding power of an anchor is actually the weight of earth of an inverted
frustum of a pyramid whose apex is the anchor, whose sides are at the slop of the natural angle
of response of the soil( may be considered 60° foe average soil) and whose height is the depth
of the anchor. The guyed pole may continually sink into the ground due to vertical load if the
soil capacity is not enough to resist. This can be overcome by increasing the pole butt area.
Vertical components are the dead weight of pole and equipment and the vertical component of

guy tensions.

There are different type of anchors, such as (i) Log anchors, (ii) Power screw anchors, (iii)
Plate anchors, and (iv) rock anchors. As in PBS electrical network system, mostly log anchors
are used, and as it also serve the purpose of transmission line, so here also the log anchor
assemblies may be used. There are generally two types of log anchors. These are (i) 3'-6"x8"
and (ii) 6'-0"x12". This log using one anchor rod may be used to provide sufficient holding
power for guys. Log anchors should not be used in soils of soft clay, or organic material, or

loose soil or slit.

Rod Anchor:

The anchor rod must have to hold the tension of the guy with safety margin. The tensile

strength of anchor rod is furnished below-
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Twin- eye anchor rods shall be capable to withstanding tensile stresses specified ANSI

C135.2. The rods shall not fail at stress levels below the listed minimums.

Table 10.9

Strength of Anchor Rod
[tem No. Minimum Load
Kg(Pounds)
B-62 7,257.6 (16,000)
B-63 10,432.8 (23,000)

Table 10.10
Anchor Rod Thread Dimensions (Rolled Threads)

Item Rod Thread | Thread Series Rod Major
No. | SizeCm | Type and Class r Max"™ Mini™ Er
(Inch) (inch) Cm Cm (inch)

(inch) (inch)
B-62 1.5875 | Rolled [ 1-UNS-2A 1.5291 1.56464 | 1.66014 1.7064

(5/8) (-0.602) | (-0.616) | (-0.6536) | (-0.672)
B-63 1.905 Rolled 10-UNS-2A 1:9355 1.88458 | 1.99161 2.0406
(3/4) (-0.762) | (-0.742) | (-0.7841) | (-0.803)

For the guy strength less than 16,000 Ibs B-62 can be.used and for guy less than 23,000 lbs but
higher than 16,000 Ibs B-62 can be used.

H-Frame Structure .
In case of H-pole or 3-pole structure, it can be assumed that H-pole or 3-pole will have more

strength than that of a single pole.
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11. Loads on Cross Arm

The sfrength of cross arm must be checked to determine its ability to withstand all expected
vertical and longitudinal loads. The cross arm should be capable of supporting a lineman and
his equipment at the outermost extremity in addition to the weight to bare conductors and
insulators.

The maximum fiber bending stress in cross arms are to be calculated by taking moment about
through bolt. The strength of cross arm brace should not be counted. This bending stress
should not be more than 25% of the ultimate bending stress of that material. The vertical
weight of conductors supported by this cross arm is the weight of vertical span under those
conditions which yields the maximum vertical weight supported by the structure. The vertical
span is the horizontal distance between the low points of sag of the adjacent span. The strength
of brace is considered to support any unexpected loads. When considering the strength of
longitudinal loadings, the moment capacity due to bolt holes is to be reduced from the moment
capacity of cross arm. It is also to be noted that for wooden cross arm 1/8 inch are to be

deducted from cross-section of cross arm as tolerance.

The strength of double cross arm is assumed double the strength of single cross arm. The

moment capacity of cross arm can be determined from the following equation-
M = fxZ ‘ Equation- 11.01

Where
M = Bending Moment, in-lb
f = Ultimate strength of the material/ Factor of safety, psi
Z = Section Modulus, in’ 1/C

I = Moment of Inertia about neutral axis, in*
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C = Distance from neutral axis to the extreme fiber, in
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Table- 11.01
Design of Cross Arm and Loading

v L) e
LN ”, =
. s |R2| 5 2 | &
7] i ] iftaral -
g | S “ EIEE| S| N |E |u%
< - w— - N
v = = %) o — iy = E [5)
7 = 2 = = o | € E = = = o s =
o) 2 = < g S .2 s = e 2 2 Q| =
= & o ) o “ |'B E o 1) 23| R = 3
O | BE |E| | 38|=|8 |58 = | &y E
(e i U N = s, .| € F =1
S 2= = = g | [ e 2 b5y g wed | o 8|
Q 2" Bl & | 5| @] 3| 8% £ = |58 2E| ®
S S E o g | 2| §|e5|2v S 2 |2 8|88 %
L =gy Q
= O < s} o H R o8| Aas8 = » B | Z | =2
| 2 3 4 5 6 7 8 9 10 11 12 13
Wooden | 4%4"x5%" | 4.5 53 - 8 2475 | 275 | 62.3906 | 22.688 | 2000 | 45375 | 42
X-arml 434" = 55%" 4.5 5.5 - 10 24.75 2.75 62.3906 | 22.688 | 2000 | 45375 | 54
Wooden | 3V2"x4%2" | 3.38 | 4.375 - 8 14.77 | 2.188 | 23.5519 | 10.767 | 2000 | 21533 | 42
X-arm2 3% =43 | 3.63 | 4.625 - 10 16,77 | 2.313 | 29.8856 | 12.924 | 2000 | 25847 | 54
Steel 3"x3"x'4" | 3.00 3.00 0.25 8 1.438 | 2,158 | 1.24424 | 0.5767 | 15680 | 9042 42
Angle-3 | 3"x3"x%4" | 3.00 3.00 0.25 10 1.438 | 2,158 | 1.24424 | 0.5767 | 15680 | 9042 54
Steel 3"x3"xY" | 3.00 3.00 0.25 3.5 1.438 | 2.158 | 1.24424 | 0.5767 | 15680 | 9042 30
Angle-4 | 3"x3"x14" | 3.00 | 3.00 0.25 | 6.58 | 1.438 | 2.158 | 1.24424 | 0.5767 | 15680 | 9042 | 33
Steel 3"x3" =% | 3.00 3.00 | 0.325 8 2.109 | 2,113 | 1.75968 | 0.833 15680 | 13061 | 42
Angle-5 | 3"x3"x%" | 3.00 | 3.00 | 0.325 10 ] 2.109 | 2,113 | 1.75968 | 0.833 15680 | 13061 | 54
Steel 3"x3"x3" | 3.00 3.00 | 0325 3.5 | 2.109 | 2.113 | 1.75968 | 0.833 15680 | 13061 | 30
Angle-6 | 3"x3"x%" | 3.00 3.00 | 0.325] 6.5 | 2.109 | 2.113 | 1.75968 | 0(.833 15680 | 13061 | 33
Steel 4"=4"34" | 4,00 | 4.00 | 0.325 8 2.859 | 2.862 | 4.35862 | 1.5231 | 15680 | 23882 | 42
Angle-7 | 4"x4"x%" | 4.00 | 4.00 | 0.325 10 2.859 | 2.862 | 4.35862 | 1.5231 | 15680 | 23882 | 54
Steel 4"=4"=<3%" | 4.00 4,00 | 0325 ] 3.5 | 2.859 | 2.862 | 4.35862 | 1.5231 | 15680 | 23882 | 30
Angle-8 | 4"x4"x%" | 4.00 | 4.00 | 0325] 6.5 | 2.859 | 2.862 | 4.35862 | 1.5231 | 15680 | 23882 | 33
Steel 4"x4" %" | 4.00 | 4.00 0.5 8 3:75 2,817 | 5.56146 | 1.9745 | 15680 | 30960 | 42
Angle-9 | 4'x4"x%" | 4.00 | 4.00 0.5 10 375 2.817 | 5.56146 | 1.9745 | 15680 | 30960 | 54
Steel 4"x4"x%" | 4.00 | 4.00 0.5 3.5 TH 2.817 | 5.56146 | 1.9745 | 15680 | 30960 | 30
Angle- 4"=4"x<Ye" | 4.00 | 4.00 0.5 65 | 375 2,817 | 5.56146 | 1.9745 | 15680 | 30960 | 33
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Table- 11.01, Continuation

Deflection of Cross Arm

£
= s 5 o, | & b ol b -
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5 4 |8 88 |55 28 : 5
< W 7] = = . = o=t | S 8] £
’ 2|8 |8%|2¢|588|2¢ .. -\
S e BB B8 |BR|EE 2 5
= O g - 2| 68 |6 Q|S=w 32 b5
= s E |2 oSl oS |oS|os = 8
< o) < ot G 4 [ < =
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e | 8 s |T2|2E | S8 |55 =
&} & B 0 = B = 3 o 3 ; 3 o= w g =2
o = 7 g 5| 8| =8 |=&|—= & =z 3 <
o < Eg| S| S&|S& 8 & = E =
3% @ s g 2 2t e D o = 3
& | 25| % |22|538 |55 (55|55 ¢ 2 | 2
- O .E g (G a|Fa R |FaElFrR o = <
| 2 14 15 16 | 7 18 19 20 21 22
Wooden | 44 %x5%" | 1080.4 | 895.4 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 1800000 | 0.2376
X-arml 44" =5%" | 840.28 | 655.3 | 144.38 | 203.78 | 192.5 | 271.7 Satisfactory 1800000 | 0.3927
Wooden | 3%"x4%" | 512.7 | 327.7 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19. | 1800000 | 0.2987
X-arm2 | 3%"x4%" | 478.65 | 293.6 | 144.38 | 203.78 | 192.5 | 271.7 Satisfactory 1800000 | 0.4670
Steel 3"x3"x44" | 215.29 | 30.29 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.1467
Angle-3 | 3"x3"x'%" | 167.45 | -17.6 | 144.38 | 203.78 | 192.5 | 271.7 | Not Satisfactory | 29120000 | 0.2426
Steel 3"x3"x04" | 301.41 | 116.4 | 14438 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.0749
Angle-4 | 3"x3"x'%4" | 274,01 | 89.01 | 144.38 | 203.78 | 192.5 | 271.7 | Not Satisfactory | 29120000 | 0.0906
Steel 33" | 31098 | 126 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.1499
Angle-5 | 3"x3"x%" | 241.87 | 56.87 | 144.38 | 203.78 | 192.5 | 271.7 | Not Satisfactory | 29120000 | 0.2478
Steel 37x3"x%" | 435.37 | 250.4 | 144.38 | 203.78 | 192.5 | 271.7 | Satisfied for 150" | 29120000 | 0.0765
Angle-6 | 3"x3"%%" | 395.79 | 210.8 | 144.38 | 203.78 | 192.5 | 271.7 span for both 29120000 | 0.0925
conductor and
200" span for
(.beak conductor
Steel 4"x4" <" | 568.62 | 383.6 | 144.38 | 203.78 | 192.5 | 271.7 | Satisfied for 150" | 29120000 | 0.1106
Angle-7 | 4"x4"x%" | 442.26 | 257.3 | 144.38 | 203.78 | 192.5 | 271.7 span for both 29120000 | 0.1829
conductor and
200" span for
G.beak conductor
Steel 474" | 6111 | 611.1 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.0564
Angle-8 | 4"x4"x%" | 5387 | 538.7 | 144.38 | 203.78 | 192.5 | 271.7 Satisfactory 29120000 | 0.683
Steel 4'x4"x%" | 552.1 | 552.1 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.1124
Angle-9 | 4"x4"x%" | 388.3 | 388.3 | 144.38 | 203.78 | 192.5 | 271.7 Satisfactory 29120000 | 0.1858
Steel 47x4"x%e" | B47.0 | 847.0 | 144.38 | 203.78 | 192.5 | 271.7 | Col-15> Col-19, | 29120000 | 0.0574
Angle- 4"x4"xVe" | 753.2 | 753.2 | 144,38 | 203.78 | 192.5 | 271.7 Satisfactory 29120000 | 0.0694
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Wooden cross arm as mentioned in the table or steel cross arm of size 4"x4"x<%" can be used. As the
cross arm is okay for Mallard conductor, so it will also be okay for Grosbeak conductor. Size of steel cross arm-6
though is suitable for Grosbeak, but different sizes of cross arm may make confusion in using in the field. That is

why steel cross arm-8 is recommended. The deflection of cross arm is shown in Column022.

Brace Design & Tension in the Brace of Top Cross arm of Tangent Pole Assembly Unit
TS-1

Maximum applied load on top cross arm for 200’ span with Mallard conductor as per column-
19 in Ib + Weight of insulator + Weight of one lineman. 456.70.

So, the maximum load on the other side of the cross arm in Ib. = 456.70

Fiber stress on brace with safety factor = 15680

So the tension along the brace in Ib = Reaction on the other side of cross arm/ cosine of angle
with brace = 456.70 (height of brace from fastening point to cross arm point/ length of brace)
= Tensile load on brace = 456.70/(3.0/4.25) = 456.70/ 0.7059 = 647.00

So, the area required for brace = 546.98/15680 = 0.413

The area of angle = 2%2"x2"%"x%" = 1.19 inch® which is okay.
The size of brace for cross arm = 2" x2V2"xV4" - 45" - 1 No. like B-43 of BREB
Material.

(Length of brace may be required to be adjusted according to the need)

Brace Design & Tension in the Brace of Bottom Cross arm of Tangent Pole Assembly
Unit TS-1
Maximum applied load on bottom cross arm for 200" span with Mallard conductor as per

column-19 in Ib + Weight of insulator + Weight of one lineman. 456.70.
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So, the maximum load on the both the side of the cross arm in Ib. = 456.70
The load on cross arm is balanced by pole reaction. There should not be any load on brace

except some unexpected load. So the brace with same cross sectional area can be used.

The size of brace for bottom cross arm = 212" x2V."x14" - 4'9" - 2 No. like B-43 of
BREB Material or 22"x2%"x14" - 9'6"

Cross Arm Design & Tension in the Cross Arm of Top or Bottom Cross arm Angle Pole
Assembly Unit TS-2

According to Table-10.1, the tension at cross-section for 20° angle with Mallard conductor for
200" span in Ibs = 463 1. Fiber stress on cross are with safety factor in Ibs/ inch® = 15680.

So, the area required for cross arm in inch?=4631/15680 = 0.2953

The area of angle = 4"x4"x%" = 2.859 inch® which is okay.

As there is double cross arm, so, the area will also be double.

The longitudinal tension will be balanced by each other, So, for Grosbeak conductor with 200’

span it will also be okay.
Assembly Unit TH-1

According to Table-10.1, the tension at cross-section for 40° angle with Mallard conductor for
200" span in Ibs = 8779. Fiber stress on cross are with safety factor in Ibs/ inch? = 15680.

So, the area required for cross arm in inch® = 8779/15680 = 0.5599

The area of angle = 4"x4"x%" = 2.859 inch* which is okay.

As there is double cross arm, so, the area will also be double.

The longitudinal tension will be balanced by each other, So, for Grosbeak conductor with 200’

span it will also be okay.
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7

Assembly Unit TH-2

According to Table-10.1, the tension at cross-section for dead end with Mallard conductor for
200" span in Ibs = 8114. The resisting moment of the cross arm = 23882.
As there is double cross arm, so, the area will also be double i.e. = 47764

The moment due conductor on cross arm = 48684

The resisting moment and the moment due to load is more or less or same, so, it is okay. The

excess will be take care by the safety factor.

So for Grosbeak conductor with 200’ span, it will also be okay.

Assembly Unit T3P-1 and T3P-2

According to Table-10.1, the tension at cross-section for dead end with Mallard conductor for
200" span in Ibs = 12365. The resisting moment of the cross arm = 23882.

As there is double cross arm, so, the area will also be double i.e. = 47764

Maximum allowable horizontal strength of Guy Wire = 13050% 0.707 = 9226.4

Unbalanced load will be taken by cross arm, braces and pole and one extra guy for 3

conductors, So it is okay.

12. Hardware

Hardware for power transmission lines can be classified as conductor related hardware and

structure related hardware. Conductor related hardware including suspension clamp or tension
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clamp, jointing or repairing sleeves, armor rod, anchor shackle etc. Structure related hardware
including machine bole, eye bolt, washers, lag screw etc. Most of the hardware are presently
used by BREB and they are very much acquainted with the mechanical strength of these
hardware. Still then as the conductors are of higher sizes, the suspension clamp tor tension

clamps are to be procured accordingly considering their diameter and strength.
Suspension Clamps:

Suspension clamps should be such that it matches the conductor diameter with appropriate
liner or armor rod. For liners 2.54 mm (0.1 inch) to the conductor diameter. Weight per feet,

tensile strength are also to be taken into consideration.
Deadend Clamps:

For higher sizes conductors crimped compression type splice is used because of its high
strength capabilities. Splices should have same strength, corrosion resistance and hear

tolerance capacity as have dead end clamp.
Suspension Insulators:

Suspension insulator must not be loaded more than 50% of their M&E rating. At tangent point,
it must carry the weight span of the conductor. At dead end spans, it must carry the total
conductor tension. At angle, it carry the resultant tension of the conductor. Normally insulators
with a 15,000 Ibs M&E rating will be satisfactory at most tangent type structures and for angle
type structures where the maximum loading tension is 6,000 lbs. When the spans are long with
higher size conductors and at dead ends where the conductor’s tension is more than 6,000 Ibs,

higher size suspension insulator i.e. 25,000 Ibs M&E is used.
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Fittings of Suspension Insulators:

The strength of all the fittings of suspension insulator should have more than double of the

load on the fittings. In other words the load on the fittings should be less than 50% of their

ultimate strength.

Armor Rod:

All conductors are in some state of vibration. Suspension clamps hold the conductor and can
be designed so that it will keep minimum the effect of vibration the conductor. Armor rod
controls mild vibration on the conductor. It makes additional rigidity to the conductor at its

point of support. It will also protect from mechanical wear at the point of support.

Vibration Damper:

To control sever vibration to some extent, vibration dampers can be used. The number of

dampers required as well as their location in the span should be determined by the damper

manufacturer,

13. Conclusion:

Construction design for 33 KV line is done with 795 MCM and 636 MCM conductor using as

much as possible the existing facilities.

As a tangent pole, the following table may be followed-
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Table- 13.1

Category of Tangent Pole/ Structure to be Used

Item No. & . " Grosbeak Mallard Grosbeak Mallard
Pole Size E _L_cg Conductor with Conductor with Conductor Conductor
%‘3 ::) OHGW OHGW without OHGW without OHGW
- ¥}
z) 8 § 150/ 200 150’ 200" 150" 200’ 150" 200’
£ £ |=| Span Span Span Span Span Span Span Span
1 2 3 4 5 6 7 8 9 10 11
R-43; 35'-N6 35 5 - - - H H-Pole | H-Pole | H-Pole | H-Pole
R-44; 35'-N5 35 [4 - - - - S-Pole | H-Pole | S-Pole | H-Pole
R-45: 40'-NS5 40 4| S-Pole | H-Pole | S-Pole | H-Pole | S-Pole | H-Pole | S-Pole | H-Pole
R-46; 40'-N4 40 | 3] S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
R-47; 45'-N4 45 3| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
R-48; 50'-N4 50 [ 3| S-Pole | S-Pole | S-Pole | H-Pole | S-Pole | S-Pole | S-Pole | H-Pole
R- ; 55'-N3 55 | 2| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
R-49; 60'-N2 60 1| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
35'-N4 35 [3]| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
35'-N3 35 | 2] S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
40'-N3 40 | 2| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
40'-N2 40 1| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
45'-N3 45 [ 2] S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
45'-N2 45 1| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
S0'-N3 50 2| S-Pole | S-Pole | S-Pole S-Pole S-Pole | S-Pole | S-Pole | S-Pole
S50'-N2 50 || S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
55'-N2 55 1| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
60'-N2 60 1| S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole | S-Pole
Where-

S-Pole = Single Pole and H-Pole = Double Pole
Up to line angle 30 Grosbeak conductor with OHGW can be used for 200" span with single
pole (S-pole) and above 30° to dead end should be made with Double pole (H-pole).
For Mallard conductor with OHGW, up to line angle 20° single pole (S-pole), up to 40°

Double pole (H-pole) and more than 40° line angle to dead end 3-pole structure should be
used.
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memMatatalloryl - pescripTION mem [Mariall gy | CODE No-

code code
dc 4 Washer, Carved, " diax 14", | & ] insulalor, Suspensoin
_ dia, 1/4" 11/16" hole .=
ds 7 | Washar, Spring, 11/16" hole ] |1 | X-arm, Top, 4"x4°x3/8"-3-6
de 3 [Masher, flat, 2 Y" sqx 4" A" hole] g 1 X-arm, Bolom, 4"x4"x3/8"-G'-6"
ds 3 | Washer, Spring, 11/16" hole cu 3 Brace, X-arm, Botom,

212 A

m 3 | Clamp, Suspensoin 5K 11 | Locknut 6/8" dia

c 6 | Bolt, Machine 5/8'@ 1" or 1.5 u 1 Clamp, Ground Wire /2" dis
a4 3 | Nut, Eye 58" dia 9 T 1Bolt, eye,5/8" (8" or 10" as reqd
c 4 | Bolt, Machine 5/8" dia 6o 1 [3hackle, Anchor

(8" or 10" as req.d Length)

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: TANGENT- SINGLE ARM (Transmission Line Structure 33 KV)

Date of Origin Revised by Approved by Revision No. Unit Designation
19/02/2019 BREB BREB Board - TS-1
Revision Date: -
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iTEM|Matarial |, DESGRIPTION ITEN [Matarial} oy CODE No-
] 2 | X-arm, Top, 4™4"x38%-3-6" ds 18 |Washer, Spring, 11/16” hole
g 2 | X-arm, Botom, 4"x4"x3/8"-6"-6" aa 3 Nut, Eve 5/8" dia
cu 6 |BraceXamm, 20 x2 VaA 49| o 7| Boil, eye 56" i
P g | insulator, Disc La 4 Shackiz, ancnor
m 3 | Clam, Suspensoin df 1 Washer, 2 4" sy, ' /3" hole
P 12 | Boll, Machine 516" dia (a5 reqd | o 4 [Boll, Machine 55" dia
or 1%.1.57 {gsreqd 197 o 127
n 3 | Ball, double armming 58" dia ek 3 |Plate, double Arm 4" x 4"x 2iE"
~$-2" or Angle- 11-1"2; hole-
o4 -N0s
3 :';*3!3 “‘:gf“::f’g"f;g R L T 29 |Locknut 58" i
m -

BANGLADESH RURAL ELECTRIFICATION BOARD

Unit Description: SMALL ANGLE SINGLE POLE (Transmission Line Structure 33 KV)
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FRONT VIEW
lfﬁl{kc! m'&h tal aTyY DESCRIPTION IITEM M ‘. ial aTy COOE No
g Z Xarm 4 x A" % 3B -19 Bo 4 whuckle andar |
2 Top e ] Boil, Machine 5/8"dia-1"1.5"
A w3 x 14T
i B Brace, X-arm, 2 V" %2 4 20" & G° 3 Arm plated xd xig -1-2"
<u ? | X-Brace, 236" xa3 K " 90" 11/16" hale- Snos
¢ T1_olt, Machine 58" (a8 rog.d longih) | ¥ G| insuiator, e
=L 1_J¥asher Seang. 1116 hole o 3| it double sining ]
) : g t ¢ye, Holl chine- S8 tha
1 Bolt, Eye 58" {as rag.d length) e b 3 . ‘éei:':r Shacmannwfc‘ﬂ &0 tha
3 Pips spaacer for 5(8" dia boll do 4 Washer 24° aq "M hole
(H" or 127 or 1-27) ok 3n Locknul 58" hole
m 4 Clamp, Suspendion
NOTE :

Up to 20° for mallard Conductar
Up to 40° for Grosbeak Conductor
A=1/2(L-89
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sl Matarnia! -1 [Mastaniai ~ODE No-
TEM se  [PTY DESGRIPTION TEM| e 1QTY CODE No
2 2 | Kamdxd x 4819 o T | shackie anchor
2 Top hanzontal Brace ¢ 15 | Baolt, Machine 58 dia-1"-1.5"
33" x 14T
N B (Brace, Xam 2 i w49 § K a Insulator, Disc
2 | K-Brace, 2/ x2 /5w 90" m 3 Boit . double arming
c 4 | Bol. Eye 5/8" (a5 reg.d length) aa 3 Mul #ye
C 11 Polt, Machine 5/8° (a5 req.d ienginl] o T Washer &7, 56 Ay hoe
ds 41 Washer Spang. 11/15" hole sk 38 | Lecknul 58" hole
d3 t |Bolt, Eye /8" {asreqdlangin) | m 3 | Clamp, Suspention
1 | Pipe speacer lor 58" dia boit
{(10"or 127 ar 127
NM.QTE
172 (L-6)

BANGLADESH RURAL ELECTRIFICATION BOARD

Unit Description: TANGENT SINGLE DEADEND (Transmission Line Structure 33 KV)

Date of Origin Revised by Approved by Revision No. Unit Designation
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FRONT VIEW
-5 pa Matarial J {Matarisl CODE Mo-
UEM ie  TY DESCRIPTION ITEM] e | OTY
q 7 XA ATE AT % WA 16 ba 7 | Shackla anchar o
3 Top horzonlal Braca k 27 | Insulator disg
3" 23 x 1147 43
cu & raco, X-arm, 2 5" x2 M oa" 40" | aa [ Hut, eve-58"
cu 4 | X-Brace, 2 4" 22 4 0 - ak 33 | Locknul 58
) 4 | Bolt, Eya 54" (as reqd length) 3 | Asming plate
G 14 Ball, Machine 5/8" {as req.d lengthl] © 3| Boll machng 48 1 1/ ¢
3 | Boit, double ar S : ;
n {as req,d lmglr?ti?m i & | Tenslon Clamp
ds 12 Washer Spring, 11/8" hole m 3 | Buspension Clanp
2 | Pipe spacer for 58" dia bolt
NOTE :

Up to 40° for mallard Conductor
A=12(L-6Y

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: LARGE TANGENT 3- POLE FRAME (Transmission Line Structure 33

KV)
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FRONT VIEW
=l Matarial y Matarial L
ITEM e |OTY DESCRIPTION ITEM| e aTy CORE No
3 i KBrm A'x 4" % b -1 b 1 shackle andwr |
Top honf'w c Bolt, Machine 5/8°, 1
3" x3° x 1413
cu Brace, X-amm, 2 Vi x2 V, i 4G | ek £ Tnsuiatar, LRse
| X-Brace, 214" x2 ¥ ¥J4° .90 30 | bLockunt
<]

Tension clamp

Holt, Eye 5/8” (as raq d length) ]

oit, Machine 5:8” (as req d lengih}f
Boll, double anning 58"
{as req,d length}

d3 12 wWasher Spring, 11/16" hole
2 | Pipe spacor for 58" dia bolt

winisiaion n

NOTE :
A=12(L-6)

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: TANGENT 3- POLE DEADEND (Transmission Line Structure 33 KV)
Date of Origin Revised by Approved by Revision No. Unit Designation
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1. Ses guide drowings M30—1 ond MIO-2,
2 An M2-9 iz @ port of sach guy assambly
Gy

e U

and must be ingtolled with the

A performed deadend for trand
ba substituted for the }-3:3 :w 5:::0\.

4. M3I0~1 should clso ba folowed

E1=1; Et-2

|

ASSEMBLY LNIT
E1-1 E1-2 .'E‘l-}
1/4" Guy Wire|3/8" Guy Wire|7/16" Guy Wire
TEM MATERIAL MaT. CODE No. REQ D. No. REQ D. No. REQ'D.
g Bolt, mochire, 5/8" x reqd. length B6/7/8 1 i i
d Wosher, 2 1/4" square 545/118 1 1 ,
d Wosher, 3" Curved =49 ]
i Screw, log, 1/2 reqd. length -~ 40 i ' il
2 Connectors 16 o3 reqd. as_regd. as regd.
y eadend for guy sirond ﬂﬁé‘ ?_‘25;51751 ;g{n 2 Light duty 12 Light duty |2 Hegvy duty
v Guy cttachment B58 8 |1 Light duty 1 tight duty 11 Heavy duty
v Guy wire, H.5., 7 strand N-2/3/4 |reqd. lengih |req d. lengih |req d. length
oy Jumper, Np. 4 strandaed Al glioy or equiv D—4 1 1 1 ;
ek | locknuts, gs reguired B50 ’

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: 6.35/11 KV SINGLE DOWN GUY THROUGH BOLT TYPE
Date of Origin Revised by Approved by Revision No. Unit Designation

19/02/2020 BREB BREB Board - TE-1-1, TE1-2, TEI1-3
Revision Date: -
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. Connect 10 NEUlrel 1 "]
o0 Congtctor wrd Growund Wi, ;| Mg
£ 4 4 ]
1 1§ ¥
{/ L L
J £y k)
tls I
j i N
/ by L
; by L]
N | 1 |
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s ASSEMBLY UNIT
1. Other accepted and equivalent Ete}ms c;tf tf[eadendh 5 E5og =73
i i for 3-bolt clamp shown. ; ; ) ., ) L ]
o U e s e Tolowsd g 1/4" Guy Wire|3/8" Guy Wire|7/16" Guy Wire
] VATERIAL AT o0 N6, REQD T Ne- REQD | No_REUT
al | Staples B8-67 4 Y 4
d__| Washer, 2 1/4" square g-46/118 f : ‘
q Washer, 3" Curved B-49 : : )
a0 | Bolt, thimble eve, 5/8" x reqd. length 8-24
D Connectors -6 . ? . 2 2
y | Deodend for guy strond B63/E-21 |2 Light duty |2 Light duty |2 Heavy duty
ab | Nut, thimble type eye, 5/8 5-54 T ] _ 1
y | Guy wire, H.S., 7 sirond N-1/2/3 [reqd length jreqd. length |reqd. lengin
ae | Jumper, 4 Al_Alloy, Meter U-4 2.66 766 766
ek | Locknuts, os reguired 850 1 1 1

BANGLADESH RURAL ELECTRIFICATION BOARD

Unit Description: 6.35/11 KV SINGLE OVERHEAD GUY THROUGH BOLT TYPE

Date of Origin Revised by Approved by Revision No. Unit Designation

19/02/2020 BREB BREB Board - TE2-1, TE2-2, TE2-3

Revision Date: -
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NOTES

Stub pole heles A, B, C ond E are pre—drilied os per pole framing guide M20.

2. Observe the 259 mox. angle from the horizontal. Normally this may be occomplished with a stub pele
5'-0" shorter than the decdend pole, _ o

3. This type of guy is req'd. for crossarm construction where the unbolanced loaded conductor tension is
more than 1000 pounds per conductor for two 8 feet crossarms or 1500 pounds *I‘or three B feet
x-arms. Guying req'ts for using this unit are depicted on individual pole top const'n assembly units.

4. The down guy units E1-2 or E1-3 must be specified separotely. Thimbleye nuts are odded to the
down guy machine bolts & the suspension insulator double arming bolts, )

5. Two onti-split bolts are reqd to be instailed on the stub pole using holes identif;ed'cs A & E,

6. With multiple down guys two or more anchors may be reqd. If two onchors are req'd. the spacing

between the anchors shall be sufficient to provide the max. holding power of eoch anchor.

The absolute minimum anchor separotion shall be 5 feet, -

A preformed deadend for guy wire moy be substituted for the 3-bolt clamp depicted on the drawing.

On the deodend pele connect lower guy to the neutral conductor and ground wire.

On the stub pole interconnect aoll overhead down guys.

o

BANGLADESH RURAL ELECTRIFICATION BOARD

Unit Description: 6.35/11 KV CROSSARM GUYS FOR HORIZONTAL DEADENDS

Date of Origin Revised by Approved by Revision No. Unit Designation

19/02/2020 BREB BREB Board - TES-1, TE5S-2

Revision Date: -
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ROTES

Lo ¥ihen two guys ore offached fo ona anchor rod,
use F2-32,

Z. Spoacing between onchors shall be sufficient
lo provide max. holding power of eoch anchor,

3 A0 M-2-8 i o port s! this guy stondard end
must be instalied with the guy,

4. A preformed deodend for quy wire
may be substituted for J~bell clomp
depicled on the drowing,

3. M30-1 should diso be followsd

Connect to neutral

I ”‘#—»..__ Conductor & ground

Ny
ASSEMBLY UNIT
E6-2 E6-3
3/8" GUY WIRE 7/16" GUY WIRE

TEM MATERIAL MAT. CODE No, REQD. No. REQD.
c Soit, mochin? 5/8" x reqd. length _74{68 % 2

d Washer, 2 1/4° -

4 " : ? - square g=s 5

¥ Screw, lag, 132 reqg d. length ﬁlwdéc rd

) Connectors o

ecderd for gl d B69/70/E21 & tight dut 4 H ty

D R T 856757758 e "‘i’—d"

v Guy wire, H.5., 7 strand N=3/4 reqd. length reqg d. length
ay Jumper, No. 4 strgnded Al alloy of equiv D~-4 as_required os_required
ek Locknuts, as required B50

ER Ulomp, ouy bond, oA Tealired =

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: 6.35/11 KV DOUBLE DOWN GUY
Date of Origin Revised by Approved by Revision No. Unit Designation
19/02/2020 BREB BREB Board - TE6-2, TE6-3
Revision Date: -
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&8 mun For FE-1

Approx. after
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appled

oan for Fi-1
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ASSEMBLY UNIT
F2~1 F2=2
TEM MATERIAL MAT, CODE NO. NO.
4 |Washer square flat 4'x4"x1/2" B-47/110 1 1
with 13/16" dig_hole ; _
X |Rod, Anchor, twineye, 5/8'%8'~0 B-62 1
X |Rod, Anchor, twineye, 3/4x10'-0" B-63 "
7 |Anchor, creosated Log, 8":3"—5"“ 21 1
7 |Anchor crecsated Log, 12'x6 =0 Z2? 1
Total Tension (171 Leod) Average soil (pounds) - 7000 15.000
Total Tension (1/1 Lead) Poor soil (pounds) 4000 10.000
BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: LOG ANCHOR ASSEMBLY
Date of Origin Revised by Approved by Revision No. Unit Designation
19/02/2020 BREB BREB Board - TF2-1, TF2-2

Revision Date: -

BANGLADESH RURAL ELECTRIFICATION BOARD
PBS Instruction 100-70: LINE CONSTRUCTION DESIGN FOR 795 MCM AND 636 MCM CONDUCTORS
Date of Origin Revised by Approved by Page No. Revision No.

19/02/2020 BREB BREB Board Page 89 of 93 -
Revision Date; -

e o
Mahman) ... {Md. Dunidu fsjam) (Md. Nozamme) Hyq)

ik : R Md -
Sananltant TADT DRTT Onsiitant TAPR RRET -Onsultant TApD aRer ﬁf'sﬁ"?lr"f:??lﬂnf}}ﬁl

{!L‘.’que)

P R
b33 O IV A9 WS Pt % 53900
(Mdmc) MDebasish Chafrabértty) ‘é

(Kamru! Ahsan Molliky ™

‘ansultant TAPP BRER PD TARP
E I ny. qu[ S-:_-“_r{.‘{-, Ay [
Stooeey. (Board), BRER,

RRFR




TOP CROSS ARM & BRACE

#  1 hala,
wi [TIT : ] T,
@)
TOP VIEW
1
TIy . M LT
T

an':t |
ik e T
L § ki L |
STRUGTERE FOR T81, T8-2
T sk TVEE
Al BN s ™

TOP VIEW nnee

———
—
e

-
' 1
SIRUCTERE FOR TGY, 182, THHY, TH, T3P.1, T3P
T D HE TWHE
A Wi ™2

BANGLADESH RURAL ELECTRIFICATION BOARD
Unit Description: STRUCTURE FOR TS-1, TS-2, TH-1, TH-2, T3P-1, T3P-2
Date of Origin Revised by Approved by Revision No. Unit Designation
19/02/2020 BREB BREB Board - T™M-2

Revision Date: -
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