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REDPATH, BROWN & CO, LIMITED.

REDPATH, BROWN & CO, LIMITED. j

ROOF TRUSSES—continued.

Example.

The following example illustrates the application of
the stress and length coefficients ; the formule and the
Alignment Chart :-—

Span of Roof Truss, L=44 feet.

Centres of Trusses, =13 feet.

Rise=1 span.

Type, Fig. 3. Both shoes fixed.

Covering : Slates, boarding, wood and steel purlins.

Horizontal Wind Pressure, ph=40 pounds per
square foot.

Covering and purlins, we (from page 334)=12
pounds per square foot.

Total Dead Weight, Wd, in pounds—TW¢+ We.

Wt=Approximate weight of one truss in pounds.
=0-TL*—3L+250.
=0-7 X 442 —3x 44 4 250=1473 pounds.
We=1-12L-C-we.

=112X44x13x12  =7688

9161

2

=say, 4 tons.

Wind Pressure Pn (see Alignment Chart, page 337).

_ With straight-edge join 40 pounds on scale ph with
rise § on scale 0 degrees.

On centre scale pn read 29-8 pounds as the value of the

normal wind pressure per square foot of exposed roof
surface. ]

i (T)his operation is indicated on the chart by a dotted
ine. i

Pn=0-56L-C-pn :
=056 X 44X 13X 29-8=9546 pounds.
=say 41 tons.

ROOF TRUSSES—continued.

Stress and Lengths. (See Table and Fig. 3, page 330).

Dead Weight Wind Pressure Length
TotalT Stress
Stress in Tons A Stress in Tons in Tons
Member | Dead =Coeff. x Wd Wind =Coeff. x Pn Length
Weight (Wd=4) Pressure (Pn—=425) Length | in Feet
Stress Stress Coeffi- =
Coeffi- Coeﬂ%- cient Coegf.
cient cient X
Com- : Com- " Com- : o
pression Tension pression| Tension pression| Tension (L=44)
R—1 ‘978 3:92 1125 479 871 1398 62
3—4 224 09 500 213 303 1398 62
1—2 112 045 +250 107 152 0699 31
7—1 ‘876 35 1-2568 535 8:85
T—7 500 20 419 1-78 378
6—7 375 15 *839 57 507

The stresses in this example are calculated for the
principal members on the windward side only, as in
practice members R—2, R—b and R—6 would be the
same section as R—1, the portion of the rafter having
maximum stress and similarly 7—3 and 7—4 would be
the same as T—1 and 7—6 respectively. The lengths
of the tension members are not calculated as it is not
necessary to know these for designing.

The minimum size of angle used in roof trusses should
be 2X2x %+ and the minimum size of flat 2x%. In
designing ties allow for loss of area due to holing. For
this purpose see tables pages 304-310.

REAcTIONS.

The maximum vertical reaction (or pillar load) occurs
at the windward shoe and is equal to
1 Wd+-6149 Pn=1x4+-6149%x4-25=4-7 tons.

The angular reactions and horizontal components may
be calculated similarly.

|
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b it o
ir;:ﬂ:i T COMPOUND GIRDERS
d
CRANE GAN TRIES.
o s Composition.
Composed of
Refer. Size el
ence dxb T Bott
Mark inches One Joist e e \F?anog? fggg
Plat o
One Chamnel | Pltes | Plates | pounds
g;i ;’67_—776:;5 15 | 24 x 3@90 pnds. | 15x4 @36°37 pnds. | 12x1 | 12 X2 252%
373 2511i>< :, 5 % » | 12X 3 12x13 | 212
72 |2 " g 15
s 2212;;1: 4 %z><31@§923 5 12>>:1§} igéé
AT fol - X 31@2525 12x 1| 1391
' 5 5 1173
Rivets Z-in. diam. at 6-in. pitch.
gg'g 52_177;-;<15 22x7@ 15 pnds. | 15x4 @36°37 pnds. | 12x1 | 12x2 237%
367 23;73>< ’,: :: o 5 12x § 12x1% | 197
dgg ggiﬁilf 5 ig ><3l@29 23 :,’ %gili— },‘?g%
dis |'sn ol :, X 3+@2525 55 12x 1 1241
) I’ 55 102%
Rivets §-in. diam. at 6-in. pitch.
ggg g%ﬁ ;f 12 | 20 x 61@65 pnds. | 12 x 33@29-23 pnds.| 9x1 |12 x1% | 190
gg}) 1 i » » > 9x 3 }gxl 150
o o no 5 X 4128
59 | 29 % Rl ”. 12 x 31@2525 rr 12x 1 114%%:
o i 921
Rivets Z-in. diam. at 6-in. pitch.
d
dgg 2(1)%;(15 18x8 @80 pods. | 15x4 @36°37 pods. | 12x1 | 12 %2 2421
:izge Tok :: 55 - 3 12x 3 %2)(1‘} 202
5 3 2
5 113%;13 55 gxgg@zs) 2308 ., 13;1{: %2:13%-
a5 | 185 % > ” x3l@2525 124 }295
o s 07}
Rivets §-in. diam. at 6-in. pitch,
d52
dgl %gg X12 | 18x 6 @55 pnds. | 12 x 31@29-23 pnds.| 9x1 | 12 x1% [ 178}
320 19%;: » 3 . » | 9% H 12x1 | 136}
5 |18 : . w 12x 3| 1173
iz | 15 ol ,’, 12 X 33@2525 o 12x 1 lgf% I
Rivets 2-in. diam. at 6-in. pitch. |

REDPATH, BROWN & CO, LIMITED.

COMPOUND GIRDERS
_ FOR

CRANE GANTRIES.

Properties.

F.E-*-r?

; Moments of Inertia
Size Area .

dxb 0

Modulus of Section

Distances

: 4 square
inches thehes : :
xXis Xx—x| Axis y—y |Axis x—x

Axis y—y

ne n

274 x15 | 73161 | 100825 | 8132 | 7267
264 X 5 | 611161 | 77943 | 6739 | 5828
255 X ,, | 49161 | 57157 | 5346 | 4406
254 x12 | 44061 | 4961'3 | 3322 | 8911
247 X, | 39891 | 4328'9 | 2747 | 3382
243 % ,, | 33891 | 32170 | 2074 | 221'5

254 X 15 | 68760 81236 | 800°9 6341
244X ,, | 56760 6202'3 | 6606 5007
287 X ,, | 44760 4427°5 | 5204 3690
234 %12 [ 39:660 3792'9 | 3174 324:0
22 % X ,, | 35490 32586 | 2594 276°2
22 % X, | 29490 22965 | 191°1 1683

224 x12 | 54'715 52533 | 4743 454¢4
218 X ,, | 43090 37437 | 3676 3424
214 % ,, | 36715 2974:2 | 3105 2774
20% X ,, | 32°545 25309 | 2522 2348
20 % X ,, | 26545 17158 | 1835 135'5

21 x15 | 70222 57342 | 8193 532'6
20% X ., | 58:222 43738 | 6806 4234
19% % ,, | 46222 31377 | 5418 316°2
198 x12 | 41-122 27080 | 3397 279'8
18% x ,, | 36952 2347°0 | 2824 241°8
1823 x ,, | 30952 17064 | 2157 154c5

1084
898
12
553

345

106°7
880
693
529
432
31-8

790
612
517
420
30°5

109-2
907
72:2
56°6
470
359

13'81 13-61
13:37 13:04
1297 12-44
12'68 12-47
12-05 12:80

9-83 1452

12-81 1260
12:39 12-03
12:00 11+41
11-71 11-44
11-06 11:80

871 1364

11°56 11-34
10'93 10-84
1072 10-43
10-07 1078
769 12:66

1077 10°64
1033 1008
992 949
9°68 948
914 971
7-31 11°04

2018 x12 | 51'778 41486 | 4694 392'8 782 10°56 10-34
19488 x ,, | 407153 28934 | 361'9 2910 603 994 9-83
1955 % ,, | 33778 22577 | 304+4 2319 507 974 942
18% x ,, | 29:608 18962 | 2457 194-3 409 909 976
18§ X, | 23608 12165 | 1762 104°2 293 668 11°67

See also notes, pages 352-353.
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REDPATH BROWN & CO, LIMITED.

y y y
COMPOUND GIRDERS e e e
”t x—|-x
o O Bl
CRANE GANTRIES. i:I I. I

Y e ]

Properties. —"-j, ¥ v

Size Area Moments of Inertia Modulus of Section Distances

dxb AL
inches square
inches
Axis x—x| Axis y—y |AxXis x—Xx| Axisy—y ne nt

194 x15 | 68759 4554¢1 | 8183 466°8 1091 \ 976 966
18% X 5 | 567759 34382 | 6796 3690 906 9-32 9:09
1745 X ,, | 44759 2535'2 | 5408 280°3 72-1 904 837
174 x12 | 39659 20927 | 3387 244°2 564 868 848
16% X 5 35'489 18051 2814 208°0 46'9 818 8°68
163 X , | 29489 1203'2 | 2147 1307 357 6'46 9'89
183 x12 | 50301 32757 | 4684 3427 780 9°56 9-34
1748 X » 38676 22514 | 3609 251°6 60-1 895 8-83
175 X 5 32-301 17371 | 3034 1988 506 874 841
16 % X 5 28131 14498 | 2447 1662 407 813 872
163 x , | 221131 9026 | 1752 858 292 583 1052
173 x12 48832 2852'0 466°1 3148 776 9°06 8:84
164 X 37-207 19337 3587 2287 597 845 8:32
164 % 5 | 30832 14753 | 3011 1788 50°1 825 790
15% X , | 26662 1221°8 | 2425 1488 404 764 821
153 X ,, | 20°662 7321 | 1730 730 288 533 1002
174 %15 | 67285 35164 | 8168 402:2 1089 874 867
16+% X » 55285 2621°3 6781 3157 904 8'30 811
15% X s 43285 18263 5394 231°2 T1+9 790 751
158 x12 38185 15625 3372 203'5 562 768 748
14% X, 34:015 1340°6 | 2800 1754 466 721 764
143 X 5 28015 9431 2133 1081 35'6 563 872
164% x12 47:361 2456°4 | 4627 287°0 771 8:56 8:34
154 X , 35736 1639'6 | 354'8 2059 591 796 7-81
158 % ,, | 29361 1234°0 | 297°1 159°0 49'5 7176 7°39
14 % X ,, 25191 1012°0 2383 131°6 397 716 7°69
143 % ,, 19:191 5763 1684 60°5 280 4-83 9°52

REDPATH, BROWN & CO, LIMITED.
b—s e—b—y
s A COMPOUND GIRDERS
L I FOR
CRANE GANTRIES.
Lofe = Composition.
Composed of |
Refer- Size by
ence dxb Top Flange L e
Mark inches One Joist = o
in
One Channel Plates | Plates |pounds
to form | to form
ﬁg ig‘gg §15 16 X8 @75 pnds. | 15X4 @36'37 pnds. | 12x1 | 12X2 237%
a5 i 7T76' 2 2 3 3 12 x % 12 X 1% 197
d4d 17'{3’ X]’é 2 39 2 12x1 156
e 16%— >>§ = g s g%@gg-gs i 12x 3| 1382
42 | 164 % ., . pana o i?ﬁi
Rivets -in. diam. at 6-in. pitch.
ﬁ(l) igi}% >>2 12 | 16 X6 @50 pnds. | 12 X3:@29'23 pnds.| 9x1 | 12x1} | 173}
39 | 174 % . " N s gXI% 1is
38 |16% x ., 5 " Bk
e 16% . ;,’ 12X 3’ @25 25 12 X % gg%
Rivets 2-in. diam. at 6-in. pitch.
zgg %gig‘ :(( 12 | 15X 6 @45 pnds. | 12X 31@29'23 pnds.| 9x1 [ 12x1} | 168%
34 | 163 X . “ 3 ARaL e
33 | 15% x ., - l@2525 X
o g i :: 12 X 33@2525 ,, 12x 3} gl?%
Rivets 2-in. diam. at 6-in. pitch.
gg(l) }Zg §15 14 X8 @70 pnds. | 15xX4 @36'37 pnds. | 121 | 12 X2 2321
29 | 15% % .. . . = | BR 1
» £l 2 X
ggg %21;_5 § 12 55 12 X 3%@29'23 52 12x 2 }gé%
i 14§ o : :: 2Xx33@2525 ,, 12X 3§ lﬁl)%
Rivets Z-in. diam. at 6-in. pitch.
ggi igg § 12 | 14 X 53@40 pnds. | 12 x33@2923 pnds.| 9Xx1 | 12x1} | 1633
Al ol » ’ » | 9X & g X 1% 124
d22 14 o X 5” ”» I % ” X ]O2é
g7 ia % . ’: : 12 X 33@2525 ,, 12x 3 gg&
L Rivets #-in. diam. at 6-in. pitch. !

342

See also notes, pages 352-353.
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REDPATH, BROWN & CO, LIMITED.

1] {l
ir—m ?—'41 LATTICEFD PILLARS

fetd el A

I e*, T CRANE GANTRIES.

Y l");{—ﬁ Composition and Properties.

Refer- Size Composed W;iegrht Area Ce%'f?res é{;g'léigg olglggggi?n
ence daxb of foot A% Webs |
Mark inches Two Joists in | Square ¢
each pounds inches | in . Axis Axis Axig Axis
inches | y—y | X—X | y—y | =—x
199 |24 x43% (24 X72@90 pnds.| 180 |52°930| 36 1806 | 960 | 7940 | 4072
198 |24 x 37% 5 180 |52-930/ 30 1507 | 9°60 | 6416 | 407-2
197 |24 X311 5 180 |52-930| 24 12:09 | 9°60 | 4916 [407-2
196+« | 24 X25% 5 180 [52-930, 18 912 | 960 (3457 | 4072
195 [22x43 |22x7 @75 pnds.| 150 [44:128) 36 | 1805 871 | 6688 (304°8
194 |22 x37 55 150 [44-128| 30 1506 | 871 | 5411 | 3048
193 |22 x31 L] 150 144-128 24 |[12:07| 871 | 4152 | 304-8
192 [22x25 s 150 [44-128| 18 910 | 871 |292'5|304°8
191 120x 423 (20X 63@65 pnds.| 130 [38-238| 36 |1 8:04 | 800 | 586°0 | 2452
190 |20x 361 130 (38:238 30 1505 | 800 | 474'9 | 245-2
189 |120x 301 130 (38238 24 12:07| 8:00 | 365'3 | 2452
188 |20 X241 5 130 (38238 18 909 | 8:00 | 2581 | 245°2
187 (18x44 |18x8 @80 pnds.| 160 |47-052| 36 18:08 | 741 | 699-2 | 2871
186 |18x38 2 N 160 |47:052| 30 1509 | 7°41 | 564'5 | 2871
185 |18x32 55 160 |47-052| 24 12°12 | 7°44 | 432-1 | 2871
184 [18x26 s 160 |47:052| 18 916 | 741 | 303-8 | 2871
183 |18x36 |18x6 @55 pnds.| 110 [32:364] 30 1504 | 7°21 | 4071 | 1870
182 [18x30 % 110 [32-364| 24 12-06 | 7°21 | 313-8 |187°0
181 |18x24 ) 110 [32:364| 18 908 | 7°21 | 222-3 | 1870
l

Each weight per foot is for the shaft only, weights of lattices, base, etc., to be added.

B

REDPATH, BROWN & CO, LIMITED.

LATTICED PILLARS { =
FOR 81 ¢ y_:__.:_y
CRANE GANTRIES. A
Composition and Properties. ,_x“}
. Cent: Radii of Modulus
Tafer: Size Composed nge%.ht Area eréfres Gyration of Section
anck j2%h TwooJ oists fagh ng;l’e ch %
Merk: | fnchies each b 01111111ds inches in Axis | Axis | Axis | Axis
inches | y—y | x—x | ¥—¥ | x—x

180 [16x44 (16X8 @75 pnds.| 150 |44-126| 36 1808 | 6°64 | 6560 | 2434
179 [16X%38 - 150 |44-126/ 30 1510 | 6°64 | 5297 | 2434
178 |16x32 5 150 (44-126| 24 1212 | 6°64 | 4056 | 2434
177 |16 X26 » 150 [44-126| 18 917 | 664 | 2854 | 243°4
176 [16x36 [16x6 @50 pnds.| 100 29410 30 1505 | 6°48 | 3701 (1545
175 |16x30 %5 100 |29-410] 24 12°06 | 6°48 | 2853 | 1545
174 |16x24 55 100 {29410 18 908 | 6°48 | 202'2 |154°5
173 |15%36 | 15X 6 @45 pnds 90 (26:472| 30 1505 6°09 | 3331 |131°1
172 |15%30 55 90 (26:472| 24 12:06 | 609 | 256-7 (131°1
171 [15x24 2 90 |26°472( 18 908 | 6°09 |181-9 1311
170 |14x44 | 14X 8 @70 pnds.| 140 [41°178| 36 1809 | 585 | 612°5 | 2015
169 |14 x38 3 140 (41-178] 30 1510 | 5°85 | 494'6 | 201°5
168 |14x32 55 140 [(41-178] 24 12°13 | 5°85 [ 3789 [201°5
167 |14 %26 5 140 |41°178[ 18 917 | 5°85 |266'8 [201°5
166 |14 %291 |14 X 53@40 pnds. 80 |23°530( 24 1205 | 566 | 231°7 | 1077
165 |14 x23% s 80 |23-530| 18 907 | 5°66 | 164°7 |1077
164 [14x173 = 80 |123:530[ 12 610 | 5°66 | 100°1 | 1077

344

For further information see pages 352 and 419,
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REDPATH, BROWN & CO., LIMITED.
[?—]—t LATTICED PILLARS
il . , FOR
l ! | o CRANE GANTRIES.
T Composition and Properties.
! o Radii
po | s | comosen [T ur Ol B | ol
ence dxb of foot in Webs
Mark inches Two Joists in |square c
each pounds| inches | in Axis | Axis | Axis | Axis
inches | y—y | x—x | y—y | x—x
163 | 13x29 | 13 x5@35 pnds. 70 [20°596| 24 12:04 | 524 | 2060 | 87°2
162 | 13x23 ,, 70 |20°596( 18 905 | 524 ! 1469 | 872
161 1 13 %17 i 70 [20-596] 12 608 | 524 89'7 | 87°2
160 | 12x44 | 12X 8@65 pnds. | 130 38244 36 1809 | 5°05 | 569'1 | 162'5
§59 12 x38 55 130 |38244] 30 1511 | 5°05 | 459'7 (1625
l58 12 X 32 9 130 |38244| 24 12°14 | 5°05 | 352°3 [ 1625
AT | 12 X26 » 130 |38-244| 18 918 | 5°05 | 2483 |162°5
166 | 12x29 | 12 xX5@30 pnds. 60 (17654 24 |[12'99| 484 | 176°5| 689
;55 12 x23 = 60 [17-654| 18 905 | 484 [ 1258 | 68°S
54 | 12X17 ¥ 60 (17654 12 608 | 4-84 76:8 | 689
;53 10X44 | 10 X8@55 pnds. | 110 |32°354| 36 |1809 (422 | 4814 1154
l5f 10 x38 5 110 |32:354| 30 1511 | 4-22 | 3889 |115°4
ZZO 10x 32 £ 110 |32:354| 24 |12:14| 422 | 2980 | 1154
10 X26 o 110 |32:354| 18 918 | 422 | 210°0 [1154
1
;49 10x36 | 10 X 6@40 pnds. 80 |23-542| 30 1506 | 417 | 2966 | 819
;8 10 x30 2 80 [23:542| 24 1207 | 417 | 2289 | 81-9
7 | 10x24 " 80 |23-542| 18 | 910|417 |[162:5| 81:9|
. |'
Each weight per foot is for the shaft only, weights of lattices, base, etc., to be added. ‘!
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REDPATH, BROWN &

¢0., LIMITED.

Refer-
ence
Mark

146
145
144

143
142
141
140

139
38

137
136
135

134
133

132
131
130

LATTICED PILLARS ﬂi—ri —
FOR L o o
CRANE GANTRIES. i bl
Composition and Properties. ;’—)“‘I
2 Radii of Modul
l Size Composed W;}ght Area Cerét%res G;r;:ign of %elc]t‘ilgn
dxb T oL foot in | Webs
inches 'wo Joists in square c y . N
each pounds inches | in Axis | Axis | Axis | AXis
inches | ¥—y | x—x | ¥—¥ | X—X
10 X 28% (10 X 43@25 pnds. 50 [14-708] 24 |12-03| 4707 | 1495 489
10 x22% » 50 |14-708| 18 9-04 | 4°07 | 107-0 | 489
10 X163 2 50 |14°708| 12 607 | 4:07 657 | 489
9x43 | 9x7 @50 pnds. | 100 29-424| 36 |1807| 376 | 4471 92°5
9x37 5 100 |29-424| 30 |1509| 3776 | 3622 92°5
9x 31 ” 100 |29-424| 24 |12°11| 376 2785 | 92'56
9x25 o 100 [29-424{ 18 915 | 376 | 1970 | 92°5
9x22 | 9x4 @21 pnds. 42 |12-354| 18 903|362 | 917|360
9x16 @ 42 |12-354| 12 605 | 3°62 56'6 | 360
8% 36 | 8x6 @35 pnds. 70 |20-592| 80 | 1506 | 3'34 | 259'5 57°5
8% 30 s 70 |20-592| 24 |12:07| 3:34 2002 | 57°5
8x24 55 70 120-592| 18 910 | 3:34 | 1422 | 57°5
822 | 8x4 @18 pnds. 36 |10-592| 18 903 | 324 | 786|278
8x16 - 36 |10-592| 12 605 | 324 | 485|278
6%29 | 6x5 @25 pnds. 50 [14:-702| 24 |[12:05| 2-47 1473 | 301
6x23 5 50 |14:702| 18 9-07 | 247 | 1052 | 301
6x17 . 50 |14:702( 12 611 | 247 645 | 301

Tor further information see pages 352 and 419.
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REDPATH, BROWN & CO, LIMITED. REDPATH, BROWN & CO., LIMITED.
=
OVERHEAD TRAVELLING CRANE GANTRIES. OVERHEAD TRAVELLING CRANE GANTRIES.
GANTRY GIRDERS. PILLARS.
Maximum Bending Moments and End Vertical Shears Maximum End and Intermediate Pillar Loads
for One Crane or Two Cranes of Equal Capacity. for Two Cranes of Equal Capacity.
—=wei i heel. L=Ilength of span of girder.
w==weight superimposed by one wheel. L=length of span of girder. w-wexgh: s@gﬁg?lggsg‘fi g‘?d(’c];en}i"ag? = heeke gt
B=maximum bending moment on §i§der. 5 c=téenfl;resl of feléd carriage wheels, el e space between adjacent wheels of two cranes.
8§ =minimum space between a Jacent wheels of two cranes. =5 =) i load on an end pillar.
Sv=maximum vertical shear at end of girder. gf; mamm’l’lm ng}’“ or 0” L, interr)medja,te pillar.
e e ' : End Pillars Intermediate Pillars
Bending Moment ! End Vertical Shear | =
Condition (maximum) (maximum) Condition | Maximum Load Maximum Load
of of
Loading | Loading 5
Diagram ] Formule Diagram Formule Diagram Formulz Diagram Formgis
— w'L
& = L
Xl 1 ur @ o
Vgl;lee'l L A ok — " e w(’ilnceel %F’ Wemit q% Wi=w
o: T e A Acting LAy Y e ek
i C=0. L on
Girder > 0586 T=3 Pillar
8T R N e -
- w * 22 i
ST e 2= 5 T w
s - * Sv=z(2L —c) @
6) 7= 0586 #=p— PeimEele s .5
Two —C - '
One crane per bay One crane per bay ’ ] E o
vé‘;z“l Wheels | = We=eL—0) | Geoa | Wi=glel-s)
eels 2 e ety N
Actin, ; ¢ : | |
on PoN s g Fmr—emf ey =7 —w— L -
A ' 2w * 22 = on
Girder e B=—ar : Pill
—— = w illar
X ! L =3 Sv=z(2L—s)
) A 8 H |
e Z =, x:z —; =L === T a—s;
Two cranes per bay Two cranes per bay
. e
(3) == c —wdy Swa2 e 1 @) s, (¢ s
1o B= —we MR i = {id )
——r 57 b Three o w _ e Wi=%(B8L—c—s)
Whels e g = | S0=Ys5—2s—g) Ynes | TE— o, | We-p0l--n) | JSege— %
on T =R re 4 S ; e e
Girder Prsessle s =% SRz e { o3 el —— RS AR
e %
) R -"é""c = B=4w-32_w-c *~c -:s*r— c ) o S ¢ > :“‘c“'g'i'“c = 5
W —_——— ’ === " PV Whees | e—p—2. | e =D —to—28) T, | Wi = (4L —2c—25)
s — O =—(4L —4de— :
x — L s . L Acting ; X
Gitder | *—mf—mimd | a=g— . N R el
( | |
For one crane the maximum end and intermediate pillar load is equal to the maximum end For maximum end vertical shear on each girder, see opposite page.
vertical shear. . nlamy See also notes on pages 352 and 353.
For maximum end and intermediate pillar loads with two cranes, see opposite page. i

348 349




r

REDPATH, BROWN & CO., LIMITED.

ELECTRIC OVERHEAD TRAVELLING CRANES.

Wheel Pressures, Weights and Dimensions.
(Approximate Data for Preliminary Designs)
Height of Lift—30 feet.

‘Wheel Pressures

11 tons Clearances
Weights End
Maximum per end in tons Carriages
Lgi‘d ng‘n carriage wheel due Headroom
Yons|fheh to weight of Minimun,!
End- g0k
Crane N Toom | A hiroach
of Crane | of Min. | Wheel | Sug- :
La(:zlz% Crane| Load Complete| Crab| Length | Base | gested | MHD-

ft. ins.| ft. ins.| ft. ins.|ft.ins. ins ft. ins.

23 25| 350237 1113 | 60 |15(100| §0) 56 | 46| 8 | 5.0
30 | 375|260 115 | 675
3 | 400|283 117 | 75
40 | 425|307 118 | 825
45 | 450 (331 | 119 | 90
50 | 475356 119 | 975
55 | 500 |380| 1-20 | 105
60 | 525 |4:05| 120 | 1125

2 2 2 3 2 2 23

» | 10-6 | 8-6 9

LT} 2 2 35 23 2 3

» [11-0 | 9-0 | »

2 2 ” 2 ” 2

2 11-6 9-6 2 ”»

2 L1} 2 2 ”» 2

5 |25 525/300| 225 | 70 (20100 | 80| 60 49| 9 | 9.4
30 | 550(320]| 230 | 80
35| 5175(342| 233 | 90
40 | 600|365 | 2:35 | 10-0
45 | 625|3:87| 238 | 110 11-0:| 8-0
50 | 650|412 | 2-38 | 120
55 | 675|435 | 2:40 | 13:0
60 | 700 |4:60 | 2-40 | 140

2 2 2 2 2 0 35

. |10-6| 86|

10 | 35 | 875|415| 460 | 12°0 |30/ 11-9 96! 6-6 | 5-3 |10 3-0
40 | 900 | 435 | 465 | 130
45 | 925|455 | 470 | 140
50 | 950 (4:80 | 4:70 | 150
551 975|500 | 475 | 160
60 | 10°00 | 525 | 475 | 170
65 | 10°50 | 5°70 | 480 | 185
70 | 11-00 | 620 | 4:80 | 20°5

2 ” 23 2 2 ”» 2

» | 12-3 | 10-0 5

2 2 » 23 2 2 ”

» | 12-9 | 10-6

29 ” 2 3 2 2 29

» | 13-3 | 11-0 5
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ELECTRIC OVERHEAD TRAVELLING CRANES.

Wheel Pressures, Weights and Dimensions.
(Approximate Data for Preliminary Designs)
Height of Lift—=30 feet.

‘Wheel Pressures

Clearances
in tons
e Weéghts & End
Maximum per end In tons ‘arriages
Liof d S?{‘:n carriage whpeel due Headroom e
i ni
tons | feet to weight of End- Hook
Cr TOOM |5 hproach
ane of Crane | of Wheel | Sug- | ppn

Min.
fm%i Crane| Load |complete|Crab Length | Base | gested
0a

ft. ins.| ft. ins.} ft. ins.!ft.ins.| ins. | ft. ins.

15| 35 |11-38 (4:48| 690 | 130 |40|11-9| 96| 7-0 | 5-3 | 10 3-0

40 | 1175 | 477| 698 140 | ,, e 5 iy ~ o )
45 |12:13 | 508| 7:05| 150 | ,, [ 12-3 | 10-0 55 % » »
50 | 12:50 | 545 | 7-05| 160 | ,, s =, 4 X » 2
55 1288 | 575| 7-18| 170 | ,, | 12-9 | 10-6 | ,, = 5 »
60 | 1325 (612 | 713| 185 | ,, 5 - % » » »

65 | 1375|655 | 720 200 [, [13-3 (11-0| ., ,, » »
70 | 1425 705 | 1720| 220 | ,, » ,, » = » »

20 | 35 | 1425|525 9:00| 160 | 50| 12-6 [ 10-0 | 7-6 | 6-0 | 11 3-6
40 | 1450 | 530 | 920 170 | ,, » » » 2 5 2
45 | 1475 | 545| 930 | 180 | ,, | 13-0 | 10-6 » s » 2
50 | 1500 [ 570 | 9:30| 190 | ,, 2 » 5 5 » »”
55 | 1550 610 | 940 | 200 | , | 13-6 | 11-0 » » 2 »

60 [ 16°00 | 650 | 950 | 215 | ,, » 2 » “ » »
65 | 1675|725 | 950 | 230 | , | 14-0 | 11-6 5 » »”» »
70 | 17°50 | 800 | 950 | 250 | ,, » 2 » » ” ”

30 | 35 |20°00 | 6:65 | 18:35 | 200 | 65| 12-6 | 10-0 | 86 | 6-6 | 12 4-0
40 | 2050 | 7-00 | 18-50 | 210 | ,, % » 5 5 » »
45 (2100 | 735 | 13:65| 225 | ,, | 13-0 | 10-6 s »” » 2
50 | 21-50 | 770 | 1380 | 240 | ,, s ” » » 5 2
55 | 22°00 | 805 | 13'95| 260 | ,, | 13-6 | 11-0 » » » »

60 | 22-50 | 8:40 | 14'10 280 2 2 2 2 99 39 29

65 | 2325|900 | 1410 | 310 | ,, | 140 | 11-6 » » 2 2

70 | 2400 | 975 | 1425 | 340 2 s 5 2 » » 2
351




REDPATH, BROWN & CO, LIMITED.

OVERHEAD TRAVELLING CRANES.

GANTRY GIRDERS AND PILLARS. (

The girders, pages 340-343, and pillats, pages 344-347, are special
types suitable for overhead travelling crane gantries.

The cross sectional areas of the girders and pillars and the pro-
perties of the pillars are calculated from the full sections without
deductions for rivet holes; but suitable deductions are made in the
properties of the girders.

The pillars are assumed to be efficiently latticed.

BENDING MOMENT, SHEAR. AND PILLAR LOAD.

Formulae for calculating the maximum bending moment, shear
and pillar load due to one crane or two cranes of equal capacity are
given on pages 348-349.

PILLARS.

Workshop npillars, supporting roof and crane, are subjected to
bending stresses due to wind pressure, eccentric loading and hori-
zontal crane forces. The section moduli tabulated for all pillars and
the ranges of extra breadths over flanges will be found useful.

In workshops with parallel adjoining bays, the maximum stress in
a valley pillar may result from the eccentric load from the crane or

cranes in one bay and not from the balanced or partly balanced loads
from the cranes in two bays together.

CRANE WHEEL PRESSURES, WEIGHTS AND DIMENSIONS.

The definite maximum wheel pressures and dimensions of the
crane or cranes to be installed should be obtained as these vary to
a very considerable extent for different makes.

The tables on pages 350-351 are for use when definite particulars
are not available. The tabulated wheel pressures are rather heavier
and the wheel bases and end carriages rather shorter than average
practice. Resulting approximations, therefore, are generally on the
safe side, but the maxima of every maker are not necessarily covered.

The maximum wheel pressure occurs at each wheel of the end
carriage mext to which the crab is sustaining the full load at the
minimum hook approach.

The respective proportions of each wheel pressure are tabulated
for crane weight and load. By considering the crane weight portion
as dead or static and the load portion as live, an equivalent static
load of average working stress may be obtained.
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EQUIVALENT STATIC LOAD.

We . . weight, in tons, on each end carriage wheel, due to weight
of crane girders and crab.

Wl . . weight, in tons, on each end carriage wheel, due to the load
or capacity of the crane. )

We . . equivalent static weight, in tons, on each end carriage
wheel.

We=Wc+2WI.
AVERAGE WORKING STRESS. ]
f . . static or dead load working stress, 8 tcns per s&. inch.
[ . . live load working stress, 5 to 6 tons per sq. inch.

}c(cw) . average working stress, for design of gantry girders, in tons

per 8q. inch.

Wo+flWI
st =L

ion 1 i 1 pressure
Another recommendation is that the maximum wheel pi
increased by 20 to 30 per cent. may be considered as the equivalent
static load.

IMPACT.
The foregoing does not take account of impact.

LATERAL AND LONGITUDINAL FORCES.

i he crab and
The horizontal lateral force due to the cross travel of t
load 0: to the dragging of weights may be taken at not less than 10 per
cent. of the crane capacity plus the crab hweight, this force being
ivided Ily between all the travelling wheels.
dlw’%]ie fx%,u;in?um horizontal longitudinal braking force occurs at the
end carriage next to which the driving gear and brakes are fixed. IIE
the absence of definite information an allowance of 10 per cent. oh
the maximum end carriage wheel pressures should be made on eac
ine of gantry girders and pillars. ) ) )
hne’l?hegg for};egs1 are to be considered as acting horizontally at the rail
level.
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MAXIMUM BENDING MOMENTS

FOR VARIOUS CONDITIONS OF LOADING. REACTIONS, VERTICAL SHEARS AND MAXIMUM

DEFLECTIONS FOR VARIOUS CONDITIONS OF LOADING.

Ws="Total Superimposed Weight. Wb="Total Wei
= - ght of Beam. 2 .
L =Eftective Length of Span. ‘B =Maximum Bending Moment. ‘g =§:§§$§ %gsgl;g:esﬁllllf:;r f%tf;%? ﬁg,?ndR fiz(gégincfn
N1 = = .

E’1 =Modulus of Elasticity. I=Moment of Inertia.

Maximum Bending Moment

Maximum Reactions and Vertical Shears Maximum Deflections

Condition
of
Loading Diagrain dl{‘e, to dtioto
onl; Ws+Wbo Dissrain d\#;sto due to d‘{:y:o due to
gra only Ws+ Wb only Ws+Wb
o IRl B p_ WL ‘s : (W | g WerTW :
2L : Z- 8 (Ws+ Wb)L 1 3 T2 2 5Ws'L? 5( Ws-+ Wb)L3
| < : 384E°] 384E1
8 | gy | 8= Ws | g Wt Wo
‘ 2 2
i
Y A 4& p_WsL - s | g_Wst Wb
prEAsEr g S — Sy Wsl Wbl A 2 2 Ws:L3 Ws'L3 | 5Wb-L3
78 b b | g W | g bW iSET  |48ET ' 384EI
3 1__2—" 1= 2
B=
F@ P a@Wsb+WoL) || Ws'b Wsb | Wb Ws only
Aok . ém‘ pWead =2 O . i s 8 G A 3
7 - T = 2L § L L 2 =
- e L e | | & —1 2
=L f pes—b—=y | o _Wea| , Wea Wb Wsab2L-b) - /bEL-b)
R | e (AT | BT T OETL N 3
Ws Ws 5
2 2 B= " |
. Ws'a ik _Ws _ Ws+-Wb ; Ws a(3L2—4u?)
‘t.___a_ Ry i o - Lot L Wea, WoL | . :. , o =7 | == Ws'a(3L2—4a?) 48E°1
W - e 2 1 : A s We-t Wb 48E°T 5o L3
i N R Wl e 38407
Ws only ,
S= S=
o A [~ W/ b Ws/b Wb
S ‘I Bu— Zs(xz—aﬁ) e f(§+°) T §+°)+7
et R O By | A e
le—b- b= C— =
N b(2+0) e e B 8=
~ T Ws a+b) Es(a+lg) Wb
A Gy L i
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REDPATH, BROWN & ¢ O, LIMITF REDPATH, BROWN & CO., LIMITED.
MAXIMUM BENDING MOMENTS REACTIONS, VERTICAL SHEARS AND MAXIMUM
FOR VARIOUS CONDITIONS OF LOADING. DEFLECTIONS FOR VARIOUS CONDITIONS OF LOADING.
Ws=Total Superimposed Weight, Wb=Total Weight, of B x4 o - § =Maximum Positive Shear =Left Hand Reaction..
e e ~Maximum Bending Momens. B Mokumus o Mty = Moment of Tneri
Maximum Bending Moment Maximum Reactions and Vertical Shears ] Maximum Deflections
Condition e = e e !
o = — -
Loading 5 due to due to i due to ‘
Diagra due t . due t ! due ¢
m Dz; L Diagram 0271; i Wst Wb olnvlsy Wes Wo
% T
= { K g WsL (Ws+ Wb)L T Ws'L3 (Ws+ Wb)L?
= : . ; - BV O o s 00 S=Ws | S=Ws+ Wb
= L s S 2 R e 8K"1 81
B=Wer | p_@WtWHI o ot T Weld | Welr WoLd
2 s | P T = W TG 3ET 307 8B
=l s 2
Ws'L 3
SCCise Ba= 132 Ba:% . =% S=¥s+—v§~b
S a 1 5 Welt (Ws+ Wo)L?
e Ws'L (Ws+ Wb\ L | 2 :'___'_1____'___!‘5} Ws . Ws, Wb 384 K1 384E"1
Be . / BczT 31:_2 : 8;= 5 +-_2 |
I i
p=WsL, WoL | : :;;:}:]., Ws- L2 Ws'L® | WbL3
S | W We Wb 10261  |192E1 ' 3840
, Si=o | Bi=grty
SRR S e ol
&x xp_Wee? | | * The maximum bendi t, B max., will der one of the loads when that load
el B="g—wra—wya,—wwan | and the centre.of gravity of the loads are equidistant from mid-span. _
S, Z | The formulse for the reactions Rr and RI are for calculating the reactions that will occur when
M@i—@_ﬂ Wsz | the loads are in the position of maximum bending moment. |
) || S * Rr= """ Rl— Ws— i
Ilk—-—_f_._.tlgfz_a; 7:'____;& 7 T Rl= Ws—Rr | L !
et — -5 = 3 ‘ ) ) ; o ‘ 3
; c.g. de:lmt.es centre of gravity of Toadin g | Girdggf S@aﬁ@:ﬂn;&e:&an&goments, pillar loads, and end vertical shears for Crane Gantry J
1
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e e e
PROPERTIES OF VARIOUS SECTIONS.

—

\\

Normal Moments of Inertia !
Distance ‘
Section Area i
=4 E)‘x‘treme About About ‘
1*131:5 Central Axis Parallel Axis 0-0
= =Io I
N‘a\“ !
|
o e .
|
I[ 2B+ dtw Ia e
ot D or if no=
2 B-D3—pds s
B'D—ba 12

BD3+b 13 —b(d4-1f)s
3

s e SR

—_— W
I Ty+A-no2

B or if no=nz

2 2if B3—+d-tws
12

th'Ba-,-d( §+tw)3 —d%a
— AR
3

e ———— =0 FR

—_—
S vj-g 2Btf+-dtw Iz Tfldod
nx b
!X 3 f, & D or if no=na
4 : 2 B-D3—p-gs
[P 4| BD-ba 12 BD3+b4f3 —ba+ip)s
b, 7 g
| |
: el eSS N W —_—
2 Iy+A-no2
|,
-5_’”}, 2Btf L @-tw Iy or if no=ny ’
l?y i ;;. o D B2--g-p2 M
el | 24 2tf ny3+ D nyy3 —d —tw)3 3
o . w or if no=nyy
2t]"1334:‘}-d'twa
N
Alle—p- 5 |
TRty | Duter 1 4
é ) ! # Iz or if no=nz
D2k % — 0
: | Boten |BDbe =
4. L tjz o &4 t 'nz3+B'n1a;§—b(n1x—t-:)3 or if no=myz
B-D—pqd 4 -D34-b¢.3 i
I 3

REDPATH, BROWN & CO., LIMITED.
PROPERTIES OF VARIOUS SECTIONS.
Normal Moments of Inertia
Distance
freekipn T2 Voo About About;
Fibres Central Axis Parallel Axis o—o
=n = =1Io
Iz+Ano2
Drtw+betf or if no=nz
or Iz B-D3—bds
Bt L2t ® 3
or ot tw na3- By za—b(n)z—tf)3 or if no=mz
3 tw D3-4-beif3
B'D—bd e
Drtw+-bitf ITy+ A no2
Iy .
OF B or if no=ny
- de 2 3 B8
Gl 2 tf-B3+-d-tw? t_f-B3+d(é+tw) _dll
o : 12 e A S
B-D—bd 3
=i Iz+A'no2
fit——1. i Iz i
e 1 or if no=nx
| Lol SB=ayy - -
A ¥ e BDv—an) | Barw
| 4 L 12 2
—
= -B— = Iz—+Ano?
= % Iz
| L D D or if no=nz
DA —| 4 & = B-D3
i S B-D3
| nx 12 22
k. ¥
Iy A4 no2
ey e Iy
1 i-x B or if no=ny
1 ny 24
== —— Ly Dt 2 DB D-B3
i 4 iz B
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PROPERTIES OF VARIOUS SECTIONS.

\

Normal ! i
. Slommal. - ¢ Moments of Inertia
Section Area to } |
= E%‘;ftr)«;gsle | About About !
o | Central Axis Parallel Axi
= / = I = I (2] P :
e ) i SORES IR 3
—_— W
| { ‘ 1
| I
| | Tu
| Bsind+Dcosd |
2 | BD(B2sin20+ D2cosz0) ¢
—A"3mY - D2c0s26)
12

|

e
_

| !

I 1 Iv
Dy | Deindt-Boos |

12

Iz+4A4no2
or if no=na
B-D3
T
Or if no=nz
BD3
12

m D2 Tz A no2
- = 4 | D mD4 or if no=na
or ‘ 2 64 5m D4
| e 64
| or
1‘ ‘0491D4 I 2455 D4
e ol e
| ——
Iz Iz+4not
» (D)
3 64 or if no=nz

or

‘0491 (Da—gey | T

m(5D4—4D2:d2 —q4) |

—
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PROPERTIES OF VARIOUS SECTIONS.

Normal Moments of Inertia
Disgance
i Area 0
Section = Ttimo P o
Fibres Central Axis Parallel Axis 0-0
=n = =Io
Iz Ix+ Ano?
%,-2 1__34_1- wrd  drd or if no=mz
T LA
16 om mrd
or or 16
or
785472 57567 on
05484 -0625r4
Tu Tu+Ano?
T2 72 -
4 &2 % -y or if no=nu
or or
or i
785472 “7071r sz
*0713r4 8
T2 Iv Iv+A-no2
4 4’—‘/2 w4 14 S or if no=nv
or e 16 +§_9"" mird ot
or 16 "8
785472 or i
i -0385r4 312374
3 Iz Iz+ Ano2
2 : L.
7 —1—% 6(1——1-') 17 1 ) or if no=nz
3" 16 36—9r r,(}_l“)
or 3 16
or e .
-214672 ,
ol -0075r4 Ao

Modulus of Section

T
Radius of Gyration g=\/ 71

Moment of Resistance R='f'7I
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APPROXIMATE WEIGHTS OF MATERIALS

FOR ESTIMATING DEAD AND SUPERIMPOSED LOADS.

The weights are in pounds per cubic foot, unless stated otherwise.

Ashes, coal 45 | METALS—continued,
Asphalte, paving 112 Iron, cast . . ‘ .
Ballast, brick, gravel 112 » wrought . ; . igg
Lead, cast . : " . 708
Bricks and BrIcKWORE— ,,  sheet. ” " . 1710
Bricks, pressed, hard 150 Nickel, monel metal . - . 556
- fire, paving 150 Steel, cast . < . 492
o pressed 135 5, rolled " - . 490
. common . 120 Tin, cast . . i . 455
%5 inferior, soft 100 ,» rolled . X 5 . 462
Brickwork, pressed 140 Zimo . : . . 437
5 ordinary 120 | Pitch . . . . s © 70
o5 inferior 100 | Plaster . . . . . 96
“ o approximation, Plaster of Paris, loose . . 60
1 cub. yd. =1} tons. »” s set 5 . 80
Cement, Portland, loose . 90 | Sand, dry X " ! . 100
5 mortar S . 105 5  web . . v . 125
Clay, damp, plastic. . 112 | Slag, for concrete . i . .96
Concrete, breeze ‘ 96 | Slate . . 2 s . 180
v brick 7 120
2 stone 144
Earth, dry, loose . 72 SEionge—
,»  moist, packed ; 9 Hea.w_ry, 14 pounds super. foot.
5,  dry, rammed 112 %d‘.etllllum, 10 3 » »”
Glass, plate . 174 Algb t, 6 2 2 »
»»  Tough or ribbed 168 shestos, 3 » » »
5> sheet . : 156
Gravel . 120 | Stonms—
Lime mortar . 103 Flint . 5 . r . 165
Granite . A . . 170
MAsoNRY— 1I;{ime:fitone 5 5 . . 160
Masonry, concrete, stone 14 acadam . . . . 150
ke s g . 165
5 freestone, dressed . 150 Sandstone . . . 150
i s 5 pubble. . 1ap | Tar ", o o0 L 0.0 EEE
e granite, dressed 165 | Terra-cotta . . . . 112
o, ,, rtubble 155 | Tiling, 18 pounds super. foot.
METALS— TIMBER—
Aluminium, cast . 160 Jarrah, wood paving . . B0
- hammered 172 ity v . 2 . s 3
Brass, cast . = 527 Larch s : 5 < 1385
5 rolled 534 Oak . : L A o 60
Bronze 524 Pine, pitch . % . < 48
Copper, cast 550 » red, yellow. . . 40
5  rolled 558 ,» Wwhite. 2 5 s 130
p—e
36!
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APPROXIMATE WEIGHTS OF MATERIALS
FOR ESTIMATING SUPERIMPOSED LOADS.

The weights are in pounds per cubic foot of space occupied.

CEREALS, etc.— GROCERIE_S—-continued. 2
Barley, in bags 36 Soaps, in cases o
in bulk 40 Sugar:, mhba,tgs 2.5
1”,' bags . . 45 Tga,mcess. .
%‘:}Irl,r irllnba]egs, compressed 24 Tinned goods, in cases . 60
,, not compressed 14 MISCELLANEOUS——
Oats, in bags 217 Bleach, in barrels 32
» in bulk < - 32 Cement, in bags . 84
Potatoes, piled . g . 45 A in Barrals 73
traw, in bales, compressed . 19 Clay, china, kaolin 138
S 2 v,
Whea.t, in ba.gs . 39 - potters’, dI‘y 120
»  in bulk 45 Coal, loose . gg
Coke, ,, . .
Dux Goong— Crockery, in crate: 40
Dry goods, piled, average, Glass, = 60
2 cwts. per sq. ft. of floor. Cilynerigs oot : 52
Coir Yarg, baled . 3 gg Ironmongery, in packages 56
Cotton, piece goods, baiz(cil 2 Tewther, i bandles ; ; g
i i S8 hides, compresse
,,  raw, compressed hard gg Lime. in b:u;elsc ; P 50
” I o ‘: 56
o ,, not compressed. 12 Oils, E %lz:,gels 26
B tickings, baled 37 ol e 5
Hemp, baled . ; %g P’:;.per, sriiiting ‘ég
Jute, 5 s . = it
Linen, damask, baled . 50 Petrol g [ £
»  is6e goods, ease = Plaster, in barrels 53
Manilla, baled . 2 2.6 Potash A : 141
Rope, in coils 32 Bed loadh dik 132
gt o, campeased - Rosin, in barrels . 48
,» not compressed 13 Rubber 60
,» piece goods, cased 27 Baltpetre : g gg
Screw-nails, in packages 1
GROCERIES—- s .
Groceries, piled, average Soda ash, in barrels 28
2% cwts. per sq. foot of floor. Soda, (}a,usltillc, fl:l]r:;ums -
]]gogled goods, in cases. gii n:w, ;Z:, c% B o
01111 e:: o y 30 Starch, in barrels. 25
Co?:’ee : ; 40 Sulphuric acid . 60
Fats 5 s 58 Tin, sheet, in boxes 25‘?%
Fruits, dried in cases 60 Water, fresh 3 o 0
iquids, i 38 10 pounds per
Liquids, in barrels 2 5 z
bottled, in cases 50 gallon. i Y
Egg,; : 5 68 1:’1,' 1863 'd < o
Rice, in bags 58 White lead, :syt ol sl
70 9. 2 P £l
Salt, coarse, in bags . 2 7 4
,» granulated, piled . 48 Wire, in coils )
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IMPOSED FLOOR LOADS.

Classiﬁ?aﬁon of Buildings and equivalent Static Loads
in pounds per square foot of floor area.

CLASSIFICATION
(@) Tenements. Loads.

Upper floors of private houses not more th
1n height (see also (b)). _ ore than 4 storeys iy

(b) Upper floors of private houses of more than 4 i

height (see also (d)). P sl

Ground floors of private houses not more than 4 storeys
in height.

' Bedrooms on upper floors of hotels.

Prlya.tg bedrooms in hospitals, infirmaries and other
similar buildings.

Residential flats. 60

(¢) Classrgorqs in schools or colleges. .
Dormitories in hospitals, infirmaries and other similar
buildings.
Upper floers of offices. 80

(d) Assembly rooms or halls, including Iobb;
passages leading thereto and as follogws — vy

Churches and chapels.

General assembly rooms in public buildings and in-
stitutions, including hospitals, infirmaries, colleges
?c)];ools, lecture halls and similar buildings (see also
c)).

Theatres, music halls, kinemas, and similar buildings.

Dapce halls, ballrpoms, Testaurants, reception r%oms
in hotels and private houses (see also (b)).

Ground floors of private houses more than 4 storeys in
height.

Hotels, ground floor and below (see also (b)).

gliﬁces,fgro(il'ndlﬂoor and below (see also (c)).

oors for display and sale of light-wei
Public auction rooms. e
Garages for private cars,

Rooms for storage of light-weight goods and for light
workshops. 100

REDPATH, BROWN & CO, LIMITED.

Loads.
(e) Garages for vehicles up to 3 tons gross weight.
Rooms for storage of medium-weight goods and for
medium-weight workshops.
Theatre stages.
Drill halls.
Spectators” stands, including stands on sports grounds. 150

(f) Book stores at libraries.
Museums for heavy goods.
Rooms for storage of heavy-weight goods and for heavy-
weight workshops.
Pavements surrounding buildings. When a pavement
adjoins a roadway, provision also to be made for
3 ton point loads .at.not more.than 4ft. ccntres. 200

(y) Rooms for storage of extra heavy goods and floors to
support printing and other heavy machinery or work-
shops. Over 200
STAIRCASES AND CORRIDORS.

(h) The same imposed load as the floor they serve is to be provided for
landings, corridors, and staircases, but need not exceed 100
pounds per sq. ft. for staircases and landings.

Every step or landing must be capable of sustaining a point load
of 300 pounds placed in any position.

ROOFS.

In addition to the dead load the following imposed loads in pounds
per sq. ft. of the horizontal and vertical projections of the sloping roof
surface are to be taken :—

(i) Flat roofs with inclination not exceeding 15 deg. Vertical load
50 pounds. Horizontal load, nil.

(ii) Sloping roofs with an inclination up to 40 deg. Vertical load,
25 pounds. Horizontal load, 10 pounds.

(i11) Sloping roofs with an inclination of up to 75 deg. Vertical
load, 15 pounds. Horizontal load, 15 pounds.

(iv) Sloping roofs with an inclination of more than 75 deg. to be
treated as vertical surfaces.

Such imposed loads are to be considered as including temporary
loads, snow, wind, and apply only to roofs in multi-storey steel frame
buildings and to spans not exceeding 50 ft., and not to sheds or similar
industrial buildings.

The imposed load on a flat roof need not exceed the imposed load
on the floor immediately below the roof.
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WIND LOAD.
The whole building must be designed to resist a horizontal wind
load equivalent to wind pressure on a projected vertical surface of :—
() Up to a level of 30 ft. above the ground, 15 pounds per sq. ft.
(b) At levels more than 30 ft. above the ground, 20 pounds per sq. ft.
(c) Towers, turrets, and like structures projecting above the roof,
30 pounds per sq. ft.
The negative wind pressure on the leeward side may be ignored for
ordinary buildings.
See also imposed load on roofs.

LOADS ON PILLARS AND FOUNDATIONS.

For calculating the loads on pillars and foundations, the imposed
loads are to be taken in full for the roof and two floors immediately
below the roof.

- They may be reduced by 25 per cent. for the remaining floors.

No reduction is to be made in respect of pillars supporting storage
rooms.

PARTITIONS. 1

For the purpose of design of the steel frame (but not the floor slabs)
the specified floor loads (except for the 40 pounds class) may be
regarded as including partitions, provided that the weight of partition
per foot of length in a width of 10 ft. does not exceed 250 pounds.
Any excess over 250 pounds per foot of length is to be accounted for
in the dead load. TFor the 40 pounds class 150 pounds per foot run
shall be taken instead of 250 pounds.

MINIMUM LOADS ON BEAMS.

The minimum imposed distributed load on any floor beam other
than the external wall beams or filler joists is to be taken as 400 pounds
per foot run. Moreover every beam is to be capable of sustaining at
any point in its span a point load of at least 3000 pounds.

This does not apply to buildings of the 40 pounds or 60 pounds
class.
MOVING LOADS.

A moving load actuated by power is to be regarded as equivalent
to a static load at least 50 per cent. in excess of the actual load.
For cranes and similar appliances in industrial buildings this rule does
not necessarily apply.

LIFTS.
In every case for lifts, elevators, hoists, ete., the equivalent static

load at the top of the lift shaft is to be taken as at least 50 per cent. |
in excess of the combined load of the actual pull in the ropes, the
weight of overhead machinery, sheaves, supports and overhead beams.

=
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FOUNDATIONS.
BASE PLATES AND BEARING AREAS.

The areas of base plates and bearings are to be such that the
pressure on the bed does not exceed the following :—
Tons per sq. ft.
(a) Reinforced concrete complying with L.C.C.
Regulations and bed of good neat cement
grout placed after fixing of steelwork. . 5 38
(b) Mass Concrete (Stone or Gravel) :— .
1 bag (204 pounds) Portland Cement to 3 cubic

yard aggregate .. i s - 24
1 bag (204 pounds) Portland Cement to £ cubic

yard aggregate .. 2 5 i 16
1 bag (204 pounds) Portland Cement to 1 cubic

yard aggregate w ‘e » 10

These pressures apply to concrete made of aggregate of approved
kind and mixture of fine and coarse material.
Tons per sq. ft.

(c) Hard brick having a crushing strength of at

least 250 tons per sq. ft.in 2 : 1 cement mortar 24
Medium brick having a crushing strength of at
least 150 tons per sq. ft. in 3 : 1 cement mortar 12

Ordinary brick having a crushing strength of
at least 100 tons per sq. ft. in 4 : 1 cement

8
mortar .. i o ;
(d) Granite 35 e - o L 40
Sandstone on natural bed having a crushing
strength of at least 250 tons per sq. ft. X 25
Limestone having a crushing strength of at least
150 tons per sq. ft. - o s 55 15

Generally for any kind of stone, the bearing pressure should not
exceed one tenth of the crushing strength of the stone.

The foregoing load recommendations are ?Jb?tracted, by kind
permission, from the Repori on Steelwork for Buildings, Part I, .Loads
and Stresses, published by the Institution of Structural Engineers,
10 Upper Belgrave Street, S.W.1, price 3s. 6d.

For the London County Council Regulations, see Appendix L.
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GENERAL.

The contents of the book generally are intended to apply
to structural steelwork in buildings and all forms of construction
of a similar nature on which the principal loads are static.

Notwithstanding this distinction certain of the notes and formule are
of general application, as are the tabulated properties, with the exception
of the “ Maximum moments of resistance in tons-feet,” pages 50-55, which
are based on an extreme fibre stress of 80 tons per square inch.

Attention is directed to the following features :(—

The arrangement of the overall dimensions, safe loads, composition,
weight per foot, and properties of each simple and compound section on
the corresponding lines of two facing pages.

The indication of web buckling, deflection, and rivet pitch limitations
by the free use of zigzag lines and italics.

The tables of minimum spans in feet for various rivet pitches, pages
38-48.

The tables of compound girders arranged in descending order of carry-
ing capacity, pages 50-55.

The alternative sets of pillar tables, (@) by the Moncrieff formule, for
the practical condition of both ends flat, and (b) in accordance with the
London County Council pillar stresses for buildings of steel skeleton con-
struction in London.

The pillar eccentricity coefficients relative to the axes of least
and greatest radii of gyration, and the treatment of eccentric loading by
means of these.

The alignment charts, pages 166-167 and 240-241, for the rapid
approximation of the safe loads, etc., on pillars, and of the intensities of
normal wind pressures, page 337.

The material of each section is structural mild steel having
an ultimate tensile strength of 28 to 33 tons per square inch,
in accordance with the specification of the British Engineering
Standards Association.

The tabulated loads are based on the undernoted conditions.
Brawus.

(@) Static loading uniformly distributed over the entire length of the
effective span.

(b) The inclusion of the weight of the beam in the load.

(c) Each end of the beam being simply supported, not fixed. *

(d) The laterally unsupported length, of the compression flange not
exceeding 20 times its breadth.

(e) A working tensile or compressive stress of 8 tons per square inch ab

the extreme fibres.
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PILLARS.
(f) Static concentric loading.
(9) Each end of the pillar being flat (Moncrieff) or fixed (L.C.C.).
(h) The average working compressive stress per square inch for each
ratio of slenderness as determined by the Moncrieff formule or
L.C.C. stresses.

The properties of the simple sections (those of certain angles and
tees excepted) have been taken, by permission, from the lists of the British
Engineering Standards Association.

These values are for the exact profiles of the British Standard dimensions,
accurate allowances having been made for rounded corners, fillets and
tapered flanges.

The angles and tees excepted above are of thicknesses for which pro-
perties are not given by the Committee and these, in addition to the pro-
perties of all compound sections, have been calculated by the technical
department of the Company.

DEFINITIONS AND FUNDAMENTAL PRINCIPLES OF
STATICS.

T hrough indiscriminate use in the past, certain terms have acquired ambiguity
of meamning.

Present practice tends to eliminate such ambiguity by attaching to each term
a particular meaning, as in the following list of definitions, which has been
compiled from the leading authorities on the subject.

A Static Load is a stationary load producing no variation of stress
intensity, or which is increased gradually from zero up to its maximum
amount.

Reactions are the pressures at the points of support, due to the loads.
The sum of the reactions is invariably equal to the sum of the loads. For
values of reaction, see pages 348 and 349, 354-357 and 385.

The External Forces which act on a structure are the loads (dead
and live) and the reactions due to these.

Stress is the mutual action at the interface between two adjacent
portions of a body subjected to the action of external forces.

Tensile Stress or Tension is the stress due to the action of two exter-
nal forces tending to pull the molecules of a body apart.

Compressive Strcss or Compression is the stress due to the action
of two external forces tending to push the molecules of a body together.

Shearing Stress or Shear is the stress due to the action of two equal
and opposite parallel external forces, tending to make the molecules ‘at
two adjoining planes of a body slide past one another.

Stresses and Forces are measured in tons or pounds.

Stress per unit of area or intensity of stress is the quotient obtained
by dividing the total stress developed uniformly over a cross section by
the area of the cross section. It is expressed in tons or pounds per square
foot or per square inch.

s d
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DEeriniTIONS, ETC.—(continued).

Ultimate Strength or Ultimate Stress are interchangeable terms,
meaning the maximum intensity of stress which can be developed in the
material before rupture takes place.

Working Stress and Factor of Safety. See pages 381-382.

Deformation is the amount of the resulting change in bulk or shape
of a body subjected to the action of stress. Deformations are measured
by linear units and are usually expressed in inches.

An Elastic Deformation is one which disappears entirely on the
removal of the external forces causing the stress.

Permanent Set is the deformation which wholly or partially remains
on the removal of the external forces causing the stress.

Strain is the deformation per unit of length or the total change of length
divided by the original length.

Elastic Limit. The true elastic limit is the maximum intensity of
stress which can be developed in the material without permanent set resulting.

Hooke’s Law states that within the true elastic limit stress is directly
proportional to the accompanying strain.

The Commercial Elastic Limit in Tension is the maximum
intensity of tensile stress developed in the material up to the moment of
marked breakdown of the test piece, viz., at the yield point.

The Modulus of Elasticity of the material (Symbol E) is the constant
which within the true elastic:limit expresses the ratio between stress and
strain or RRts

E—Stress

Strain.
It may also be defined as that force which would produce in a bar of

one unit of cross section, a deformation equal to its original length, provided
that Hooke’s law were applicable to all stresses without limit.

In present practice the Symbol £ denotes Young’s Modulus or the
Modulus of Longitudinal Elasticity. The accepted values of £ for mild
steel are 12,000 to 13,000 tons per square inch, the lower value being generally
used for deflection calculations.

Flexure or Bending is due to the simultaneous action of tension,
compression and shear. It occurs when an external force or combination
of forces applied to a member causes the originally straight axis of the
member to assume the form of a curve.

Beam is a generic term in statics, applied to a structural member
subject to flexure. Beams are ordinarily horizontal members, supporting
loads acting vertically.

Members may be subjected to flexure combined with tension or with
compression. The main tie of a roof used to support a ceiling, or for lifting
loads from a floor is a familiar case of flexure and tension, while rafters
supporting intermediate purlins, and pillars eccentrically loaded or subjected
to wind pressure are in a state of flexure and compression.

et o o mon,
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DeriNiTIONS, ET0.—(continued).

A Simple Beam is a horizontal member simply supported at the ends,
so that all parts have free movement in a vertical plane under the influence
of vertical loads.

Distribution of Stress in a flexed or bent beam. On the convex side
the fibres are elongated by tension and on the concave side the fibres are
shortened by compression. Simultaneously, shear is taking place between
each vertical plane of the member and the one adjoining. As the stresses
change in kind, from tension to compression, it follows that at the surface
in the depth of the heam where the change in kind of stress takes place.
the intensity of stress is zero.

The Neutral Axis is the name given to this surface of zero stress.
For a section of mild steel it passes through the centre of gravity or centre
of area, as the ultimate tensile and compressive strengths of this material
are taken as equal in value. The neutral axis of a symmetrical mild steel
section is at the middle of its depth.

Extreme Fibres are the fibres of infinitesimal thickness at the surface
or edge of the section most remote from the neutral axis, the distance being
measured in a direction perpendicular to the neutral axis.

Extreme Fibre Stress. It can be shown that within the elastic limit,
the deformation and, consequently, the stress in any fibre is proportional to
its distance from the neutral axis and that the intensity of stress increases
as the distance increases. The maximum intensity of stress is reached at
the extreme fibres and therefore the maximum permissible unital stress at
the extreme fibres is also the tensile or compressive working stress.

A Pillar or Strut is a structural member, conventionally vertical and
of a height not less than 8 to 10 times its least lateral dimension. :

Vertical loading on such a member produces direct or d@xial compression.
accompanied by the development of flexural stresses due to the tendency
of the pillar to fail by buckling or bending in a lateral direction.

The maximum intensity of the compressive stress due to flexure occurs
at the extreme fibres of the section on the concave side. o

The working stress for a pillar is therefore the maximum permissible
unital stress at the extreme fibres and is a fraction of the sum of the maximum
axial and flexural compressive stresses developed at the point of failure,
as determined by a suitable pillar formula.

Positive and Negative Forces. Retaining the convention that a
beam is a horizontal member, loads or external forces acting downwards
are taken as negative and reactions or external forces acting upwards are
taken as positive.

The Moment of a Force about any point is the value of the force
multiplied by its leverage or distance from the point, measured in a direction
perpendicular to the line of action of the force. A moment being a compound
quantity is expressed in tons-feet or tons-inches.

The Laws of Equilibrium assert that for a system of vertical forces
acting in one plane :—
(@) The algebraic sum of all the vertical forces must equal zero.
i-(b) The algebraic sum of the moments of all the vertical forces must
equal zero.
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DzriniTIONS, ETC.—(continued).

In_ other words, as the algebraic sum is the difference of positive and
negative values, it is apparent that the positive or downward forces and
the negative or upward forces and their respective moments must be equal
and opposite to each other.

End Reactions. By the first of the laws of equilibrium the sum of the
reactions must equal the sum of the loads.

In a simple beam, each end reaction will equal 1 the sum of the loads
for the conditions of : —

(a) Loading uniformly distributed.

(b) A single load concentrated at the centre of the span.

(¢) Any system of concentrated loads in pairs of equal value or
partially distributed loads of equal value disposed symmetri-
cally with reference to the points of support.

By the second of the laws of equilibrium the sum of the moments of the
reactions must equal the sum of the moments of the loads.

This is the general statement from which the values of the reactions at
each support for any symmetrical or asymmetrical system of loading on a
su:n}S)le beam may be ascertained.

ee pages 354-357 and 385 for formule and numeric ;
pages 348-349 for overhead cranes. T AR

SHEARING FORCE AND BENDING MOMENT.

NOTE.—As a matter of convenience, in the immediately following para-
graphs relating to shear and bending moment, the left hand support is considered

to be the point of origin. See pages 348, 349, 354-357 for formule and
diagrams.

Vertical Shear is the measure of the shearing tendency which occurs
at every imaginary transverse section in a beam. The vertical shear at any
such transverse section is equal to the algebraic sum of all the external
forces to the left of the section and is expressed in tons or pounds.

Vertical shears are termed positive or negative according to the relative

values of the loads and reactions to the left of the imaginary transverse
section.

The Maximum Positive Vertical Shear in a simple beam occurs
over the left hand support and is equal in amount to the left hand reaction.
Similarly the maximum negative vertical shear occurs over the right hand
support and is equal in amount to the right hand reaction.

Zero Point. It follows that the vertical shear must pass through zero

at the intermediate point where the sign of shear changes from positive to
negative.

Location of Zero Point. This point m
static lt_)a.djng by the following methoPd — = Bedosmied for sny N

Beginning at the left hand support, add the successive values of the
loads to the right until their sum exceeds the value of the left hand reaction.
The point at which the vertical shear passes through zero occurs immedi-
ately under the load causing the excess.

If the loading is uniformly distributed or symmetrically disposed, relative
to the supports, the point of zero shear is at the centre of the span. d
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DEFINITIONS, ET0.—(continued).

The Bending Moment at any imaginary transverse section of a beam
is the measure of the action of the external forces tending to cause rotation
about the section. The bending moment at any such section is equal to
the algebraic sum of the moments of all the external forces to the left of
the section. It is expressed in tons-feet or tons-inches. Moments to the
left of the section acting upwards are taken as positive and these to the
left of the section acting downwards are taken as negative.

The Maximum Bending Moment in a simple beam supporting any
system of static loading, occurs at the point at which the vertical shear
passes through zero.

If the loading is uniformly distributed or symmetrically disposed relative
to the supports, the maximum bending moment occurs at the centre of
the span.

In a cantilever the maximum bending moment occurs at the supports
irrespective of the position of the loads.

Minimum Bending Moment. Inasimple beam the bending moment
at the supports is zero.

Deflection is the measure of the vertical displacement of any point of
a loaded beam from its position when the beam is unloaded. Deflection is
expressed in inches.

In steel structural work for buildings it is the practice to use formule
for the calculation of the maximum deflection due to the flexural stresses
only. Deflection due to shear, which amounts to about 3 per cent. of the
total for ordinary structural sections, is neglected.

The Maximum Deflection in the case of a simply supported beam
may be taken as at the point of maximum bending moment.

The Investigation of the Strength of Beams is governed by the
three following laws :—

(@) The sum of all tensile stresses must equal the sum of all com-
pressive stresses.

(b) The resisting shear must equal the vertical shear.

(¢) The moment of resistance must equal the bending moment.

or summarized,

(d) Tn order that equilibrium may obtain, the external forces acting
at any imaginary transverse section of a beam must be
equalled by the internal resisting forces and their moments
must also be equal.

The Moment of Resistance at any imaginary transverse section of a
beam is the measure of the action of the internal forces which resist the
rotary tendency caused by the external forces. The moment of resistance
at any such section is equal to the sum of the moments of all the tensile
and compressive stresses in the material at the section, acting as a couple.
Tt is usually expressed in tons-inches, but if equated to the bending moment
in tons-feet, it must be expressed in the same terms as the latter. The
moment of resistance of a section is most conveniently derived from the
corresponding tabular value of the modulus of section, as the direct deter-
mination involves the integral calculus.

The maximum moment of resistance may be taken as the criterion of
the strength of a beam to resist flexure.
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DEeriNTIONS, ETC.—(continued).

Properties of a section are values dependent upon its profile or shape
only and which form a basis for the determination of its strength. All
the tabulated properties are calculated with reference to central axes.

A Central Axis is one which passes through the centre of gravity or,
more correctly, through the centre of area of the figure or profile of the
section.

Central Axis and Neutral Axis coincide for a section of mild steel,
this material being taken as of equal strength in tension and in compression.
The former term is generally used in connection with values such as properties
involving areas or linear dimensions only, the latter term is used in con-
nection with values such as moment of resistance involving stress.

A Principal Axis is'a central axis with reference to which the moment
of inertia is maximum or minimum.

. An Axis of Symmetry is a principal central axis dividing the profile
of a section into two portions of equal area and shape.

An Asymmetrical Axis is a central axis which does not divide the
profile symmetrically. It may or may not be a principal axis.

The Ellipse of Inertia is an ellipse constructed to show the relations
between the moments of inertia and radii of gyration for different central
axes.

Moment of Inertia is the basis property for taking account of the
fact that the moment of stress varies as the square of the distance from the
neutral axis. If it is supposed that a transverse section of a beam is divided
into elementary areas, then the moment of inertia is equal to the sum of the
products obtained by multiplying each elementary area by the square of its
perpendicuilar distance from the central axis. Tt is expressed in inches®.

Modulus of Section at any imaginary transverse section of a beam is
the measure of the resisting moment of the beam at the section. It is ex-
pressed in inches?®.

The maximum modulus of section is largely used as a direct basis of
comparison of the strength of a beam to resist flexure, being numerically
equal to the moment of resistance for an extreme fibre stress of one ton per
square inch.

Modulus of Section is sometimes termed Moment of Resistance, but this
is apt to lead to confusion when practical working stresses have to be taken
into account.

Radius of Gyration is generally used as the basis of comparison of the
strength of a pillar to resist buckling or bending. It is a linear dimension
expressed in inches.

It is equal to the perpendicular distance from the central axis to such
point as, if all the area were there concentrated, the moment of inertia
would be the same.

The terms used in this book have the foregoing definite meanings unless

NOTATION.

The notation is based on the standard notation for structural engineering
formule as adopted by The Royal Institution of British Architects and
The Institution of Structural Engineers.

As a general rule, the abbreviations consist of one or more letters, these
being the initial letters of the significant words of the phrases abbreviated.
All abbreviations, therefore, are mnemonic.

For example —B=DBending Moment. R= Resistance Moment.
M= Modulus of Section. #f=thickness of the flange.

The same abbreviation is used to denote different quantities only when
these cannot possibly be mistaken for each other.

The “ high ” point is used as the decimal separatrix.

Ezample :—T-5=seven and five-tenths.

The “ middle ” point is used as the sign of multiplication between two
letters which represent the two factors.

Ezample :—W+*L= W(eight) multiplied by L(ength).

The X sign of multplication is used between figures where it may not
be mistaken for the letter x.

The ““low ” point is used as the sign of abbreviation.

Ezxample .—N.B.S.B.=New British Standard. Beam.

For convenience of reference, the less familiar abbreviations and their

meanings are repeated where necessary.

ECONOMICAL CONSIDERATIONS AFFECTING DESIGN.

Thz general problem of steelwork design is to provide in a structure
a sufficient area of material distributed in such a manner that the external
forces will be safely resisted by the internal forces.

The correct theoretical solution will necessarily be qualified by the
important practical considerations of the location of the principal members,
available commercial sizes, cost of manufacture and time for completion.

It should be borne in mind that sections of the exact areas required
are not always procurable, that some forms of material are cheaper and

" more "readily obtainable than others, and that material is- cheaper than

workmanship.

It follows that the design in which the area of each member is reduced
to the lowest possible limits consistent with safety. may be the most correct
theoretically, but it may also be very costly to produce.

On the other hand, the best design is that which accomplishes the
object in view in the most economical fashion, and which may be executed
in the shortest period of time.

where specifically qualified by the conteat. ‘ ‘
4
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EcoNoMICAL CoNSIDERATIONS—(continued).

These desiderata are attained by aiming at simplicity of workmanship

throughout by avoiding complicated forms of lattice work and conmections

and by using only such sections as are readily obtainable, preferably those

which are always in stock.

The number and positions of the beams, pillars and roof trusses
forming a steel structure must depend upon the scheme of architecture
and the purpose for which the building is intended.

No definite rules can be given, but where no restrictions are
imposed the following may be noted as tending to economy in the use of
steelwork.

Manufacturing and erection costs are kept low by the adoption of
a convenient unit such as 15 feet by 15 feet for the centres of pillars and
spans of main beams and adhering throughout to the unit arrangement
decided upon.

By this means beams, pillars and connections may be standardised,
and the minimum number of drawings and templates are required.

BErAMs.

For a given load beams of short span are relatively more economical
per unit of length than beams of long span.

This will generally hold good even taking the necessary supports
into account, especially if the latter are steel pillars, except in the case of a
moving load which may act at its full value on each support irrespective
of spacing.

For usual conditions of loading, the most economical beam is the
deepest available steel joist or compound girder of the required strength.
It may even be considerably in excess of the required strength and remain
less costly than a shallower section. See page 55.

For this reason, under certain circumstances, it may be cheaper to
increase the overall height of a floor or of a building than to restrict the
beam depth.

This applies particularly to large steel framed buildings of the warehouse
class having thin external walls and few, if any, important internal partitions,
Beams of asymetrical section are not relatively economical.

The dotted and full zigzag lines and the italics of the beam
tables may be said to mark the economical limits of the various sections and
types.

By choosing sections within those limits the additional costs of
stiffeners and special rivet pitches are avoided and undue deflection
prevented.

Special deflection considerations are treated later.

EconNomicAL CONSIDERATIONS—(continued).

PinrAgs. -

The full zigzag lines of the pillar tables mark the gconomlcal
limits of height. To the right of these lines the loads for each increase of
height decrease more rapidly than do these to the left.

For a series of superimposed pillars an economical method is to
select a simple joist section for the topmost storey and retaining the same
joist section to the foundation, add the increase of area required at each
succeeding lower floor level by means of plates riveted to each flange.

Eccentric loading is costly and should be avoided if possible.

LOADS.

The calculation of the value and condition of the load to be
supported is in every case a preliminary necessary to the design
or selection of a structural member.

This is a matter of great importance, as the efficiency and economy
of a structure must depend to a very large extent on the degree of approxima-
tion of the assumed load values, to those actually realised in practice.

Consider a building of steel skeleton construction.

The necessary load calculations are accomplished most conveniently
in the reverse order of the building operations.
. Commence at the roof or highest portion of the structure and work
down through each floor in succession.
At each level take the secondary members such as flooring beams
hefore the main girders and main girders before pillars.

Note the total load value transmitted to e@ch pillar, at each tier,
and finally arrive at the total load on each foundation.

CoNDITIONS OF LOADING.

On beams the loading may be :(— ;
(@) Uniformly distributed over entire length of effective span.
(b) Concentrated at one or more points.
(¢) Unequally distributed.
(d) Any combination of @, b and c.

On pillars the loading may be :—

(e) Concentric.

(f) Balanced.

(9) Eccentric. y

(h) Any combination of e, f and g¢.

A structure is designed to support both dead and live
loads.
The total dead load comprises the weight of the structure itself

and all permanent loads, 7.e., roof coverings, floors, partitions walls and
heavy fixtures.
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LoADs—(cantinued).

The total live load comprises the weight of all variable or moveable
loads, 4.e., wind Pressure, snow, water in tanks, people, furniture, goods,
or merchandise.

Machinery, overhead travelling cranes, etc., Tequire special consideration.

Dead and live loads should be calculated in accordance with the
requirements of the local Building Authority.

In the absence of specific regulations, the imposed floor loads recom-
mended by the Institution of Structural Engineers may be followed. These
loads are tabulated on pages 364 to 367 inclusive.

For buildings of steel skeleton construction in London the requirements
of the London County Council as contained in the 1909 Amendment of
the London Building Acts must be followed, for which see Appendix T.

BEAMS SUPPORTING BRICK WALLS.

When a beam or girder is used to support a brick wall over an opening,
the value of the dead load may vary according to several conditions.
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The usual practice in this country is to take a load uniformly dis-
tributed equivalent to the weight of the brickwork enclosed by the equi-
lateral triangle shown in Fig. 1.

If there are windows or other openings in the wall, the usual course
is to take the weight of the area of brickwork shown shaded in Fig. 2.

The load should be taken as equivalent to the whole mass of brickwork

enclosed by dotted lines in Figs. 1 and 2 if :—
(@) The brickwork is no thoroughly bonded throughout.
(6) The breadth of each abutment is less than half the span.
(¢) Great rigidity is required. .

In buildings of steel skeleton construction, the entire weight of the
brickwork, terra cotta or other material within the rectangle formed by

two pillars and two beams at succeeding floor levels should be taken as

the load on the lower beam.
In every case add the load due to any portion of roof or floor supported.
For permitted ratios of deflection for beams supporting brick wails, see page 393.
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WEIGHTS OF MATERIALS.

i : i dinary materials of con-
les of the weights per cubic foot of the ordinary
stru'{:‘?ilt)nfsand of varigus classes of merchandise are given on pages 362 and

a9
323,

SELECTION OF SECTIONS.

i iti load is known, the
ming that the value and condition of a
que[s&tsi?)l:x of sgelecting a suitable section from the tables may now

be considered.
For the tabular conditions of stress load and support.

BEAwms. 1
i i ¢ i b buckling an
ion is suitable as regards flexure, deflection, we okl
rivelt} psltegl:,l p!:olvided the tabular safe load for the required span is :—
(@) Not less than the actual load.
(b) Not printed in italics. . -
(¢) Not to the left of a dotted.mgzag. line.
(d) Not to the right of a full zigzag line.

PiLvars.
A section is suitable as regards strength provided that the tabular load
for the required height is :—

t less than the actual concentric load.
EZ)) Egt IZZS than the equivalent concentric load value of an actual
load eccentric about the axis of least radius of gyration.

FACTOR OF SAFETY AND WORKING STRESS.

The factor of safety is the number by which the ultimate strength of
the material must be divided to give the working stress.

i i ighest permissible fraction
working stress or safe stress is the highest
of '6’11;6151 eultimate s%rengbh determined by practice to nge.al proper degree
of security against the rupture of any portion of the material.

i that the maximum
factor of safety and working stress ensure i
stre’sI;xlgse developed in any member must never %.L[.)proach. the ultimate
strength of the material by making reasonable provision for :— : .
(@) Undiscoverable and unavoidable imperfections of material an

workmanship. ’ K i
(b) Deterioration of material due to fat':lgue or oxidisation. e
(c¢) The possibility under unforeseen circumstances of an mci'ei o

the amount or change in the nature of the load calculated to

be supported.

See the following page for the usual factors of safety and corresponding
working stresses in tons per square inch.

381




/

REDPATH, BROWN & CO, LIMITED.

FACTOR OF SAFETY AND WORKING STRESS—(continued).

Usual factors of safety and corresponding working stresses
in tons per square inch are : —

REDPATH, BROWN & CO,

LIMITED.

—

V ARIATIONS—(continued).

FORMULZ FOR EQUIVALENT TABULAR LOADS.

TEquivalent Tabular load for
‘Working Stresses |
Condition of Loading Fa:;: . % Support Load Extreme Factor of
Safety Tension or PDescription Condition Condition Fibre Stress Safety
Compression Shear
Modified | TAPUAT | Modified
For Stationary Loads : e 38 8 55 to 6
; £ Ak Loading uni- QW w-F
For Moving Loads not applied with Beam Both ends im(;' formly distri- el w 38
impact (see also pages 352 and 353) . 6 5 36 to 4 ply supported. buted. i
5 A ¢ 1 t
For Temporary Work . 3 0 7'3 to 8 . A Single load ab 16T A W-F
: centre of span. f < 179
LATERAL SUPPORT. 5
Should the laterally unsupported length of the compression flange of a
beam exceed 20 times the breadth, it is recommended by the Institution Loading uni- 3w w W-F
of Structural Engineers that the maximum fibre compression stress on the 2 Both ends fixed | formly distri- il i —
net area shall not exceed 11-0-15 I/b tons per square inch, where I=Ilength or encastré. buted. I 1’5 o
and b=Dbreadth of flange, both in inches.
In accordance with the above, the tabular safe loads for beams may
be modified as under.
— _, . Single load at 8w w w-F
Length between Lateral Supports Safe Load Uniformly Distributed centre of span. i 38
30 times flange breadth, 0-81 tabular load. R 1
0 uni-
Cantilever. One end fixed formly %istri- 8 4W | LO5WF
40 062 & ’ or encastre. buted. i
50 043 ;
: 2 % B % = Single load at
sdnen) " » extreme outer 64 W 8w |(2'1W-F
Beams having their compression flanges within the depth of a concrete end. !
floor may be regarded as laterally supported by the floor. !

In structural steelwork for buildings, the expert engineer is permitted

a considerable latitude in interpreting the conditions of lateral support.

BEAMS.
Variations of the Tabular Conditions.
Formulze for Equivalent Tabular Loads.

By means of the following formulee, equivalent tabular loads
may be ascertained for the variations of stress, factor of safety,
load and support conditions, ordinarily met with in practice.

W_=actual load in tons.

f=extreme fibre stress in tons per square inch.
F=factor of safety.
When the tabular conditions are modified, deflection, web

buckling and rivet pitch limitations should be noted.

As the included weight of the beam is uniformly distributed, the results
obtained for concentrated loading are not strictly accurate, but are sufficiently
so for practical purposes. 2

An example of the use of this table appears on the following page.
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VARIATIONS —(continued).

FORMULAZ FOR EQUIVALENT TABULAR LOADS.
Examples :— -

(@) Required a suitable section for a load of 13} tons (including weight
of beam) distributed uniformly over a span of 10 feet, the extreme fibre
stress not to exceed 6 tons per square inch, corresponding to a factor of
safety of 5.

The equivalent tabular load W¢ to be referred to is :

_8W o WF
W= (m_ﬁ
8% 135 S 13'5%5
=——6——=18 tons l = 53 =18 tons.

J

On referring to 18 tons in the table on page 4, it is found that a steel
joist 12” X 5” @ 30 pounds is suitable.

(b) Required a suitable section of tee as a cantilever for a load of } ton

“concentrated at a point 7 feet from the support, the extreme fibre stress

not to exceed 10 tons per square inch corresponding to a factor of safety of 3.
The equivalent tabular load Wt to be referred to is :—

w64 [ Wi=2-1 W-F
6{ 1 &
— T>3_"=3~2 tons 1 =21 x5X3=32 tons.

On referring to page 89, it is found that the tabular load for 6” X 6” x 1”
tec for 7 feet span is 3'31 tons, therefore this section is suitable.

BENDING MOMENT AND MOMENT - OF RESISTANCE.

The law that ‘‘ for equilibrium the moment of resistance
must equal the bending moment,”’ underlies all formulz for
the flexural strength of a beam.

For this reason, when an equivalent tabular load cannot be ascertained
immediately by a convenient multiplier (such as 2 for a single concentrated
central load), the method adopted by the majority of engineers is to calculate
the maximum bending moment due to the system of loading.

Formule for the calculation of the maximum bending moment
for usual systems of loading are given on pages 348-349 and
354-357.

MoMENT OF RESISTANCE TABLES.

If the maximum bending moment in tons-feet is known for any
system of loading, a suitable section for the tabular extreme fibre stress of
tons per square inch may be selected without further calculation by using
the tables of ‘‘ Girders arranged in Descending Order of Carrying
Capacity,’” pages 50-55 inclusive.

The method of using these tables is given on page &5.

\/rREDPATH,""BROWN & CO., LIMITED.

REACTIONS, BENDING MOMENTS, Etc.

The following example shows the method of calculating the reactions,
vertical shears, maximum bending moment and deflection, due to a non-
uniform system of loading on a simply supported beam.

The selection of a suitable section from the tables is indicated also.
I floﬂ.r 8ﬁ|m.r /0{0/1.:
|

’

e-— 70— .
=€

! ! L} '
| P ) | ’n \

- 5O e — — —- 4 257 — \Rg
alz;f%ﬂ.r i i A \-L07 Tons
M =[O e e — e -

i -d -6 ;
e 2000 — —-— — =k— — /.00.0.__._,4'
" Sl L

=L=Effectve Span - Centres of Bearings

Total load=W=A44B+C = 5+8+10=23 tons.

AaBb4-C"
Left hand reaction = RL = _“j'Tﬂ

tons.

_5X2548XW8+10X10 _ 5.0
= . 2

Right hand reaction—RRrR=W—RL=23— 123
=10°7 tons.

R and RR are also respectively equal to the maximum positive and
maximum negative vertical shears.

Position of zero shear and maximum bending moment.
B—maximum bending moment in ton-feet.

Add the loads in succession from left hand. Then B added to A

exceeds RL.
Zero shear and maximum bending moment occur at B.

Value of maximum bending moment.

Bf—=Rr1:d—A-e=12-3Xx12—5x7=112"6 tons-feet.

3%4
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SELECTION OF A SUITABLE SECTION.
(a) Method 1, by moment of resistance.

The moment of resistance in tons-feet required is equal to the maximum
bending moment=112-6 tons-feet.

Refer to page 53.

The girder composed of 1 steel joist 16”x 6” and 2 plates10” X 3” weigh-
ing 1034 pounds per foot has a maximum moment of resistance of 115°6 tons-
feet, therefore this section is suitable as regards flexure.

Refer to page 12.

As the safe load is printed in ordinary type and is between the dotted
and full zigzag lines, the section is suitable also as regards rivet pitch, web
buckling and deflection for ordinary conditions.

(6) Method 2, by modulus of section.

The modulus of section M required is equal to the maximum bending
moment in tons-feet X 1°5 or M =Bf X 1-5=112'6 X 1'‘5=168"9 inches?.

Refer to page 12.

The section referred to above has a maximum modulus of section of
1735 inches3.

(¢) Method 3, by equivalent distributed tabular load.

The equivalent distributed tabular load to be referred to is equal to 8

times the maximum bending moment in tons-feet divided by the effective
span in feet or ;

®
8Bf 8xl112-
Wi= _E]f = —30—-6 =30 tons approx.
Refer to page 12.

The tabular load for 30 feet span for the section referred to above is
30°8 tons.

If the depth is unrestricted, reference may be made to pages 53 and 54.

Section steel joist, N.B.S.B. 18, 24” X 74", weighing 90 pounds per foot,
has a maximum moment of resistance in tons-feet=135'7, a maximum
modulus of section=203'6 inches? and the tabular load for 30 feet span=36:1
tons. This is the lightest suitable section available.

EQUIVALENT TABULAR MOMENT OF RESISTANCE.

By the following formulee, the equivalent tabular moment
of resistance in tons-feet corresponding to any specified extreme

ITED.

REDPATH, BROWN & CO, LIM

( )'
UIVALENT TABULAR LOMENT OF RESISTANCE— Contbnued
EQUT N

ay be ascer
stress or factor of safeq.z m ! i
s:;;e of the maximum bending moment in tons-fe

(For tabulated moments of resistance
i i -feet.

= i bending moment in tons L

Bf;lg’lg;?ﬁrg:én extremegﬁbre stress in tons per square inch.

F —=Tactor of safety.
Rt =Equivalent tabular mom
Then

tons-feet, see pages 50-55.)

ent of resistance in tons-feet.

MAXIMUM MODULUS OF SECTION. . .
£ selecting a section O
i d much used mgthod ¢} > B
o a%teg::lat;v:tgg of loading for which the ma‘a‘n:;;;?irﬁﬁ rgl%n i
g S;Ee?:’ed by the tabulated values of g
isf 1m(:':vlc“.’;l(;nlsi’ovvhjch for convenience of reference are PT
of se

A!ly beam or glt der W].l]. be Sultable as regards resistance to flexure

IOVIded that it has a maxy mod ulus of section not less than the
mum 1
va,lue ascerta.med by the appl‘opnabe formula, of the fOllO wing, n Wthh =

. uired.
M —tabular section modulus req S .

- ; e
Bf—_—maxunum bending momen ,1’_ otk X
el s n er square Imch.

f = fibre stress in tons per SAY
JfW ;:ﬁfl?flfoad in tons uniformly distributed.

7, —eflective span in feet.

)
( ) a.bu]ar extreme fibre gtress Of 8 tons per 8q uare mch or
a For ti

factor of safety of 38 and any system of loading.

B
M=15Bf or M=%

ding.
(b) For any specified extreme fibre stress and any gystem of loading

B
M =l£f—Bj or M =7
(c) For the tabular conditions of load, support and stress.

3W-L
M=-7g

for any span in feet.

=§11—;7- for one foot span.

ified
(d) For the tabular conditions of load and support and any specl

extreme fibre stress.

M :?,_VEE for any span in feet.

2f
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DEFLECTION.

NOTATION.

dn =maximum deflection in inches.

W =weight or load in tons.

Wt =tabular weight or load in tons.

E =modulus of elasticity in tons per square inch
I =moment of inertia in inches®.

d =overall depth of beam in inches.

=tactor of safety.

=extreme fibre stress in tons per square inch.
=length of span in feet.

=length of span in inches.

? =deflection coefficient.

Qb

DERIVATION OF DEFLECTION COEFFICIENTS.

For the tabular conditions of load and support, the general formulze
for the maximum deflection in inches which occurs at the centre of the
“ span is-—
5Wi

dn=3g1 BT

By substituting equivalent values for Wand I, expressing the span

in feet, assuming £=12,000 tons per square inch, f=8 tons per square inch,
the formula becomes—

2
dn= g5 for symmetrical sections.

The simplicity of this formula makes deflection coefficients unnecessary
for symmetrical sections. Deflection coefficients, therefore, are tabulated
for the asymmetrical sections only, each coefficient being equal to 1-50th
of twice the distance from the neutral axis to the extreme fibre of the section.
From which, for asymmetrical sections—

dn=C"L? for asymmetrical sections.

USES OF FORMULA AND COEFFICIENTS.

The above formula for symmetrical sections and the tabulated
deflection . coefficients for asymmetrical sections may be used
to ascertain the maximum deflection in inches for any specified
extreme fibre stress in tons per square inch, or for any specified

factor of safety ; the nature of the load and support conditions
remaining unaltered.

For specified extreme
fibre stress in tons
per square inch,
fL2 - foL?
4004 °* 8

For specified factor
of safety,

dn=

or
} ]d v L8 SO
L Sasogan OF T
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DEFLECTION——(continued). A
Exalzlezzllzigea—deﬁecﬁon of 5G«irder 330, 1t'£/>1<110(;'” 9%’?g%atgog§d:;c£e§i afg(g)g,
-16” X 6" 0 pounds, with 1— 2 ge,
cor(rixsro s:ﬁ %fablullag sngfog‘@mly £stributed load of 36°9 tons, the span being
2»13 feot. See pages 12-13.
e s 2 I 20x20
Deflection in inches=dn=g53 =50 x 17
047 inch—=1}" approximately.
. 9 e 1 Y ]
Emmpl'e ir ‘d deflection of Girder b1170, _25”)(16” @1”2318 tppunc(l; c%exi'1 :;)g:-
i Bequcllr ef 994" %74 @ 90 pounds, with 1-16" X " plate’ czh b
e w 9ﬁed extreme fibre stress of 5 tons per :squ.zm)il n;he’q g
o ?c ?)I"E; extreme fibre stress of 8 tons per squar]eSmlcg , the spi g
g%efe:t. Tor further particulars of Girder see pages 15—139.

Answer :— FI8_5x30X30
Deflection in inches =dn= 4004~ 400 %25

—.045 inch=%" approximately.
or for a specified factor of safety of 6 :—

r___30x30
Deflection in inches=dn =1324F 132x25%6

_ 045 inch=1}" approximately.

“ Eannig cal Girder d5, 10§’ X9 @ 45}
. . f the asymmetrica iry A Y i
Required deflection o ymmetrical Gircer 40, () G0y plate
ed of 1-10” x4}’ @ 25 P vith ,
poupdsu%er fZOtf.o‘im:%%séciﬁed extreme fibre stress of '7; égn; Pzﬁ,es%‘a];le‘:
- lfn:hea‘snpgar; being 16 feet. For further particulars of zirde :
inch,

56-57.
i FCIE T5X00141 X 16X 16
_T5x00141 16X 16
Deflection in inches=dn= S o 3

— 034 inch=1}" approximately.
a specified factor of safety of 4 :—
e 3-80-L2 3'8%-00141Xx16X 16
Deflection in inches=dn=—"g— =
— 034 inch=}" approximately
R B.S.U.A. ¢16 7" %3} X }” long
i flection of unequal angle N.B.S.U.A , L s
leg 5:%?::3%3: t‘fxe tabular load of 2°97 tons-on 10 feet span. i-ee pag
72-73.
Answer -—
Deflection in inches —dn=0-L2="002222 X 10 x 10
=022 inch=%" approximately.

.
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DEFLECTION—(continued).
SYMMETRICAL SECTIONS.

Ratio of defieCtlon to span for tabulal COlldlthl]S of stress
f T N

If the effective span of a beam is e i i
1 ive . qual to 24 times its d. :
maximum deflection is gi;th of the span, or approximately ;15 ofe %?uf?ﬁ

per foot of span. The full zi i indi i
i e gzag lines of the tables indicate this

If a beam supports plaster work such i
L : a deflect; i
:;)z,dy; glzx;zgss}ve 5 tﬁordthlshcc;ndﬁti%n it is preferable tol Olriln?ist tflsfefg:f:%zgg
pan 5 1mes the depth of the beam, in which case the i ‘
tion is z;th of the span, or approximately #nd of an inch ;2? ﬁ)ﬁu:; (si;;l;c-

P P
A s eleiCathn may stipulate that tlle deﬂectlon must not
exceed a par ticular ratio of th.e Span such as nl, Eo-olth etc.

] ’

1
Let7=the specified ratio.
Then for the tabular conditions of stress, load and support, the limitine
¢ o

Span :—

; To obtain the maximum allowable extreme fibre stress in
ons per square inch corresponding to a specified rati i
to span, the formula is : oot detocily
48004
= L
To obtain from the tabular load, the maximum allowable load uni-

formly distrib i i i i
o foyrmula, isl:lt_ed corresponding to a specified ratio of deflection to span,

or having ascertained f by the previous formula :—
. [
S :
or from the moment of inertia, :—-
W 64007

T rl2

As an example of the foregoing, the 1909 Am
London Building Acts may be cited. et S
Therein it is stipulated that if the effective span of a beam exceeds

2 4 2 :
Z lees its depth, the deflection must not exceed ;};th of the span, or

7 400,
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DEFLECTION—(coniinued).
For the foregoing particular condition—

12d
D
and
1-5d- Wt 161
=eE L2
Example :—

Required the maximum allowable extreme fibre stress in tons per square
inch and the maximum load uniformly distributed for Girder a46, 1437} 9",
page 14, the eflective span being 30 feet and the deflection not to exceed

r3yth of the span.
Answer :—

\

f= w=5-8 tons per square inch.
1:5x14°5X26°5

W= 30

16 % 1081

r W= SR

A beam may have been selected from the tables for a specified
load and span, but on calculating the deflection by formula dn= L2 /50d it is
found that the result exceeds that allowable for some particular condition.

=192 tons.

=192 tons.

In such a case, a deeper or a heavier beam must be chosen.
If the depth is not restricted, the minimum depth required to comply
with the condition is found by transposing the above formula, so :—
Lﬂ
~50dns
in which dns, the specified deflection, is substituted for dn.

If the depth cannot be increased a suitable beam may be selected
by referring to a tabular load equal to the increased load obtained so :—

. W
Wt=50d-dns
or for an asymmetrical section :—
(-T2
Wie WC-L
dns

dns being the specified deflection as above.

Example of Unrestricted Depth .—

Required a beam to support 40 tons uniformly distributed over a span
of 20 feet. The deflection not to exceed % inch.

The minimum depth allowable js :—
| : de L2 20x20
| = 50dns ~50%0°5
| Therefore any section of not less than 16 inches depth and for which
|| the tabular load for 20 feet span is not less than 40 tons is of sufficient

=16 inches.

‘JL strength. See example overleaf.
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DErLEcTION—(continued).

See pages 4 and 5.

N.B.S.B. 17,22 X 7” @ 75 pounds will s t 40° i
Tt Lk P uppor 6 tons, the deflection

Similarly, see pages 14 and 15. Girder abd, 16” X 9” @ 103 d:
cqiixposed Otf i;léi”t X5% @ 24(? fpounds with 2-9”x 17 platescc?n ea,céil I}ioa,li?ges
will suppor '8 tons on eet span, the deflection f ? ing
almost exactly ¥ an inch as specified. ¥ SR T Y e,

Therefore either of the foregoing sections comply with the
conditions.
To show that the minimum depth must not be less than

L2 /50 dn or 16 inches for the example, unless the tabul 1 i i
in excess of the specified load. x P I e
_See pages 34 and 35. Girder ¢39, 123”x18” @ 1391 pound.
of "3-127x5” @ 30 pounds with 1-18"x 3" plaote on gach Ea?gn:poﬁﬁ
-support 41'2 tons on 20 feet span, but the deflection for the load of 40 tons
is 0°61 }nches, which is greater than the specified deflection of 1", therefore the
girder is not deep enough. i

Example of Restricted Depth :——

Required a beam not more than 16 inches deep to support 17-0
¢ A 8 t
szolr;mly distributed over a span of 24 feet, the dgﬂoctioxfpnob to excggs
1 inch.

See pages 4 and 5.

N.B.S.B. 14, 16” X 6” @ 50 pounds will support 17-1 t it i
suitable for depth and load. B on% fhomior

; L 24x24
Deflection=dn= 504 50 x 16— 72 or §” nearly.

As this exceeds the specified deflection, i
It b P an increased tabular load must

WL  17x24x24
50d'dns 50X 16 x0°5

=24"5 tons.

This increased load= W¢=

Cee pages 12 and 13.

Girder 470, 16” X 10” @ 813 pounds composed of 1-15” X 6” @ 45 pou
with 1-10” x " plate on each flange will support 27*5 tons on 24@f)’ee: s%oal;ar.lds

To calculate the maximum deflection in inches £
than the tabular load the formula is: — 19T anseinal L

. LW
"= 50d- W7
Therefore for the girder in above example
_ 24 Xx24 %17

dn= 50 X 16 275 —0"45" or less than the 3" specified. -

Therefore this section complies with all the conditions.
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DEFLECTION— (continued).

ASYMMETRICAL SECTIONS.

Particular cases of deflection of asymmetrical sections, such as angles
and tees, may be investigated on similar lines to the foregoing, the general
rule being observed that instead of the overall depth of the section, d, it
is necessary to substitute twice the distance from the neutral axis to the ex-
treme fibre of the section. For these distances see pages 258-267.

DEFLECTION IN PRACTICE.

In practice and particularly in buildings of the domestic order, which
includes offices, clubs, and the like, it is frequently observed that the cal-
culated deflection is not realised, but this is due to the fact that the cal-
culated load is not realised in the same proportion.

Another point which may be noted is, that ordinarily a proportion of
the loading on a beam is applied gradually as the building operations pro-

ceed.

For example, a beam which ultimately will support plaster work, is
deflected to some extent by the weight of the floor before the plastering is
applied, so that the deflection liable to produce cracks in the plaster is
limited to that produced by live load only.

For beams supporting brick walls, the permitted ratios of
deflection to span should be as under :

Length of Span in feet Permitted Ratio of Deflection to Span

Not exceeding 1 /360th. .
1/360th to 1 /500th.

Less than 10.
10 to 15.

15 to 20. Not exceeding 1 /500th.

WEB BUCKLING.

The maximum allowable load on an unstiffened beam or girder,
the reaction at the point or points of support and the minimum span for
uniformly distributed loading are limited by the capacity of the web or
webs to resist failure by buckling.

The maximum loads or minimum spans indicated in the tables by
dotted zigzag lines have been calculated by the formule (given overleaf)
which make allowance for the tendency of a web to fail as a thin column
by buckling.
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WeB BuckLiNg—(continued).

FormuLz ror WEB BUCKLING AND DOTTED ZIGzAG LINES.

dw =net depth of web in inches.
¢ =thickness of web in inches.
7 =number of webs (if more than one).
A =total net web area in square inches.
bs =allowable buckling stress in tons per square inch of net web area.
W =the safe concentrated weight or reaction, in tons, at any point

without web stiffeners. 3
Wd=maximum allowable weight or load in tons, uniformly distributed.
Wf =tabular weight or load for span of 1 foot length.
L =minimum length of span in feet corresponding to Wf.

A =dwitn

bs =5'5—-'04;1w
W =A-bs
Wd=2W=2A4-bs
L =Wf+2w

" Wes Buckring TABLES, pages 296-297.

For general construction (steel skeleton construction in London ex-
ceptedl, the mg.xjmum safe concentrated weight or reaction, in tons, at
any point of a joist, channel, or girder composed of these sections, without
web stiffeners, may be ascertained without calculation from the tables
on pages 296-297.

Ezxample 1 :—

Page 22, Girder 590, 17X 14” @ 140 pounds, composed of 2-16”x6” . I

@ 50 pounds, with 1-14” X }” plate on each flange.

Required the maximum safe value in tons of a single concentrated
weight, without stiffeners being necessary. .

Fro'm.ta,ble, page 296, the value of W for 2-16” x 6” joists is 461 tons
and this is the value required. i

Ezample 2 :—

For the same girder as in Example 1 required the mini ¢
uniformly distributed load. " ki T b

From page 23, the safe distributed load on 1 foot span is :—

Wf=1220 tons.

W, 2
e =133 feet.

L%
It may also be noted that 13:3 feet is the maximum span for the load
of 46°1 tons if concentrated at the centre.

Wee Buckring AND SEEAR TaBLEs (L.C.C.), pages 298-299.
These tables are specially applicable to the London County Counecil
regulations for buildings of steel skeleton construction, the formul@ on
which they are based, as given on page 299, being in accordance with the
Amendment of London Building Acts (1909).
These web buckling and shear tables are also useful in conneztion with
the design of steel joist grillages for pillars.
For notes on grillages see pages 429-433.
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STIFFENERS.

Stiffeners are necessary where the shearing stress is greater than the
allowable value of bs by the formula on page 394.

ComMPOUND GIRDERS.

Stiffeners are rarely required for compound girders except under
heavy concentrated loads and over the supports of girders of very short
spans.

P PrATE GIRDERS.

In plate girder work stiffeners are usually provided under all con-

centrated loads and over all points of support.

GENERAL.

Where uniformly distributed loading produces excessive shear, the
stiffeners should be placed at distances apart not exceeding the depth of
the girder or at a maximum of 5 feet.

PrLATE GIRDERS.

Where the shearing stress is less than the allowable stress by
formula, stiffeners are commonly provided in plate girders. These may be
spaced at convenient distances.

SPACING.

In all cases stiffeners should be spaced so as to interfere as little as
possible with the uniform pitch of the flange riveting.

For this reason angle sections are more staisfactory than tee sections,
although the latter may be used with advantage at a web splice, as they
permit of riveting on each side of the joint.

DESIGN OF STIFFENERS.

There is no rational method of determining the sections of stiffeners,
practice and experience being the only useful guides.

Some authorities suggest that stiffeners may be considered as round-
ended struts, free to move, in a direction parallel to the web, the allowable
stress per square inch being determined by a suitable pillar formula.

Such a method may answer for stiffeners over reactions or under
concentrated loads of considerable amount, but is unlikely to do so for
moderate or uniformly distributed loading, owing to the smallness of the
resulting sections.

The minimum size of angle used should not be less than 2” xX2” X 1",
and in general, the sizes of stiffeners should bear a reasonable proportion
to the girders they are employed on.

PARALLEL JOISTS AND SEPARATORS.

An economical arrangement for supporting a wall is formed of two
or more steel joists parallel and closely adjacent to each other.

In order to ensure unity of action, such joists wherever used to
support a single load, should be rigidly connected together by separators
and bolts.
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PARALLEL Jo1sTS AND SEPARATORS—(continued).

The separators should be spaced apart throughout the ecntire
length of the joists at distances not exceeding five times the depth over
flanges.

They should also be placed immediately over each support and im-
mediately under each concentrated load.

Separators formed of short lengths of convenient sections of joists
and channels, bolted to the webs of the parallel joists are now commonly
used in preference to cast-iron separators.

RIVET PITCH.

The maximum allowable load on a girder and consequently the min-
imum span are limited by the capacity of the rivets provided in the flanges
to resist the horizontal shear.

In view of the heavy plate thicknesses of the compound girders,

‘pages 8-37 and 60-63, this matter has received most careful consideration

and all tabulated safe loads conditional on a rivet pitch closer than 6 inches
are printed in italics.

The inclusion of certain sections for which all the safe loads are
printed in italics is intentional.

By this means attention is directed automatically to the limits of flange
plating as regards the usual rivet pitch, a matter which, as a rule, does not
receive sufficient consideration. i

L

TABLES OF MINIMUM SPANS.

The tables of minimum spans in feet for various rivet pitches,
pages 3848, have been calculated for the exact distribution of horizontal
shear at the meeting surfaces of the plating and the flange of the component
joist, joists, or channels as the case may be. The maximum value of the
horizontal shear at the point where, owing to the diminution of the bending
moment value, the plates might be stopped, has heen taken in each case.

The method of using the tables is explained by examples on pages
38,41, 44, 47, and 48. ’

The formula for the calculation of the minimum spans for various
rivet pitches is given on page 49.
~ River Spacixg.

The minimum distance from the edge of a rivet or bolt hole to
the edge of a member should not be less than the diameter of the hole.

The minimum distance of rivets apart, measured from centre to
centre, should not be less than three times the diameter.

The maximum corresponding distance should not exceed sixteen
times the thickness of the thinnest member through which they pass.
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CURTAILMENT OF FLANGE PLATES.

The plates forming the flanges of heavy compound and plate girders
may be stopped before reaching the bearings without aflecting the carrying
capacity. .

hen it i5 desired to effect economies in this manner, the consequences
of p‘gduzing a)ilange not of the same level throughout should be considered.

It is obvious, for instance, that the top flange plates of a girder for an
overhead travelling crane cannot be curtailed with economy, as the rail
must be maintained at the same level over its entire length.

i ini i i i flange

A simple way of ascertaining the points at which the various flang
plates ma.ypbe stopped is the graptl’njc method represented by the following

illustration. h T )
1llu§rﬁz 1ﬁgure shows a bottom flange from the plates, forming which, it is

necessary to deduct the loss of area due to rivet holing.

e R e Overdll Lengll-——-——~~—r——— —
i |
: pome e e LIRCIVE SO =~ = — = —-% !
I\ Gniformly Coxzcenfrafeg :J:
\H\ Distributed load A Central Loa )
| Flange o9 ,
I Area/ Bl o X
" Plate ! 7 :
| Area2 €l e Lo i
e Plate ! N i
}' Areas Dl ___..\_d .
T Pate | kY
i Aread £\ AL | 1>¢
. Plate | ! N
| areisg i

Graraic METHOD.

f X i i for a
The left hand of the figure represents the bending moment diagram
uniformly distributed load, and the right hand figure that for a concentrated
tral load. ) _
i Ir)? every case the actual bending moment diagram for the system of loading
must be drawn. Tf the loading is symmetrical about the centre of the span
it is only necessary to draw one-half of the bending moment diagram.

LEXPLANATION :— :

From A, draw vertical A—F equal to the maximum bending moment,
and construct beuding moment diagram AFH, or AFJ, or otherwise in
accordance with sysiem of loading. !

From A draw any convenient line Af, and on it mark lengths, Ab, be,
cd, de, ef reprezanting in succession the net areas of the flange, whether
joists, channels or angles, and the various plates 2, 3, 4 and 5.

Join fF. and draw parallels eE, dD, c¢C, and bB intersecting AT at E,
D, C, and B.

Draw horizontals through B, C, D, E and F.

397



REDPATH, BROWN & CO., LIMITED.

CURTAILMENT OF FLANGE PrLaTES—(continued).

Theoretically the plates may be stopped at the intersections of the
horizontals with the bending moment diagram, as shown by the solid
vertical lines.

In practice, to permit of proper riveting. the plates are made about
two rivet pitches longer at each end as shown by the dotted lines.

Area 2, representing the inner plate, is made the full overall length of
the girder.

ALTERNATIVE METHOD.

Formule are given on page 49 by means of which the theoretical lengths
of curtailed plates may be calculated.
These formule are derived as follows :—

NoTariow.

A =total area of one flange.

az=area of x top plates.

a =A—az.

L =eftective length of span of girder.
lz =minimum length of xth top plate.

LoapiNg, UNIFORMLY DISTRIBUTED.

ST
[T
Ve 3 \ﬂ
e e O
i o :
b x
!
e B e >
L—lz
r=—7p
From properties of a parabola.
44 x
= Uen)
hence 44244 Lot L2=0
L Naw
and == A
r=3 (li VA

=l ae o
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CURTAILMENT OF FLANGE PrATES—(continued).

LoapiNg, SINGLE CONCENTRATED LOAD.

YORTA T R,
. ax JPRY/ BRI

A b bR b

===

NS
v

Ll and Lr are the lengths from the left and right supports respectively to
the position of the load.

Izl and lar are the lengths to the left and right respectively of the load
of the ath top plate.

From properties of a triangle.

l_Il
ax A
hence lxl=1ifsf
I _Lr'a.x
or Xr— 7
a ax
and lz=lxz+lxr=A—’”-(Lz+Lr)= s

BEARING PLATES.

Bearing plates are necessary wherever the area of the portion of the
bottom flange of a beam resting on a wall or pier, is such that the unital
pressure transmitted exceeds the safe bearing capacity of the supporting
material.

The safe bearing capacity of brick, concrete and other materials are
tabulated on pages 367 and 428.

The superficial area of the bearing plate is determined by dividing
the total load transmitted by the safe bearing capacity of the supporting
material.

DEsigN or BEARING PrLATES.

In order to ensure proper. distribution the bearing plate must be
of such a thickness that it will not be liable to bend upwards under the load.

The thickness required may be determined by the formula given
overleaf. ‘
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BrariNg PrATES—(continued).
&, &
» & Q Q N =
::':: © ® W F ¥+ S »aw g g S
Z | L 3 VI PO o {1 £8s
2 ZE2fe
. : \ 8zt
5
& A T PrSe
o ! ) 8°L°
2] \ | 0 Szhg
\ b S| \Y gELS
= 2 1\ = §8$E
- R E
» g \ \ : 88 yEis
< = E=gb
I N AN \ ! S8
e = B : pEEsE o s
K E: g.5
NOTATION. § \ E & 2 © g ég‘gf
@ 5 k=1
f =working flexural stress in tons per square inch = N 3 -'%\ \\ : M g 55 _§
TW=total weight on shaded area in tons.(2-2¢)b < 2. + i E %g% &
. ~— J
! =length of plate in inches. 3 ,!,:‘ = S HE SE
b =hreadth of plate in inches. ) i &) ‘é > -93 P i
t —thickness of plate in inches. ‘ & 9 o BEEL
p =projection of plate beyond beam in inches. % % “ © g ; g'éi .
.mTV ‘ = 1°Y = EEQE
= I o s B 8°%.
Il A EE 8 % sﬁéé
§ [ H 2
If f is taken at 9 tons per square inch (= A 1’6—? ‘ Q —-E‘ = EEEE’
\ il e S
| %_ o o B EBEge
This formula is based on the maximum bending moment of the plate { = AT N Z EE :':;
which occurs under the centre of the load at z. fé \ : §§§§
s
Bearing plates should not be made of a thickness less than } inch. ‘ ﬂ E . T < 2 zﬁé §
‘ & 1 B ggee
D \ 5 (SRl ;
> \ 7 EREE
GUTTERS AND DOWNPIPES. N = B oo8s
N §o°8,
American Bridge Company Specifications. ' b | Eﬁgg%
s Mo 2&tut
Span of Roof. Gutter. Conductor. ARNINAY AVAIN o SLEST
. SEETe
Up to 50 feet. 6 inches. 4 inches every 40 feet. AVLY ;ﬁi E ﬁa
= Wy e =28 =K
50 to 70 ,, . B o A0S S£c w 9 =W o w g9 w o gifER-E
70 to 100 ,, 80 o 1y 2 O NEE S &9 © & oY EoaET
i AIUINOIY YOLONANOD 40 YIUY g 8
Diagram. The diagram on oppesite page is based on the practice of allow-
ing one square inch of downpipe area for each 75 square feet
of roof surface. Equivalent areas for rectangular pipes or gutters
may be substituted, note being taken of commereial sizes.
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PILLARS.
MONCRIEFF PILLAR FORMULZ.
Prrar TABLES, pages 94-163.

The tables of safe concentric loads on pillars, pages 94-163, have been
calculated by the working formule for pillars with both ends flat deduced
by Mr. J. Mitchell Moncrieff, C.B.E., M.Inst.C.E., Westminster.

The Moncrieff Working Formule for various conditions of ends are
as under :—

For Pillars of Mild Steel under Concentric Loading having—
Both ends round :

o, () (E] - e s e

Both ends fixed for all values of :f’ and

Both ends flat for values of % not exceeding 1069

214 107 '
-200\/[535 446 == 16)] - x be als 2)

Both ends flat for values of 3 exceeding 106'9

214 X 04
c= 000, SR Ty gyl e pR A Tdera 5t LN
\/ 56¢ @)

{=length or height of pillar in inches.

g=radius of gyration in inches. ’

l

azratio of slenderness.

c=average allowable load or working compressive stress in tons per square
inch of sectional area.

The tabular safe loads are by Formule (2) and (3).

See pages 164-167 for graph, tables of working stresses and alignment
charts.

———— —
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PILLARS—(continued).

NOTES ON THE MONCRIEFF PILLAR FORMULZ.

The following notes, pages 403, 404 and 405, are extracted from or based
directly on Mr. Moncrieff’s paper (see Proceedings Amer. Soc. C.E., Vol.
XXVI., 1900).

The underlying principles upon which the reasoning is based are : —

(1) that a perfectly centred pillar of perfect material and straightness
is an ideal conception seldom or never realised in practice, and

(2) that the various disturbing influences are practically all capable,
as regards their ultimate effect, of being represented by an
equivalent eccentricity of loading.

A careful study of no less than 1789 reliable tests of pillars was under-
taken to determine *“ the value to be assigned to the equivalent eccentricity
applicable to the case of pillars under apparently central loading.”

The important result of this analysis is that the Moncrieff Formule
include an * equivalent eccentricity ”’ factor to allow for the inherent but
practically unobservable defects of the practical pillar, apart altogether
from considerations of intentional eccentricity, treated later in these notes.

SAFE STRESSES AND FACTORS OF SAFETY.

Other special features of the Moncrieff Formule are that, in preference
to the usual method of pillar design with regard to ultlmate strength alone,
they ensure :—

(1) that prescribed maximum allowable fibre stresses will not be ex-
ceeded under the working load. This condition is complied with
by the adoption of a reasonable maximum value for the extreme
fibre compressive stress, and

(2) that in addition a sufficient margin against failure by  elastic
instability ” is provided in pillars of longer lengths. The latter
coefficient of safety is applied directly to the Modulus of Elasticity
of the material.
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PrrLARS —(continued)
Nores o THE MONCRIEFF PrLLArR ForMULE —(continued).

It is important to note that while the factor of safety against ultimate
strength retains a constant value, the use of the additional coefficient of
safety against instability in the foregoing manner has an inappreciable
influence on the results of the formula when applied to short pillars, but
a gradually increasing effect as the height of the pillar is increased.

CoxpirioN oF ENDs.

Mr. Moncrieff’s theory is founded on the elementary pillar having “ both
ends round.”

With regard to the condition of “ both ends fixed ” he states: ““In
actual practice the true ‘fixed-ended’ pillar rarely if ever exists. It is

“difficult, even in experiments in a testing machine, to comply with the

conditions necessary to ensure absolute fixity of ends, and in ordinary
construction the difficulty is increased greatly.”

“ Bora Exps Frart.”

In building practice the term ‘‘ both ends fixed ” may, with advantage,
be entirely discarded in favour of the term “ both ends flat.”

Prior to Mr. Monecrieff’s investigations no attempt had been made to
arrive at a rational basis for the strength of flat-ended pillars, although
the greater number of tests of pillars had been made with this class of end
bearing.

The usual assumption that  fixed-ended” and  flat-ended ™ pillars
act in precisely the same manner is quite erroneous, both from a theoretical
point of view and from the evidence of actual experiments. The essential
distinction is that in the practical *“ flat-ended > pillar, held in position by
pressure of the load and structural bolts or rivets, no tensile stress can be
nor is intended to be developed at the ends, in the theoretical ¢ fixed-ended
pillar, on the contrary, a considerable amount of end tensile stress could
be developed and safely resisted.

Mr. Mongcrieff has shown that in mild steel pillars under apparently
central ‘loading no end tensile stress is developed provided the ratio of
slenderness does not exceed 106'9 and, therefore, up to this point  fixed-

ended ” and “ flat-ended ™ pillars behave alike. Beyond this point in

comparison with the ideal *“ fixed-ended " pillar, the strength of the practical
‘ flat-ended  pillar falls rapidly and should be calculated by Formula (3).
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PirLARS—(continued).

NoTes oN THE MONCRIEFF PILLAR FOoRMULZ —(continued).

Ziczac LINES.

The zigzag lines are inserted in the tables to separate the series of safe
Joads for ratios of slenderness below and above 106-9. ;

The safe loads to the left of the lines are identical for *“ both ends flat
and * both ends fixed.”” The more rapidly decreasing safe loads for ascending
heights to the right of the lines are applicable in particular to the condition
of “ both ends flat.”

EccENTric LOADING.

Tceentric loading is of two descriptions, viz.:— accidental” and
“ intentional.”

AcOIDENTAL ECCENTRICITY.

The effect of < accidental eccentricity ** is fully allowed for by the Monecrieff
Pillar Formulz.

(End of Notes on the Moncrieff Pillar Formuice.

405




REDPATH, BROWN & CO, LIMITED.

Prorars—(continued).

LONDON COUNTY COUNCIL PILLAR STRESSES.

Prmrar TABLES, pages 168-237.

The tabulated safe loads have been calculated from the
working stresses in tons per square inch, specified in the 1909
Amendment London Building Acts, for pillars of mild steel
having *‘ both ends fixed.”

For these working stresses and other end conditions, see pages 238-241,
also Appendix L. for the 1909 Amendment of the London Building Acts.

The following straight line formuls are derived from the tables of specified
working stresses and may be used in preference to interpolation for inter-
mediate or for other ratios of length to least radius of gyration not tabulated
in the ““ Amendment.”

WorkiNg ForMuLZ FOR L.C.C. PILLAR STRESSES.

MiLp STEEL PILLARS.

P f Tenui et | ek s it | Contion ot il
0-100 st
- Y7409
Hinged Ends.
l
100-140 Ui 0—2—0—g
l
0-140 5'5—E
g One End Hinged
. and
. 7 One End Fixed.
140-180 9'0—%
0-160 65 b
" 40g
Both Ends
Fixed.
. l
160-210 10 5—?_—0g

! =length or height of pillar in inches.
g=least radius of gyration in inches.
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PILLARS.
VARIATIONS OF THE TABULAR CONDITIONS.

Owing to the number of variables which the calculated strength of
a pillar depends, the tabulated safe concentric loads are not adapted for
modifications to the same extent as the tabulated safe loads for beams.

The most convenient general treatment for variations from the tabular
end conditions is to ascertain the appropriate working stress per square
inch for the required ratio of slenderness and end condition from the tables
on pages 165 (Moncrieff) or 239 (L.C.C).

This value multiplied by the sectional area of the pillar selected will
give the total concentric load.

Ezample -—
Pages 156-157 (Moncrieff) Pillar No. vgl0 ; 2-3” x 3” X 4” angles battened.
Least radius of gyration=111 inches.
Area=5°5 square inches.
Height=12 feet.
12 X 12

Ratio of slenderness= ST 130.

Required concentric load for ‘‘ both ends round ”’ and for ““ both ends
fixed.”

See page 165.

(a) Both ends round.

For ratio of slendernes l=130 the working stress, column (1), is 2°1
tons per square inch. g

*. the concentric load is 55 x2:1=11"55 tons.

(b) Both ends fixed.

The working stress, column (2), is 4'78 tons per square inch.

.. the concentric load is 5'5 X 4'78=262 tons.
Ezample :—

Pages 180-181 (L.C.C.). Pillar No. k52 ; 12” x 10” composed of 1-10” X 6”
joist with 2-10” X 1” plates on each flange.

Least radius of gyration=243 inches.

Area=31'7 square inches.

Height=20 feet.

20 x12

Ratio of s]enderness:%:loo (approximately).

Required concentric load for ““ hinged ends and for one end hinged, one
end fixed.”

See page 239.

(c) Hinged ends. :

For ratio of slenderness- =100 the working stress, column (1), is 2'0 tons
per square inch. g
.. the concentric load is 31'7%x2°:0=63'4 tons.

(@) One end hinged and one end fixed.
The working stress, column (2), is 3'0 tons per square inch.
.". the concentric load is 317X 3:0=95"1 tons.
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PrLARs —(continued). PILLARS— (continued). ™

MONCRIEFF FORMULZ. It may be pointed out that 100, 140 and 160 respectively are the econ-
omical limiting ratios of slenderness for the three conditions of ends, as
above these values the working stresses are reduced 100 per cent. more

rapidly than below them.

Bora Exps RouND

For a pillar having ‘‘ both ends round,’’ the corresponding safe
concentric load can be got directly from the tables by referring to a height

In other words the reduction is at the rate of one ton per square inch
in feet equal to twice the actual height.

for each increase of 40 of the ratios up to the foregoing limits, but at the

< v : . 9 i imilar increase beyond them.
This rule is accurate only for ratios of slenderness not exceeding fate:0f 2 fions per syunne trich ipP Baeh madlut fote e

106-9
2 misdo. MONCRIEFF FORMULZ.
Example : —

The ratio of slenderness of 1069 for pillars with flat ends, referred to
on page 405 and indicated on the safe load tables by zigzag lines, is not
quite analogous to the economical limiting ratios of the L.C.C. stresses, but it
does mark the limits of maximum economy as may be seen by inspection of
the graph on page 164.

Pages 108-109 (Moncrieff). Pillar No. %10; 9”x10” composed of
1-8”x 6” joist with 1-10” X 1” plate on each flange.

Height=10 feet. Least radius of gyration=2-25 inches.
« Required concentric load for *“ both ends round.”

|

Refer to height of 20 feet and read safe load as 108 tons.

x 10312 3 .
As the ratio of slenderness is 2; 5 =53 this result is accurate.

LoxpoN County COUNCIL STRESSES.

Safe loads for “ hinged ends ” and * one end hinged, one end fixed ™
may be got directly from the tabular loads as follows :—

W = tabular safe weight or load in tons for “ both ends fixed.”

Wr= required safe load in tons for another condition of ends.

A = tabular area of section in square inches. _

;— = ratio of length to least radius of gyration, or ratio of slenderness.
For “ hinged ends ”” : —

%OtolOO. Wr =W — 24

l
*1100'00 140. W =W—<2A +ﬂ)
g 40
For ““ one end hinged, one end fixed " : — :
—;0 to 140. Wr =W — A

0

*For these higher ratios it will generally be more convenient to multiply
the area by the working stress.

#] L — 140
7 140 to 160. Wr=W—~<A+”T_
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PILLARS—(continwd).

LOCATION OF THE CENTRE OF APPLICATION OF
ECCENTRIC LOAD SYSTEMS.

The ‘“‘arm of eccentricity’’ or the perpendicular distance from the
centre of application of a system of loading to a principal axis of a pillar
is equal to the algebraic sum of the moments of all the loads about the axis,
divided by the sum of all the loads.

v
"’e_}’/"{
W - The moments of the loads on
| l% £ opposite sides of the axis are con-
I sidered positive and negative respec-

we | e €7 tively, the centre of application of the
0%% ¢ !5 i system being on the same side of the
x‘k—"{z‘_'j:' By — ¥y axis as the loads producing the larger
€y . W3 sum of moments.
k€ 4
Cr# 24
i W ev=Arm of eccentricity for Axis x—x.
-% gY= » » 35 V=4
ks
¥

It is required to ascertain the values of ex and ey for the
system of loading shown.
For AX1S x—x.
ex—( Wreas)4-(Werexs) — (Warews)
. Wi+ Wat Ws+ Wa

It may be noted that as Ws is applied on Azis x—x it has no moment
about that axis, but its value as a load is taken in the dwisor.

For Ax1s y—y.
- _ (Wereya)+(Wareys)—(Wrreys)—( Wseys)
s Wet Wat Wat Ws
FOR A NUMERICAL EXAMPLE LET—
Wi= 8 tons. ex1=6 inches. ey1=3 inches.
We= 5 ,, ers=2 ,, ey2=2 ,,
We=5 ,, exs=0 ,, eys=1 .,
Wa=10 ,, exs=8 ,, eya=3 ..

THEN FOR AXIS x—x.
ex=8x6+5x2—10x8=58—80
8-+545+10 28
=08 inch nearly.
ex is on the same side of Awxis x—x as Wa since the moment of Wais
larger than the sum of the moments of W1 and Wa.
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PiLLARS— (continued).

CENTRE OF APPLICATION—/(continued).

AND FOR AXIS y—y.

5X2+10X3—8Xx3—-5X1 40—-29
Y= 5+10+8+5 =728
=04 inch nearly.
ey ts on the same side of Azis y—y as W2 and Wa.

The foregoing method is applicable to any system of loading.

ParTICULAR CASES.

The following alternative methods are applicable to particular
cases.

(@) Two loads of unequal values, con-
centric relative to Axis x—x, and equi-
distant from Axis y—vy, i.e. ey1=ey2.

The sum of the loads less their differ-
ence, which is equal to twice the value

of the lesser load may be treated as Ol B ot
concentric, leaving the difference to be M i €y
treated as eccentric, with an ‘ arm of c. =
eccentricity " ey=ey1 or eya. i

)

Then if We=the equivalent concentric load value.
and C =the eccentricity coefficient.

We=2 Wa+C(W1— W)

(b) Two loads of equal values, con-
centric relative to Axis x—x but not

equidistant from Axis y—y. Wy
E X+
Then, for Wi= W2 ‘I
b
_ey1—eye
ey= -

411




REDPATH, BROWN & CO, LIMITED.

REDPATH, BROWN & CO, LIMITED.

PmLARs;(continued).

CENTRE OF APPLICATION—(continued)

(c) Two loads of equal or unequal
values, each concentric relative to one
axis, and eccentric relative to the other
axis.

Then for Axis x—x.
Consider ex=ex1
and

We= Wa+(WrC)
And for Axis y—y.
Consider ey =ey2
and

We= Wit+(WeC)

" The methods of using the tabular eccentricity coefficients are explained on
page 246.

GENERAL FORMULA FOR ECCENTRIC LOADING.

If a pillar supports an eccentric load PRSI,
We, having an ‘‘ arm of eccentricity ” e about le 7251 We
a central axis, load We tends to produce bend- e
ing as shown, tensile stress being developed at
the convex side and compressive stress at the
concave side.

The maximum compressive stress, which
ordinarily is the criterion of strength, occurs at
the extreme fibres of the concave side and con-
sists of the direct compressive stress due to the
load plus the extreme fibre compressive stress
due to bending.

NOTATION.

We=actual eccentric load in tons.

A =Area of pillar in square inches.

I =moment of inertia in inches* about axis
* perpendicular to e.

g =radius of gyration in mches—\/ 3

B =bending moment in tons-inches.
e =arm of eccentricity in inches.

n =normal or perpendicular distance from
axis to outer edge of pillar nzarest
to load

PILLARS—(continued).

GENERAL FoRMULA— (continued).

fe=extreme fibre compressive stress in tons per square inch due to
bending.

fe=average stress in tons per square inch due to direct compression.
f =maximum extreme fibre compressive stress in tons per square inch
=fe-+fc
Wese
B=1 fel fedg®
1 T TE
-A- 2
L
n
Weren
sfe= A

and fc=—

c=fetfe="e1 Toen e

_Wefy en
B
We=equivalent concentric load value in tons. Then

Wc:f~A=We<1 v

Each tabular eccentricity coefficient is equal to 1 + the value of

g— bemg the numerical factor of each axial coefficient.

C=eccentricity coefficient.

Then
We= We:C

BRACKETS ON PILLARS.

From the foregoing it is obvious that for each increase of the value of
e, the ““ arm of eccentricity,” the value of the load which may be supported
safely is correspondingly reduced.

For this reason the.projection of a bracket should not be more than the -
minimum necessary to ensure a proper bearing with sufficient space for
connecting bolts.

See types of brackets, pages £84-285.
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Prurars—(continued). PriLArRs—(continued).

EccenTRIC LOADING. , Ja .
For each pillar, eccentricity coefficients relative to both of the principal

Eccentric loading is of two descriptions, viz. :—* Accidental ” and axes ™ of the section are given.
* Intentional.” \

A0CIDENTAL ECOCENTRICITY. I
: | ProMINENT TYPE. ‘
*“ Accidental eccentricity ” is due to the fact that the physical and i

geometrical axes of the practical pillar rarely coincide throughout the height, The eccentricity coefficients relative to the * axis of least radius » are
[ owing to the inherent but practically unobservable defects of material and printed in prominent type in the tables.
workmanship. | 1
The theory of the strength of pillars is based on the primary assuu;ption AXTAL COEFFICIENTS. "
of a perfectly centred pillar of perfect material and workmanship, the af:tor i ) J [ J |
of saﬁety aplﬁied to the derived formulee for ultimate strength being sufficient .The coefficients in .the tables. under headings Axis y—y, Axis ¥—v and |
to cover the necessary allowance, inter alia, for *“ accidental eccentricity ” | Axis u—u are respectively relative to these principal axes ”” and may be

5 : cel sl . 5
thus giving suitable safe working stresses for concentric loading. termed ““ axial coefficients. 1

¢

To complete the ‘ axial coefficients ” it is only necessary to substitute ‘

Rerusronar, Kogummaicory. for ey, ex, ev or ew, the actual value in inches of the “arm of ‘
|
fi

¢ Intentional eccentricity > occurs when the perpendicular distance from eccentricity.”
the centre of application of a load or system of loading to either or both
principal axes of the pillar is a quantity measurable by ordinary practical The “‘axial coefficients ” are of general application for any degree of
methods. ‘ eccentricity, care being taken to select the coefficient having the same

ECCENTRICITY (GENERAL) reference letters as the axis about which the loading is eccentric.
i In these notes by * eccentricity ’ will now be understood *‘ intentional

eccentricity ” as ‘ accidental eccentricity ” is not considered further. CHANNEL COEFFICIENTS. i

Special note may be made of the “ axial coefficients  for each channel ‘
‘ ArM oF ECCENTRICITY. pillar, pages 125 and 199. |
As Axis y—y for this type is not an axis of symmetry, it is necessary

tricity ”’ and is expressed in inches. i |
to consider on which side of this axis the eccentric loading is placed. ‘H

The measurable distance referred to above is termed the  arm of eccen- | !
?
»
PrINcIPAL AXES. J

When the “ arm of eccentricity ”” is measured in the same direction as ;‘1
dimension 7y use coefficient *“ Axis y—y, 7y > and conversely when the centre I
of application of the load is on the other side of Axis y—y use coefficient
* Axis y—y, nly.”

‘ The “ principal axes” are the ‘ axis of least radius” and “ exis of
greatest radius.” |
LoApinG.

Loa.di.ng is .said to be. *“ eccentric about the axis ” to which the *“ arm of Kedin e e OOt

eccentricity * is perpendicular.
For each angle, tee and tee shaped pillar the * axial coefficients > relative i

to the asymmetrical Axes v—r, u—u, and x—zx, take into account the |

perpendicular distance nv, nu or nx to the extreme fibre of the section irrespec- |

| tive of the side of the axis on which the loading occurs. The worst case |

| is thus provided for.

TaBULAR EccENTRICITY COEFFICIENTS.

The tabular eccentricity coefficients are derived from the general formule |
w for eccentric loading, for which see pages 412—413. 118

— -
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PrLLars—(continued).

EqQuivALENT CONCENTRIC LOAD.

By the use of the eccentricity coefficient for the axis about which a load
or system of loading is eccentric an ““ equivalent concentric value > of the
load relative to that axis may be obtained.

Let We=actual eccentric load in tons.
C =eccentricity coefficient for axis about which We is eccentric.
We=equivalent concentric load value in tons for that axis.
Then We=We'C'

SAFE EccENTRIC LOAD.

. It follows from the above that if a tabular concentric load is divided
by the eccentricity coefficient printed in prominent type, the maximum
safe eccentric load relative to the “ axis of least radius” of the section
is obtained directly

EXAMPLES.

The following examples illustrate the application of the tables to the
design of eccentrically loaded pillars and also the use of the Alignment
Charts, pages 166, 167, 240 and 241.

(A) Loading eccentric about ‘‘ axis of least radius’’ only.

Ezxample 1.—A pillar 10 feet high supports an eccentric load of 25 tons,
applied to its web with 1 inch of eccentricity.

Required a suitable section. (Moncrieff Tables.)

Select No. jl5, page 94, steel joist 10”x6” @ 40 pounds which will
support a safe concentric load of 67'9 tons on 10 feet.

Substitute 1 inch, the given °
(14162 X 1)=262 as the Axis y—y or “ axis of least radius
coefficient.

¢arm of eccentricity” for ey and obtain
” eccentricity
Multiply 25 tons, the actual eccentric load, by 2-62.

The product 655 tons is the equivalent concentric load value, therefore
the selected pillar is suitable.

416
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PILLARS—(continued).

(A) Loading eccentric about ‘‘ axis of least radius ”’ only—
(continued).

2o
Ezample 2.—A vpillar 84 feet high supports a system of eccentric loading
amounting to 150 tons, the ‘‘ arm of eccentricity ” abou’ the * axis of least
radius ”’ being 2 inches. :

Required a suitable section (L.C.C. Tables).

! 192 3

Select No. m67, page H8, composed of two steel joists 14" x 53" @ 40
pounds and two flange plates 18”x$” which will support a safe concentric
load of 266 tons on 20 feet.

Substitute 2 ins., the given ‘‘ arm of eccentricity,” for ey and cbtain

(14-0'38X2)=176 as the Axis y—y or “ axis of least radius cccentricity
coefficient.

Multiply 150 tons, the actual eccentric load, by 1-76.

The product 264 tons is the equivalent concentric load value, therefore the
selected pillar is suitable.

(B) Loading eccentric about ‘‘axis of greatest radius "’ only.

Lzample 3.—A pillar 16 feet high supports an eccentric load of 75 tons
transmitted directly to its flange surface by a girder.

Required a suitable section (Moncrieff Tables).

Select No. p67, page 128, composed of two steel channels 12”x31” @
2923 pounds and two flange plates, 12”7 X 3”.

Note height, 16 feet ; area, 29:1 square inches and greatest radius of
gyration Axis x—x, 5'33 inches. :

Transfer these values to the Alignment Charts, pages 166 and 167.
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PrnrarRs—(continued).

On Chart I. lay a straight-edge across the three vertical scales at the
height 16 feet on scale L, at the radius of gyration 533 inches on scale g
and read safe stress as 6'55 tons per square inch on scale C.

On Chart II lay a straight-edge at 6:55 tons on scale C, at the area 29-1
square inches on scale 4 and read safe concentric load for Axis x—u as
190 tons on scale V.

Divide 190 tons by 2°5, the flange eccentricity coefficient for the section.

The quotient 76 tons is the safe flange eccentric load ; therefore the
selected pillar is suitable.

Note.—ey=34d=65 ", eccentricity coefficient=(14-0"23 X 6'5)=2'5 as
above. :

C.—Loading eccentric about both axes.

Select a pillar from the tables as in Examples 1 and 2 as if the loading
were eccentric about the ‘ axis of least radius ™ only; then by use of the
Alignment Charts and eccentricity coefficient for the“ axis of greatest
radius ’ check the section for the load eccentric about ‘‘the axis of
greatest radius.”

CoMBINED LOADING.
If a pillar supports concentric in addition to eccentric loading, the former,

if treated separately, must be added to the equivalent concentric load value
to give the total equivalent concentric load.

MaxiMUM LOAD.

The actual load eccentric or concentric for ‘‘the axis of
greatest radius ’’ must in no case exceed the tabular load—
calculated for ¢ the axis of least radius.”

See also notes to the pillar tables, pages 242-248.
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SLAB CAPS FOR ECCENTRICALLY LOADED SOLID
ROUND STEEL COLUMNS.

The strength of slab caps for eccentrically loaded solid round
steel columns may be investigated on the following lines :—

The assumption is made that the
maximum bending moment will occur at

line #—=, the projection of the cap being
considered as a cantilever.
NOTATION.
w
W =eccentric load in tons.
a =distance from centre of application
of load to face of pillar in 1
inches. Yo ﬁ( |
|

=breadth of cap-plate in inches. 7 I

|
|
{ =thickness of cap-plate in inches. A ALY
B =maximum bending moment in <
inch tons=W-a
f =working stress of 8 tons per
square inch.
Then

_ J6Wa_  [3Wa
7o 4b

As a rule the thickness of a slab cap is approwimately equal to half the
diameter of the column.

LATTICED PILLARS.

Various formulze have been evolved for the determination of the
stresses in the lattice bars of pillars, but none of these can be said to be
wholly satisfactory for all conditions of height and loading, and lattice
bars are generally designed in accordance with the conventions based on
sound practical experience.

The following formulz are from the publications quoted.

From ** Theory of Structures,” by Prof. Spofford.

The theory of this author is as follows :

The total stress on a lattice bar is the sum of : —

(@) The compressive stress due to bending occasioned by accidental
eccentricity.

(b) The compressive stress due to the shortening of the bar occasioned
by the direct compression of the pillar.
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LATTICED PIiLARS— (continued).

The formula for the stress due to bending i
- g is based on the assumpti
tha.t the bending m.oment in the pillar may be considered equal toptll;;ltl;
.WhICh. would occur if the pillar were loaded uniformly at right angles t
its axis throughout its length. ¢ 3

The value of the assumed load is that which would produce a maxi-
mum extreme fibre stress equal to the difference between the allowable com-

; l i
pressive stress for §=O, and the allowable compressive stress for the actual §

value of -.
g

This theory is developed to corres i
[ pond to the b
obtained by the straight line formula :— ° bonding menly

f =16,000— %l

=the allowable compressive stress in pounds per square inch

Norarion.
Sm=the allowable compressive stress in pounds per square inch
for g=0

fm=16,000 pounds per square inch,
fb =the extreme fibre stress in pounds per square inch
=fm—f=16,000—f
_o0
g
Bp=the maximum bending moment in pounds-inches.
W =the total load in pounds uniformly distributed.
A =area of pillar in square inches.

I =relative moment of inertia.
I =height of pillar in inches.
7 =normal distance from neutral axis to extreme fibres in inches.
g =relative radius of gyration. ]
8§ =total shear in pounds.
Hence—
e 0L THeL
Bp S
fb=Bp n_Win Win
L — 81 844
Weln 700 |
BRI
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LATTICED PILLARS— (continued).

Hence—

____yx SA-gZ
g I'n

_ 560 4-g
T oon

But S=

lol |

. g_280 4
n
or
S in tons=£g
8n

* P=the total compressive stress in one lattice bar in tons.
fO=the angle of inclination of lattice to the horizontal, not greater
than 45°.
Ag

P=l_n sech.

This method gives the siress in the end lattice bars, but it is common to use
the same size of bars throughout the length of the pillar.

The compressive stress due to the shortening of the bar is
caleulated by the general formule of the theory that within the elastic
Jimit unital stress is proportional to unital deformation.

p=the unital compressive stress in one lattice bar occasioned by the
direct compression of the pillar.

p=fsin?g

a=the area of one lattice bar.

Therefore the total unital compressive stress in one lattice bar
due to bending and direct compression.
_Agsect

= sin?
16n'a e

B
~>+p

a
The value so asceriained must not exceed the allowable compressive siress

by pillar formula for the actual value of % for the bar.
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LATTICED PInLARS—(continued).

The following is adapted from a widely used American specification :—

See Proc. Am. Soc. C.E., Vol. 37, Feb. 1911.  Discussion on Mr. Howard’s
paper on * Tests of Large Steel Columns.”

NOTATION.

S=transverse shear in tons.

A=area of pillar in square inches.

¢ =rtelative radius of gyration in inches.

n =normal distance from neutral axis to extreme fibres in inches.

P=the total compressive stress in one lattice bar in tons.

6 =the angle of inclination of lattice to the horizontal not greater than

45°
Ag

« “T 0

P =i4¥z'secf)

It will be observed that the above value of P is similar to that of Prof. Spofford’s,
except for the value of the constant in the denominator.

From * Steel Structures,” by Clyde T. Morris.

The theory of this author is as follows :—

In a loaded pillar having both ends fixed, points of contra-flexure
are developed.

At these points of contra-flexure the bending moment is zero and
consequently the stress on the cross section is uniform.

Midway between these points the bending moment and the com-
pressive stress at the extreme fibres on the concave side are maximum.

Therefore in a distance equal to th of the total length of a fixed ended
pillar, the unital stress in the concave side must change from the average
to the maximum allowed.

Whence Mr. Morris deduces a formula for the longitudinal increment
of stress in one leaf per unit of length of pillar and he states that sufficient
connection must be provided between the two leaves of the pillar to transmit
this stress.

' A=the area of the pillar in square inches.
fm=the allowable compressive stress per square inch by pillar formula

when §=o
f=the allowable compressive stress per square inch by pillar formula

l
for actual value of 7

| R -~ T et
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LATTICED PILLARS—(continued).

L=total length of pillar in feet.

p=change in the total stress in one leaf per unit of length.
_24 (fm—)

==

From the foregoing an expression for the total compressive stress in
one lattice bar may be derived.

¢ =the horizontal centres of rivets in inches.

¢ =the angle of inclination of lattice to the horizontal, not greater
than 45°

P=the total compressive stress in one lattice bar.

_ A-esec 8 (fm—f)

P 2L

LaTTicE BARS AND BATTEN PLATES—

As stated on page 419, lattice bars are generally designed in accordance
with the conventions based on sound practical experience.

The tables on pages 425, 426 and 427 give the conventional minimum
sizes of flat lattice bars and maximum spacings of batten plates for pillars
with concentric loading. These sizes, together with the following notes on
the angle of inclination and minimum thicknesses, are adapted from the
specifications of The American Railway Engineering and Maintenance of
Way Association.

SINGLE FrarT BAR LATTICING :—

Maximum angle of inclination with horizontal=30 degrees.
Minimum thickness= j;th of pd, the diagonal centres of rivets.
Maximum horizontal centres of rivets, ph=15 inches.

DouBLE Frar Bar LATTICING :—

Maximum angle of inclination with horizontal=45 degrees.
Minimum thickness= g;th of pd, the diagonal centres of rivets.
Maximum horizontal centres of rivets, ph=15 inches.

BATTEN PLATES :—

Minimum thickness = ;;th of ph, the horizontal centres of rivets.

Minimum depth = the horizontal centres of rivets for end plates.
Minimum depth =1 the horizontal centres of rivets for intermediate
plates.

Maximum horizontal centres of rivets, ph=15 inches.
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LaTTICED PrnARS—(continued). L ‘&TTIGED PILLARS.

AND BATTE LATES i—
LATTICE BARS ATTEN PLATES Two Steel Joists Latticed. 7 \

When the horizontal centres of rivets, ph exceed 15 inches, the minimum
thicknesses of lattice bars and batten plates require to be increased pro- : |

portionately. “;T‘) = —r
' o

Q il fe)

Barrex PraTes. (See Tables, pages 425, 426 and 427.) ) o o

Maximum vertical pitch of end rivets of two adjoining batten plates
—pv inches.

L —length or height of pillar in feet. /iy i o ‘
Gmin =least radius of gyration of one member of the pillar, joist, channel | ” I
or angle as the case may be. | i i
G nin=least radius of gyration-of the pillar. 1 i i
0 —a constant for each pillar. | R N
_ 12g min [l | &%
" @ min. 9 o
T

Then pv in inohes=lL'C

CONVENTIONAL MINIMUM SIZES OF LATTICE
| BARS
FOR CONCE
BATTEN PLATES:— s
| Alternative method for pillars of two angles. \ Breadth of Joist Flange . inches | 8 73 7 61 6 5% 5 41 4
‘ Maximum vertical pitch of end rivets of two adjoining batten plates i B i ; - - >
| 2 | readth of Lattice Bar . inch 3 3
fi =pv inches. | E = 2t | 2% | 2% | 2 | 2% | 21 | 2t | 2 |
=5 /10 times b, the breadth of one leg in inches. i iameter of Rivet . . inches i % i %z 2 ' R
Ul pv=the lesser value ot \cO ,, ¢ theangle thickness in inches. ‘ : 6 i &
f " - I MAXIMUM SPACING OF BATTE s
Minimum depth of batten plates=d inches. v’ PV in inches=C times height%?%%gr Igggg =
—the sreater value of (b, the breadth of one leg in inches, or 1 e,
UL \ ph, the horizontal centres of rivets in inches, or | ' ;
i {;heh least depth suitable for two rivets, in Re]{gflz{]ce ;‘;2 1.2(;»‘71’3]}%- Reference si:eb 12 g min. | pogerencel Size | 12 ¢ min.
| nches. : ; ; ; L iy
: 1 ‘ inches =@ Mark inches szén- Mark ifw);lgs @ min.
i LaTTicED PILLARS WiTa ECCENTRIC OR LATERAL LoADS. } 1l 129 24x26} | 1888 122 15x18 2:414 15 10x 14 3014
| i i : : i 128 22 % 2 .
i Pillars under eccentric or lateral loading are usually braced with angle i 1:903 21 14x19 3737 114 10%x123 | 2769
l“ lattices. In designing these, t.he rulfes for the flexure of lattic.ed girders ‘ : 27 20x 22} | 1957 120 14x16} | 2:398 13 9x14} 5272
| are t? be observed together with suitable allowances for the direct com- I | 126 18 x 22} 2782 19 Sl Siaar o o ok
i pression. ‘ | " ) ‘
“ : 18 x 20 2:043 18 12x173 4386 ni §x 123 4050
124 16 x 21 3:179 9 : |
Larrionp < PILLARS, génerally. b un7 12x 143 | 2472 110 8x10% 3015 |
i 2 16 x 18% 2328 16 10 x 163 939 |
Tn every case the latticing should be such that the strength of each | kil o2z L8 6x10% | 5631 ‘
member of the pillar on the length between lattices is not less than the | ox a1 0ads anid Bropsrtiss: of FHGARD] |
strength of the pillar on the full length. | See additional notes onppaglg: 423 and EE}BE’ L LR R [
I

\
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. ‘-‘II
Two Steel Channels Latticed. | Two Equal Angles Battened.
| p
] C T P —— H
T o “‘ oG oo T of o — 7%
Q il e
¢ | go-teejool {  -olo| ¢
b i | ! |
T 1
: |
| | el L el
| i | ! !
| ' '
vV I
] | J i | |
i .
! | 24 Lol
i ! ' | :
_2 Iy LI5S
o0l oo
o0 ofl o
CONVENTIONAL MINIMUM SIZES OF LATTICE BARS ‘ MAXIMUM SPACING OF BATTEN PLATES,
FOR CONCENTRIC LOADING. | 27 in inches=C times height of pillar in feet.
ik Values of C,
; 9 8 7
Depth of Channel . . inches 15 12 10 4 . . . 2 | "
Tathice Bar . inches 3 21 21 21 21 || Reference 3’:2 ]2G”T"§n: Reference g‘f% l—if’“’?ﬁn' Referenes g‘ng |12 ¢ min,
Breadth of Lattice Bar . | Mark s I | Mark Tt o | Mark 1 incheat || & 14
Diameter of Rivet . . inches % 3 2 3 3 |
vild | 103 x8% | 6132 | oh11 | 64 x5 6270 |
MAXIMUM SPACING OF BATTEN PLATES. ve8 4% x34 | 6206
PV in inches=C times height of pillar in feet. oh14 10 x,, 6104 711 64 x ,, 6192
Values at C. vd8 4% % ,, 6-166
vyl 9§ x ,, 6083 vell 5% x ,, 6135 i
: S || 14 94 6:093 a1l 54 6116 R ral el
5 i i i i it X 5, y ‘ K » ’
Reference | Size | 12gmin. fp oo o Size | 12 ¢ min. fpererence Gar i L o % |
dxb @ min. X G min. Mark 3 |
Mark inch: Mark inches =T inches
ABeies =0 vil3 9 x7} 6179
N 84 g5 0710 5% x4} 6249
K X )5
2 . d7 3% x 34| 6186
: ve10 54 x ,, 6159 i 1
017 15x173 | 2:347 012 | 10x12 2:639 09 8x11 8 Bl i ; & 1
vd10 61 X5 6137 .
vel3 THx, 6106 ve?  (8%x, | 6141
015 12x14 2:637 2¢10 48 x ,, 6125 ]
oll | 9x12 | 3468 o8 8ot (| o1z 7§ x5% | 6302 f
ol4 12x14} | 2555 wh12 7% x ,, 6226 ve 9 41t x3% | 6186 I
0712 6% 6167 d 9 4§ 6150 e R
: X 5 z o X, ;
013 10x12} | 3167 010 | 9x11 | 38027 07 7x10 0 w6 |34 x, | 6160
' vel2 6% x ,, 6125 v 9 4% x ,, 6114 !

For safe loads and properties of these pillars, see pages 126-127 and 200-201.
See additional notes on pages 423 and 424,

P

For safe loads and properties of these struts, see pages 154-157 and 228-231.

See additional notes on pages 423 and 424,
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it

LOADS ON PILLARS AND FOUNDATIONS.

(INSTITUTION OF STRUCTURAL ENGINEERS.)

For caloulating the loads on pillars and foundations, the imposed loads
specified on pages 364-367 are to be taken in full for the roof and two floors
immediately below the roof.

They may be reduced by 25 per cent. for the remaining floors.

No reduction is to be made in respect of pillars supporting storage
rooms.

LonpoN County CoUNCIL REGULATIONS.

For loads on pillars and foundations in buildings of steel skeleton con-
struction in London, see Appendix I.

SAFE PRESSURES ON FOUNDATIONS AND MASONRY.
AVERAGE VALUES.

FoUNDATIONS.

Tons per
square foof.

Chalk, Hard . 5 : . ‘ s 2 2 . 6
Clay, Ordinary . : . : ! ; : . - 2

,» Hard Compact . 4 ‘ g . : . . 4—b
Earth, Ordinary Firm . j " . s y , " 1
Gravel, Ordinary . - o v 3 . s . 5 3

= Compact . ; : - » v . y . 4—8
Rock . : y ;i 5 5 3 v F . w18

MASONRY.

Brick, Ordinary in Cement Mortar . ‘ . ; 5
,»  Hard (including London Stocks) in Cement Mortar g : 8
,»  Blue in Cement Mortar 5 = - 12
Concrete Lime (good) . 5 2 A : i c 8
3 Cement (1—2—4) . 3 o
Freestone, Square Rubble Masonry in Cement : A . 8
i Ashlar Masonry in Cement . . . g 5 15
& Ashlar Bearing Blocks . . " 3 5 X 12
Granite Ashlar Masonry in Cement . . - . : . 2B
,»  Ashlar Bearing Blocks : ; 5 i s . 20
Granolithic Bearing Blocks . : s 5 : . o 02

See also page 367 for the Institution of Structural Engineers’ recom-
mendations and Appendix I. for The London County Council regulations.

REDPATH, BROWN & CO, LIMITED.

STEEL GRILLAGE FOUNDATIONS.

Owing to the low bearing capacity of certain soils it is often
essential to distribute a load over a large area.

This is accomplished efficiently and economically by a properly
proportioned beam grillage.

The thinness of the foundation so obtainable saves the cost of the deep
excavations and large masses of solid concrete otherwise necessary.

A particular advantage of a beam grillage is that by obviating
penetration, it may be possible to support a load entirely on a hard crust
overlying strata of a soft nature.

A beam grillage consists of one, two or more tiers of steel beams super-
imposed on a layer of concrete.

Concrete is also rammed into the spaces between the webs of the beams,
the flanges being kept sufficiently far apart to allow of this being done
properly.

To avoid displacement during the ramming of the concrete the flanges
of the tiers should be bolted together and the top flanges of each tier should
be connected by a bolted angle bar or by the pillar base.

Beams forming alternate tiers are placed at right angles to each
other.

If a grillage consists of two tiers only :—

(a) the breadth of the upper tier and one side of the pillar base are
equal.

(b) the length of the upper tier and breadth of the lower tier are
equal.

If a grillage consists of more than two tiers :—

(@) the breadth of an intermediate tier and the length of the next
tier above are equal.
(b) the length of an intermediate tier is a convenient proportion of
g the length or breadth of the bottom tier.

Ordinarily the length and breadth of the bottom tier are approxi-

mately equal.

DEsieN oF BEAM GRILLAGES.

To design a beam grillage it is necessary to know :—
(@) the total load on the pillar in tons.
(b) the size of the pillar base.
(c) the safe bearing capacity of the soil in tons per square foot, for
which see page 428 ante or Appendix L.
The superficial area and consequent overall length and breadth of the
bottom tier are determined by dividing the total load by the safe bearing
capacity of the soil.
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STEEL GRILLAGES—(coniinued).

TSR

i1

The diagram represents a two-tier grillage.

NOTATION.

- W =total weight or load on the pillar in tons.
n =number of beams in the tier.

Wb =weight in tons on one beam in the tier=—

L =length of the beam in feet.

P =projection in feet.

B =maximum bending moment in tons-feet.

M =modulus of section in inches?.

§ =maximum vertical shear in tons.

For B and S, uniformly distributed loading is assumed.

A suitable section of beam may be selected from the tables, pages 4 and
7, by either of the two following methods :—

A beam is suitable, as regards bending, if

() the tabular load is not less than Wb for a span of 2P feet.
3P Wb

(b) M, the maximum modulus of secﬁon is not less than 3

To prevent web buckling, the maximum vertical shear, S, should not
exceed the value of the safe reaction or concentrated load in tons for 1
beam, as tabulated on page 296, unless stiffeners are provided.
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STEEL GRILLAGES—(continued).

B=The maximum bending moment, in tons-feet, occurs at the point
z, the centre of L.

For each beam, B=2P'8Wb=P_'4vﬂ’

S=The maximum vertical shear in tons occurs at the meeting edges
of the tiers or of the upper tier and the pillar base.

For each beam, S= W%I)P

The foregoing abbreviated formul for M, B, and § are derived as follows :—
Consider one beam of the lower tier of diagram.

The load Wb is assumed to be distributed uniformly over the length
[-2P, and the total reaction or upward pressure exerted by the soil is also
Wb distributed over the total length L.

Taking moments about .
Wb L Wb L—2P
T A

L g 1_219 Wb__P-Wh
=T{L—(L—2P) =

B (tons-feet):(

2P Wb
8

in a beam supporting a uniformly distributed load over a span of 2P feet,

whence rule (@), page 430.

Then, for equilibrium, B must equal E the moment of resistance.
2P Wb
8

But

is equivalent to the maximum bending moment occurring

. B (tons-inches)=12 >=3P- Wb=R

[ =fibre stress allowable in tons per square inch.

3P Wb
RB= M=
=fu. 7

and for the tabular conditions for which f is 8 tons per square inch
M=3P'8Wb

Also
g Wb L—(L—2P)_ Wb L—L+2P
T 2 =7 2

whence rule (b), page 430.

=— * P as above.

See overleaf for a numerical example.
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STEEL GRILLAGES—(continued).

Ezample :—
Design a beam grillage for a pillar.
(a) the total load=200 tons.
(b) the size of pillar base=2 feet square.
(c) the safe bearing capacity of the soil=3 tons per square foot.
Arrange for a two tier grillage.

., 2
Area of bottom tier= %) =67 square feet approximately.

=925 feet long X 7-25 feet broad.

Tor TiIER.
Breadth, 2 feet. Length, say 7-25 feet.

In breadth of 2 feet, 3 beams can be placed with sufficient space for

ramming concrete.
200

W=200. »=3. .. Wb=—3—=66'7 tons.

2P=T25—2=>525 feet (the equivalent span).

Refer to tables, pages 4 and 5.

As the shortest tabulated span is 10 feet, calculate the maximum modulus
of section required.

M:P’IiTm’:gx-s'Q_% X 66-7=66"7 inches?. .

The maximum modulus of section of steel joist 15” x 6” @ 45 pounds is
655 inches®, which is sufficiently near, therefore the section is suitable as
regards flexural strength.

For web buckling calculate the maximum vertical shear.

=‘—Z—b . P=$?T; X 52£’=24'15 tons.

Refer to table on page 296. The maximum safe reaction or concentrated
load for 1-15"X 6” joist is 206 tons, therefore stiffeners may be considered
necessary. These may be formed conveniently of 9” x 31" channels, 12 inches
long, bolted between the webs of the 3-15” X 6” joists under the edges of the
pillar base.

Borrom TIER.

Breadth, 7:25 feet. Length, 9:25 feet.

In the breadth of 7:25 feet let 8 beams be placed.
W=200.. n=8. .. Wb=2%0=25 tons.
2P=925—2="T25 feet (the equivalent span).
M=¥b=§g X 72i5 X25=34 inches.?
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STEEL GRILLAGES—(continued).

On page 5 the maximum modulus of section of steel joist 12“ % 5” @ 30
pounds is 344 inches’, therefore the section is suitable as regards flexural
strength.

Wb 26 725
f * P=9—25><—2—=9 8 tons.

S=

On page 296 the maximum safe reaction or concentrated load for
1-12” X 5” joist is 14'7 tons, therefore the section is suitable, as regards
web buckling, without stiffeners.

For grillages to L.C.C. regulations, see tables on pages 298-9, also Appendix 1.
for London Building Acts Amendment.

MOMENT OF INERTIA.
REFERENCE TO ForRMULZ, pages 358 to 361.

These tabulated formulze for the moment of inertia of joists, channels,
angles, and tees do not take account of the rounded corners, fillets, and
tapered flanges of sections rolled to the British standard dimensions.

The resulting values, therefore, do not coincide exactly with the
strictly accurate properties of the safe load tables.

The remaining formulze are for the various outlines, viz. :—rectangles,
triangles, positive and negative sectors of circles into which the profiles
of the rolled sections may be divided.

GENERAL FORMULA.

.

RELATION OF PROPERTIES AND FORMULZE FOR FLEXURE.

NOTATION.

I =moment of inertia about a central axis.
o=, & 5 ,» an axis parallel to axis of /.
n,=normal distance from axis of I to axis of I,.
M =modulus of section for axis of I.
n =normal distance from axis of / to extreme fibre of section.
g =radius of gyration for axis of I.
R =moment of resistance for axis of /
B =bending moment.
[ =intensity of extreme fibre stress.
W=weight or load.
I =effective length of span.
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GENERAL FORMULZ—(continued).

75 =M'n=A'gz=Bl
=
To=I+(A no?)

I B R I i
M= 2 =, [=

T = A2

f  Bn Bn B R

1 1T H m
B =R=J%I=f-M

SPECIAL CONDITIONS.
For a beam uniformly loaded and simply supported at each end.

wSE_8f1_sra
I " In l
In addition to above for I, M, and » in inch units, W in tons, f value
8 tons per square inch, Bf=maximum bending moment in tons-feet and
L=eflective span in feet.
531 53M M=1'5Bf

REFERENCE TO GENERAL FORMULAZ.

These general formulz are algebraic expressions for the

following :— >

(1) central axis divided by the normal distance from the

{ Modulus of section=moment of inertia about a
M==
central axis to the extreme fibre of the section.

L ]

- Modulus of section=moment of resistance divided
@) u E | by extreme fibre stress. .. =moment of resistance for

square inch.

3) e \/ 1 { Radius of gyration=square root of moment of inertia
A \about a central axis divided by the area of the section.
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f ) unital extreme fibre stress of unity, usually 1 ton per
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REFERENCES TO GENERAL FORMULZE (continued).

¢ Moment of inertia about an Axis o—o parallel to the
@) Io= J central axis of /=the moment of inertia about the
I+ (A4no? tcentra,l axis plus the product of the area of the section

by the square of the normal distance between the axes.

For equilibrium the moment of resistance of a section
(5) R=B {must equal the maximum bending moment due to the
" lexternal forces.

PROPERTIES OF COMPOUND SECTIONS.

The moments of inertia and other properties of any desired
compound section may be ascertained by using the undernoted
tabulated values for the simple sections.

Moments of inertia, ete. Pages 250-271

Net Moments of inertia, etc. . . s , s 5 54

Positions of central axis

2 b2
Moments of inertia of plates »  300-303

MOMENT OF INERTIA OF AN ASYMMETRICAL COMPOUND SECTION.
It is first necessary to ascertain the position of the central axis
of the compound section about which the moment of inertia is
required.

As an example, consider the asymmetrical compound section above:

NoraTIoN.
—Xx =the central axis of the compound section, the
position of which is required.
0—o =a convenient axis parallel*to Axis x—zx. Usually

the most convenient position for this axis
coincides with an outer edge of the compound
section.
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MOMENT OF INERTIA OF AN ASYMMETRICAL COMPOUND SECTION—(conid.).

A1, Az, As =the component areas.

1—1, 2—2, 3—3=the central axes of A1, As, A4s, parallel to Axes
x—x and o—o.

no1, noz, NOs —=the normal distances from 1—1, 2—2, 3—3 to
o—o.
no =the required normal distance from Axis o—o to
Axis x—x.
Then

_ Arnoi+A42noz+Asnos
L w A1+A2+As

Or : the distance of the centre of area of a plane figure from any point in its
plane is equal to the sum of the moments of all the component areas about the
point divided by the sum of the component areas.

Having ascertained the position of Axis x—x the moment of
inertia of the compound section about that axis may now be

calculated.
I fe=—7T
G

X7 42 x

Sy A o !
X_X_E%2 RN v

A3 A3
e T

Ii, I, Is=the moments of inertia of the component areas about
the central axes parallel to x—x.

21, w2, xs=the normal distances from 1—I1, 2—2, 3—3. to x—=x.
Iz —=the required moment of inertia of the compound section
about Axis x—x.
Then
Iz =TI+ I3 (A1 z1?) - (Aerae?)+ (A s xs?)

Or : the moment of inertia of a compound section about a central awis s
equal to the sum of the moments of imertia of the component areas about their
respective parallel central azes plus the sum of the products of each component
area into the square of the distance from its central axis to the central axis of the
compound section. The foregoing is an application of formula (4) page 435.
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MOMENT OF INERTIA—(continued).

MOMENT OF INERTIA AND MODULUS OF SECTION OF A COMPOUND SECTION
ABOUT AN AXIS OF SYMMETRY.

r ¥
| ﬂx=g
d X kX
1 NIx=7%
- =

If a central axis such as x—x of a compound section coincides with a
central axis of each of the component areas or sections it is an axis of sym-
metry ; there are no « distances to consider and :—

In=I11+412413

DEDUCTIONS FOR RIVET HOLES.

The calculations for ascertaining the exact deductions to be made for
rivet holes are extremely laborious.

In practice sufficient accuracy is attained by deducting one rivet hole
from each flange for reeled riveting, or two rivet holes from each flange for
straight riveting.

The tables of the net moments of inertia of joists and channels, pages
250-257, also the tables of moments of inertia of plates and rectangles,
nages 300-303, will be found convenient for this purpose.

LONDON COUNTY COUNCIL REGULATIONS.

For buildings of steel skeleton construction in London it is'necessary to
conform to the regulations contained in the 1909 Amendment of London
Building Acts, for which see Appendix I.
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MATHEMATICAL TABLES.

BRITISH AND METRIC

WEIGHTS AND MEASURES

WITH

CONVERSION FACTORS AND
EQUIVALENTS.
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TRIGONOMETRICAL FUNCTIONS.
TRIGONOMETRICAL EXPRESSIONS. | Right-Angled Triangles.
Functions of = ‘ £ sin A=%: sec A =g; tan A =3;
Area of circle to radius 1)\ c b (o
" P Circumf. o diameter 1/ =7 || a ¢ cos Azf); cosec A A cot A =
_______ = s 3
? // Area » » » 1 = 2 4 versine A = lle’ ; coversine A = P_;_a.
5 3 c
"’m"’(a«—-—mo—- Ca “-r Volume of sphere ,, 5 1 =7; I
t oy : ; Given Required Formule
i ¢ ' dips 1 1 —%8
& C 2] 2 sy Tradius
sin6 ,cose ce/ fa}lzﬁ 3 |1 ]
I o A i R | a, b A, G0 sin A—T) cos C=p o=vI(b+a)(b—a)]
i - A i ™= 31415926 \/7r 1-77245¢ i 4
"f’””@" E: 0-785398 b 1:464590 || a, ¢ A @D tan A—% cot C=— b=1/(a?+c?)
ki ' 9-869604 % =0523599 | a
5 f | A a Coe,b |C=90°—A c=acotA  b=—"p
™
i==g100a278 533 =485 | A, b G a,c C=90°—A a=Dbssin A c=b-cos A
The complement of an angle 6= 90°— 6. | A é e b 0=90°—A a=c-tanA bhesodf
The supplement of an angle 6=180°- 6. | ’ e 6ee B
Oblique-Angled Triangles.
TRIGONOMETRICAL EQUIVALENTS |
Given Formul®e
! ()
sin 0=4/(1 —cos® 0) cosec § =1-sin 6 ‘ % A, B,C,a aZesin Besin C
7 L
sin §=1--cosec 0 tan 6 =1-+cot I | A, b, c Areas l(b-i-‘:il;i)
s = 2 .
sin #=cos §-—=cot 0 tan 6 =sin 0 -cos 4 c o a, b.c V[s(s—a)(s—Db)(s—c)]
sin @=tan 6 +sec 0 cot @ =1-+tan @
cos 6=4/(1—sin? ) cot @ =cos 6-—sin @ ‘ Biven qﬁ:edi Formulm
cos =1--sec 6 versin 6 =1—cos 6 1l ‘ sin C
I facal o | o=afx
cos f=sin 0 X cot coversin 6 =1 —sin 6 | L
: . c'sin A
cos O=sin 6-+tan 6 , 1  =tan 6Xcot @ € |sinC= a
sec 0=1--cos 0 1 =sin? §+cos? § A fan A_M_
—arcos B
gsec §=tan 6 —sin 0 sec?d =1--tan? @ = — = —
A sm—lA_\/[ &bl c)] cos‘A—\/[ 3= a'] ta.n%A—\/ [ s(sis )c]
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LOGARITHMS.
Mean Differences
0 1 2 3 4 5 6 7 8 9 e
1 23(456(7 89

10 [ 0000 | 0043 ( 0086 | 0128 § 0170 | 0212 | 0253 | 0294 | 0334 | 0374 | 4 8 12 | 17 21 25|29 33 37
11 0414 § 0453 | 0492 | 0531 | 0569 | 0607 | 0645 | 0682 | 0719 | 0755 | 4 8 11 |15 19 23|26 30 34
12 || 0792 § 0828 | 0864 | 0899 | 0934 | 0969 [ 1004 | 1038 | 1072 | 1106 § 3 7 10 | 14 17 21|24 28 31
13 |[ 1130 § 1173 | 1206 | 1239 | 1271 | 1303 | 1335 | 1367 | 1399 | 1430 § 3 6 10 | 13 16 19| 23 26 29
14 || 1461 | 1492 | 1523 | 1553 | 1584 | 1614 | 1644 § 1673 [ 1703 | 1732 ¥ 3 6 9 | 1215 18|21 24 97
15 || 1761 § 1790 | 1818 | 1847 | 1875 | 1903 | 1931 | 1959 | 1987 [ 2014 | 3 6 8 |11 14 17 (20 22 25
16 2041 § 2068 | 2095 ( 2122 | 2148 | 2175 | 2201 | 2227 | 2253 [ 2279 f 3 5 8 |11 13 16|18 21 24
17 || 2304 | 2330 | 2355 2380 | 2405 | 2430 | 2455 | 2480 | 2504 | 2520 { 2 5 7 |10 12 15|17 20 22
18 || 2553 | 2577 | 2601 | 2625 2672 | 2695 § 2718 | 2742 | 2765 | 2 5 7 | 91214|16 19 21
19 || 2788 | 2810 | 2833 | 2856 | 2878 | 2000 | 2923 | 2045 [ 2067 [ 2089 2 4 7| 911 13|16 18 99
20 || 3010 § 3032 | 3054 | 3075 | 3006 | 3118 | 3139 | 8160 | 3181 3201 f 2 4 6 | 8 11 13[1517 19
21 | 3222 § 3243 | 3263 | 3284 | 3304 | 3324 | 3345 § 3365 3385 | 3404 | 2 4 6 | 810 12|14 16 18/
22 || 3424 § 3444 | 3464 | 3483 | 3502 | 3522 | 3541 | 3560 | 3579 | 3598 f 2 4 6 | 810 12|14 1517
23 3617 | 3636 | 3655 | 3674 | 3692 | 3711 | 3720 | 3747 | 3766 | 3784 2 4 6| 7 911|13 15 17
24 | 3802 | 3820 | 3838 | 3856 | 3874 | 3802 | 3009 | 3927 | 3945 | 3962 { 2 4 5| 7 9111214 16|
25 | 3979 § 8997 | 4014 | 4031 | 4048 | 4085 ( 4082 | 4099 | 4116 [ 413342 3 5| 7 910(12 14 15
26 || 4150 | 4166 | 4183 | 4200 f 4216 | 4232 | 4249 § 4265 | 4281 | 4298 | 2 3 5| 7 810(11 13 15/
27 4314 | 4330 | 4346 | 4362 | 4378 | 4393 | 4400 | 4425 | 4440 | 4456 f 2 3 5| 6 8 9|11 13 14
28 4472 ) 4487 | 4502 | 4518 | 4533 | 4548 | 4564 | 4579 | 4594 | 460912 3 5| 6 8 9f1112 14
29 4624 | 4639 | 4654 | 4660 | 4683 | 4698 | 4713 | 4728 | 4742 | 4757 §1 3 4| 6 7 9|10 12 13
30 || 4771 | 4786 | 4800 | 4814 | 4820 | 4843 | 4857 | 4871 | 4886 | 4900 {1 3 4| 6 7 9[101113
31 || 4914 | 4028 | 4942 | 4955 | 4969 | 4983 | 4997 § 5011 | 5024 | 5038 § 1 3 4| 6 7 8[10 1112
82 || 5051 | 5065 | 5079 | 5092 | 5105 | 5119 [ 5132 | 5145 | 5159 | 517201 3 4| 5 7 8| 91112
33 | 5185 | 5108 | 5211 | 5224 § 5237 | 5250 | 5263 § 5276 | 5289 | 53021 3 4| 5 6 8| 91012
34 || 5315 § 5328 | 5340 | 5353 | 5366 | 5378 | 5391 | 5403 | 5416 | 5428 01 3 4| 5 6 8| 91011
35 || 5441 | 5453 | 5465 | 5478 § 5490 | 5502 | 5514 | 5527 [ 5539 | 5551 1 2 4| 5 6 7| 91011
36 5563 § 5575 | 5587 | 5599 | 5611 | 5623 | 5635 § 5647 | 5658 | 5670011 2 4| 5 6 7 810 11|
37 || 5682 | 5604 | 5705 | 5717 | 5729 | 5740 | 5752 | 5763 | 5775 | 5786 §1 2 3| 5 6 7| 8 910
38 5798 | 5809 | 5821 | 5832 | 5843 | 5855 | 5866 | 5877 | 5888 | 58991 2 3| 5 6 7| 8 916
39 5011 | 5922 | 5933 | 5944 | 5955 | 5966 | 5977 | 5988 [ 5999 [ 6010 {1 2 3| 4 5 7| 8 910
40 || 6021 § 6031 | 6042 [ 6053 § 6064 | 6075 | 6085 | 6096 | 6107 | 6117 f1 2 3| 4 5 6| 8 91
41 6128 § 6138 | 6149 | 6160 | 6170 | 6180 | 6191 | 6201 [ 6212 [ 62221 2 3| 4 5 6| 7 8
42 6232 | 6243 | 6253 | 6263 | 6274 | 6284 | 6204 | 6304 | 6314 (632501 2 3| 4 5 6/ 7 8 ¢
43 || 6335 | 6345 | 6355 | 6365 | 6375 | 6385 | 6395 | 6405 | 6415 [ 642511 2 3| 4 5 6| 7 8
44 6435 | 6444 | 6454 | 6464 | 6474 | 6484 | 6493 | 6503 | 6513 | 652241 2 3| 4 5 6| 7 8
45 6532 || 6542 | 6551 | 6561 | 6571 | 6580 | 6590 § 6599 | 6609 | 6618 1 2 3| 4 5 6] 7 8
46 6628 | 6637 | 6646 | 6656 | 6665 | 6675 [ 6684 | 6693 | 6702 | 671241 2 3| 4 5 6| 7 7
47 6721 | 6730 | 6739 | 6749 | 6758 | 6767 | 6776 | 6785 [ 6794 | 6803 § 1 2 B3| 4 5 5| 6 T
48 6812 | 6821 | 6830 | 6839 | 6848 | 6857 | 6866 | 6375 | 6884 | 6893 § 1 2 3| 4 4 5| 6 7
49 6902 | 6911 | 6920 | 6928 | 6937 | 6946 | 6955 | 6964 | 6972 | 6981 § 1 2 3| 4 4 5| 6 T
50 6990 { 6998 | 7007 | 7016 | 7024 | 7033 | 7042 |'7050 | 7059 | 7067 §1 2 3| 3 4 5| 6 7
51 7076 § 7084 | 7093 | 7101 | 7110 | 7118 | 7126 | 7135 | 7143 | 715281 2 3| 3 4 5| 6 7
52 7160 | 7168 | 7177 | 7185 | 7193 [ 7202 | 7210 § 7218 | 7226 | 723501 2 2| 3 4 5| 6 T
53 7243 | 7251 | 7259 | 7267 | 7275 | 7284 | 7292 | 7300 [ 7308 | 7316 § 1 2 2| 3 4 5| 6 6
54 || 7324 | 7332 | 7340 | 7348 | 7356 | 7364 | 7372 | 7380 | 7388 | 7396 |1 2 2| 3 4 5| 6

REDPATH, BROWN & CO., LIMITED.

LOGARITHMS.
Mean Differences
0 1 2 3 4 5 6 7 8 9

1 23|4586(7 829
55 7404 | 7412 | 7419 | 7427 | 7435 | 7443 | 7451 | 7459 | 7466 | 7474 41 2 2|83 4 5|5 6 7
56 7482 | 7490 | 7497 | 7505 | 7513 | 7520 | 7528 | 7536 | 7543 | 755141 2 2|3 4 5|5 6 7
57 7559 § 7566 | 7574 | 7582 | 7589 | 7597 | 7604 | 7612 | 7619 | 7627 1 2 2|3 4 5|5 6 7
58 7634 | 7642 | 7649 | 7657 | 7664 | 7672 | 7679 | 7686 | 7694 | 770101 1 2|3 4 4|5 6 7
59 7709 § 7716 | 7723 | 7731 | 7738 | 7745 | 7752 | 7760 | 7767 | 7774 1 1 2|3 4 4|5 6 7
80 7782 | 7789 | 7796 | 7803 | 7810 | 7818 7825 § 7832 | 7839 [ 784611 1 2|3 4 4|5 6 6
8l 7853 ) 7860 | 7868 | 7875 | 7882 | 7889 | 7896 § 7903 | 7910 | 7917 §1 1 2|3 4 4 (5 6 6
62 7924 § 7931 | 7938 | 7945 | 7952 | 7959 | 7966 § 7973 | 7980 [ 7987 #1 1 2|3 8 4|5 6 6
83 7993 | 8000 [ 8007 | 8014 | 8021 [ 8028 | 8035 | 8041 | 8048 | 80551 1 2|3 3 4|5 5 6
84 8062 | 8069 | 8075 | 8082 | 8089 | 8096 | 8102 | 8109 | 8116 | 812211 1 2|3 3 4|5 5 6
85 8129 | 8136 | 8142 | 8149 | 8156 | 8162 | 8169 | 8176 | 8182 (81891 1 2|3 3 4|5 5 6
66 8195 § 8202 | 8209 | 8215 | 8222 | 8228 | 8235 8241 | 8248 [ 8254 J1 1 2(3 3 4|5 5 6
67 8261 || 8267 | 8274 | 8280 | 8287 | 8293 | 8299 | 8306 | 8312 (83191 1 2(3 3 4|5 5 6
68 8325 || 8331 | 8338 | 8344 | 8351 | 8357 | 8363 | 8370 | 8376 [ 83821 1 2|3 3 4|4 5 6
69 8388 | 8395 | 8401 | 8407 | 8414 | 8420 | 8426 | 8432 ( 8439 (844501 1 2|2 3 4|4 5 6
70 8451 || 8457 | 8463 | 8470 | 8476 | 8482 | 8488 | 8494 [ 8500 [ 8506 § 1 1 2|2 3 4|4 5 6
gt 8513 || 8519 | 8525 | 8531 | 8537 | 8543 | 8549 | 8555 | 8561 | 8567 1 1 2|2 3 4 (4 5 5
72 8573 | 8579 | 8585 | 8591 § 8597 | 8603 | 8609 § 8615 | 8621 | 8627 1 1 2|2 3 4|4 5 5
13 8633 | 8639 | 8645 | 8651 | 8657 | 8663 | 8660 | 8675 | 8681 | 8686 1 1 2|2 8 4 (4 5 5
4 8692 | 8698 | 8704 | 8710 | 8716 | 8722 [ 8727 | 8733 | 8739 | 874541 1 2 (2 3 4|4 5 5
75 8751 | 8756 | 8762 | 8768 | 8774 | 8779 | 8785 | 8791 | 8797 | 8802f1 1 2|2 3 3|4 5 b
76 8808 | 8814 | 8820 | 8825 | 8831 | 8837 | 8842 | 8848 [ 8854 | 885941 1 2|2 3 8|4 5 b
il 8865 | 8871 | 8876 | 8882 | 8887 | 8893 | 8899 § 8904 (8910 | 891501 1 2|2 38 3|4 4 b
78 8921 || 8927 | 8032 | 8938 | 8043 | 8949 | 8954 | 8960 ( 8965 | 8971 1 1 2|2 8 3|4 4 b
79 8976 | 8982 | 8987 | 8993 | 8998 | 9004 | 9009 § 9015 | 9020 (902541 1 2|2 3 3|4 4 5
80 0031 | 9036 | 9042 | 9047 | 9053 | 9058 | 9063 | 9069 5074 907911 1 2|2 3 3(4 4 5
81 9085 [ 9090 | 9096 | 9101 { 9106 | 9112 | 9117 § 9122 9128 | 9133 1 1 2|2 3 3 |4 4 5
82 9138 | 9143 | 9149 | 9154 | 9159 | 9165 | 9170 § 9175 ( 9180 | 9186 1 1 2|2 3 3 |4 4 5
83 9191 [ 9196 | 9201 | 9206 | 9212 | 9217 | 9222 § 9227 | 9232 | 9238 |1 1 2|2 3 3|4 4 §
84 9243 | 9248 | 9253 | 9258 | 9263 | 9260 | 9274 | 9270 | 9284 [ 928941 1 2|2 3 3 (4 4 5
85 0204 | 9299 | 9304 | 9309 § 9315 | 9320 | 9325 § 9330 | 9335 | 93401 1 2|2 3 3 |4 4 5
86 9345 | 9350 | 9355 | 9360 § 9365 | 9370 9375 § 9380 | 9385 | 93901 1 2|2 3 3 |4 4 5
87 9305 | 9400 | 9405 | 9410 | 9415 | 9420 | 9425 § 9430 [ 9435 ( 9440J0 1 1|2 2 3|3 4 4
88 0445 | 9450 | 9455 | 9460 | 9465 | 9469 | 9474 | 9479 | 9484 | 948900 1 1 (2 2 3|3 4 4
89 0494 § 9499 | 9504 | 9509 | 9513 | 9518 | 9523 | 9528 | 9533 | 9538 O 1 1|2 2 3 |3 4 4
90 0542, | 9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9581 | 9586 JO0 1 12 2 3 |3 4 4
91 0590 | 9595 | 9600 | 9605 § 9609 | 9614 | 9619 § 9624 | 9628 | 9633 0 1 12 2 3|3 4 4
92 0638 | 9643 | 9647 | 9652 | 9657 | 9661 | 9666 | 9671 | 9675 | 968040 1 112 2 3|3 4 4
93 9685 | 9689 | 9694 | 9699 | 9703 | 9708 | 9713 | 9717 | 9722 | 9727 )0 1 12 2 3|3 4 4
94 9731 | 9736 | 9741 | 9745 | 9750 | 9754 [ 9759 | 9763 [ 9768 | 9773 |0 1 1|2 2 3|3 4 4
95 9777 | 9782 | 9786 | 9791 | 9795 | 9800 | 9805 | 9809 | 9814 (9818 § 0 1 1|2 2 3|3 4 4
96 0823 | 9827 | 9832 | 9836 | 9841 | 9845 | 9850 | 9854 [ 9859 | 9863 0 1 1|2 2 3|3 4 4
97 0863 | 9872 | 9877 | 9881 § 9886 | 9890 | 9894 | 9899 [ 9903 | 9908 O 1 1|2 2 3|3 4 4
98 9912 | 9917 | 9921 | 9926 | 9930 | 9934 | 9939 § 9943 | 9948 [ 9952 0 1 1|2 2 3|3 4 4
99 9956 | 9961 | 9965 | 9969 | 9974 | 9978 | 9983 | 0987 | 9991 | 9996 {0 1 1|2 2 3 (3 3 4
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ANTILOGARITHMS.
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Mean Differences
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1000 | 1002 | 1005 | 1007 1009 [ 1012 | 1014 { 1016 | 1019 | 1021
1023 | 1026 | 1028 | 1030 § 1033 | 1035 | 1038 | 1040 | 1042 | 1045
1047 § 1050 | 1052 | 1054 | 1057 | 1059 | 1062 | 1064 | 1067 | 1069
1096 | 1099 | 1102 | 1104 | 1107 | 1109 | 1112 § 1114 | 1117 | 1119

1122 | 1125 | 1127 1130 § 1132 | 1135 | 1138 | 1140 | 1143 | 1146
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ANTILOGARITHMS.
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REDPATH, BROWN & CO, LIMITED. REDPATH, BROWN & CO, LIMITED.
Mean Differences { Mean Differences
0§ 6 | 12' |18 |24’ | 30" | 36" | 42 | 48" | 54’ f—T—|| o |6 [127]|18 |24 |30 |36 | 42 | 48 | 54’
17 2 874 SCENE 10 TEAN g | S
e e e T T = s, pE———— ! N e | )
0° || 0000 [ 0017 | 0035 | 0052 | 0070 | 0087 | 0105 | 0122 | 0140 0157 3 6 9 | 12 15 ‘ 45> || 7071 | 7083 | 7096 | 7108 | 7120 | 7133 | 7145 | 7157 |69 (7181 | = 4 6 | 5 10
1 || 0175 | 0192 | 0209 | 0227 | 0244 | 0262 | 0279 | 0297 | 0314 [0332| 3 6 o | 12 135 ag || 7193 | 7206 | 7218 | 7230 | 7242 | 7254 | 7266 | 7278 | 7200 (7302 | = 4 6 | 8 10
2 || 0349} 0366 | 0381 | 0401 | 0419 | 0436 | 0454 | 0471 | 0488 (0506 3 6 o | 12 15 47 || 7314 | 7325 | 7337 | 7349 | 7361 | 7373 | 7385 | 7306 | 7408 | 7m420| = 4+ 6 | 8 1o
3 || 0523 f 0541 | 0558 | 0576 | 0593 | 0610 | 0628 | 0645 | 0663 (0680 3 6 9 | 12 15 48 || 7431 | 7443 | 7455 | 7466 | 7478 | 7400 | 7501 | 7513 | 7524 | 7536 | = 1 6 | 8 10
4 || 0698 | 0715 | 0732 | 0750 | 0767 | 0785 [ 0802 | 0819 | 0837 | 0854 3 6 9 | 12 14 a9 || 7547 | 7559 | 7570 | 7581 | 7503 | 7604 | 7615 | 7627 | 7638 | 7629 | 2 1 6 | 8 9
5 || 0872 | 0889 | 0906 | 0924 | 0941 | 0958 | 0976 | 0993 | 1011 [1028) 3 & o | 12 14 50 || 7660 | 7672 | 7683 | 7694 | 7705 | 7716 | 7727 | 7738 | 77a9 | 7760 | 2 4 6 | 7 o
6 || 1045 | 1063 | 1080 | 1097 | 1115 | 1132 | 1149 | 1167 | 1184 [1201 ] 8 6 o | 12 1a 51 || 7771 | 7782 | 7793 | 7804 | 7815 | 7826 | 7837 | 7848 [ 7859 | 7869 | = 4 5 | 7 o
7 || 1219 | 1236 | 1253 | 1271 | 1288 | 1305 | 1323 | 1340 | 1357 | 1374 3 6 o | 12 14 52 || 7880 | 7801 [ 7902 | 7012 | 7923 | 7934 | 7044 | 7955 | 7965 (7976 | = 4« 5 | 7 o
8 || 1302 | 1409 | 1426 | 1444 | 1461 | 1478 | 1495 | 1513 [ 1530 (1547 ] 3 6 o9 | 12 14 53 || 7986 | 7997 | 8007 | 8018 | 8028 | 8030 | 8049 | 8059 | 8070 (8080 2 3 5 | 7 o
9 || 1564 | 1582 | 1599 | 1616 | 1633 | 1650 | 1668 | 1685 [ 1702 | 1710 3 6 o | 12 14 52 || 8090 [ 8100 | 8111 | 8121 | 8131 | 8141 | 8151 | 8161 [8171 | 8181 & 3 5 | 7 s
10 || 1736 | 1754 | 1771 | 1788 | 1805 | 1822 | 1840 | 1857 (1874 1801 3 6 o9 | 12 1 55 || 8192 | 8202 | 8211 [ 8221 {8231 | 8241 8251 | 8261 8271|8281 2 3 5 | 7 8
11 || 1908 | 1925 | 1942 | 1959 | 1977 | 1994 | 2011 | 2028 | 2045 | 2062 3 6 1 14 56 || 8290 | 8300 | 8310 [ 8320 | 8320 | 8339 | 8348 | 8358 | 8368 (8377 2 3 5 | 6 s
12 || 2079 | 2096 | 2113 | 2130 | 2147 | 2164 | 2181 | 2108 [ 2215 22330 3 6 9 | 11 14 57 || 8387 | 8396 | 8406 | 8415 | 8495 | 8434 8443 | 8453 (8462 | 8471 | 2 3 5 | 6 3 \
13 || 2250 | 2267 | 2284 | 2300 | 2317 | 2334 | 2351 f 2368 | 2385 | 2102 3 6 8 | 11 14 58 || 8480 | 8490 [ 8499 | 8508 | 8517 | 8526 | 8536 | 8545 (8554|8563 2 3 5 | 6 8
14 || 2419 | 2436 | 2453 | 2470 | 2487 | 2504 | 2521 | 2538 | 2654 | 2571 | 3 6 s | 11 14 50 || 8572 | 8581 | 8590 | 8599 | 8607 | 8616 | 8625 | 9634 | 8643 (8652 | 1 3 4 | 6 7
15 || 2588 | 2605 | 2622 | 2639 | 2656 | 2672 | 2689 | 2706 [ 2723 [2740| 3 6 8 | 1w 1 60 || 8660 | 8669 | 678 | 8686 | 8695 | 8704 | 8712 | 8721 8729|8738 1 3 4 | 6 7 ‘
16 || 2756 | 2773 | 2700 | 2807 | 2823 | 2840 | 2857 { 2874 | 2890 (2007 | 3 6 8 | 11 14 61 || 8746 | 8755 | 8763 | 8771 | 8780 | 8788 | 8796 | 8805 | 8813 (8821 1 3 4 | 6 7
17 || 2924 | 2040 | 2057 | 2074 | 2990 | 3007 | 3024 | 3040 [ 3057 | 3074 | 8 6 S [ 11 14 || 62 || 8829 | 8838 | 8846 | 8854 | 8862 | 8870 | 8878 [ 8886 | 804 (8002 | 1 3 4 | 5 7
18 || 3000 | 3107 | 3123 | 3140 | 3156 | 3173 | 3190 | 3206 (3228 (3230 3 6 & | 11 14 63 || 8910 | 8918 | 8926 | 8934 | 8942 | 8949 | 8957 | 8965 | 8973 (8980 1 3 4 | 5 6
19 || 3256 | 3272 | 3289 | 3305 | 3322 | 3338 | 3355 | 3371 [ 3387 |3404) 3 5 8 | 11 14 s || 8988 | 8996 | 9003 | 9011 | 9018 | 9026 | 9033 f 9041 | 9048 (9056 | 1 3 4 | 5 6
20 || 3420 | 3437 | 3453 | 3469 | 3486 | 3502 | 3518 | 3535 [ 3551 (8567 | 3 5 8 | 1 14 65 || 9063 | 9070 | 9078 | 9085 | 9092 | 9100 | 9107 | 9114 | o121 | 9128 | 1 2 4 | 5 6
2( || 35843600 | 3616 | 3633 | 3649 | 3665 | 3681 } 3697 | 3714 (3730} 8 5 8 [ 11 14 g6 || 9185 | 9143 | 9150 | 0157 [ o164 | 9171 | 0178 | o184 o101 9198 | T = 3 | 5 6
22 || 3746 ) 3762 | 8718 | 8705 | 8811 | 3327 | 3343 | 3850 [ 3875 | 3891 | 8 5 & | IIEIANI &7 || 9205 | 9212 | 9219 | 9225 | 9232 | 9230 | 9245 | 9252 | 9259 | 9265 | 1 2 3 | 4 6
23 || 3907 { 3923 | 3939 | 3955 | 3971 | 3987 | 4003 | 4019 | 4035 | 4051 f 3 5 8 [ 11 14 g8 || 9272 | 9278 | 9285 | 9291 | 9208 | 9304 | 9311 f 9317 | 9323 [ 9330f 1 2 3 | 4 5
- 24 || 4067 | 4083 | 4099 | 4115 | 4131 | 4147 | 4163 | 4179 | 4195 (4210} 3 5 8 | 11 13 || 69 || 9336 | 9342 | 9348 | 9354 | 9361 | 9367 | 9373 | 9370 (9385 | 9391 | 1 2 3 | 4 5
25 || 4226 | 4242 | 4258 | 4274 | 49280 | 4305 | 4321 | 4337 | 4352 | 4363 3 5 8 | 11 18 70 || 9307 | 9403 | 9400 | 9415 | 9421 | 9426 [ 9432 | 9438 | o444 [oaa0 | 1 2 3 | 4 5
26 || 4384 | 4399 | 4415 | 4431 | 4446 | 4462 | 4478 | 4403 | 4500 | 4524 | 3 5 8 | 10 13 || n 9455 | 9461 | 9466 | 9472 | 9478 | 9483 9489 f 9404 (9500 | 9505 | 1 2 3 | 4 5
27 || 4540 | 4555 | 4571 | 4586 | 4602 | 4617 | 4633 | 4648 | 4664 | 46794 3 5 8 | 10 18 72 || 9511 | 9516 | 9521 | 9527 | 9532 | 9537 | 9542 | 9548 [ 9553 |9m58 | 1 2 3 | 4 4
28 || 4695 | 4710 | 4726 | 4741 | 4756 | 4772 | 4787 § 4802 | 4818 | 4833 % 3 5 8 | 10 13 73 9563 | 9568 | 9573 | 9578 | 9583 | 9588 | 9593 | 9598 [ 9603 | 9608 f 1 2 2 | 3 4
29 4848 | 4863 | 4879 | 4804 || 4909 | 4924 | 4939 | 4955 | 4970 | 4985 | 3 5 8 100 13 74 0613 § 9617 | 9622 | 9627 | 9632 | 9636 | 9641 | 9646 | 9650 | 9655 | 1 25 2 3 4
80 || 5000 | 5015 | 5030 | 5045 | 5060 | 5075 | 5090 | 5105 | 5120 | 5185%f 3 5 8 | 10 13 9659 | 9664 | 9668 | 9673 | 9677 | 9681 | 9686 | 9690 | 9694 (9690 | 1 1 2 | 3 4
3L || 5150 | 5165 | 5180 | 5195 | 5210 ( 5225 | 5240 § 5255 | 5270 [ 5284 f 2 5 7 | 10 12 33 9703 | 9707 | 9711 | 9715 | 9720 | 9724 (9728 [ 9732 [ 9736 | 9740 1 1 2 | 3 3
82 || 5299 | 5314 | 5320 | 5344 | 5358 | 5373 | 5388 | 5402 | 5417 | Bag2| 2 5 7 | 10 12Nl 71 || o744 | 9748 | 9751 | 9755 | 9759 | 0763 | 9767 | 9770 | o774 (o778 | 1 1 2 | 3 3
83 || 5446 | 5461 | 5476 | 5490 | 5505 | 5519 | 5534 § 5548 | 5563 | 5577 f 2 5 7 | 10 12 78 || 9781 | 9785 | 9780 | 9792 | 9796 | 9799 | 9803 § 9806 (9810 (9813| 1 1 2 | 2 3
34 || 5592 | 5006 | 5621 | 5635 | 5650 | 5664 | 5678 | 5693 5707 | 721§ 2 5 7 | 10 12 ([ 79 || 9816 | 9820 [ 9823 | 9826 | 9820 | 9833 [ 9836 | 9830 (98429845 | 1 1 2 | 2 3
35 5736 § 5750 | 5764 | 5779 | 5793 | 5807 | 5821 § 5835 | 5850 | 5864 | 2 5 7 10 12 | 0848 | 9851 | 9854 | 9857 | 9860 | 9863 | 9866 | 9869 | 9871 | 9874 | o 1 1 2 2
36 5878 | 5892 | 5906 | 5920 | 5934 | 5948 | 5962 § 5976 | 5990 | 6004 | 2 5 T 9 12 g? 0877 | 9880 | 9882 | 9885 | 9388 | 9890 | 9893 | 9895 | 9898 | 9900 [ o 1 1 9 2
37 || 6018 | 6032 | 6046 | 6060 | 6074 | 6088 | 6101 f 6115 | 6129 | 6143 | 2 5 7 | 9 12 | 82 || 0003 | 0905 | 9007 | 9010 | 0012 | 9914 | 9017 { 9910 [ 0921 |aass | 0 1 1| 3 &
38 || 6157 | 6170 | 6184 | 6198 | 6211 | 6225 | 6230 | 6252 | 6266 | 62804 2 5 7 | 9 11 ‘ 83 || 9925 | 9928 | 9930 | 9932 | 9934 | 9936 | 9938 | 9940 [ 9942|0043 | 0 1 1 | 1 2
39 || 6293 | 6307 | 6320 | 6334 | 6347 | 6361 | 6374 | 6388 [ 6401 |61 | 2 4 7 [ 9 11 81 || 9045 | 9047 | 9049 | 9051 | 9952 | 9054 | 0056 § 9957 | 9050 9060l 0 1 1 | 1 1
40 || 6428 | 6441 | G455 | 6468 | 6481 | 6404 | 6508 | 6521 | 6534 | G547 | 2 4 7 [ O AL 85 || 9962 | 9963 | 9965 | 9966 | 9968 | 9969 | 9971 f 9972 [ 9973 | 9974 f 0 o 1 | 1 1
44 || 6361 | 6574 | 6587 | 6600 | 6613 | 6626 | 6639 | 6652 | 6665 | 6678 | 2 4 7 | 9 MY 86 || 9976 | 9977 | 9978 | 9979 | 9980 | 9981 | 9982 f 9983 | 9982 99850 0 o0 1 [ 1 1
42 || 6691 | 6704 | 6717 | 6730 f 6743 | 6756 | 6769 f 6782 | 6794 (6807 | 2 4 6 | 9 }i 87 9986 | 9987 | 9988 | 9989 | 9990 | 9990 | 9991 § 9992 | 9993 [ 9993 | 0 ©o O | 1 1
43 || 6820 | 6833 | 6845 | 6858 | 6871 | 6884 | 6896 | 6009 | 6021 | 6034} 2 4 6 | 8 I 88 || 9994 | 9995 | 9995 | 9996 | 9996 | 9997 | 9997 { 9997 [ 9998 | 9998 0 ©0 0 [ 0 ©
44 || 6947 | 6959 | 6072 | 6984 | 6997 | 7009 | 7022 | 7034 | 7046 | 7050 | 2 4 6 | & 10 89 || 1998 { 9999 | 9999 | 9999 § 9999 [1-000 |1-000 f 1-000|1-000{1-000f 0 ©0 o [ 0 0




REDPATH, BROWN & CO., LIMITED.

NATURAL COSINES

N.B.—Subtract Mean Differences.
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REDPATH, BROWN & CO, LIMITED.

NATURAL COSINES.

N.B.—Subtract Mean Differences.

: i Mean Differences

0 6 | 127 | 18 | 24’ | 30’ | 36’ | 427 | 48’ | 54’

1%, sl B 5
7071 | 7059 | 7046 | 7034 | 7022 | 7009 | 6997 | 6984 | 6972 | 6959 | 2 4 6 8 10
6947 | 6934 | 6921 | 6909 | 6896 | 6884 | 6871 | 6858 | 6845 | 6833 | 2 4 6 8 11
6820 | 6807 | 6794 | 6782 | 6769 | 6756 | 6743 | 6730 | 6717 | 6704 | 2 4 6 9 11
6601 | 6678 | 6665 | 6652 | 6639 | 6626 | 6613 | 6600 | 6587 | 6574 | 2 4 7 9 11
6561 | 6547 | 6534 | 6521 | 6508 | 6494 | 6481 | 6468 | 6455 | 6441 | 2 4 7 9 | 11
6428 | 6414 | 6401 | 6388 | 6374 | 6361 | 6347 | 6334 | 6320 | 6307 | 2 4 7 (s |
6293 | 6280 | 6266 6252 | 6239 | 6225 | 6211 | 6198 | 6184 (6170 2 5 7 9 1
6157 | 6143 | 6129 | 6115 | 6101 | 6088 | 6074 | 6060 | 6046 | 6032 | 2 5 v 9 112
6018 | 6004 ( 5990 | 5976 | 5962 | 5948 | 5934 | 5920 | 5906 | 5802 | ¢ 5 7 9 12
5878 | 5864 | 5850 | 5835 | 5821 | 5807 | 5793 | 5779 | 5764 | 5750 | 2 5 7 g 12
5736 § 5721 | 5707 | 5693 | 5678 | 5664 | 5650 | 5635 | 5621 | 5606 | 2 5 7 100 12
5502 | 5577 | 5563 | 5548 | 5534 | 5519 | 5505 | 5490 | 5476 | 5461 | 2 5 7 10 19
5446 | 5432 | 5417 | 5402 | 5388 | 5373 | 5358 | 5344 | 5329 | 5314 | o 5 7 10 12
5209 | 5284 | 5270 | 52565 | 5240 | 5225 | 5210 | 5195 | 5180 | 5165 | 2 5 T 10 12
5150 | 5135 | 5120 | 5105 | 5090 | 5075 | 5060 | 5045 | 5030 [ 50150 3 5 8 10 13
5000 § 4985 | 4970 | 4955 | 4939 | 4924 | 4900 | 4804 | 4879 | 4863 | 3 5 8 10 13
4848 | 4833 | 4818 | 4802 | 4787 | 4772 | 4756 | 4741 | 4726 | 4710} 3 5 8 10 13
4605 | 4679 | 4664 | 4648 | 4633 | 4617 | 4602 | 4586 | 4571 (45550 3 5 8 10 13
4540 | 4524 | 4500 | 4493 | 4478 | 4462 | 4446 | 4431 | 4415 (4300 3 5 8 10 « 18
4384 | 4368 | 4352 | 4337 | 4321 | 4305 | 4289 | 4274 | 4258 [ 4242 3 5 8 d1- 1) =g
4226 | 4210 | 4195 | 4179 | 4163 | 4147 | 4131 | 4115 | 4099 | 4083 | 3 5 8 1 13
4067 | 4051 | 4035 | 4019 | 4003 | 3987 | 3971 § 3955 | 3939 | 3923 | 3 5 8 11 14
3907 | 3891 | 3875 | 3859 | 3843 | 3827 | 3811 | 3795 | 3778 [ 3762 3 5 8 11 14
3746 | 3730 | 3714 | 3697 | 3681 | 3665 | 3649 | 3633 | 3616 (600§ 3 5 8 11 14
3584 | 3567 | /3551 | 3535 | 3518 | 3502 | 3486 | 3469 | 3453 [ 34370 3 5 8 11 14
3420 | 3404 | 3387 | 3371 | 3355 | 3338 | 3322 | 3305 | 3289 [ 3272 3 5 8 1 14
3256 | 3239 | 3223 | 3206 | 3190 | 3173 | 3156 | 8140 | 8128 | 3107 § 3 6 8 11 14
3090 | 3074 | 3057 | 3040 | 3024 | 3007 [ 2990 | 2974 | 2957 | 2940 3 6 8 n - 14
2924 | 2907 | 2890 | 2874 | 2857 | 2840 | 2823 | 2807 [ 2790 | 2778 3 6 8 11 14
2756 | 2740 | 2723 | 2706 | 2689 | 2672 | 2656 | 2639 | 2622 | 2605 3 6 8 11 1 514
2588 | 2571 | 2554 | 2588 | 2521 | 2504 | 2487 | 2470 | 2453 (2436 | 3 6 8 11 14
2419 | 2402 | 2385 | 2368 | 2351 | 2334 | 2317 | 2300 | 2284 [ 22670 3 6 8 i1 14
2250 | 2233 | 2215 | 2198 § 2181 | 2164 | 2147 | 2130 [ 2113 [ 2096 f 38 6 9 1 14
2079 | 2062 | 2045 | 2028 | 2011 | 1994 | 1977 § 1959 | 1942 | 1925 | 3 6 9 10 14
1908 | 1891 | 1874 | 1857 | 1840 ( 1822 | 1805 | 1788 | 1771 | 1754 | 3 6 9 12 14
1736 | 1719 | 1702 | 1685 |.1668 | 1650 | 1633 § 1616 | 1599 [ 1582 3 6 9 12 14
1564 | 1547 | 1530 | 1513 | 1495 | 1478 | 1461 | 1444 | 1426 | 1409 | 3 6 9 12 14
1392 | 1374 | 1357 | 1340 § 1323 | 1305 | 1288 | 1271 | 1253 (1236 3 6 9 12 14
1219 | 1201 | 1184 | 1167 | 1149 | 1132 | 1115 | 1097 | 1080 | 1063 | 3 6 9 12 14
1045 | 1028 | 1011 | 0993 | 0976 | 0958 | 0941 J 0924 | 0906 | 0889 f 3 6 9 12 P14
0872 | 0854 | 0837 | 0819 | 0802 | 0785 | 0767 | 0750 | 0732 | 0716 3 6 9 12 14
0698 | 0680 | 0663 | 0645 | 0628 | 0610 | 0593 | 0576 | 0558 | 0541 3 6 9 12 15
0523 | 0506 | 0488 | 0471 | 0454 | 0436 | 0419 | 0401 | 0384 | 0366 | 3 6 9 J20 15
0349 | 0332 | 0314 | 0207 | 0279 | 0262 | 0244 | 0227 | 0209 | 0192 | 3 6 9 12 15
0175 | 0157 ( 0140 | 0122 | 0105 | 0087 | 0070 | 0052 [ 0035 | 0017 3 6 9 120 15




REDPATH, BROWN & CO, LIMITED.

NATURAL TANGENTS.

°

BN O

1763

+2126
*2309
*2493

*2679
*2867
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3443
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4245
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4663
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*5543

5774
6009
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*8098

12 [ 18" | 24’ | 307 | 36" | 42 | 48’ | 54’

0017

5| 0192

0367
0542
0717

0892

6771

7028

8421

9691

0035 | 0052 | 0070 | 0087 | 0105 | 0122 | 0140 | 0157
0209 | 0227 § 0244 | 0262 | 0279 | 0297 | 0314 | 0332
0384 | 0402 | 0419 | 0437 | 0454 | 0472 | 0489 | 0507
0559 | 0577 f 0594 | 0612 | 0629 | 0647 | 0664 | 0682
0734 | 0752 | 0769 | 0787 | 0805 | 0822 | 0840 | 0857

0910 | 0928 § 0945 | 0963 | 0981 | 0998 | 1016 | 1033
1086 | 1104 | 1122 | 1139 ( 1157 | 1175 | 1192 | 1210
1263 | 1281 {1299 | 1317 | 1334 | 1352 | 1370 | 1388

1620 | 1638 | 1655 | 1673 | 1691 | 1709 | 1727 | 1745

2717 | 2736 | 2754 | 2773 | 2792 | 2811 | 2830 | 2849

3482 | 3502 | 3522 | 3541 | 3561 | 3581 | 3600 | 3620

3679 | 3609 { 3719 | 3739 | 3759 | 3779 | 8799 | 3819

4081 | 4101 | 4122 | 4142 | 4163 | 4183 | 4204 | 4224
4286 | 4307 | 4327 | 4348 | 4369 | 4390 | 4411 | 4431
4494 | 4515 | 4536 | 4557 | 4578 | 4599 | 4621 | 4642

4706 | 4727 | 4748 | 4770 | 4791 | 4813 | 4834 | 4856
4921 | 4942 § 4064 | 4986 | 5008 | 5029 | 5051 | 5073
5139 | 5161 | 5184 | 5206 | 5228 | 5250 | 5272 | 5205
5362 | 5384 | 5407 | 5430 | 5452 | 5475 | 5498 | 5520
5580 | 5612 § 5635 | 5658 | 5681 | 5704 | 5727 | 5750

5820 | 5844 | 5867 | 5890 | 5914 | 5038 | 5961 | 5085

6297 | 6322 | 6346 | 6371 | 6395 | 6420 | 6445 | 6469
6544 | 6569 | 6594 | 6619 | 6644 | 6669 | 6694 | 6720
6796 | 6822 | 6847 | 6873 | 6899 | 6924 | 6950 | 6976

7054 | 7080 § 7107 | 7133 | 7159 | 7186 | 7212 | 7239
7319 | 7346 | 7373 | 7400 | 7427 | 7454 | 7481 | 7508
7590 | 7618 | 7646 | 7673 | 7701 | 7729 | 7757 | 7785
7869 | 7898 § 7926 | 7954 | 7983 | 8012 | 8040 | 8069
8156 | 8185 § 8214 | 8243 | 8273 | 8302 | 8332 | 8361

8451 | 8481 | 8511 | 8541 | 8571 | 8601 | 8632 | 8662
8754 | 8785 | 8816 | 8847 | 8878 | 8910 | 8941 | 8972
9067 | 9099 | 9131 | 9163 | 9195 | 9228 | 9260 | 9293
9391 | 9424 | 9457 | 9490 | 9523 | 95566 | 9590 | 9623
9725 | 9759 § 9793 | 9827 | 9861 | 9896 | 9930 | 9965
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REDPATH, BROWN & CO, LIMITED.

NATURAL TANGENTS.

Mean Differences
0’ 6 127118 |1 24" | 80| 36' | 42/ | 48 | B4 ' |——m7—
1 o 3| &
as° || 10000 § 0035 | 0070 | 0105 f 0141 | 0176 | 0212 f 0247 [ 0283 | 0319} 6 12 18| 20 30
so || 10355 | 0302 | 0i28 | 0464 | 0301 | 0538 | 0575 f 0612 | 0640 | 0Gs6 | 6 1z 18| 25 31
a7 || o724 | o761 | 0799 | 0837 | 0875 | 0913 | 0951 f 0990 | 1028 | 1667 | 6 13 19| 25 32
a8 || 11106 | 1145 | 1184 | 1224 | 1263 | 1303 | 1343 { 1383 | 1423 | 1463| 7 13 20| 27 33
49 || 11504 | 1544 | 1585 | 1626 | 1667 | 1708 | 1750 | 1792 | 1s33 | 1875 | 7 14 21| 28 a4
50 || 11918 | 1960 | 2002 | 2045 | 2088 | 2181 | 2174 | 2218 | 2961 [ 2305 | 7 12 22| 20 36
21 || 12349 | 2303 | 2437 | 2482 | 2527 | 2572 | 2617 | 2662 | 2708 [ 2753 | 8 15 23| 30 38
2o || 12799 | 2816 | 2802 | 2538 | 2085 | 3032 | 3079 | 3127 | 3175 | 3222 8 16 24| 31 39
B3 || 1ozo | sano | aser | aile | Bies | 3o | 3ood | s01s | Begz B3] 8 16 2| B o4
5 ‘3764 | 3814 | 3865 | 3016 | 3968 | 4019 | 4071 { 4124 | 4176 | 4220 | 9 17 ‘26| 3¢ 43
55 || 14281 | 4835 | 4388 | 4442 § 4496 | 4550 | 4605 | 4650 | 4715 [ 4770| o 18 27| 36 45
25 || 14826 | 4882 | 4938 | 4991 | 5051 | 5108 | 5166 | 5224 | 5282 [ 5340 f 10 19 29| 38 48
57 || 15399 | 5458 | 5517 | 5577 | 5637 | 5697 | 5757 | 5818 | 5880 [ 5941 | 10 20 30| 40 50
2a || 16003 | 6066 | 6128 | 6191 | 6255 | 6310 | 6383 f 6447 | 6512 [ 6577 | 11 21 32| 42 53
25 || 16643 | 6700 | 6775 | 6842 | 6009 | 6077 | 7045 | 7118 | 7182 | 7251 | 11 23 34| 45 56
60 || 17321 | 7301 | 7461 | 7532 | 7603 | 7675 | 7747 | 7820 | 7803 | 7066 | 12 24 36| 48 60
61 || 18040 | 8115 | 8190 | 8265 | 8341 | 8418 | 8495 | 8572 | 8650 | 8728 | 13 26 38| 51 64
g3 || 1-s807 | 8887 | 8967 | 9047 | 9128 | 9210 | 9202 | 9375 | 9458 | 9542 § 14 27 41| 55 s
3 || 1-0626 | 9711 | 9797 | 9883 | 9970 | 0057 | 0145 | 0233 | 0323 | 0473 | 15 20 44| 58 73
61 || 20503 | 0594 | 0686 | 0778 | 0872 | 0965 | 1060 | 1155 | 1251 | 1348 § 16 31 47| 63 78
65 || 21445 | 1543 | 1642 | 1742 | 1842 | 1043 | 2045 | 2148 | 2251 [ 2855 17 34 51| 68 85
66 || 22100 | 2066 | 2073 | 2781 | 2880 | 2008 | 3100 | 3220 | 3382 | Bags | 18 & 55| 78 99
67 || 23550 | 3673 | 3780 | 3006 | 4025 | 4142 | 4262 | 4383 | 4504 | 4627 f 20 40 60| 70 99
s || 24751 | 4876 | 5002 | 5129 | 5257 | 53¢6 | 5517 | 5649 | 5782 | 5916 | 22 43 65| 87 108
6 || 26051 | 6157 | 6325 | 6464 § 6605 | 6746 | 6880 [ 7034 | 7170 7326 f 24 47 71| 95 119
n0 || 277475 | 7625 | 7776 | 7920 | 8083 | 8230 | 8397 | 8556 | 8716 [ 8878 | 26 52 78 |10t 131
71 || 20042 | 9208 | 0375 | 9544 | 9714 | 9587 | 0061 | 0237 | 0415 | 0595 | 20 58 87| 116 145
7 || 30777 | 0061 | 1146 | 1334 | 1594 | 1716 | 1910 | 2106 | 2305 | 2506 | 32 64 96 | 120 161
73 || 32700 | 2014 | 3122 | 3332 § 3544 | 3750 | 3077 | 4197 | 4420 | 2646 | 36 72 108 | 144 180
74 || 54874 | 5105 | 5339 | 5576 | 5816 | 6050 | 6305 | 6554 | 6806 [ 7062 § 41 81 122|163 204
75 || 37321 | 7583 | 7848 | 8118 | 8301 | 8667 | 8047 | 9232 | 9520 | 9812
7 || w0108 | 008 | 0713 | 1022 f 1335 | 1653 | 1976 | 2303 | 2635 | 2072
77 || 43315 | 3662 | 4015 | 4374 | 4737 | 5107 | 5483 | 5864 | 6252 | 6646
78 || 47046 | 7453 | 7867 | 8288 | 8716 | 9152 | 9504 | 0045 | 0504 | 0970
79 || 51446 | 1920 | 2422 | 2024 | 3435 | 3955 | 4486 | 5026 | 5578 | 6140
80 || 56713 | 7207 | 7804 | 8502 | o124 | o758 | 0405 | 2066 | 1742 | 2432 - =
81 || 63138 | 3850 | 4506 | 5350 [ 6122 | 6912 | 7720 | 8548 | 0395 | 0264 | OWing to the rapidity
82 || Tt | 2000 | 3002 | 3962 | 4047 | 5058 | 6006 | 8002 | 9168 | 0285 | with which the tangent
3 || 81443 | 2636 | 3863 | 5126 [| 6427 | 7760 | 9152 | 05 5 :
84 || 9514 | 9677|0845 | 1002 10-20 | 1039 | 1058 1078 | 1099 | 11-20 | Changes, mean differ
I ences cease to be useful.
85 || 1143 | 1166]11°01 | 1216 [ 1243 [ 1271 | 13-00 13-30 | 1362 | 1395
86 || 1430 | 1467|1506 | 1546 | 1589 | 1635 | 1683 | 1734 | 1780 | 1846
87 [ 19008 | 1974 | 2045 | 2120 2202 | 22:90 | 23-86 | 2400 | 26:03 | 27-27
88 || 2861 3014|3182 | 3369 | 35:80 | 3819 | 4002 | 44:07 | 4774 | 52:08
89 || 5720 | 6366 |71°62 | 81:85 | 9549 [114'6 (1432 [101°0 [2865 (5730
—




REDPATH, BROWN & CO, LIMITED.

NATURAL COSECANTS.

N.B.—Subtract Mean Differences.

o

BN - O

Lo

2:3662
2:2812
2:2027
21301
2:0627

2:0000
1:9416
1-8871
1-8361
1-7883

1-7434
17013
1-6616
16243
1-5890

1-5557
15243
1-4945
14663
1-4396

5856

5525
5212
4916
4635

4370

8960
7653

5384
4395

3486
2650
1877

0498

5429
5121
4830
4554
4293

Mean Differences

36" | 427 | 48’ | 54/

¥ 2 8| 4 &
9549 | 8185 | 7162 | 63:66
3581 | 3371 | 31-84 | 30'16
22:04 | 21-23 [ 2047 | 1977
1593 | 1550 | 1509 | 1470 2 ]
12:47 1220 [ 1195 | 1171 f Owing to the rapidity

with which the cosecant;
10{532 107'07 9432? 3;“-;3 changes, mean differ-
7 8711
56111 4635| 3684 | 2757 || ences are of no use.
68744 6111 | 5366 | 4637
9963 9351 | 8751 | 8164
4362 || 3860 | 3367 | 2883
9732 | 9313 | 8901 | 8496
58414 5486 | 5137 | 4793 | 61 122 182 | 243 304
2527 2223 1923 | 1627 52 104 156 | 208 260
9672 9408 | 9147 | 8890 45 90 135 | 180 225
7186 § 6955 | 6727 | 6502f 39 79 118 [ 157 196
5003 | 4799 | 4598 | 43994 85 69 104 | 138 173
30720 2801 | 2712 ( 25350 31 61 92 | 123 154
1352 1190 | 1030 | 0872 27 55 82| 110 137
9811) 9665| 9521 | 9379 25 49 74| 99 123
84221 8201 ( 8161 | 8032f 22 44 67| 8 111
71654 7046 | 6927 | 6811f 20 40 60| 81 101
6022 5913 | 5805| 569918 37 55| 73 92
4078 | 4879 4780 | 4683 17 34 50| 67 84
4022 3931 | 3841 3751115 31 46| 62 77
3144 | 3060 | 2976 | 28944 14 28 43| 57 71
23334 2256 | 2179 | 21030113 26 39| 52 65
1584 1513 | 1441 | 13710112 24 36| 48 60
0890| 0824 [ 0757 | 06924 11 22 34| 45 56
0245 0183 | 0122 | 0061§ 10 21 31| 42 52
96450 9587 | 9530 | 947310 19 29| 39 49
9084 | 9031 | 8977 | 8924 9 18 27 36 45
85611 8510 8460 | 8410 8 17 25| 34 42
8070 8023 | 7976 | 79294 8 16 24| 32 40
7610 7566 [ 7522 | 7478 7 15 22| 30 37
71794 7137 7095 ( 7054 7 14 21| 28 85
6772 6733 | 6694 | 66550 7 13 20| 26 33
6390 6353 | 6316 | 62790 6 12 19| 25 31
6020 | 5994 | 5959 | 5926 6 12 18| 23 29
5688 | 5655 | 5622 | 5500 6 11 17 | 22 28
5366 | 5335 | 5304 [ 5273y 5 10 16| 21 26
5062 5032 | 5003 | 4974 5 10 16( 20 25
4774 | 4746 | 4718 | 4600 5 9 14| 19 23 |
4501 4474 | 4448 | 422§ 4 9 13| 18 22
4242 4217 ( 4192 | 4167 4 8 13| 17 21

REDPATH, BROWN & CO., LIMITED.

N.B.—Subtract Mean Differences.
Mean Differences
0- 16 |12/ |18 |24’ |30 | 36" | 42’ | 48’ | 54’

1 2 g | A
45° || 14142 4118 | 4003 | 4069 | 4044 | 4020 | 3996 | 3972 | 3940 | 39258 4« & 12 | 16 20
46 1:3902 | 3878 | 3855 | 3832 | 3809 | 3786 | 3763 { 3741 | 3718 [ 3696 | 4« 8 11 | 15 19
a7 1-3673 | 3651 | 8629 | 3607 | 3585 | 3563 | 3542 | 3520 | 3409 | 3478 f 4 7 11 | 14 18
48 1:3456 § 3435 | 3414 | 3393 | 3373 | 3352 | 3331 | 3311 | 32091 | 3270 3 7 10 | 14 17
49 1:3250 | 3230 | 3210 | 3190 § 8171 | 3151 | 8131 | 3112 | 3093 | 3073 § 3 7 10 | 13 16
50 1:3054 1.3035 | 3016 | 2097 | 2978 | 2960 | 2941 | 2923 | 2004 | 2886 3 6 9 | 12 15
51 1-2868 | 2849 | 2831 | 2813 | 2796 | 2778 | 2760 | 2742 | 2725 | 2708 ) 3 6 9 | 12 15
52 12690 | 2673 | 2656 | 2639 4 2622 | 2605 | 2588 | 2571 | 2554 | 25380 3 6 8 | 11 14
53 12521 § 2505 | 2489 | 2472 | 2456 | 2440 | 2424 | 2408 | 2392 [ 2376 | 3 5 8 | 11 13
54 1:2361 | 2345 | 2320 | 2314 | 2209 | 2283 | 2268 | 2253 | 2238 | 2223 3 5 & | 10 13
55 12208 ) 2193 | 2178 | 2163 | 2149 | 2134 | 2120 | 2105 | 2091 | 2076 | 2 5 7 | 10 12
56 1:2062 | 2048 | 2034 | 2020 | 2006 | 1992 | 1978 | 1964 | 1951 | 1937 § 2 5 7 9 12
57 | 11994 § 1910 | 1897 | 1883 | 1870 | 1857 | 1844 | 1831 | 1818 | 1805 ) 2 2« 7 9 1L
58 117924 1779 | 1766 | 1753 | 1741 | 1728 | 1716 | 1703 | 1691 | 1679 2 4 6 8 10
59 1-1666 | 1654 | 1642 | 1630 | 1618 | 1606 | 1504 | 1582 | 1570 | 1550 2 4 6 8 10
60 1:1547 | 1535 | 1524 | 1512 | 1501 | 1490 | 1478 | 1467 | 1456 | 1445 2 4 6 8 9
61 1-1434 | 1423 | 1412 | 1401 | 1390 | 1379 | 1368 § 1357 | 1347 | 1336 | 2 4 5 7 9
62 | 11326 1315 | 1305 | 1294 § 1284 | 1274 | 1264 § 1253 | 1243 [ 1233f 2 3 5 i)
63 (| 112234 1213 | 1203 | 1194 § 1184 | 1174 | 1164 | 1155 | 1145 [ 1136 ] 2 3 5 6 8
64 (| 11126 1117 | 1107 | 1098 § 1089 | 1079 | 1070 f 1061 | 1052 | 1430 2 3 5 6 8
65 11034 | 1025 | 1016 | 1007 § 0998 | 0989 | 0981 f 0972 | 0963 | 0955 1 3 4 DA
66 (| 10946 | 0938 | 0929 | 0921 | 0913 | 0904 | 0896 f 0888 [ 0880 | 0872 f 1 3 4 AN
67 |/ 1:0864 | 0856 | 0848 | 0840 | 0832 | 0824 | 0816 f 0808 0801 | 0793 1 3 4 3
68 || 1:0785 0778 | 0770 | 0763 | 0755 | 0748 | 0740 | 0733 | 0726 | 0719 ' 1 2 4 5 6
69 || 10711 0704 [ 0697 | 0690 § 0683 | 0676 | 0669 | 0662 | 0655 | 0649l 1 2 3 5 6
70 1:0642 { 0635 | 0628 | 0622 | 0615 | 0608 | 0602 § 0595 | 0589 [ 0583 1 2 3 416
7 1:0576 | 0570 | 0564 | 0557 | 0551 | 0545 | 0539 | 0533 | 0527 (0521 1 2 3 4 5
72 1:0515 § 0509 | 0503 | 0497 § 0491 | 0485 | 0480 f 0474 | 0468 | 0463 1 2 3 4 5
73 || 10467 | 0451 | 0446 | 0440 § 0435 | 0429 | 0424 § 0419 | 0413 [ 0408 1 2 3 4 &
74 || 1:0403 | 0398 | 0393 | 0388 | 0382 | 0377 | 0372 | 0367 | 0363 [ 0358 f 1 2 2 3 4
75 (] 1'0353 | 0348 | 0343 | 0338 f 0334 [ 0320 | 0324 f 0320 | 0315 [ 0311 1 2 2 3 4
76 1:0306 { 0302 | 0297 | 02093 § 0288 | 0284 | 0280 f 0276 | 0271 | 0267 § 1 1 2 3 4
77 |/ 1:0263 | 0259 | 0255 | 0251 | 0247 | 0243 | 0239 | 0235 (0231 [0227f 1 1 2 3 3
78 || 10223 § 0220 | 0216 | 0212 | 0209 | 0205 | 0201 f 0198 | 0194 | 0191 f 1 1 2 3 3
79 |/ 1-0187 | 0184 | 0180 | 0177 § 0174 | 0170 | 0167 f 0164 | 0161 | 0157 f 1 1 2 2 3
80 1:0154 | 0151 | 0148 | 0145 { 0142 | 0139 | 0136 f 0133 | 0130 [ 0127 0 1 1 2 2
81 1:0125 | 0122 | 0119 | 0116 § 0114 | 0111 | 0108 | 0106 | 0103 [ 0101 0 1 1 2 2
82 1:0098 § 0096 | 0093 | 0091 § 0089 | 0086 | 0084 f 0082 [ 0079 [ 0077 f 0 1 1 2 2
83 1:0075 | 0073 | 0071 | 0069 f 0067 | 0065 | 0063 | 0061 | 0059 [ 0057 0 1 1 12
84 |/ 10055 0053 | 0051 | 0050 | 0048 | 0046 | 0045 f 0043 | 0041 | 0040 0 1 1 11
85 10038 | 0037 | 0035 | 0034 J 0032 | 0031 | 0030 | 0028 | 0027 [ 0026 0 0 1 11
86 1:0024 § 0023 | 0022 | 0021 f 0020 [ 0019 | 0018 f 0017 | 0016 | 0015 0 O © 11
87 1:0014 § 0013 0012 | 0011 § 0010 | 0010 | 0009 | 0008 | 0007 | 0007} © 0 © 1 1
88 10005 0006 | 0005 | 0004 | 0004 | 0003 | 0003 f 0003 [ 0002 | 0002 0 0 O 010
89 0001 | 0000 § 0000 [ 0000 [ 000Of 0 O © 0o 0

453




REDPATH, BROWN' & CO., LIMITED. REDPATH, BROWN & 00, LIMITED.
NATURAL SECANTS. NATURAL SECANTS.
e 3
Mean Differencodill R — Mean Differences
o | 6 |12/ |18 |24’ | 30" | 36" | 42 | 48’ | 54’ o t o | & |12/ | 18 | 2a | 300 | 36 | 42 | 48" | 54 |———
i | 1 2 3 v 5 o o2 3
| o¢ || 1:0000] 0000 | 0000 | 0 I 370 8 13
2 i 0 | 0000 | 0000 | 0000 | 0000 | 0001 § 0001 | 0001 | 0001 ] 5 . 4192 4217 | 4242 | 4267 | 4203 4318 | 4344 | 4370 4
1 1-0002 § 0002 | 0002 | 0003 § 0003 | 0003 | 0004 | 0004 | G005 | 0006 8 8 8 8 8 : oo %-gé% 2% 4143 | 4474 | 4501 | 4527 | 4554 4581 | 4608 | 4635} 4 | 9 13
2 || 10006 f 0007 | 0007 | 0008 § 0009 | 0010 | 0010 f 0011 | 0012 (0013 0 0 0 | 0 o a6 || 19333 | 4600 | 4718 | arae | 4774 | 4802| 4sso 4850 4887 49160 5 B 14
3 || 10014 0015 | 0016 | 0017 { 0018 | 0019 | 0020 f 0021 | 0022 {0028 0 o0 1 | 1 1 | ar || 13080 | 4974 | s003| sos2| 5062 | s002| s121f 5151 5182 5212} 5 10 15
4 || 1:002¢ | 0026 | 0027 | 0028 | 0030 | 0031 | 0032 | 0034 {0035 | 0037} 0 0 1 | 1 1 g o4 | 5273 | 5304 | 5335 | 5366 | 5308 | 5420 | 5461 | 5493 5525} 5 10 16
| 5 || 10038 0040 | 0041 | 0043 | 0045 | 0046 | 0048 § 0050 | 0051 | 0053 [ 0 1 ! . s00 | s622| 5655 | 5688 | 5721| 5755 5788 | 5822 5836} 6 1L 17
| & || 10055 0057 | 0036 | oo6t | 00s3 | 0065 | 0067 § ooss | o071 |0 | § 1 1 | 1 : B || 1 3500 | Bos0 | 5004 | 6020 | 6064 | eooo 6135 | 6171| 6207} 6 12 18
| 7 || 10075 | 0077 | 0079 | 0082 | 0084 | 0086 | 0089 | 0091 | 0093 (0096 f 0 1 1 | 2 3 51 || 12543 | 6270 | 6316 | 6353 | 6390 | 6427 | 6464 6502 | 6540| 6578} 6 19
8 1-0098 § 0101 | 0103 | 0106 § 0108 | 0111 | 0114 | 0116 | 0119 (0122 f'0 1 1 2 9 = 16616 | 6655 | 6694 | 6733 | 6772 | 6812 6852{ €892 6932( 6972 7 13 20
o || 10125{ 0127 | 0130 | 0133 | 0136 | 0139 | 0142 | 0145 | 0148 [ 0151 f 0 1 1 2 g g,"{ 17013 | 704 | 7005 | 7137 | 7179 | 7221| 7263 7305 | 7348 7301 7 14 21
10 || 10154 ] o157 | o161 | 0164 | 0167 | 0170 | 0174 | 0177 | 0180 | O18¢ | 1 1 2 T4 502 | w566 | 7610 | 7655 | 7700] 7745 | 7791| 78s7] 7 15 22
11 || 10187 0191 | 0194 | 0198 | 0201 | 0205 | 0209 § 0212 [ 0216 | 0220 § 1 1 % 3 g ‘;'2 {-;sgg ;3;3 7076 | 8023l sovo| s118| siee| 8214 | 8263| 8312| 8 16 24
12 || 102230227 | 0231 | 0235 | 0239 | 0243 | 0247 J 0251 | 0255 (0250 | 1 1 2 | 3 3 | Taace | &a10 | 8160 8510 8561 | s612| see3| 8714 | 8766 | ss18) O 17 26
13 1:0263 § 0267 | 0271 | 0276 | 0280 | 0284 | 0288 | 0203 |1 0297 | 0302} 1 1 2 3 | 58 18871 | 8024 | 077 | 9031 | o084 | 9139 | o194 9249 | 9304 9360} 9 18 27
14 || 10306 0311 | 0315 | 0320 | 0324 | 0320 | 0334 0338 | 0343 (0348 | 1 2 2 | 3 & 3 1l 1ou16 | ou73| 9530| 0537 | 9645 | 0703 | o762 | 9821 9880 9940] 10" 19, 20
15 || 1:0353{ 0358 | 0363 | 0367 | 0372 | 0377 | 0382 f 0388 | 0303 (0398 | 1 2 2 o122 | 0183 0245 | 0308 | o371| 0434 | os08| 056210 21 51
16 || 1:0403) 0408 | 0413 | 0410 | 0424 | 0429 | 0435 | 0440 | 0446 | 0451 | 1 2 2 i g g? 5‘8%2(7) gggé o757 | o824 | 0890 | 0957 | 1025| 1093 | 1162 1281} 11 22 3%
17 || 10457 | 0463 | 0468 | 0474 § 0480 | 0485 | 0491 § 0407 | 0503 (05090 1 2 3 [ 4 5 8 || 37301 | 1371 | 1441 | 1528 | 1584 | 1657 1750 1803 | 18771 2958 12l S
18 || 10515 0521 | 0527 | 0533 | 0539 | 0545 | 0551 | 0557 | 0564 | 0570 f 1 2 3 | 4 5 &3 || 22027 | 2103 | 2179 | 2256 | 2383 | 2412| 2400 2570 2650 | 2730 | 18 26 39
19 || 10576 0583 | 0589 | 0595 | 0602 | 0608 | 0615 f 0522 (0628 0635 § 1 2 3 | 4 5 8 || 22812 | 2804 | 2076 | 3060 | 3144 | 5228 5314 3400 | 3486 3574 TGO
20 || 10842 0649 | 0855 | 0862 | 0669 | 0676 | 0683 | 0690 | 0697 | 0704 | 1 2 ' : sss1 | 5031 | 4022 4114 aso7] 4300 | 4305| 4490} 15 31 46
21 || Tori1|orie | 0726 | o735 | 0740 | oris | 075 | oves | orro | o7 | 1 2 i 2 3 g 2225% 222% 4750 | 4870 | 1978 | 5078 | sis0| 5282 | 538¢| 5488 17 34 50
22 || 10785 0793 | 0801 | 0808 | 0816 | 0824 | 0832 f 0840 | 0848 (0856 1 3 4 | 5 6 6 || 53209 | 5600 | 5805 | 5013 | 6022 | 6131 | eoaz| G354 | 6466| 6582418 2T B5
23 || 1-0864) 0872 | 0880 | 0888 | 0896 | 0904 | 0913 § 0921 {0920 | 0938 § 1 3 4 | 6 7 o5 || 26695 | 6811 | 6927 | 7046 | 7165 | 7285 | 7d07| 7529 7653 | 7778 | 20 40 ' 60
24 || 1-0946 § 0955 | 0963 | 0972 { 0981 | 0989 | 0998 | 1007 | 1016 | 1025 1 3 4 | 6 7 | 8 || 27904 | 8032 | 8161 | 8201 | 8422 | 8555 | g3 8524 8960 | 9099 | 22 44 67
25 || 1-1034 1043 | 1052 | 1061 { 1070 | 1079 | 1089 | 1098 | 1107 | 1117 § 2 3 5 5:0; o521 | 9665 | o811 | 9057 | 0106 o256 | 0d07| 0561125 49 7
26 || 11126 1186 | 1145 | 1155 | 1164 | 1174 | 1184 | 1194 | 1203 | 1213 2 3 5 8 g‘ ;(1’ §-gﬁ§ 82;3 1050 | 1190 | 1352 | 1515| 1681 1848 | 2017 | 2188} 27 55 82
27 || 1122311253 | 1243 | 1253 | 1264 | 1274 | 1284 | 1204 | 1305 | 1815/ 2 8 5 | T 9 2 || 32361 | 2535 | 2712| 2891 | 3072 | 3255 | 3440} 3628 3817 | 4009 81 61 92
28 1.13_6 1336 | 1347 | 1357 | 1368 | 1379 | 1390 § 1401 | 1412 | 1423 §f 2 4 5 7 . 73 34203 | 4399 | 4598 | 4799 | 5003 | 5209 5418 5620 | 5843 6060 | 35 69 104
29 || 11434 1445 | 1456 | 1467 { 1478 | 1490 | 1501 [ 1512 | 1524 | 1535 ] 2 4 6 | 8 @ 7 || 36280 | 02| 6727 | 6955 | 7186 | 7420 | 7657 7897 8140 | 838739 79 118
30 || 1-1547 1559 | 1570 | 1582 | 1594 | 1606 | 1618 f 1630 | 1642 | 1654 § 2 4 : 147 | o108 o672 | 0030 | 0212} 0486 | 0765| 10481 45 90 135
31 || 11666 1679 | 1691 | 1703 | 1716 | 1728 | 1741 f 1753 | 1766 | 1779 | 2 4 2 3 ig | '43 Z?ggz-, *{229 ﬁ’ggé 3233 oo7 | 2837 | 3150| 3469 | 3792 | 4121 | 52 104 156
32 1‘17?)2 1805 18}8 1831 | 1844 | 1857 | 1870 § 1883 | 1897 | 1910 § 2 4 7 9 7 14454 | 4793 | 5137 | 5486 | 5841 6202 | 6569 | 6942 7321 | 7706 91 122 182
83 || 1192411937 | 1951 | 1964 | 1978 | 1992 | 2006 | 2020 | 2034 | 2048 | 2 5 7 | 9 12 s || w8007 | 8406 | so01 | 9313 | 9732 | 0159 | 0593| 1034 | 1484 1942.| 72 144 216
34 || 1-2062 2076 | 2091 | 2105 | 2120 | 2134 | 2149 | 2163 [ 2178 [ 2193 2 5 7 | 10 12 7 || 52408 | 2883 | 3367| 3860 4362 | 4874 | 5396 5928 6470 7023 | 86 173 259
35 || 12208 2223 | 2238 | 2253 | 2268 | 2283 | 2200 | 2314 [ 2320 [ 2345 | 3 5 8 | 1 i 2546 | 3228
4§ e o £ 0 f 1| 8751 | o351l 9963 | 0589 | 1227 1880
36 || 12361 2376 | 2302 | 2408 | 2424 | 2440 | 2456 | 2472 | 2489 | 2505 3 5 8 | 11 g . 3‘1’ i iég% 2366 o111 | 6874 | 7655 | 8454 | 9273 | 0112 0972 i
87 || 12521 2538 | 2554 | 2571 | 2588 | 2605 | 2622 | 2630 | 2656 | 2673 | 3 6 8 | 11 14 82 || 5se3 | 2vs7 | 84| 4635 s6i1| 6613 | 7642 8700\ 0787} 0905
3 (| kamojaros ) ouks | graz | 270 | 2716 | 206 ) 248 | 2861 | 2649 | 8NN 83 || 82055 | 3238 | 4457 | 5711 7004| 8337 ) A7LL e s H95 | owing to the rapidity \
2923 | 204 297 3016 | 3035 3 6 9 [ 12 16 84 || 95668 | 7283 | 8955 | 0685 | 2477 | 4334| 6261} 82 ks mthoh s Aeoant
40 || 1-3054[ 3073 | 3093 | 3112 | 3131 | 3151 | 3171 | 3190 | 3210 | 3280 3 7 10 | 18 16 ! o e ; 5 | 13 .34 | 1365 | 13:99 | changes, mean differ-
: 7 ; 1147 1171 | 1195 | 12:20 | 1247 | 1275 | 13:03 | 133
:1 1-3250 | 8270 | 3201 | 3311 | 3331 | 3352 | 8373 | 3393 | 5414 [ 3435| 3 7 10 | 14 17 g 103t 1470 | 15:00 | 15:50 | 1508 | 16:38 | 16:86 | 17:37 | 17:91 | 1849 | ences cease tobeuseful. |
2 || 1-3456 | 8478 | 3400 | 3520 | 3542 | 8563 | 3585 | 3607 | 3620 (3651 f 4 7 11 | 14 18 || 8 || 3001|3077 | 2047 | 21-23| 22701 | 22:03 | 23:88| 24:92 | 26:05 | 27120 ‘
43 || 1:3673] 3606 | 5718 | 87l | 3763 | 3780 | 3800 | 8832 | 3365 | 3878 | 4 & U1 | 18 19 | g || 3365|3016 | 31-84 | 3371 | 3581 | 3820 | 4093 | 4408 | 4775 | 5209
4 || 1-3902 | 3925 | 3049 | 3972 | 3096 | 4020 | 4044 | 4069 | 4093 | 41180 4+ 8 12 | 16 20 | 39 || 230 | @366 | 7162|8185 | 9540 [1146 (1432 f101°0 |2865 5730
| L R
455 -




REDPATH, BROWN & €O, LIMITED.

NATURAL COTANGENTS.

N.B.—Subtract Mean Differences

1-7321

1-4826

1-4281
1-3764
1:3270
1:2799
1-2349

11918
11504
1-1106
10724
1-0355

6140

9812

7062

4770

4229
3713
3222
2753
2305

1875
1463

0686
0319

9520

6806
4420
2305

8716

7179
5782

3332
2251

1251
0323
9458
8650
7893

7182
6512

5282
4715

4176

2261

1833
1423
1028

0283

2218
1792
1383

0612
0247

24/

143'2
4092

13:00

367

48’

9549

1243

1002

5350
8502

2024
8288
4374
1022
8118

5576
3332
1334

7929

5129

1742

6842

4442

3916
3416
2938

2045
1626

1224
0837

0105

7162
3182
2045
1506
1191

9845
3863
3002
4596
7894

2422

7848

0686

7461

1929

3662
0408
7583

5105
2914

9208
7625

Mean Differences

— =
1. 2° @ 4 5
———— |

Owing to the rapidity
with which the cotan-
gent changes, mean
differences are of no

9 17 26| 34 43
8 16 25( 83 i
8 16 28| ‘31 WESH
8 156 23| 30 38
7 14 22| 29 36
7 14 21| 28 34
7 13 20| 26 33
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REDPATH, BROWN & CO., LIMITED.

NATURAL COTANGENTS.

N.B.—Subtract Mean Differences.

0’ 6 | 127

1:000 | 9965 | 9930

5774 | 5750 | 5727

4877 | 4586 | 4834

*3839 | 3819 | 3799

*3640 | 3620 | 3600
‘3443 || 3424 | 3404
*3249 | 3230 | 3211

‘2867 | 2849 | 2830

18’

0122

30" | 36

9827 | 9793
9490 | 9457
9163 | 9131
8847 | 8816
8541 | 8511

6873 | 6847
6371 | 6346
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1673 | 1655
1495 | 1477

1139 | 1122
0963 | 0945

0787 | 0769
0612 | 0594
0437 | 0419

0087 | 0070

0052

Mean Differences.

48’ | 54’

1. 30 gLl 5
972519691 6 11 17|23 29
9301 19358 { 6 11 17|22 28
9067 19036 f 5 11 16|21 27
8754 |1 87241 5 10 16|21 26
8451 | 84211 5 10 15|20 25
8156 | 8127 f 5 10 15|20 24
7869 | 78411 5 10 14|19 24 {
7590 | 7563 5 © 14|18 23
7319 (72020 5 © 14|18 23
7064 | 7028 | 4 9 13|18 22
6796 6771 | 4 9 13(17 21
6544 1 6510 § 4 & 13|17 21
6297 (6273 4 8 12(16 20
6056 (6032 4 8 12(16 20
5820|5797 ) 4 8 12|16 20
5580 | 6566 | 4 8 12 (15 19
5362 | 65340y 4 8 11(15 19
5139 | 5117 | 4 7 11(15 18
4921 | 48901 4 7 11(15 18
4706 | 4684 | 4 7 11|14 18
4404 | 4473 | 4 7 10|14 18
4286 (4266 | 8 7 10)14 17
4081 | 4061 | 3 7 10(14 17
3879 (385940 3 7 10)13 17
3679 | 3659 | 3 7 10|18 17
3482 13463 3 6 10(13 17
3288 | 32604 3 € 10(13 16
3096 (3076 § 3 6 10(13 16
2905 | 28860 3 € 913 16
2717 (26984 3 € 9(13 16
253025121 3 6 9)12 16
2345 123271 3 6 9|12 16
2162 (2144 | 3 € 912 15
1980 (1962 3 € 9 (12 15
1799 (1781 83 & 9 (12 15
1620 | 16024 8 6 9(12 15
1441 | 14231 8 6 9|12 15
1263 (1246 | 8 6 9|12 15
1086 (1069 3 6 9(12 15
0910 (0892 3 € 9|12 15
0734|0717 3 6 9)12 15
0559 | 0542 ) 8 6 9|12 15
0384 (OR67 § 3 6 9|12 15
0209|0192 3 6 9|12 15
0035 | 0017 | 3 6 9|12 14

457

a




REDPATH, BROWN & CO. LIMITED
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REDPATH, BROWN & CO, LIMITED.
SQUARE ROOTS FROM 100 TO 999-9.
Mean Differences.
1 2 3 4 b 6 i 8 9
0 1238|4587 89
10-00 { 10:05 | 1010 | 10-15 | 10-20 | 1025 | 10'30 | 1034 1039|1044 J 0 1 1|2 2 3|3 4 4
10-49 § 10-54 | 10-58 | 10-63 | 10-68 [ 1072|1077 | 1082 (1086|1091 J 0 1 1|2 2 3|3 4 4
10-95 | 11-00 | 11-05 | 1109 | 11-14 [ 1118 | 11-22 § 11-27 (11°31 | 1136 J 0 1 1|2 2 3|3 4 4
11-40§ 1145 [ 1149 | 11-53 | 11-58 | 1162 | 1166 § 1170 1175|1179 0 1 1|2 2 3|3 3 4
11-83§ 1187 | 11-92 | 1196 | 12-00 | 12:04 | 12:08 | 1212 (1217 |1221J0 1 12 2 2|3 3 4
12-95112:29 | 12:33 | 12:37 | 12:41 | 1245 | 12-49 | 12:58 | 12:57 (12610 1 1|2 2 2|3 3 4
12-65112-69 | 12731 12-77 | 12-81 | 12:85 [ 1288 | 12:92 /1296 | 13-:00J 0 1 1|2 2 2|3 3 4
13-04 | 13-08 | 13:11 | 13-15 | 13-19 | 13-23 | 13-27 | 13:30| 1334 (13-38J0 1 1|2 2 2|3 3 3
13-42 | 13'45 | 1349 | 13-53 | 13-56 | 13:60 | 13-64 | 1367 | 1371137540 1 1(1 2 2|3 3 3
13-78 | 13-82 | 13-86 | 1389 | 1393 | 1396 | 14'00 | 1404/ 1407 [14'11J0 1 1|1 2 2|3 3 3
1414 | 1418 [ 14-21 | 1425 | 14-28 | 14'32 | 1435 | 1439 | 1442|1446 |0 1 1|1 2 2|2 3 3
14-49 | 1453 | 1456 | 1459 | 14:63 | 14'66 | 14:70 | 1478 | 1476 |1480J0 1 1|1 2 2|2 3 3
14-83 | 1487 | 14'00 | 1493 | 14-97 | 15°00 | 15:03 | 1507 | 1510 1513J0 1 1|1 2 2|2 3 §
1517 | 15:20 | 15-23 | 1526 | 1530 | 1533 | 15°36 | 1539 | 15443 | 15446 |0 1 1|1 2 2|2 3 3
1549 | 15'52 | 1556 | 1559 | 15°62 | 1565 | 15:68 | 1572 | 1575|1578 |0 1 1|1 2 2|2 3 3
15-81 | 15-84 | 15-87 | 15°01 | 1594 | 1597 | 1600 | 1603 | 16:06 | 1609 |0 1 1|1 2 2|2 3 3|
16-12 ] 16:16 | 16:19 | 1622 | 16:25 | 16:28 | 16:31 | 16:34 | 1637 | 16440§0 1 1|1 2 22 2 3
1643 | 1646 | 16:49 | 16:52 | 1655 | 1658 | 1661 | 1664 | 1667 |1670§0 1 1|1 2 2|2 2 3
16:73 | 1676 | 16:79 | 16:82 | 16:85 | 16'88 | 16'01 | 16794 | 1697 |17:00§0 1 1|1 1 2 /2 2 3
17:03 | 17:06 | 17-09 | 17:12 | 17-15 | 17-18 | 17°20 | 1723 [17°26 | 172900 1 1|1 1 2|2 2 3
17-32§ 17-35 | 1738 | 17-41 | 17-44 | 1746 | 17-49 | 1752 | 1755|1758 40 1 1|1 1 2|2 2 3 |
17-61 | 17-64 | 1766 | 1769 | 17-72 | 17-75 | 1778 | 17°80 [ 17°83 | 1786 |0 1 1|1 1 2|2 2 3|}
17-89 | 1792 | 17-04 | 1797 | 18-00 | 18-03 [ 18:06 | 18-08 | 18-11|18-14J0 1 1|1 1 2|2 2 2
1817|1819 [ 1822 18:25 | 18-28 | 18:30 | 1833 | 1836 (18-38 (18410 1 1|1 1 2|2 2 2
18+44 | 18-47 | 18-49 | 18-52 | 1855 | 1857 | 18'60 | 1863 (1865 (18680 1 1|1 1 2|2 2 2| |
|
18711873 | 1876 [ 18-79 | 18'81 [ 1884 | 18-87 | 18-89 (1892189540 1 1|1 1 2|2 2 2 i
18-97 19-00 | 19-03 | 1905 | 19-08 | 1910 | 19-13 | 1916 | 1918|1921 J0 1 1|1 1 2|2 2 2
19-24 1 19-26 | 19-29 | 1931 | 19-34 | 1936 | 19-30 | 1942|1944 |1947J0 1 1|1 1 22 2 2
1949 | 1952 | 1954 | 19-57 | 19:60 | 19-62 | 1965 | 1967 |1970]|1972J0 1 11 1 2|2 2 2|
19-75 1 1977 | 1980 | 1982 | 19-85 | 19'87 | 19:90 | 1992 1995[1997J0 1 1|1 1 2(2 2 2 1
i
2000 | 20°02 | 2005 | 2007 | 2010 | 2012 | 20-15 | 2017 | 2020 (2022§0 0 1|1 1 1|2 2 2 ﬁﬂ
2025 | 20°27 | 2030 | 2032 | 2035 | 2037 | 2040 | 2042 | 2045 [ 2047 §0 0 11 1 1|2 2 324
2049 | 20'52 | 2054 | 2057 | 20°59 | 2062 | 2064 | 2066 | 2069 | 2071 J0 0 1|1 1 1|2 2 2 \'l
2074 | 2076 | 2078 | 2081 | 2083 | 2086 | 2088 | 2090 (2003|2095 0 0 11 1 1/2 2 2/
2098 | 21-00 | 2102 | 21-05 | 21-07 | 2110 | 21-12 | 21-14 | 21117 | 2119 0 0 1|1 1 1 (2 2 2Y
21-21 [ 21-24 | 21-26 | 21-28 | 21-31 | 2133 | 21-35 | 21-38 (2140 (21-42f0 0 1|1 1 1|2 2 2 | 1
2145 | 21:47 | 2149 | 21-52 | 21-54 | 21-56 | 2159 | 21'61 | 2163 (2166J0 0 1|1 1 1|2 2 2}
2168 | 21:70 | 21-73 | 2175 | 21-77 [ 2179 | 21+82 | 2184 | 2186 | 21.89f 0 0 1|1 1 1|2 2 2{
21-01 | 21-93 | 21-95 | 21-98 | 22:00 | 22-02 | 22:05 | 22:07 | 22:09 [ 22:11J0 0 1|1 1 1|2 2 2|
22:14 | 2216 | 22:18 | 22:20 | 2223 | 22-25 | 22-27 | 22-29 | 22:32(22:34J0 0 1|1 1 1|2 2 2
29236 | 22:38 | 2241 | 22:43 | 22:45 | 22-47 | 22-49 | 2252 [ 22'54 | 22560 0 1|1 1 1 12 282 | 1‘
2258 | 22:61 | 22:63 | 22:65 | 22:67 | 22:69 | 2272 | 2274 | 2276 | 2278 J0 0 11 1 1|2 2 2
2280 | 22:83 | 22:85 | 22:87 | 22:89 | 22:91 | 22:93 | 2296 [ 22:98 [23:00§0 0 1|1 1 1(2 2 2
2302 | 23:04 | 23:07 | 23-00 | 2311 | 2313 | 2315 23:17 | 2319 (23220 0 1|1 1 1|2 2 2}
23-24 | 23-26 | 23-28 | 23-30 | 23-32 | 2335 | 23-37 | 23-39 [ 2341 [2343f0 0 1 (1 1 1 (1 2 2 I

REDPATH, BROWN & CO, LIMITED.

SQUARE ROOTS FROM 100 TO 999-9.
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REDPATH, BROWN & CO, LIMITED. REDPATH, BROWN & CO., LIMITED.
Mean Differences ; Mean Differences
0 1 2 3 4 5 6 7 8 9 - - 0 1 2 3 4 5 6 74 8 9
12 3|456|7389 1 23(456(|7829
1) || 31:62 | 31-78 | 31-94 | 32:09 | 32:25 | 32:40 | 3256 | 32-71 | 3286 | 33:0212 8 5|6 8 9|11 12 14 55 || 74'16 | 74:23 | 74:30 | 7436 | 74'43 | 74:50 | 74'57 § 7463 | 7470 | 74771 1 2|3 3 4|5 5 6
11 || 3317 | 33-32 | 33:47 | 33:62 | 33:76 | 8391 | 3406 3421 | 343534501 3 4 (6 7 9 (101213 56 || 74'83 | 74'90 | 74'97 | 7503 | 7510 | 7517 | 75:23 | 7530 | 7537 | 75431 1 2|3 3 4|5 5 6
12 || 3464 3479 [ 34:93 | 3507 | 3521 | 35'36 | 3550 34_)'64 3§'18 300211 3 4|6 7 8|1011 13 57 75'50 | 7556 | 756'63 | 7570 | 75°76 | 7583 | 75:89 § 75°96 | 76:03 | 76091 1 2|3 3 4[5 5 6
13 || 36:06 [ 36:19 | 36:33 | 3647 | 36:61 | 36:74 [ 36:88 | 37-01 | 8715 | 372801 8 4|5 7 8|10 11 12 58 76'16 | 76:22 | 76:29 | 7635 | 76'42 | 7649 | 76:55 | 76:62 | 76'68 | 76:75 1 1 2|3 3 4|5 5 6
14 || 8742 3755 | 37:68 | 3782 | 3795 | 38:08 | 38'21 | 3834 [ 3847 |3860§1 3 4|5 7 8| 91112 59 || 76'81 | 76-88 | 76'94 | 7701 | 77°07 | 77-14 | 7720 7727 | 7733 | 774001 1 2 (8 3 4|4 5 6
15 || 38:73 | 38:86 | 38'99 | 30-12 | 39-24 | 39:37 [ 3950 3962 | 3975 (398701 3 4|5 6 8| 91011 80 7746 | 7762 | 77°59 | 7765 | 7772 | 7778 | 7785 7791 | 7797 (78041 1 2 (3 3 4|4 5 6
18 ([ 40°00 | 4012 | 40°25 | 40°37 | 40'50 | 40°62 | 40-74 § 40'87 | 4099 | 41111 2 4|5 6 7| 91011 61 7810 | 78:17 | 78'23 | 78:29 7836 | 7842 | 78:49 | 7855 7861|7868 1 1 2|3 3 4|4 5 6
17 || 41:23 8 41°35 | 4147 | 4159 | 41-71 | 41-83 | 41'9542'07 | 42719142811 2 4|5 6 7| 81011 62 7874 | 78:80 | 78:87 | 78:93 | 78'99 | 79:06 | 79:12§ 7918 [ 79-25|7931J1 1 2|3 3 4|4 5 6
18 || 42:43 | 4254 | 42:66 | 42:78 | 42:00 | 43-01 | 43:13 1 43-24 | 4336 | 434711 2 3|5 6 7| 8 910 63 79:37 | 7944 | 79'50 | 79:56 | 7962 | 7969 | 7975 | 7981 (7987 |7994)1 1 2 (3 3 4|4 5 6
19 || 4359 | 43:70 | 43'82 | 43-93 | 44:05 | 44-16 | 44'27 | 44'38 (4450 (446141 2 3|5 6 7| 8 910 64 8000 | 8006 | 80-12 [ 80-19 | 8025 | 8031 | 80:37 | 8044 [ 8050 (80561 1 2|2 3 4[4 5 6
20 || 44°72 || 44:83 | 44'04 | 4506 | 45:17 | 45:28 | 45-30 | 45°50 | 4561 45721 2 3|4 6 7| 8 9 10 85 8062 | 8068 | 8075 | 80-81 8087 [ 8093 [ 8099 | 81'06 [ 8112|8118 1 1 2|2 8 4|4 5 5
21 || 45°83 | 45°93 | 46°04 | 46°15 | 46°26 | 46'37 | 4648 | 46°58 | 46 §9 468041 2 3|4 5 6| 8 910 : 66 81-24 | 81:30 ( 81-36 | 8142 § 8149 | 8155 | 8161 | 8167 |81-73 (81791 1 2 (2 3 4|4 5 5
22 || 46:90 | 4701 | 47-12 | 47-22 | 47-33 | 47-43 | 47-54 | 4764 | 47°75|4785]1 2 3|4 5 6| 7 8 9 || ! [ 67 || 8185 8191|8198 | 82:04 | 82-10 | 82-16 [ 82'22182:28 182:34 (82401 1 2|2 3 4[4 5 5
23 || 47:96 | 48-06 | 4817 | 48:27 | 48:37 | 48'48 [ 48:58 | 4868 4879 | 48891 2 3|4 5 6| 7 & 9 , 68 || 8246 | 82'52 | 82'58 | 82-64 | 82:70 | 82+76 | 82'83 §182:89 |1 82:05(8301§1 1 2|2 3 4[4 5 5
24 || 48:99 | 4900 | 49-19 | 49-30 y 49-40 | 49-50 | 49:60 § 4970 | 4980 | 4990J1 2 3|4 5 6| 7 & @ 1 69 || 8307 | 83:13 | 8319 | 83:25 | 83:31 | 83:37 | 83-43 | 8349 |8355(8361 |1 1 2|2 3 4|4 5 b
25 |[{ 50°00 50-10 | 50-20 | 5030 | 5040 | 5050 | 5060 | 50:70 | 5079 | 508941 2 3|4 5 6| 7 8 9 70 || 8367 § 83-73 | 83-79 | 8385 | 83-00 | 83:96 [ 8402 84'08 | 84-14 (842001 1 2|2 3 4[4 5 5
23 || 5099 | 51-09 | 51°19 | 51-28 | 5138 | 5148 | 51'58 | 5167 | 5177 (51871 1-2 3|4 5 6| 7 8 9 71 || 84:26 | 8432 | 84:38 [ 84-44 | 84:50 | 8456 | 8462 §84'68 | 84-73 (84791 1 2|2 3 4[4 5 5
27 || 51:96 | 52:06 | 52:15 | 52:25 | 52:35 | 52:44 | 52:54 | 52:63 | 5273 | 52'82§1 2 3[4 5 6| 7 8 9 72 || 8485 | 84:91 | 8497 [ 8503 | 8509 | 8515 | 8521 | 8526 | 8532 (8521 1 2|2 3 3[4 5 5
23 || 52:92 | 53:01 | 53-10 | 53:20 | 5329 | 5339 | 53:48 | 53:57 | 5367 [ 6376 )1 2 3|4 5 6| 7 7 8 73 || 8544 | 85°50 | 8556 | 85'62 § 85°67 | 8573 | 8579 | 85°85| 8501 (85971 1 2|2 3 3|4 5 5
29 || 53:85 | 53:94 | 5404 | 54:13 | 54:22 | 54:31 | 54:41 | 54'50 | 5459 [ 54681 2 3|4 5 5|76 7 8 74 8602 | 86°08 | 8614 | 8620 | 8626 | 8631 | 86:37 | 8643 | 8640 | 8654 f1 1 2|2 3 3 (4 5 5
30 ([ 5477 | 5486 [ 54'95 | 55'05 | 55'14 | 5523 | 55:32 | 5541 [ 5550 | 55591 2 3|4 4 5| 6 7 8 75 || 86:60 | 8666 | 86:72 | 8678 § 86'83 | 86-89 | 8695 | 87:01 | 87°06 (87121 1 2|2 8 3 |4 5 5
31 || 55°68 | 5577 | 5586 | 5565 | 5604 | 5612 | 56:21 | 5630 [ 5639 [ 564841 2 3|3 4 5| 6 7 8 76 8718 || 87-24 | 87-29 | 8735 § 8741 | 8746 | 8752 | 8758 | 8764 | 87691 1 2|2 8 3|4 5 5
32 || 58°57 | 5666 | 56:75 | 56-83 | 5692 | 57°01 | 57-10 | 57-18 [ 5727 | 57361 2 3|3 4 5| 6 7 & 77 || 8775 { 87°81 | 87:86 | 87°92 { 87-98 | 88-03 | 88:09 | 88-15|88-20 (88261 1 2|2 8 3 (4 4 5
33 || 5745 5753 | 57°62 | 57:71 | 57:79 | 57-88 | 57:97 | 58:05 [ 5814 | 582201 2 3|3 4 5| 6 7 8 78 || 88:32 | 88:37 | 88'43 | 8849 | 8854 | 8860 | 8866 § 88-71 (8877 |88:8311 1 2|2 3 3|4 4 5
34 || 58:31 | 5840 | 5848 | 5857 | 5865 | 5874 | 58:82§ 5891 | 53:09 | 59081 2 3|3 4 5| 6 T 8§ 79 || 88:88 | 88'94 | 88:99 | 89:05 | 89-11 | 8916 | 89221 89:27 (8933|8939 1 1 2|2 3 3|4 4 5
85 || 5916 § 59-25 [ 59-33 | 59-41 | 5950 | 59-58 | 59:67 | 5975 | 5983 | 599201 2 2|3 4 5| 6 7 8 || 80 || 89+44 | 89-50 | 89-55 | 89'61 || 89:67 [ 8972 | 89-78 | 89-83 (8989 /89:9401 1 2 (2 3 3|4 4 5
33 || 60°00 § 60-08 | 60-17 | 6025 | 60°33 | 60-42 | 60:50 | 6058 | 6066 | 6076501 2 2|3 4 5| 6 7 7 || 81 || 9000 | 90-06 | 9011 | 90-17 | 9022 | 90-28 | 90-33 § 90-39 [ 9044 | 90501 1 2|2 3 3 |4 4.5
37 || 60-83 § 60:91 | 60-99 | 61:07 | 6116 | 61-24 | 61-32§ 6140 | 6148 | 615611 2 2|3 4 5( 6 7 7 2 9055 | 9061 | 9066 | 90°72 | 90°77 | 90-83 | 9088 | 90-94 [ 9099 | 91:05f1 1 2 |2 3 3[4 4 5
38 || 6164 61-73 | 61-81 | 61-89 | 6197 | 62:05 | 62136221 | 62:29 162371 2 2|3 4 5| 6-6 7 | 83 91-10 § 91-16 | 91-21 | 91-27 | 9132 | 91-38 | 9143 91'49 (91-54 | 91601 1 2|2 3 3 (4 4 5
3 6245 | 62:53 | 6261 | 6269 | 62:77 | 6285 | 62:93 1 63:01 6309 (6317 )1 2 2(3 4 5| 6 6 7 84 || 9165 § 91-71 | 91-76 | 91-82 § 9187 [ 9192 | 91-08 § 92:03 [ 92:09 | 92141 1 2|2 3 8 (4 4 5
| 1

40 || 63:2563-32 | 63'40 | 63:48 | 63'56 | 63-64 | 63726380 | 63-87 (639501 2 2 (3 4 5| 6 6 7 || ] 85 92:20 § 9225 | 92:30 | 9236 | 92'41 | 9247 [ 9252 § 92:57 | 9263 | 92:68]1 1 2|2 3 3|4 4 5
41 | 6403 § 6411 | 6419 | 64-27 | 64-34 | 6442 | 64-50 | 6458 | 64'65 | 64-73f 1 2 2 (3 4 5| 5 6 7 || 86 |[[ 9274 | 92-79 | 92:84 | 9290 | 92-95 [ 93-01 | 93:06 | 93-11 [ 93-17 (932201 1 2 (2 3 3[4 4 5
42 || 6481 64:88 | 6496 | 65'04 | 65:12 | 65°19 | 65:27 | 6535 | 6542 | 6565001 2 2|38 &+ 5| 5 6 T | 87 || 93-27 | 9333 [ 93:38 | 93:43 | 93-49 | 93-54 | 93:59 § 93:65 | 93:70 | 937501 1 2|2 3 3|4 4 5
43 || 65°57 | 65°65 | 65°73 | 6580 | 65:88 | 6595 | 6603 | 66:11 [-66:18 66261 2 2|3 4 5| 5 6 7 88 93-81 § 9386 | 9391 | 93-97 | 9402 ( 94:07 | 9413 | 94-18 | 9423 (942001 1 2|2 3 3|4 4 5
44 || 66-33 | 66'41 | 6648 | 6656 | 66°63 | 6671 | 6678 | 66:86 [ 66:03 | 6701y 1 2 2|3 4 5| 5 6 7 89 9434 | 94:39 | 9445 [ 94-50 | 94'55 | 94:60 | 9466 | 9471 | 9476 | 948201 1 2|2 3 3[4 4 5

Il
45 || 67°08 | 67°16 | 6723 | 67:31 | 6738 | 6745 | 67'53 | 6760 | 6768 [ 677541 1 2 (3 4 4| 5 6 T 90 94-87 § 94°92 | 94-97 | 95:03 | 9508 | 95°13 | 95:18 ] 9524 1 9520 | 953401 1 2|2 3 3[4 4 5
48 || 6782 67-90 | 67-97 | 68:04 | 6812 | 6819 | 68'26§ 68'34 | 6841 [ 684841 1 2 (3 4 4| 5 6 T || 91 0539 | 9545  95°50 | 95°55 § 9560 | 95:66 | 95°71 | 95:76 | 9581 (958611 1 2 (2 3 3 |4 4 5
47 || 6856 [ 68:63 | 68-70 | 6877 | 68:85 | 6892 | 6899 6907 | 6914 | 692101 1 2|3 4 4| 5:6 7| 92 9592 | 95°97 | 9602 | 96°07 § 96-12 | 9618 [ 96:23 | 96:28 | 96:33 (963841 1 2|2 3 3|4 4 5
48 || 69:28 | 69°35 | 69-43 | 69:50 | 60°57 | 69:64 | 69°71 | 6979 [ 6986 | 699341 1 2 (3 4 4| 5 6 6 || 93 0644 [ 9649 | 96:54 | 9659 | 96:64 | 96:70 | 96-75 § 96:80 | 96:85| 969041 1 2|2 3 3|4 4 5
49 || 7000 | 70°07 | 70-14 | 70:21 | 7029 | 70°36 | 70:43 | 7050 | 7057 | 7064 f 1 1 2 (3 4 4| 5 6 6 a.‘ 94 [[96:95 | 97-01 | 97-06 | 97-11 | 97:16 | 97-21 | 97-26 | 97:31 | 97-37 | 97421 1 2|2 3 3[4 4 5

i

I
50 || 70-71 } 70-78 | 70:85 | 70-92 | 70°99 | 71-06 [ 7113 | 71:20 | 71-27 [ 71-34]1 1 2 (3 4 4| 5 6 6 || 95 || 9747 | 97°52 | 97°57 | 9762 | 97°67 | 97-72 | 9778 | 97'83 1978897931 1 2 (2 3 3|4 4 5
51 || 7141§ 7148 | 7155 | 71-62 | 7169 | 7176 | 71-83 | 71-90 | 7197 | 72041 1 2|3 4 4| 5 0 6| 96 | 9798 | 9803 | 98:08 | 98:13 | 98-18 | 98-23 | 98:29 1 98341 98:39 | 98441 1 2 (2 3 3 |4 4 5
52 || 7211 72-18 | 72:25 | 72:32| 72:39 | 72:46 | 7253 | 72:59 | 72:66 | 72731 1 2|3 8 4| 5 6 6 97 0849 | 98-54 | 9859 | 98-64 | 9869 | 98:74 | 98791 9884 198'89 | 9894011 1 2|2 3 3|4 4 5
53 72:80 ] 72:87 | 72-94 | 73:01 | 7308 | 7314 [ 7321 | 73-28 | 7335 7342]1 1 2|3 3 4| 5 5 O 98 0899 | 99-05 | 99-10 | 99-15 f 99:20 | 99:25 | 99-30§ 99:35( 9940 994540 1 1 (2 2 3|3 4 4
54 7348 | 73:55 | 73:62 | 73:69 | 73:76 | 73:82 | 73-89 | 73-96 | 74:03 | 74:00f1 1 2|3 8 4| 5 & O 99 9950 | 9955 | 9960 | 9965 § 99:70 | 99-75 | 99-80§ 99:85( 9990999540 1 1|2 2 3|3 4 4
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REDPATH, BROWN & CO, LIMITED.

CUBES OF NUMBERS FROM 1 TO 249.

M

|| No. Cube No. Cube No. Cube No. Cube No. Cube
|
| 50 125000 100 1000000 150 3375000 200 8000000
1 ) 51 132651 101 1030301 151 3442951 201 8120601
| 2 8 52 140608 102 1061208 152 3511808 202 8242408
| 3 27 53 148877 103 1092727 153 3581577 203 8365427
4 64 54 157464 104 1124864 154 3652264 204 8489664
| 5 125 55 166375 105 1157625 155 3723875 205 8615125
i 6 216 56 175616 106 1191016 156 .3796416 206 8741816
v 343 57 185193 107 1225043 157 3869893 207 8869743
8 512 58 195112 108 1259712 158 3944312 208 8998912
9 729 59 205379 109 1295029 159 4019679 209 9129329
10 1000 60 216000 110 1331000 160 4096000 210 9261000
1 1331 61 226081 111 1367631 161 4173281 211 9393931
12 1728 62 238328 112 1404928 162 4251528 212 9528128
13 2197 63 250047 113 1442897 163 4330747 213 . 9663597
14 2744 84 262144 114 1481544 164 4410944 214 9800344
15 3375 65 274625 115 1520875 165 4492125 215 9938375
16 4096 66 287496 116 1560896 166 4574296 216 10077696
17 4913 87 300763 117 1601613 167 4657463 217 10218313
18 5832 68 314432 118 1643032 168 4741632 218 10360232
19 6859 69 328509 119 1685159 169 4826809 219 10503459
20 8000 70 343000 120 1728000 170 4913000 220 10648000
21 -|. 9261 6! 357911 121 1771561 171 5000211 221 10793861
22 10648 2 373248 122 1815848 172 5088448 222 10941048
23 12167 73 389017 123 1860867 173 5177717 223 11089567
24 13824 4 405224 124 1906624 174 5268024 224 11239424
25 15625 75 421875 125 1953125 175 5359375 225  |,11390625
26 17576 76 438976 126 2000376 176 5451776 226 11543176
27 19683 i 456533 127 2048383 177 5545233 227 11697083
28 21952 78 474552 128 2097152 178 5639752 228 11852352
29 24389 9 493039 129 2146689 179 5735339 229 12008989
30 27000 80 512000 130 2197000 180 5832000 230 12167000
31 29791 81 531441 131 2248091 181 5929741 231 12326391
32 32768 82 551368 132 2299968 182 6028568 232 12487168
33 35037 83 571787 133 2352637 183 6128487 233 12649337
34 39304 84 592704 134 2406104 184 6229504 234 12812904
35 42875 85 614125 | 135 2460375 185 6331625 235 12977875 ||
36 46656 86 636056 136 2515456 186 6434856 236 13144256
371 50653 87 658503 137 2671353 187 6539203 237 13312053
38 54872 88 681472 138 2628072 188 6644672 238 13481272
39 59319 89 704969 139 2685619 189 6751269 239 13651919
40 64000 90 729000 140 2744000 190 6859000 240 13824000
41 68921 91 753571 141 2803221 191 6967871 241 13997521
i 42 74088 92 778688 142 2863288 192 7077888 242 14172488
13 79507 93 804357 143 2024207 193 7189057 243 14348007
44 85184 94 830584 144 2085984 194 7301384 244 14526784
45 91125 95 857375 145 3048625 195 7414875 245 14706125
46 97336 96 884736 146 3112136 196 7529536 246 14886936
47 103823 97 912673 147 3176523 197 7645373 247 15069223
48 110592 98 941192 148 3241792 198 7762392 248 15252092
49 117649 99 970299 149 3307949 199 7880599 249 15438249

464

REDPATH, BROWN & CO, LIMITED.
CUBES OF NUMBERS FROM 250 TO 499.

No. Cube No. Cube No. Cube No. | Cube No. Cube

250 15625000 300 27000000 350 42875000 400 64000000 450 911250C0
251 15813251 301 27270901 351 43243551 401 64481201 451 91733851
252 16003008 302 27543608 352 43614208 402 64964808 452 92345408
253 16194277 303 27818127 353 43986977 403 65450827 453 92959677
254 16387064 304 280904464 354 44361864 404 65939264 454 93576664
255 16581375 305 28372625 355 44738875 405 66430125 455 94196375
256 16777216 306 28652616 356 45118016 406 66923416 456 94818816
257 16974593 307 28934443 357 45499293 407 67419143 457 05443993
258 17173512 308 20218112 358 45882712 408 67917312 458 96071912
259 17373979 309 29503629 359 46268279 409 68417929 459 96702579
260 17576000 310 29791000 360 46656000 410 68921000 480 97336000
261 17779581 311 30080231 361 47045881 411 69426531 461 97972181
262 17984728 312 30371328 362 47437928 412 69934528 462 08611128
263 18191447 313 30664297 363 47832147 413 70444997 463 99252847
264 18399744 314 30959144 364 48228544 414 70957944 4684 99897344
265 18609625 315 31255875 365 48627125° 415 71473375 485 | 100544625
286 18821096 316 31554496 366 49027896 416 71991296 468 | 101194696
287 19034163 317 31855013 367 49430863 417 72511713 487 | 101847563
268 19248832 318 32157432 368 49836032 418 73034632 468 | 102503232
269 19465109 319 32461759 369 50243409 419 73560059 469 | 103161709
270 19683000 320 32768000 370 50653000 420 74088000 470 | 103823000
271 19302511 321 33076161 37 51064811 421 74618461 471 | 104487111
272 20123648 322 33386248 372 51478848 422 75151448 472 | 105154048
273 20346417 323 33698267 373 51895117 423 75686967 473 | 105823817
274 20570824 324 34012224 374 52313624 424 76225024 474 | 106496424
275 20796875 325 34328125 375 52734375 425 76765625 475 107171825
276 21024576 326 34645976 376 53157376 426 77308776 476 | 107850176
277 21253933 327 34965783 377 53582633 427 77854483 477 | 108531333
278 21484952 328 35287552 378 54010152 428 78402752 478 | 109215352
279 21717639 329 35611289 379 54439939 429 78953589 479 | 109902239
280 21952000 330 35937000 380 54872000 430 79507000 480 | 110592000
281 22188041 331 36264691 381 55306341 431 80062991 481 111284641
282 22425768 332 36594368 382 55742968 432 80621568 482 1119§0168
283 22665187 333 36926037 383 56181887 433 81182737 483 112618587
284 22906304 334 37259704 384 56623104 434 81746504 484 | 113379904
285 23149125 335 37595375 385 57066625 435 82312875 485 | 114084125
286 23393656 336 37933056 386 57512456 436 82881856 486 | 114791256
287 23639903 337 38272753 '| 387 57960603 437 83453453 487 115501393
288 23887872 338 38614472 388 58411072 438 84027672 488 | 116214272
289 24137569 339 38958219 389 58863869 439 84604519 489 | 116930169
290 24389000 340 39304000 390 59319000 440 85184000 490 | 117649000
201 24642171 341 39651821 391 59776471 441 85766121 491 118370771
292 24897088 342 40001688 392 60236288 442 86350888 492 | 119095488
233 25153757 343 40353607 393 60698457 443 86938307 493 119823157
294 25412184 344 40707584 394 61162984 444 87528384 494 | 120553784
295 25672375 345 41063625 395 61629875 445 88121125 495 | 121287375
296 25934336 3486 41421736 396 62099136 446 88716536 496 1229239§6
297 26198073 347 41781923 397 62570773 447 89314623 497 | 122763473
298 26463592 348 42144192 398 63044792 448 89915392 498 | 123505992
289 26730899 349 42508549 399 63521199 449 90518849 499 | 124251499

R e
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REDPATH, BROWN & CO, LIMITED. r

REDPATH, BROWN & CO, LIMITED.

GUBES OF. NUMBERS: FROM. 500, TQ 7_49' CUBES OF NUMBERS FROM 750 TO 999.

No. Cube No. Cube No. Cube No. Cube No. Cube |
— . No. Cube No. Cube No. Cube No. Cube No. Cube

500 | 125000000 | 550 | 166375000 | 600 | 216000000 | 650 | 274625000 | 700 | 343000000
501 | 125751501 551 | 167284151 | 601 | 217081801 [ 651 | 275894451 | 701 344472101

= 75 729000000 950 857375000
502 | 126500008 | 552 | 168196608 | 602 | 218167208 | 652 | 277167808 | 702 | 345948408 T it | oy | Simneeiieeng || clataatoy o | e
503 | 127263527 | 553 | 169112377 | 603 | 219256227 | 658 | 278445077 | 703 | 347498097 752 | 425250008 | 802 | 515840608 | 852 | 618470208 | 002 | 733870808 | 952 | 862801408 |
504 | 128024064 | 554 | 170031464 | 604 | 220348864 | 654 | 270726264 | 704 | 348013664 753 | 426057777 | 803 | 517781627 | 853 | 620650477 | 908 | 736314327 | 953 | 865523177
4 P 4 54 | 868250664
505 | 128787625 555 | 170953875 605 ;g% 442125 ggg %g%gééﬂg ;gg 350402625 754 | 428661064 804 | 519718464 854 | 622835864 | 904 | 73876326 9!
503 129554216 556 171879616 606 22545016 2 351895816 5 5 741217625 955 870983875
507 |130323843 | 557 | 172808603 | 607 | 223618543 | 657 | 283503303 | 707 | 333303243 T8 L] e 4o ol Soasora | 908 | rasrrase | 958 | Srarossie
508 | 131096512 | 538 | 173741112 | 608 | 224755712 | 658 | 284800312 | 1708 | 354804919 757 | 433708003 | 807 | 525557943 | 857 | 620422703 | 907 | 746142643 | 957 | 876467493
509 | 131872220 | 559 | 174676879 | 609 | 225866529 | 659 | 286191179 | 709 | 856400829 758 | 435510512 | 808 | 527514112 | 858 | 631628712 | 908 | 748613312 | 958 | 87921791 g
: 79 77 59 88197407
510 | 132651000 | 580 | 175616000 | 610 %%GQSIOg? ggg %gg‘é%iogg ;i? 357911000 759 | 437245479 809 | 529475129 859 | 633839779 909 | 751089429 9! i
511 | 133432831 | 581 | 176558181 | 611 | 2230991 2888047 350425431 97 81 1000 | 960 | 884736000
512 |131217728 | 582 | 177501328 | 612 | 220220028 | 662 | 200117528 | 712 | 360944198 | o ot g e R o B B B s o
513 135005697 563 178453547 613 230346397 663 291434247 713 362467097 762 442450728 812 535387328 862 640503928 912 758550528 962 800277128
514 | 135796744 | 584 | 179408144 | 614 | 231475544 | 664 | 202754944 | 714 | 363994844 ) 763 | 444194947 | 813 | 537367797 | 863 | 642735647 | 913 | 761048497 | 963 89305?22;
7 7 i 89584
515 | 136500875 565 | 180362125 6}5 23262543252 ggg 38_10722%2 ',ﬁg 365525875 f 764 | 445943744 814 | 539353144 864 | 644972544 914 763551944 964
516 | 137383006 | 588 | 181321496 | 616 | 23374 29540 367061696 7 4134 5 60875 | 965 | 898632125
517 | 133183413 | 567 (182284263 | 617 | 234885113 | 667 | 296740063 | 717 | 368601813 I Tl e [uE e Tooota | 968 | sonaoeevo
518 | 138091832 | 583 | 183250432 | 618 | 236029082 | 668 | 208077632 | 748 | 370146232 767 | 451217663 | 817 | 545338513 | 867 | 651714363 | 917 | 771095213 | 967 | 904231063
519 | 130793350 | 569 | 184220009 | 619 | 237176659 | 689 | 299418309 [ 719 | 371694950 768 | 452084832 | 818 | 547343432 | 868 | 653972032 | 918 | 773620632 | 968 907039%33
5298 e 69 | 90085320/
520 140308000 570 %85193000 62? %gsgggoog g;‘i) ggg{ﬁiogg ;gg 373248000 || 769 454756609 819 549353259 869 656234900 919 7761561559 9
521 | 141420761 | 571 | 186169411 | 621 | 23948305 117 374805361 156533000 | 8 1368000 65 0 778688000 | 970 | 912673000
522 | 112236618 | 572 | 187149248 | 622 | 240641848 | 672 | 303464448 | 722 | 376367048 11 | 45631000 | 81 | oosaesen g1 | aorrea 001 | roio0000s | o7t | otsdoeen
523 | 143055667 | 578 | 188132517 [ 623 | 241804367 | 673 | 304821217 | 723 377933067 772 | 460099648 822 | 555412248 | 872 | 663054848 | 922 | 783777448 972 | 918330048
524 | 143877824 | 574 | 180110224 | 624 | 242070624 | 674 | 306182024 [ 724 | 879503424 T3 | 4010017 | 838 | 5o7adlver | 873 | 665338617 | 993 | 786a30d6r | 973 | 92IIGISIT
i / ki 2: 974 | 9240104
525 | 144703125 575 | 190109375 625 %441406?(5; g;g 287546832 ;gg 381078125 R i o ol b - e !
528 | 145531576 | 576 | 191102076 | 626 | 2453143 80157 382657176 5484375 1515625 66092187 791453125 | 975 | 926859375
527 | 146363183 | 577 | 192100033 | 627 | 246401883 | 677 | 310283733 | 727 | 384240583 ;zlg ig?%gégﬁ ggg 223253878 g;[g G?ggz%gég ggg 704092776 | 976 | 929714176

528 | 147197952 | 578 | 193100552 | 628 | 247673152 | 678 | 311665752 | 728 | 3858288352 -

97. 8 3 796597 77 | 932574833
520 | 143035880 [ 579 | 194104539 | 629 | 248858180 | 679 | 313046839 | 729 | 3837490489 Bl s . | Spadas | BW | Gdsumas | ST S| S9N ORE LAY

778 | 470910952 828 | 567663552 878 | 676836152 | 9¢ 799178752 978 935441352

5 27, 7! 7 79 938313739
530 143837(2)00 gg{i) 19;{';%2()00 gg[l) gf,ogéz)og? gg? 2144?2,%(2)2&) ;gg 389017000 ‘. 779 472729139 829 569722789 879 679151439 929 801765089 97
531 | 149721201 196122041 | 62 5123959 158 300617891 || 552 357000 | 980 | 941192000
532 | 150568768 | 582 | 197137368 | 632 | 252435068 | 682 | 317214568 | 732 | 302223168 | ;gg g‘é%?ggg? gg‘f g%ggggg? Sgg gg%‘%gﬁ) gg? 2%954491 981 944076141
533 | 151410437 | 583 | 198155287 | 633 | 253636137 | 683 | 318611987 | 733 | 393832837 | 782

| 782117 832 | 57503 882 61239 932 | 809557568 | 982 | 946966168
53¢ | 152273304 | 584 | 199176704 | 634 | 254840104 | 684 | 320013504 | 734 | 305446004 | e e | ol W Bl e B e

! ; 7 7 84 952763904
585 | 153130375 | 585 | 200201625 | 635 | 256047875 | 685 | 321419125 | 735 | 897065375 | 0 | 0a T sebmato 35 ITRORITIOL, T aue S EEER0NC N ‘
536 | 153990656 [ 583 | 201230056 | 636 | 257259456 | 686 | 322828856 | 1736 | 398688256 || 785 | 483736625 835 | 582182875 | 885 | 603154125 | 935 | 817400375 | 985 | 955671625

537 | 151854153 | 5837 | 202262003 | 687 | 258474853 | €87 | 324242703 | 737 | 400315508 s o 986 | 05858026
538 | 155720872 | 588 | 203207472 | 638 | 250604072 | 688 | 325660672 | 738 | 401043999 B | oiono | S50 | DBdzTUONG | 896 | GOOGOASE [ 936 890025858 5

it ; : 10 2 7 822656953 | 987 | 961504803 ||
530 | 156500819 | 589 | 204336460 | 639 | 260917119 | 680 | 327082760 | 739 | 403583419 (| T | 8309800 838 Sastaois | sa8 70029707 | 938 | Spaooscs | o8 964430212
I 7036019 | 989 | 967361669 ||
s | 17igim0 | 599 | 20507000 w0 | azreioo | o azssonono | a0 soszim 789 | 491169069 | 839 | 500580719 | 889 | 702595360 | 939 | 827936019 ‘
541 | 158340421 206425071 263374721 320939371 | 7 406869021 || 2 7 00 | 980 | 970299000
542 | 150220088 | 593 | 207474688 | 642 | 204000288 | 692 | 331373ses | a2 | i0ssisess o1 | ioio15070 | 813 | soraomemy | oy | Jornenoot | 40 | Sa0ceion0 | %y | orssaons I
543 160103007 593 208527857 643 265847707 693 332812557 743 410172407 792 496793088 849 506047683 892 700732288 942 835806888 992 976191488 |
544 | 160089184 | 594 | 200584584 | 644 | 267089984 ( 694 | 334255384 | 744 | 411830784 || 793 | 498677257 | 843 | 500077107 | 893 | 712121957 | 943 | 838561807 | 993 97914eegz
994 | 9821077
s | ol | 05 | susuers s | amonoizs | oo sagmonans | s sty | 794 | 500566184 | 844 | 601211584 | 894 | 714516084 | 944 | 841232384 I
162771336 211708736 269586136 337153556 | 17 415160936 || 2450875 : 7 25 | 995 | 985074875
547 | 163667323 | 597 | 212776173 | 647 | 270840023 | 697 | 338608873 | 747 | 416832798 R | o | el B s s R (LS ‘
548 164566592 598 213847192 648 272007792 698 340068392 748 418508992 | 797 506261573 847 | 607645423 897 791734973 47 849278123 997 991026973
549 | 165469140 | 599 | 214921700 | 649 | 273359450 | 699 | 341532000 | 749 | 420189740 || 708

508169502 848 | 609800192 | 898 | 724150792 | 948 | 851971392 998 994 011992 |
! 789 | 510082399 849 | 611960049 899 | 726572699 949 | 854670349 999 997002999 :
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REDPATH, BROWN & CO, LIMITED:
CUBES OF NUMBERS AND FRACTIONAL
PARTS.
| No| O % 1 3 3 £ - % No.
| 0 0019 0156 0527 1250 2441 4219 6609 | 0
| 1 1 1424 1053 2:600 3:375 4201 5359 6592 | 1
| 2 8 9506 | 11391 | 13396 | 15625 18:088 20797 23764 | 2
| 3 27 30518 | 34328 | 88443 | 42875 47635 52734 58186 | 3
4 64 70189 | 76766 | | 83740 | 01125 | 98032 | 107172 | 115857 | 4
! 5| 125 | 134611 | 144703 | 155287 | 166375 | 177079 | ‘190109 | 202779 | 5
| 6| 216 | 220783 | 244141 | 250084 | 274625 | 200775 | 807547 | 3240051 | @
| 7| 343 | 361705 | 381078 | 401131 | 421875 | 443322 | 465484 | 488373 | 7
8| 512 | 536377 | 561516 | 587428 | 614125 | 641619 | 669922 | 699045 | 8
9| 720 | 750799 | 701453 | 823975 | 857375 | 801666 | 926:859 | 962:967 | 9
10| 1000 | 108797 | 107680 | 111677 | 115762 | 119946 | 124280 | 128614 | 10
| 11| 1331 | 137680 | 1423:83 | 147182 | 152087 | 157101 | 1622:23 | 167456 | 11
l 12 | 1728 | 178256 | 1838'27 | 189511 | 195312 | 2012:31 | 207267 | 213423 |42
13| 2197 | 226099 | 232620 | 239266 | 2460:37 | 252035 | 250961 | 267115 |13
i 14| 2744 | 281816 | 280364 | 207046 | 304862 | 312815 | 320005 | 3201-33 | 44
[ 15 | 3375 | 346008 | 354658 | 363451 | 372387 | 381470 | 300698 | 400075 | 15
i
16 | 4006 | 419275 | 420102 | 430080 | 449212 | 450499 | 460942 | 480542 | 18
17| 4913 | 502217 | 513295 | 524535 | 535087 | 547504 | 5502:36 | 571134 | 47
18 | 5832 | 595435 | 6078:39 | 620415 | 633162 | 646084 | 650180 | 672451 |18
19| 6859 | 609527 | 7183:33 | 727319 | 7a14-87 | 755838 | 770373 | 7sso0r |19
I 20 | 8000 | 815094 | 830377 | 845849 | ge1512 | 877368 | 803417 | 909661 |20
21| 0261 | 942736 | 950570 | oveeos | go3ea7 |101127 | 102801 | 104675 | 24
22 | 10648 |10830'5 |110151 |112018  |113006 | 115815 | 11774'5 | 119697 | 22
23| 12167 |123665 |125681 |127719  |120779 | 131861 | 133065 | 136091 | 28
24 | 13824 |14041-1 [ 142605 | 144822 | 147061 | 149324 | 151600 | 153018 | 24
25 | 15625 |158605 |16098'5 | 163387 |165814 | 168264 | 170730 |173237 |25
26 | 17576 |178307 |180879 |183475 |186006 | 188742 | 101413 | 1941090 |26 |
\ 27 | 19683 |199576 |202348 | 205146 |207069 | 210818 | 213692 | 216503 |27
28 | 21052 |222473 |22545'3 [ 228450 |231491 | 234551 | 237637 | 240750 |28 |
20 | 21380 |247057 | 250252 | 253474 | 256724 | 260001 | 263306 | 266630 | 29
30 | 27000 |27338'9 | 276806 | 280252 |28372:6 | 287220 | 200760 | 204321 |0
468

REDPATH, BROWN & CO., LIMITED.

CUBES OF NUMBERS AND FRACTIONAL

PARTS.

o 0 1 1 £ 3 ] i % No.
31 29791 | 30152'8 305176 308853 312559 316294 320060 | 323855 31
32 32768 | 331535 | 335420 | 339336 343281 347257 351264 | 35530'2 32
33 35937 363469 367600 37176-1 375954 38017-8 384434 | 388721 33
34 39304 | 397391 401774 40618'9 410636 41511'6 419628 | 42417'3 34
35 42875 | 43336'0 | 438003 44267-9 447389 452131 456907 461717 35
36 46656 | 471437 | 476348 48129-2 48627-1 491284 496332 50141°4 36
37 50653 | 511681 516867 522088 527344 53263'5 537961 54332:3 37
38 54872 | 55415'3 559621 565126 570666 57624:3 581856 .| 58750'5 38
39 59319 | 59891-2 604671 610466 616299 62216'8 628075 | 634019 39
40 64000 | 646019 652075 658169 664301 670471 676679 68292'5 40
4“ 68921 69553°3 70189'5 708295 714734 72121-2 72772:9 | 734285 4“1
42 74088 | 747515 754189 76090°3 767656 774450 781283 | 788156 42
43 79507 | 802024 | 809018 816053 823129 83024'5 837402 | 844601 43
44 85184 | 859121 86644-3 873806 881211 888658 89614'7 903677 44
45 91125 | 918865 [ 92652:2 934222 941964 94974'8 957576 96544°6 45
46 97336 | 981317 989316 997360 100545 101358 102175 102997 46
47 103823 104654 105489 106328 107172 108020 108873 108730 47
48 110592 111458 112329 113204 114084 114968 115857 116751 48
49 117649 118552 119459 120371 121287 122209 123134 124065 49
50 125000 125940 126884 127834 128788 129746 130710 131678 50
51 132651 133629 134611 135599 136591 137588 138590 139596 51
52 140608 141624 142646 143672 144703 145739 146780 147826 52
53 148877 149933 150994 152060 153130 154206 165287 156373 53
54 157464 158560 159661 160767 161879 162995 164117 165243 54
55 166375 167512 168654 169801 170954 172112 173274 174443 55
56 175616 176795 177979 179168 180362 181562 182767 185977 56
57 185193 186414 187640 188872 190109 191352 192600 193853 57
58 105112 196376 197646 198921 200202 201488 202779 204076 58
59 205379 206687 208001 209320 210645 211975 213311 214663 59
80 216000 217353 218711 220075 221445 222821 224202 225488 60

469




REDPATH, BROWN & CO., LIMITED.

CIRCUMFERENCES OF CIRCLES.

Diam. 0 3 1 3 3 3 3 % Diam,

0 3927 *7854 1-178 1571 1963 2:356 2:749 0

1 3142 3534 3:927 4:320 4712 51056 5498 5890 1

2 6283 6'676 7069 7461 7°854 8247 8639 9032 2

3 9425 9817 10210 10603 10996 11-388 11-781 12-174 3

4 12'566 12:959 13:352 13-744 14-137 14:530 14923 15315 4

5 15'708 16:101 16493 16886 17-279 17-671 18:064 18457 5

6 18:850 19:242 19635 20028 20420 20813 21206 21598 6

7 21991 22:384 22:777 23169 23562 23955 24-347 24:740 7

8 25133 25'525 25918 26311 26704 27096 27489 27-882 8

9 28274 28667 29060 29452 29-845 30238 30631 31:023 9
10 31'416 31809 32:201 32:594 32:087 33:379 33772 34'165 10
11 34558 34:950 35343 35736 36128 36521 36:914 37306 1
12 37699 38:092 38485 38877 39:270 39663 40°055 40448 12
13 40841 41-233 41626 42:019 42:412 42:804 43197 43590 13
14 43982 44-375 44-768 45160 455563 45946 46:338 46731 14
15 47124 47517 47:909 48302 48695 49087 49-480 49-873 15
16 50265 50658 51051 51444 51:836 52:229 52622 53:014 16
17 53407 53:800 54+192 54585 54978 55'371 55763 56156 17
18 56549 56941 57°334 57727 58119 58512 58'905 59-298 18
19 59'690 60083 60476 60-868 61-261 61654 62:046 62439 19
20, 62832 63:225 63617 64:010 64-403 64:795 65188 65581 20
21 65973 66°366 66759 67152 67-544 67937 68330 68722 21
22 69115 69-508 69:900 70°293 70686 71:079 71471 71-864 22
23 72257 72:649 73:042 73435 73827 74:220 74°613 75'006 23
24 75398 75791 76184 76:576 76969 77362 77754 78147 24
25 78'540 78'933 79325 79718 80111 80'503 80896 81-289 25
26 81681 82:074 82467 82:860 83252 83'645 84038 84430 26
27 84:823 85216 85608 86001 86394 86786 87179 87572 27
28 87:065 88:357 88750 89-143 89°535 89:928 90321 90713 28
29 91-106 91-499 91-892 92-284 92-677 93070 93462 92855 29
30 94-248 94640 95°033 95426 95819 96:211 96:604 96:997 30
31 97:389 97'782 98175 98567 98-960 99353 99746 10014 31
32 10053 100-92 10132 101-71 10210 102-49 102:89 10328 32
33 10367 10407 10446 104:85 10524 10564 106'03 10642 33
34 10681 107-21 107-60 107°99 108-38 10878 10917 109-56 34
35 109-96 11035 110°74 111-13 111°53 111-92 112:31 112:70 35
36 113-10 113-49 113-88 114:28 114°67 115°06 11645 11585 36
37 116'24 11663 117:02 117:42 117-81 118:20 11860 11899 37
38 119-38 11977 12017 12056 12095 121°34 12174 12213 38
39 12252 122:01 123:31 123:70 124-09 124+49 124-88 12527 39
40 12566 12606 12645 126-84 127-23 12763 128:02 12841 40
41 12881 12920 12959 129-98 13038 13077 131°16 13155 4“
42 13195 132-34 13273 133-12 13352 13391 134-30 134:70 42 ||
43 13509 13548 13587 13627 13666 137:05 13744 137-84 43
44 13823 13862 139:02 139+41 139-80 14019 14059 14098 4“4 ||
45 141:37 14176 142-16 14255 14294 143-34 14373 144-12 45. ||
46 144-51 144+01 14530 145'69 14608 146148 14687 147-26 48 |
A7, 147:65 14805 148-44 148'83 149-23 149:62 15001 15040 a1
48 15080 151-19 151°58 15197 152:37 15276 15315 153'55 48 |
49 15394 154-33 15472 15512 155651 15590 156-29 156169 49
50 157:08 157-47 157:86 158:26 15865 159:04 159-44 159-83 50 |

L
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REDPATH, BROWN & CO., LIMITED.

CIRCUMFERENCES OF CIRCLES.

0 ¥ 1 $ b3 ) i 3
16022 16061 161-01 16140 16179 16218 162:58 16297
16336 16376 16415 164'54 164:93 165'33 165772 166-11
166:50 16690 167-29 16768 16808 16847 16886 169-25
16975 170°04 17043 170-82 171-22 171°61 172:00 17239
172:79 173-18 17357 173:97 174:36 174'75 17514 17554
17593 17632 176'71 17711 177-50 177-89 17829 178:68
179:07 179-46 179-86 18025 180-64 18103 18143 181-82
182-21 18261 183-00 183-39 183-78 184'18 184°57 184:96
18535 18575 186'14 18653 186:92 187-32 18771 18810
18850 18889 189-28 18967 19007 19046 190856 191-24
19164 192:03 192:42 192:82 193-21 193:60 193-99 194-39
194-78 19517 195'56 19596 19635 19674 197-13 197'53
197-92 19831 19871 199:10 199-49 199-88 20028 20067
201°06 20145 201-85 202:24 20263 20303 20342 20381
204:20 204'60 20499 20538 20577 20617 20656 206:95
207°35 20774 20813 20852 20892 20931 20970 21009
21049 210-88 211-27 211-66 21206 21245 212:84 213-24
21363 21402 214-41 214-81 21520 21559 21528 21638
216'77 21716 217°56 21795 218'34 21873 21913 219'52
21991 22030 22070 22109 22148 221-87 222:27 22266
22305 22345 223-84 224:23 224°62 22502 22541 22580
22619 226:59 226:98 22737 22777 22816 22865 22894
22934 22973 23012 23051 23091 231-30 23169 232:C9
23248 23287 23326 23366 234:056 23444 234:83 23523
235'62 23601 23640 236:80 237-19 23758 23798 23837
23876 23915 23955 239:04 24033 24072 241-12 24151
24190 242:30 24269 243:08 243-47 243-87 24426 244-65
24504 24544 245'83 246°22 246'62 247-01 24740 247°79
24819 248'58 24897 24936 24976 25016 25054 25093
251+33 251'72 25211 25251 252:90 253:29 253'68 25408
254+47 254'86 25525 25565 25604 25643 25683 257:22
257'61 25800 25840 25879 259'18 259-57 25997 26036
26075 26114 261°54 26198 262:32 262:72 263°11 26350
26389 26429 26468 265'07 265'46 26586 26625 266-64
267°04 26743 267:82 26821 26861 269:00 269-39 26978
27018 27057 27096 271-36 27175 272:14 272:53 27293
273:32 27371 27410 274:50 274:89 27528 27667 27607
276'46 276'85 277°25 27764 27803 27842 27882 27921
27960 279:99 28039 28078 28117 28157 28196 28236
28274 28314 28353 28392 284:31 28471 28510 28549
285'88 28628 28667 28706 28746 28785 28824 28863
28903 28942 28981 29020 29060 29099 29138 29178
292-17 292°56 292:95 29335 29374 294-13 29452 20492
29531 29570 29610 29649 29688 297-27 297°67 20806
29845 298'84 29024 29963 30002 30041 30081 301-20
30159 30199 302:38 30277 30316 30356 30395 304-34
30473 305613 30552 30591 30631 30670 307:09 30748
307:88 30827 30866 30905 30945 309:84 310'23 31062
311-02 311441 311-80 312:20 31259 312:98 313:37 31377
314'16 314'55 31494 31534 315'73 31612 31652 31691




REDPATH, BROWN & CO, LIMITED.

—

Diam. 0 3 1 3
0 0123 0491 1104
1 7854 *9940 1:227 1485
2 3142 3547 3976 4430
3 7-069 7670 8:296 8946
4 12:566 13364 14-186 15:033
5 19'635 20629 21648 22691
(] 28274 29-465 30680 31919
7 38485 39-871 41-282 42718
8 50265 51849 53456 55'088
9 63617 65397 67-:201 69-029
10 78540 80516 82:516 84'541
11 95033 97:205 99-402 10162
12 113-10 11547 117-86 12028
13 13273 13530 137-89 140°50
14 15394 156-70 159'48 162:30
15 176'71 179:67 18265 18566
16 20106 20422 207-39 21060
17 22698 23033 23371 237°10
18 25447 258:02 25159 26518
19 23353 287-27 291-04 294'83
20 314-16 31810 322:06 32605
21 34636 35050 354'66 35884
22 38013 38446 38882 393:20
23 41548 42000 424'56 42913
24 452-39 457"11 461-86 46664
25 49087 495'79 50074 50571
26 53093 536:056 54119 546:35
27 57258 577°87 58321 58857
28 61575 621°26 62680 63236
29 660°52 66523 67196 67771
30 706°86 712:76 718'69 724:64
31 75477 76087 76699 77314
32 80425 81054 81686 82321
33 85530 861:79 85831 874'85
34 907-92 91461 921°32 92806
35 93211 969-00 975'91 982-84
36 10179 10250 10321 10392
37 10752 10825 10898 10971
38 11341 11416 11491 11566
39 11946 12023 12100 1217:7
40 12566 12645 12724 12803
a4 13203 13283 1336-4 13445
42 13854 13937 14020 14103
43 1452-2 14607 14691 14776
44 1520'5 1529-2 1537'9 15466
45 15904 1599-3 16082 16170
46 16619 16709 16800 16891
47 17349 17442 1753'5 17627
48 18026 1819'0 18285 18379
49 18357 18954 19050 19147
50 19635 1973-3 19832 19931

CIRCLES.
3 % e % | Diam.
1963 *3068 4418 6013 0
1767 2:074 2405 2:761 1
4909 5412 5940 6492 2
9621 10321 | 11045 11793 3
15'904 16:800 17-721 18665 4
23758 24:850 25967 27+109 5
33183 34:472 35785 37:122 ()
44179 45664 47173 48707 7
56745 58426 60132 61-862 8
70882 72760 74:662 76589 9
86590 88664 90763 92:886 | 10
10387 10614 10843 11075 1
12272 12519 127°68 130-19 12
14314 14580 14849 15120 13
16513 16799 17087 17378 14
18869 19175 19483 197-93 15
213-82 21708 22035 22365 16
24053 24398 24745 25095 17
23880 272:45 27612 279-81 18
29865 30249 30635 31024 19
33006 33410 33816 342:25 20
363°05 367-28 371'54 375'83 21
39761 402-04 40649 41097 22
43374 43836 443:01 44769 23
47144 476'26 481-11 48598 24
51071 51572 52077 52584 25
55155 55676 | 562-00 567-27 26
59396 59937 60481 61027 o1
637°94 643:55 649'18 654'84 28
68349 68930 69513 70098 29
73062 736'62 742:64 748:69 30
77931 785'51 79173 797-98 31
9'58 835'07 812:39 81883 32
1:41 888:00 | 89462 90126 33
934'82 941-61 04842 95525 34
939:80 996:78 | 10038 1010'8 35
10463 10535 10607 10680 36
11045 11118 11192 11267 37
11642 11717 11793 11869 38
12254 1233:2 12410 12488 39
12882 129-62 13042 1312:2 40
18527 13608 13690 1377-2 41
14186 1427:0 14354 14438 42
1486'2 14947 1503'3 1511'9 43
1555'3 15640 15728 1581'6 4
16260 16349 16439 1652:9 45
16982 | 17074 1716'5 172577 46
17721 17814 17908 1800°1 41
1847°5 1857°0 1866°5 18761 48
19244 19342 19439 19537 49
20030 20129 | 20228 | 20328 50

—————t e e

REDPATH, BROWN & CO., LIMITED.

AREAS OF CIRCLES.

0 2 3 Diam
20428 20528 20629 20730 20831 20932
] ; 2103-3 2113
st | ame | s | s | mms | mEl | md ) A | 8
22902 23008 2311~5 2322:1 2332:8 234 5 25505 28680 P
2375'8 23866 23975 24083 24192 2433-? giﬁf 5222.8 gg
24630 2474°0 24850 24961 25072 2518'3
J : ; 25294 2540'6 6
323.21; ggggg 3574.2 25854 25967 26080 26194 26307 g'l
et 3 664°9 2676:4 26878 2699'3 27109 27224 58
2 27456 27572 2768'8 27805 27922 28039 28157 59
274 28392 2851:0 28629 2874°8 2886'6 28986 29105 60
20225 2034'5 20465 2958'5 29706 20827 g 3 '
30191 3031'3 30435 30557 30680 30% -3 gggé-g gggg-g g;
g%g 31206 3})42-0 3154'5 31669 31794 31919 32044 63
g 32296 32422 32548 32675 32801 32928 3305'6 64
33311 33439 33567 33696 33824 33953 34082 65
3421°2 34342 34472 34602 3473-2 34863
DA 349 ; |
35257 35388 35520 35652 35785 35917 3602'3 gggg g"sl
36317 3645°0 36584 36718 3685'3 36987 37122 37257 68
37393 37528 37664 37800 37937 3807-3 3821°0 38347 69
3848'5 3862'2 3876:0 38898 39036 3017'5 30314 30453 70
39592 39731 30871 40011 40152 40292 ; .
40715 40857 4099'8 4114:0 41282 4142°5 fl)ég'g 1'(1)?;-% %
41854 41997 4214-1 42285 42429 42574 42718 42863 73
ﬁ(l)o.s 43154 43299 43445 43592 4373'8 43885 44032 74
79 4432:6 44474 4462:2 44770 4491-8 45067 4521'5 75
45365 45514 45664 4581-3 45963 4611+4 4626 :
46566 4671°8 46868 4702:1 47173 47325 474% i%é-i ;g
47784 47937 48090 48244 48398 48552 | 48707 48862 78
49017 4917°2 49327 49483 49639 4979'5 4995°2 5010'9 79
5026'5 5042:3 50580 50738 50896 51054 51212 51371 80
51530 51689 51849 52008 5216'8 5232:8 | ' 5248 ;
52810 52971 5313-3 53294 53456 5361'8 5373-? ggg:-g S;
54106 54269 5443-3 54596 5476:0 5492+4 5508'8 55253 83
55418 55583 5574'8 55914 56079 5624'5 56412 5657'8 84
56745 5601-2 5707°9 5724'7 57415 57583 57751 57919 85
5808'8 58257 58426 58596 58765 58935 X :
59447 5961'8 59789 59960 6013-2 60304 ggigg 23%1-8 5‘;
60821 60994 61167 6134'1 61514 6168'8 6186:2 62037 88
62211 6238'6 6256'1 62737 6291-2 6308'8 63264 63441 89
63617 63794 6397-1 6414-9 64326 645074 6468°2 6486:0 90
65039 6521'8 65397 6557°6 65755 65935 6611
. 5 ;
6647°6 66657 66338 67019 67201 67382 67564 2?%2.2 gé
67929 68112 68295 6847-8 68661 68845 69029 6921-3 93
69398 69582 69767 6995°3 70138 70324 7051°0 70696 94
70882 71069 71256 7144:3 71630 7181°8 72006 72194 95
72382 72571 72760 72949 73138 | 73328 7351 ;
;ggg:g 74089 74280 7447°1 74662 74853 7%31-? ;g;gg gg
el 7562:2 7581'5 76008 | 76201 76395 76589 76783 98
o 77171 77366 77561 77756 7795'2 7814'8 78344 99
0 78736 7803-3 7913:0 79327 79525 79722 7992:0 | 100




REDPATH, BROWN & CO, LIMITED.

USE OF THE MATHEMATICAL TABLES

(pages 442 to 463).

LOGARITHMS AND ANTILOGARITHMS
(pages 442 to 445).

)

The logarithm or “log ™ of a number consists of an integer and a decimal.

The Integral Part is referred to as the Index ; and is determined
by the following rules :—

Rule (@) Tf the number whose log is required contain one or more integral
figures the index is always less by one than the number of integral figures
in the number and is always positive.

Rule (b) If the number is wholly a decimal the index is numerically
greater by one than the number of ciphers after the decimal point and is always
negative.

The Decimal Part of a log is called the Mantissa and is found from the
Tables, pages 442 and 443.

To riND THE LOoG OF A GIVEN NUMBER OF 4 DIGITS.
Ascertain index by rules (a) or (b) above.

Rule (c) To find mantissa, find the first two digits of the given number in
left hand column. Pass along horizontal line and read number in vertical line
headed by third digit. Add the number in the same horizontal line in the
“ Mean Differences ” column headed by the fourth digit. The result is the
required mantissa which, with the index and decimal point prefixed, is the
required log.

E’xamﬂcs—

(1) Required log 4875°0.

There are 4 figures before decimal point .’. index
From log tables

3
6875
4

LI

Diffel:ence for 5

log 48750 =3:6879
(2) Required log *04875.
There is 1 cipher after decimal point ., index
From log tables ; s 487
Difference for 5

2 (i.e.—2).
*6875
4

(I

log *04875 —2+6879 I
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Loas AND ANTILOGS—(continued).

Negative Index.—Note that the mantissa of a log is always posxtwe;
hence the log of a decimal is the algebraic sum of a positive mantissa an
negative index. Thus:— <

2-6879="6879—2.

ANTILOGARITHMS
(pages 444, 445).

mber corresponding

Having obtained the log of any expression, to find the nu ol nho

to this log use the antilog tables in a similar manner to that des

Nore.—In referring to the antilog tables the ind=x of the.f!"’e“_»“’g ;"“‘?eg;’:
to be considered, only the mantissa being used. Having obtamedhtheosﬁgon =
of figures corresponding to the latter, the index is used to fix e p .
the decimal point by the converse of Rules (@) and (b).

Examples— =
(3) Find number corresponding to the log 5:6879.
From antilog tables number=4875.
Number: of figures=(index-1)=5-1=6.
. Required number=487,500.
(4) Find number corresponding to the log 3:5503.
From antilog tables number=3551.
Number of ciphers=(index—1)=3—1=2.
‘. Required number=-003551.

To PERFORM MULTIPLICATION BY USE OF LOGS.

Rule (d) Add the logs of the factors.
Ezample (5)—Required 3-551 X *04875.
log 3:551 =0"5503.
log *04875=26879

Sum=1-2382  (Note manipulation of indices.)
Product=antilog of sum.
=-L732.

To PERFORM DIVISION BY USE OF LOGS.

ivi - [ The
Rule (e) Subtract the log of the divisor from the log of the dividend

remainder is the log of the quotient.
Ezample (6)—Required 3551 4875
log *3551 =1+5503

log 48:75=16879 Jation of negative

nipu
(Note manip Tiioenl)

Remainder =38624
Quotient =antilog of remainder.
— 1007285.
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L.oes AND ANTILOGS—(continued).

To FIND ANY POWER oF A NUMBER BY USE OF LOGS.

Rule (f) Multiply the log of the number by the exponent of the power to
which it is to be raised. This gives the log of the required power.

Eaxample (7T)—Required (3:551) 4
log 3:551 =0°5503.
X 4 4
Product =22012
Power=antilog of product
=1590.

To FrIND ANY RooT oF A NUMBER BY USE OF LoGS

Rule (g) Divide the log of the number by the exponent of the root which is
to be extracted. This gives the log of the required root.

3
Example (8)—Required /4875
log 4:875=0°6879

Quotient =Q‘—63§Z?=(l 2293
Root=antilog of quotient
=1"695.

Example (9)—Required +/*004041.
log "004041 —3-6065.

=0'6065—3. (Note manipulation of indices.)
=2'6065—5.
w{f_‘* —05213—1.

Quotient =I15213.
Root =antilog of quotient.
=0-3321.
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MATHEMATICAL TABLES—(continued).

TRIGON OMETRICAL TABLES
(pages 446 to 457).

The tables of sines, cosines, etc., give the required function for any angle
less than 90°.

The method of using the tables is similar to that described for logs.

In the sine and cosine tables the decimal point i. not shown, as all
values are less than unity.

Care must be taken that in using th> cosine, cosecant, and cotangent
tables for an angle containing an odd number of minutes, the mean difference be
subtracted, not added as in the other tables.

In the tangent, cotangent, cosecant, znd secant tables, the
decimal point is shown in the first column only, except in the cases where
the variation of the function is so rapid that an approximate value only can
be given. The integer (if any) is also given in the first column. The
latter is to be prefixed to all values in the corresponding horizontal line with the
followng exception :—

Rule (5) Where values in any of the horizontal lines are printed in italics the
integer to be prexed is—
(@) When differences have to be added, greater by one than the number
in the left hand column corresponding.
(b) When the differences have to be subtracted, less by one than the
number in the left hand column corresponding.

Example (10)—Required  tan 63° 25
From tables tan 63° 24’=1-9970
Difference for 1’= 15

tan 63° 25’'=1-9985
Ezxample (11)—Required tan 63° 32°.
In the tables opposite 63° and under 30’ read 0057.
Corresponding integer in first column is 1.
.. tan 63° 30'=20057
Difference for 2'= 29

tan 63° 32'=20086

Note that the addition or subtraction of the difference for odd minutes
oceasionally causes the alteration of the corresponding integer as in example (12).

Ezample (12)—Required tan 63° 27"
From tables, tan 63° 24’=1-9970
Difference for 3’'= 44

.. tan 63° 27'=2°0014
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MATHEMATICAL TABLES—(concluded).

SQUARES AND SQUARE ROOTS
' (pages 458 to 463).

The Tables of Squares afford a rapid means of finding approximately
the square of any number from 1 to 9999.

The tables are used as previously described for logs. The position of the
decimal point is fixed by a rough mental calculation.
Eaxample (13)—Required (98°3)%
Opposite 9'8 and under 3 read 96°63.
Now 98:3=10x9-83. .".(98°3)2=102%(9'83)2=100 X 96°63.
=9663.

Tables of Square Roots. It will be noticed that two tables of square
roots are given.

Rule (i) TABLE 100 to 9999 (pages 460, 461) will be used :—

- (a) for the square root of a number greater than unity if the number of
digits before the decimal point is odd ;

(b) for the square root of a number less than unity if the number of
ciphers after the decimal point is odd.
Rule'(k) TABLE 1000 to 9999 (pages 462, 463) will be used :—

(¢) for the square root of a number greater than unity if the number of
digits tefore the decimal point is even ;

(d) for the square root of a number less than unity if the number of
ciphers after the decimal point is zero or even.

A rough mental calculation will enable the position of the decimal point in
the square to be fixed.

Examples—
(14) Required /9831
There are 3 digits before point, .. Table 100 to 9999 is used.
Square Root=31"35.
(15) Required /-09831
There is one cipher after point, .". same Table is used.
Square Root="3135.
(16) Required /9831
There are 2 digits before point, .. Table 1000 to 9999 is used.
Square Root=9-915.
(17) Require@ A/*9831

There are no ciphers after point, ., same Table is used.
Square Root="9915.
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DECIMALS OF AN INCH FOR EACH 1 /64th.

1/32nds | 1/64ths Decimal |Fraction | 1/32nds | 1/64ths 3 Decimal  |[Fraction
1 015625 33 *515625
1 2 *N3125 17 34 53125
3 *046875 35 546875
2 4 0625 1—16 18 36 5625 9—16
5 078125 - |- 37 578125
3 6 09375 19 38 *59375
7 109375 39 609375
4 8 125 1—8 20 40 625 5—8
9 140625 41 640625
5 10 15625 21 42 65625
11 171875 43 671875
6 12 1875 3—16 22 44 *6875 11—16
13 *203125 45 *703125
7 14 21875 23 46 71875
15 234375 47 “734375
8 16 25 1—4 24 48 75 3—4
17 265625 49 *765625
9 18 28125 25 50 “78125
19 *296875 51 796875
10 20 3125 5—16 26 . 52 8125 13—16
21 *328125 53 828125
11 22 *34375 27 54 84375
23 359375 55 *859375
12 24 375 3—8 28 56 -875 7—8
25 390625 57 890625
13 26 40625 29 58 *90625
Oirf *421875 59 921875
14 28 4375 7—16 30 60 93756 15—16
29 *453125 61 953125
15 30 *46875 31 62 *96875
31 *484375 63 984375
16 32 5 1—2 32 64 q1* 1
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REDPATH, BROWN & CO., LIMITED.
DECIMALS OF A FOOT.
For each 1/64th of an inch.
l. n Cl\ OII 1// 2/[ 3[/ 4// 5” 6// 7// 8// 9// 10” 1 1/[
0 -0833 | -1667 | '2500 | *3333 | 4167 | 5000 | ‘5833 | 6667 | 7500 | 8333 | ‘9167
N ‘0013 | -0846 | -1680 | +2513 | 3346 | ‘4180 | '5013 | ‘5846 | ‘6680 | 7513 | 8346 | 9180
o :0026 | -0859 | 1693 | *2526 | 3350 | +4193 | +5026 | ‘5859 | ‘6693 | ‘7526 | ‘8359 | ‘9193
& | 10039 | 0872 | 1706 | 2539 | -3372 | +4206 | '5089 | ‘5872 | '6706 | 7530 | ‘8372 | 0206
s | -0052 | 0885 | -1719 | -2552 | -3385 | -4219 | -5052 | ‘5885 | 6719 | 7552 | '8385 | 9219
<5828

& ‘0085 | ‘0898 | 1732 | *2565 | -3398 | *4232 | ‘5065 | H%8& | 6732 | 7565 | 8398 | 0232
P ‘0078 | ‘0011 | -1745 | -2578 | -3411 | -4245 | -5078 | ‘5911 | ‘6745 | ‘7578 | ‘8411 | 9245
7 | 0001 | -0924 | 1758 | -2501 | 3424 | 4258 | -5091 | 5924 | '6758 | ‘751 | 8424 | -9258

§ | 0104 | 0037 | <1771 | 2604 | -3487 | -4271 | ‘5104 | -5937 | 6771 | 7604 | *8437 | -9271

X ‘0117 | -0951 | *1784 | 2617 | *3451 | -4284 | '5117 | *5951 | ‘6784 | 7617 | ‘8451 | ‘0284
i <0130 | 0964 | *1797 ( 2630 | -3464 | -4207 | 5130 | -5964 | ‘6797 | 7630 | ‘8464 | -9207
1 | 0148 | -0977 | -1810 | 2643 | -3477 | 4310 | ‘5143 | -5977 | ‘6810 | ‘7643 | ‘8477 | ‘9310
7 | 0156 | -0990 | 1823 | -2656 | 3490 | 4323 | -5156 | 5090 | 6823 | -7656 | 8490 | -9323

1 ‘0169 | 1003 | -1836 | 2660 | '3503 | 4336 | ‘5169 | ‘6003 | '6836 | -7669 | 8503 | 9336
o -0182 | +1016 | -1849 | 2682 | “3516 | -4340 | ‘5182 | ‘6016 | ‘6849 | 7682 | 8516 | 9349
43 | 0195 | 1029 | -1862 | -2605 | 3529 | -4362 [ 5195 | -6029 | -6862 | 7695 | 8529 | ‘9362
} | -0208 | <1042 | -1875 | -2708 | -3542 | 4375 | 5208 | -6042 | -6875 | 7708 | ‘8542 | 9375

[ -0221 | -1055 | -1888 | -2721 | '3555 | -4388 | '5221 | ‘6055 | ‘6888 | -7721 | '8555 | 9388
s -0234 | 1068 | 1901 | -2734 | '3568 | 4401 | ‘5234 | 6068 | ‘6901 [ 7734 | ‘8568 | 0401
13 | 0247 | 1081 | -1914 | 2747 | *8581 | -4414 | -5247 | '6081 | -6914 | -7747 | ‘8581 | ‘0414
% | 10260 [ <1094 | -1927 | -2760 | 3594 | -4427 | 5260 | ‘6094 | 6927 | 7760 | ‘8594 | -c427

3 0273 | 1107 | -1940 | -2773 | *3607 | 4440 | -5273 | 6107 | -6940 | -7773 | -8607 | ‘9440
i “0286 | 1120 | -1953 | 2786 | '3620 | 4453 | -5286 | ‘6120 | ‘6953 | 7786 | 8620 | ‘2453
# | 0200 | <1183 | -1966 | -2799 | 3633 | -4466 | -5200 | 6133 | ‘6966 | -7799 | ‘8633 | 0466 |
i | -0312 | -1146 | 1079 | -2812 | -3646 | 4479 | ‘5312 | 6146 | '6979 | ‘7812 | ‘8646 | 9479

3 0326 | 1159 | +1992 | -2826 | '3659 | 4492 | -5326 | 6159 | -6992 | 7826 | -8659 | 9402
i3 -0339 | -1172 | -2005 | -2830 | *3672 | 4505 | ‘5339 | 6172 | 7005 | 7839 | -8672 | ‘9505
23 | ‘0352 | 1185 | -2018 | +2852 | '3685 | 4518 | +5352 | 6185 | 7018 | 7852 | -8685 | ‘9518

7 | ‘0365 | -1198 | '2031 | 2865 | *3698 | 4531 | 5365 [:°6198 | 7081 [ 7865 | '8698 | ‘9531

#2 20378 | -1211 | ‘2044 |.-2878 | 8711, | -4544 (5878 | -6211 | *7044 | -7878 | ‘8711 | ‘9544
33 -0391 | -1224 [ 2057 | -2891 | -3724 | 4557 | -5391 | -6224 | -7057 | 7891 | -8724 | ‘9557
31 | -0404 | 1237 | -2070 | -2904 | -3737 | -4570 | ‘5404 | 6237 | 7070 [ -7904 | -8787 | 9570

REDPATH, BROWN & CO, LIMITED.
For each 1/64th of an inch.
Iﬂ(_‘h i OII 1// 21/ 3// 4" 5/[ 6// 7// ‘ 8)[ 9/’ 1 0/[ 1 1 ”
] ‘0430 | 1263 | -2096 | -2930 | -3763 | ‘4596 | ‘5430 | ‘6263 | 7096 | 7930 | -8763 | ‘9596
1 ‘0443 | 1276 | *2109 | '2043 | '3776 | 4609 | ‘5443 | '6276 | 7109 | 7943 | -8776 | ‘9609
35 | -0456 | -1289 | -2122 | -2056 | -3789 | -4622 | -5456 | 6289 | 7122 | 7956 | ‘8789 | 9622
Yo | 10469 | -1302 | -2135 | *2969 | -3802 | -4635 | 5469 | '6302 | -7135 | 7969 | ‘8802 | -9635
A 0482 | *1315 | -2148 | -2982 | '3815 | -4648 | ‘5482 | '6315 | 7148 | <7982 | -8815 | 0648
13 ‘0495 | 1328 | *2161 | -2995 | 3828 | 4661 | -5495 | 6328 | -7161 | ‘7995 | -8828 | -0661
23 | "0508 | -1341 | -2174 | 3008 | -3841 | -4674 | *5508 | ‘6341 | ‘7174 | 8008 | 8841 | 9674
£ | *0521 | *1354 | -2188 | -3021 | -3854 | 4688 | -5521 | '6354 | ‘7188 | 8021 | 8854 | 9688
pt
41 ‘0534 | -1367 | '2201 | -3034 | -3867 | -4701 | ‘5534 | ‘6367 | 7201 | -8034 9701
2 *0547 | -1380 | 2214 | -3047 | 3880 | -4714 | 5547 | 6380 | ‘7214 | -8047 | -8880 | ‘9714
43 +0560 | “1393 | 2227 | -3060 | -3893 | -4727 | ‘5560 | -6393 | '7227 | ‘8060 | 8893 | ‘9727
1y | -0573 | -1406 | *2240 | ‘3073 | ‘3906 | 4740 | '5573 | ‘6406 | 7240 | ‘8073 | ‘8906 | ‘9740
e ‘0586 | ‘1419 | *2253 | *3086 | *3919 | 4753 | -5586 | ‘6419 | ‘7253 | 8086 | -8919 | -9753
3 *0599 | +1432 | 2266 | 3099 | -3932 | -4766 | 5599 | 6432 | -7266 | 8099 | ‘8932 | ‘9766
4 ‘0612 | *1445 | -2279 | 3112 | -3945 | 4779 | *5612 | ‘6445 | -7279 | -8112 | ‘8945 | -9779
3 | 0625 | ‘1458 | -2292 | -3125 | -3958 | 4792 | -5625 | ‘6458 | 7292 | 8125 | -8958 | 9792
4 ‘0638 | 1471 [ 2305 | +3138 | -3071 | -4805 | -5638 | 6471 | *7305 | -8138 | 8971 | -9805
v i ‘0651 | 1484 [ *2318 [ -3151 | -3984 | 4818 | ‘5651 | -6484 | '7318 | -8151 | -8984 | -0818
£ -0664 | 1497 | *2331 | ‘3164 | -3997 | -4831 | 5664 | ‘6497 | ‘7331 | -8164 | -8997 | -0831
1 | -0677 | 1510 | -2344 | 3177 | -4010 | -4844 | -5677 | ‘6510 | ‘7344 | -8177 | 9010 | -0844
81 0690 | “1523 | 2357 | 3190 | -4023 | *4857 | 5690 | ‘6523 | ‘7357 | +8190 | 9023 | -0857
# ‘0703 | 1536 | *2370 | 3203 | -4036 | -4870 | -5703 | ‘6536 | 7370 | -8203 | -9036 | ‘0870
' § | 0716 | 1549 | -2383 | -3216 | -4049 | 4883 | ‘5716 | '6549 | ‘7383 | -8216 | 9049 | -9883
F | 0729 | ‘1562 | -2396 | -3229 | -4062 | -4896 | ‘5729 | -6562 | 7396 | -8229 | 9062 | -9896
81 ‘0742 | -1576 | 2409 | -3242 [ -4076 | ‘4909 | 5742 | ‘6576 | 7409 | ‘8242 | 9076 | 9909
2 *0755 | +1589 | '2422 | -3255 | 4089 | 4922 | 5755 | '6589 | ‘7422 | -8255 | 9089 | 0922
H ‘0768 | +1602 | "2435 | 3268 | -4102 | -4935 | 5768 | -6602 | 7435 | 8268 | -9102 | ‘9935
18 | -0781 | ‘1615 | ‘2448 | -3281 | -4115 | -4948 | -5781 | -6615 | ‘7448 | -8281 | 9115 | -9948
3 ‘0794 | +1628 | 2461 | +3294 | -4128 | -4961 | 5794 | +6628 | ‘7461 [ -8204 | -9128 | -9961
3 ‘0807 | ‘1641 | -2474 | 3307 | -4141 | -4974 | -5807 | '6641 | *7474 | -8307 | ‘9141 | ‘9974
L ‘0820 | 1654 | -2487 | *3320 | -4154 | -4987 | ‘5820 | ‘6654 | 7487 | ‘8320 | ‘9154 | ‘0987
1:0000
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REDPATH, BROWN & CO., LIMITED.
BRITISH WEIGHTS AND MEASURES WITH
METRICAL EQUIVALENTS.
LINEAR MEASURE.
Mile Furlongs Poles Yards Feet Inches Metrical
g3 Equivalents
1 8 320 1760 5280 63,360 160931 m i
1 40 220 660 7,920 20116 m ||
il 55 165 198 503 m
1 3 36 9144 cm
1 - 2 3048 cm ||
1 2:54 em
SURVEYING MEASURE (Linear). [
: Fur- : : Metrical ||
Mile longs Gham; Poles Yards Feet Links Equivalents ||
1 8 80 320 1760 5280 8000 160931 m -
1 10 40 220 660 1000 201°16 m ||
| 4 22 66 100 2012 m
1 55 165 25 503 m ||
1 3 4+54 9144 cm |
1 16l 3048 em ||
1 2012 em ||
I
SQUARE MEASURE. |
s Sq. Poles 3
quare | a o Square o Square Square Square Metrical ||
Mile Chains Perchos Yards Feet Links Equivalents |
: 1l
1 640 6400 102,400 | 3,097,600 — — 25899 ha"
1 10 160 4,840 | 43,560 . (100,000 |[4046:71 m* |
1 16 484 | 4,356 10,000 404°67 m* |
1 30°25 272:25 625 2529 m2
1 9 207 836 m*
f 2:3( 92899 cm®|[ 1§
1 | 404'67 cm?

REDPATH, BROWN, & CO., LIMITED.

METRIC UNITS AND BRITISH
EQUIVALENTS.

METRIC ABBREVIATIONS.

Linear
Measure

Square
Measure

Cubie
Measure

Measure of
Capacity

Weight

Im=Xkilometre
m=metre

dm=decimetre

cm=centimetre

mm =millimetre

km?=sq. kilometre
ha =hectare
a =are

m?®=sq. metre

dm?= ,, decimetre
cm?= ,, centimetre
mm?*= ,, millimetre

emi=

mmt= ,

dmd= ,;

m?=cub. metre

decimetre

, centimetre

, millimetre

kl=Xilolitre

hl=hectolitre
l=litre

dl=decilitre

¢l = centilitre

kgm =kilogramme
gm=gramme

dgm=decigramme

cgm = centigramme

mgm =milligramme

LINEAR MEASURE.

’ g ' 280 British
Kilometres Metres Decimetres | Centimetres | Millimetres Equivalents
1 1000 10,000 100,000 1,000,000 *6214 mile
1 10 100 1,000 3281 feet
1 10 100 -3281 foot
. 10 *3937 inch
1 +03937 inch

SQUARE MEASURE.
Square Square | Square | Square <o
: ; ar P 5 by
Kilo- | Hectares | Ares ﬁl;re: Deci- Centi- Milli- | & Eir\:talli];ts
metres metres | metres metres q
1 100 10,000 | 1,000,000 — — — *3861 s¢. mile
1 100 10,000 | 1,000,000 — — -00386 ,, mile
i 100 10,000 | 1,000,000 — 1076 ,, feet
1 100 10,000 | 1,000,000 | 1076 ,, feet
il 100 10,000 | 1076 ,, feet
1 100 | 1550 ,, inch
1 | :00155 ,, inch
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BRITISH WEIGHTS AND MEASURES WITH
METRICAL EQUIVALENTS.

CUBIC MEASURES.

Cubie Cubie Cubic Metrical
Yard Feet Inches Equivalents
1 27 46,656 764 m?
I 1,728 ‘029 m?
1 16386 cm?
CAPACITY.
" Cubic Metrical
Quarter | Bushels | Pecks | Gallons | Quarts | Pints Tothes Equivalents
il 8 32 64 256 512 17,7676 290781 1
¥ 4 8 32 64 2,219°7 36348 1
1 2 8 16 5549 9:087 [
1 4 8 2775 4543 1
1 2 694 11367
1 347 *568 1
1 16°386 ml

AVOIRDUPOIS WEIGHT.

: Metrical F
Ton Cwis. Qrs. Stones | Lbs. | Ounces Drams Equivalents || J
1 20 80 160 2,240 | 35,840 | 573,440 | 1,016:048 kgm | i
1 4 8 112 1,792 28,672 50802 kgm ;
1 2 28 | 448 | 7168 12700 kgm ||
1 14 224 3,584 6350 kgm
1 16 256 453'59 gm i
1 16 2835 gm ||
1 177 gm

r REDPATH, BROWN & CO., LIMITED.

METRIC UNITS AND BRITISH
EQUIVALENTS.

SIGNIFICANCE OF PREFIXES.

kilo . 4 . = 1000 deci = -1
hecto ; : a1 o= =100 centi = 01
deka ’ ] = 10 milli = =001

CUBIC MEASURE.

1 cubic metre = 1,000,000 cm? = 35:32 cub. feet.
1 cubic centimetre = 006103 cub. inches.
CAPACITY.
1 litre = 1000 em?® = 0:03532 cub. feet.
3 = 0:2201 gauons.
1 litre of water = 1 kg = 2205 Ibs.
WEIGHT.
1 Tonne = 1000 kg = 09843 ton.
1 Kilogramme = 1000 gms = 2:205 lbs.
1 gramme = 0°03527 oz.

EQUIVALENTS OF MOMENTS OF INERTIA AND
SECTION MODULL

Moment, of Inertia in inch units = ‘02403 x Moment of Inertia in cm units.

» 3 ,, cm units =41'6198 x e W ,, inch units.
Modulus of Section in inch units= 06108 x Modulus of Section in c¢m units.
» b b cm units =16'3860 x = - ,, inch units.

485




REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF FEET AND INCHES

IN MILLIMETRES.

486

Feet 0 5 2" 8’ 4. 5t
0 254 50'8 762 102 127
i 3056 330 356 381 406 432
2 610 635 660 686 711 - 737
3 914 940 965 991 1016 1041
4 1219 1245 1270 1295 1321 1346
5 1524 1549 1575 1600 1626 1651
8 1829 1854 1880 1905 1930 1956
7 2134 2159 2184 2210 2235 2261 .
8 2438 2464 2489 2515 2540 2565
9 2743 2769 2794 2819 2845 2870

10 3048 3073 3099 3124 3150 3175
1 3353 3378 3404 3429 3454 3480
12 3658 3683 3708 3734 3759 3785
13 3962 3988 4013 4039 4064 4089
14 4267 4293 4318 4343 4369 4394
15 4572 4597 4623 4648 4674 4609
16 4877 4902 4928 4953 4978 5004
17 5182 5207 5232 5258 5283 5309
18 5486 5512 5537 5563 5588 5615
19 5791 5817 5842 5867 5893 5918
20 6096 6121 6147 6172 6198 6223
21 6401 6426 6452, 6477 6502 6528
22 6706 6731 6756 6782 6807 6833
23 7010 7036 7061 7087 7112 7137
24 7315 7341 7366 7391 7417 7442
25 7620 7645 7671 7696 7722 7747
26 7925 7950 7975 8001 8026 8052
27 8230 8255 8280 8306 8331 8357
28 8534 8559 8586 8610 8636 8661
29 8839 8864 8890 8915 8941 8966
30 9144 9169 9195 9220 9246 9271
31 9449 9474 9500 9525 9551 9576
32 9753 9778 9804 9829 9855 9880
33 10058 10083 10109 10134 10160 10185
34 10363 10388 10414 10439 10465 10490
35 10668 10693 10719 10744 10770 10795 |
36 . 10973 10998 11024 11049 11074 11100
37 11277 11302 11328 11353 11379 11404
38 11582 11607 11633 11658 11684 11709
39 11887 11912 11938 11963 11989 12014
40 feet =12192 millimetres.

REDPATH,- BROWN & CO., LIMITED.

EQUIVALENTS OF FEET AND INCHES

.~ IN MILLIMETRES.

6” 7% 8” 9’ 10” 117 Teet
152 178 203 229 254 279 0
T 457 483 508 533 559 584 1
762 787 813 838 " 864 889 2
1067 1092 1118 1143 1168 1194 3
1372 1397 1422 1448 - . 1473 1499 4
1676 . 1702 1727 1753 1778 1803 5
1981 - 2007 2032 2057 2083 2108 6
2286 2311 2337 2362 2388 2413 7
12591 . 2616 2642 2667 2692 2718 8
2896 2021 2946 2972 2097 3023 9
3200 3226 3251 3277 3302 3327 . 10
3506 3531 3556 * 3581 3607 3632 11
3810 3835 3861 3886 3912 3937 12
4115 4140 4166 4191 4216 4242 13
4420 4445 4470 4496 4521 4547 14
4724 4750 4775 4801 4826 4851 15
5029 5055 5080 5105 5131 5156 16
5334 5359 5385 5410 5436 5461 17
5639 5664 5690 5715 5740 5766 18 _
5944 5969 5994 6020 6045 6071 19
6248 6274 6299 6325 6350 6375 20
6553 6579 6604 6629 6655 6680 21
6858 6883 6909 6934 6960 6985 22
7163 7188 7214 7239 7264 7290 23
7467 7493 7518 7545 7569 7594 24
7772 7798 7823 7849 7874 7899 25
8077 8102 8128 8153 8179 8204 26
8382 8407 8433 8458 8484 8509 27
8686 8712 8737 8763 8788 8814 28
8991 9017 9042 9068 9093 9118 29
9296 9322 9347 9373 9398 9423 . 30
9601 9627 9652 9677 - 9703 9728 31
9905 9931 9956 9982 10007 10032 32
10210 10236 10261 10287 10312 10337 33
10515 10541 10566 10592 10617 10642 34
10820 10846 10871 10896 10922 10947 35
11125 11151 11176 11201 11227 11252 36
11429 11455 11480 11506 11531 11556 37
11734 11760 11785 11811 11836 11861 38
12030 12065 12090 12116 12141° 12166 39
40 feet =12192 millimetres.
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REDPATH, BROWN & CO., LIMITED.

=

Rising by 32nds of an inch to 13 inches.

EQUIVALENTS OF INCHES IN MILLIMETRES.

Inches. 0 77 To £t ¥ #r 15 o
0 794 1587 2:381 3175 3969 4762 5556
1 25400 26193 26987 27781 28'574 29368 30'162 30'956
2 50799 51593 52387 53180 53:974 54768 55561 56:355
3 76:199 76992 77786 78'580 79:374 80167 80961 81755
4 101-60 102:39 10319 10398 10477 10557 10636 107:15
5 127:00 127:79 12859 129-38 13017 13097 13176 13255
8 152:40 | 15319 15398 154°78 155°57 15637 157'16 : 157-95
T 177-80 178'59 17938 18018 18097 18176 18256 18335
8 203:20 20399 | 20478 20558 20637 207'16 20796 208:75
9 22860 229-39 23018 230-98 23177 232'56 23336 234:15
10 254:00 25479 25558 25638 257°17 25796 25876 25955
11 27939 28019 28098 28178 28257 28336 284:16 28495
12 30479 30559 30638 ! 30718 307-97 30876 30956 31035
Tnches. 3 3% 7o b3 % 3% Th it
0 12:700 13:494 14-287 15081 15875 16668 17462 18265
1 38:099 38'803 39'687 40481 41274 42068 42:862 43655
2 63499 64:293 65°086 65-880 66674 67468 68261 69055
3 88808 89'692 90486 91-280 92:073 92:867 93661 94:455
4 114:30 115'09 11589 11668 117-47 118-27 119:06 119-85 ‘ |
5 139:70 14049 141-28 14208 142-87 14367 144°46 14525
6 16510 16589 16668 16748 168-27 169-07 16986 170°65
7 190'50 191-29 192:08 19288 19367 194-47 19526 196:05
8 21590 21669 217+48 218-28 219'07 219-87 22066 22145
9 241-30 24209 242:88 24368 | 24447 24526 246°06 246:85
10 26670 267-49 268-28 269:08 269-87 27066 27146 27225 |
11 292-10 292-89 29368 20448 205:27 296°06 29686 . 29765
12 31749 31829 319'08 319'88 32067 32146 322:26 32305
13 inches =330°19 millimetres.

—
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REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF INCHES IN MILLIMETRES.

Rising by 32nds of an inch to 13 inches.

-9
3T

ﬂ: ‘1’53 %% % % TZE 3% Inches.
6350 7144 7937 8731 9:525 10319 11-112 11-906 0
31:749 32543 33337 34131 34924 35718 36'512 37:306 1
57149 57°943 58736 59530 60-324 61-118 61-911 62:705 2
82549 83342 84'136 84930 85723 86517 87-311 88105 3
10795 10874 109-54 +110-33 11112 111-92 11271 11350 4
133-35 13414 13494 13573 13652 137:32 13811 13890 5
15875 15954 16033 16113 16192 16272 16351 164:30 6
18415 18494 18573 18653 18732 18811 18891 189:70 1
20955 21034 211-13 21193 212:72 21351 214:31 215'10 8
234'95 23574 23653 23733 23812 23891 23971 240'50 9
26035 261-14 26193 26273 26352 264:31 26511 26590 10
28574 286:54 28733 288'13 28892 28971 290'51 291-30 1
31114 31194 31273 31353 314:32 31511 31591 31670 12
i’ %‘3‘ %’% 3% % '?r 2 15 3% Inches.
19050 19-843 20637 21431 22225 23018 23:812 24606 0
44-449 45'243 46:037 46830 47°624 48'418 49212 50005 1
69-849 70°642 71:436 72:230 73:024 73:817 74611 75405 2
95248 96°042 96836 97629 08423 99-217 100-01 10080 3
12065 12144 122:24 12303 123-82 124+62 12541 126-20 4
146:05 14684 14763 148-43 149-22 15002 150-81 15160 5
17145 17224 17303 173-83 174:62 17542 176'21 177:00 6
196:85 197-64 19843 199-23 20002 20082 201+61 202+40 7
222:25 22304 223:83 22463 22542 22621 22701 227:80 8
247°65 24844 24923 25003 25082 25161 252-41 25320 9
273:05 273°84 274-63 27543 27622 277:01 277°61 27860 10
20844 29924 30003 30083 301-62 30241 30321 304:00 11
32384 324'64 32543 326:23 32702 327-81 32861 32940 12

18 inches =330°19 millimetres.
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REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF MILLIMETRES IN INCHES.

REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF MILLIMETRES IN INCHES.

Milli- Milli- . Milli- ’ Milli- Milli- :
. > = et e . | Inches 7 Tnches Inches : . | Inches e Inchy
Milli- Milli- Milli- Milli- Milli- || metres metres metres metres metres nches
metres Inches | potres | Tnches | petres Inches metres | 10¢hes | petres | Inches | S
|| 251 9:882 301 11°850 351 13819 401 15788 451 17756
1 039 51 2:008 101 3:976 151 5945 201 7913 252 9921 302 11890 352 13-858 402 15:827 452 17795
2 079 52 2:047 102 4:016 152 5984 202 7°953 || 253 9-961 303 11929 353 13-898 403 15866 453 17-835
3 118 53 2:087 103 4:055 153 6024 203 7:992 254 10°000 304 11-969 354 13937 404 15°906 454 17-874
4 157 54 2126 104 4:095 154 6-063 204 8:032 || 255 10°039 305 12:008 355 13:977 405 15'945 455 17:914
5 197 55 2165 105 4134 155 6102 205 8071
256 10°079 306 12:047 356 14:016 408 15984 456 17:953
(] +236 56 2:205 108 4173 156 6142 206 8110 257 10-118 307 12:087 357 14:055 407 16:024 457 17-992
7 *276 57 2:244 107 4:213 157 6181 207 8150 258 10158 308 12126 358 14:095 408 16063 458 18:032
8 *315 58 2:283 108 4-252 158 6221 208 8189 i 259 10197 309 12:165 359 14-134 409 16103 459 18:071
9 +354 59 2:323 109 4-291 159 6260 209 8228 260 10236 310 12-205 360 14173 410 16142 460 18110
10 304 60 2:362 110 4:331 160 6:299 210 §°268 \
| 261 10-276 311 12244 361 14-213 411 16181 461 18150
11 433 61 2:402 111 4:370 161 6339 211 8307 262 10315 312 12:284 362 14:252 412 16221 462 18-189
12 472 62 2441 112 4:409 162 6378 212 8347 263 10354 313 12-323 363 14-291 413 16260 463 18-229
13 512 63 2480 113 4:449 163 6417 213 8:386 264 10-394 314 12362 364 14-331 444 16299 464 18268
14 551 64 2:520 114 4:488 164 6457 214 8425 265 10433 315 12:402 365 14-370 445 16339 465 18:307
15 591 85 2:559 115 4528 165 6496 215 8465
266 10473 316 12+441 366 14-410 416 16378 466 18347
16 630 66 2598 116 4567 166 6'535 216 8504 267 10'512 317 12480 367 14-449 a7 16417 487 18:386
17 669 67 2:638 117 4'606 167 6575 217 8543 268 10551 318 12:520 368 14:488 418 16457 468 18425
18 *709 68 2:677 118 4'646 168 6:614 218 8'583 269 10591 319 12559 369 14:528 419 16-496 469 18465
19 748 69 2:717 119 4-685 169 6654 219 8622 270 10630 320 12599 370 14567 420 16536 470 18:504
20 787 70 2:756 120 4724 170 6693 220 8661 ‘
271 10669 321 12:638 31 14-606 421 16'575 471 18543
21 827 i 2:795 121 4764 171 6732 221 8701 l 272 10709 322 12:677 372 14646 422 16-614 472 18'583
22 ‘866 72 2:835 122 4-803 172 6772 222 8740 273 10748 323 12:717 373 14-685 423 16654 473 18622
23 *906 73 2:874 123 4-843 173 6-811 223 8780 274 10-787 324 12:756 374 14725 424 16693 474 18-662
24 *945 T4 2:913 124 4:882 174 6850 224 8819 275 10-827 325 12795 375 14-764 425 16732 475 18:701
25 ‘984 75 2:053 125 4921 175 6890 225 8858 ||
276 10866 326 12835 376 14:803 426 16772 476 18'740
26 1024 76 2:992 126 4:961 176 6929 226 8898 277 10906 327 12:874 377 14:843 427 16'811 477 18780
27 1:063 i 3:032 127 5000 177 6969 227 8:937 278 10'945 328 12:913 378 14:8382 428 16:851 478 18-819
28 1102 78 3071 128 5039 178 7008 228 8976 279 10-984 329 12953 379 14-921 429 16°890 479 18:858
29 1142 9 3110 129 5079 179 7°047 229 9:016 280 11-024 330 12:992 380 14'961 430 16'929 480 18:898
30 1181 80 3150 130 5118 180 7:087 230 9055
281 11-063 331 13:032 381 15000 431 16969 481 18'937
31 1-220 81 3189 131 5158 181 7126 231 9095 [+ ! 282 11-102 332 13071 382 15°040 432 17-:008 482 18977
32 1260 82 3-228 132 5197 182 7-165 232 9134 | 283 11142 333 13-110 383 15079 433 17047 483 19:016
33 1-299 83 3'268 133 5236 183 7°205 233 9173 284 11181 334 13-150 384 15118 434 17-087 484 19:055
34 1-339 84 3:307 134 5276 184 7244 234 9213 285 11-221 335 13-189 385 15158 435 17-126 485 19'095
35 1-378 85 3346 135 5315 185 7284 235 9:252
286 11-260 336 13:228 386 15197 436 17166 486 19-134
38 1-417 88 3386 136 5'354 186 7:323 236 9:291 287 11:299 337 . 13:268 387 15°236 437 17-205 487 19173
37 1457 87 3425 137 5394 187 7'362 237 9331 288 11-339 338 13:307 388 15°276 438 17 244 488 19-213
38 1-496 88 3465 138 5433 188 7402 238 9:370 289 11-378 339 13-347 389 15'315 439 17-284 489 19252
39 1'535 89 3:504 139 5472 189 7+441 239 9410 290 11-417 340 13:386 390 15-354 440 17323 490 19:292
40 1:575 90 3543 140 5:512 190 7-480 240 9449
291 11457 344 13425 301 15'394 444 17-362 491 19331
44 1614 91 3583 141 5551 191 7°520 244 9488 292 11-496 342 13-465 392 15433 442 17-402 492 19:370
43 1-654 92 3622 142 5591 192 7'559 242 9528 293 11-536 343 13504 393 15473 443 17441 493 19410
43 1:693 93 3:661 143 5630 193 7598 243 9567 294 11°575 344, 13543 394 15'612 444 17-480 494 19-449
44 1732 94 3-701 144 5669 194 7'638 244 <9606 295 11-614 345 13583 395 165551 445 17520 495 19488
45 1:772 95 3:740 145 5709 195 7677 245 9646
296 11°654 346 13:622 396 15591 448 17:559 496 19'528
46 1:811 98 3780 146 5748 196 7717 246 9685 297 11-693 347 13662 397 15°C20 447 17599 497 19-567
47 1:850 97 3-819 147 5787 197 7756 247 9724 i 298 11:732 348 13:701 398 15669 443 17:638 498 19:606
43 1-890 98 3-858 148 5:827 198 7795 248 9:764 ) 209 11772 349 13740 399 15709 449 17677 499 19-646
49 1929 99 3:898 149 5'866 199 7'835 249 9803 10 300 11-811 350 13780 400 15748 450 17717 500 19685
50 1-969 100 3:037 150 5'906 200 7874 250 9843




REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF MILLIMETRES IN INCHES.

.

Milli- e Milli- Milli- S Milli- - Milli- s

thetics Inches TABlros Inches T Inches Hhckees Inches metres | 1nches
501 19725 551 21693 601 23662 651 25630 701 27:599
502 19:764 552 21732 602 23701 652 25670 702 27'638
508 19-803 553 21-772 603 23740 653 25709 703 27677
504 19-843 554 21-811 604 23780 654 25748 704 27717
505 19-882 555 21851 605 23819 855 25788 705 27756
508 19:921 556 21-890 608 23858 656 25827 706 27796
507 19961 557 21929 607 23898 857 25'866 707 27835
508 207000 558 21969 608 23937 658 25'906 708 27874
509 20040 559 22:008 609 23977 659 25945 709 27914
510 20079 560 22:047 610 24:016 660 25'984 710 27953
511 20118 561 22:087 611 24:055 661 26024 11 27:992
512 20158 562 22126 612 24:095 662 26063 12 28'032
513 20197 563 22166 613 24-134 663 26103 713 28071
514 20236 564 22:205 614 24173 664 26142 714 28110
5156 20°276 565 22:244 615 24:213 665 26181 15 28150
516 20-315 566 22:284 616 24:252 666 26:221 718 28189
517 20355 5687 22:323 617 24:292 667 26260 7 28229
518 20394 568 22362 618 24:331 668 26°299 718 28268
519 201433 569 22:402 619 24-:370 669 26339 719 28307
520 20473 570 22-441 6820 24-410 670 26378 720 28:347
521 20512 571 22:481 621 24449 871 26418 721 28:386
522 20551 572 22520 622 24488 872 26457 722 28425
523 20591 573 22:559 623 24:528 673 26496 723 28465
524 20630 574 22:599 624 24-567 874 26536 724 28504
525 20669 575 22:638 625 24:607 875 26575 725 28544
526 20709 576 22:677 626 24-646 876 26614 726 28:583
527 20748 577 22-717 627 24-685 677 26654 727 28:622
528 20788 578 22756 628 24-725 678 26693 728 28662
529 20827 579 22795 629 23764 679 26733 729 28701
530 20-866 580 22:835 630 24-803 680 26772 730 28740
531 20906 581 22:874 631 24-843 681 26811 731 28780
532 20'945 582 22:914 632 24-882 682 26851 732 28819
533 20984 583 22'953 633 24°921 683 26890 733 28869
534 21:024 584 22:992 634 24961 684 26:929 134 28898
535 21:063 585 23:032 635 25'000 685 26:969 735 28937
536 21-103 586 23071 836 25040 686 27008 736 28977
537 21:142 587 23110 637 25079 687 27047 737 29016
538 21-181 588 23150 638 25118 688 27087 738 29056
539 21-221 589 23189 639 25°158 689 27-126 739 29095
540 21-260 590 23229 640 25°197 690 27-166 740 20134
541 21-299 591 23268 641 25236 681 27°205 741 29173
542 21-339 592 23307 642 25°276 692 27-244 42 29-213
543 21:378 593 23347 643 25315 693 27284 743 20262
544 21-418 594 23386 644 25355 694 27-323 744 29:292
545 21+457 595 23425 645 25'394 695 27362 745 29331
546 21-496 596 23464 646 25433 696 27402 746 2037
547 21536 597 23503 647 25473 697 27441 47 29-410
548 21:575 598 23543 648 25'512 698 27481 748 20449
549 21:614 599 23582 649 25551 699 27:520 749 20488
550 21654 600 23622 850 25501 700 27°559 750 20:528
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REDPATH, BROWN & CO, LIMITED.

EQUIVALENTS OF MILLIMETRES IN INCHES.

Milli-

Milli- [ Milli- Milli- Milli-

setiea Inches e Inches Heties Inches hetres Inches metres | Inches
751 29567 801 31'536 851 33504 901 35473 951 37441
752 29°607 802 31575 852 33544 902 35512 952 37481
753 29646 803 31:614 853 33'583 903 35552 953 37520
754 29685 804 31654 854 33622 904 35591 954 37559
755 29-725 805 31693 855 33662 905 35'630 955 37599
756 29'764 806 31733 856 33701 906 35670 956 37638
757 29-803 807 31772 857 33-740 907 35709 957 37677
758 20843 808 31811 858 33780 908 35748 958 | 37717
759 29882 809 31-851 859 33-819 909 35788 959 37756
760 29-922 810 31:890 860 33:859 910 35'827 960 37°796
761 29-961 811 31'929 861 33:898 911 35866 961 37835
762 30000 812 31'969 862 33'937 912 35'906 962 37874
763 30040 813 32:008 863 33:977 913 35945 963 37'914
764 30079 814 32:048 864 34:016 914 35985 964 37953
765 30118 815 32:087 865 34:055 915 36024 965 37:992
766 30158 816 32126 866 34095 916 36063 966 38032
767 30197 817 32166 867 34:134 917 36°103 967 38:071
768 30236 818 32:205 868 34-174 918 36°142 968 38111
769 30°276 819 32:244 869 34-213 919 36:181 969 38150
770 30315 820 32:284 870 34:252 920 36221 970 38189
T 30355 821 32:323 871 34202 921 36:260 971 38:229
772 30394 822 32:362 872 34:331 922 36:300 972 38:268
713 30433 823 32:402 873 34-370 923 36339 973 38307
114 30473 824 32:441 874 34+410 924 36:378 974 38:347
775 30512 825 32+481 875 34-449 925 36418 975 38386
776 30551 826 32520 | 878 34+488 926 36457 976 38426
i 30591 827 32559 877 34:528 927 36496 977 38465
718 30630 828 32'599 878 34:567 928 36536 978 38504
19 3067 829 32'638 879 34-607 929 36:575 979 38544
780 30709 830 32:677 880 34:646 930 36'615 980 38'583
781 30748 831 32:717 881 34:685 931 36654 981 38622
782 30788 832 32:756 882 34:725 932 36693 982 38662
783 30827 833 32:796 883 34:764 933 36:733 983 38:701
784 30866 834 32:835 884 34:803 934 36:772 984 38741
85 30906 835 32:874 885 34:843 935 36:-811 985 38780
786 30945 836 32914 886 34:882 936 36851 986 38819
87 30985 837 32'953 887 34:922 937 36:890 987 38:859
88 31-024 838 32:992 888 34961 938 36929 988 38-898
789 31063 839 33032 889 35:000 939 36969 989 38:937
790 31-103 840 33:071 890 35'040 940 37008 990 38977
791 31-142 841 33111 891 35°079 941 37048 991 39:016
792 31181 842 33150 892 35118 942 37087 992 39055
793 31221 843 33189 893 35158 943 37126 993 39095
794 31260 844 33:229 894 35197 944 37166 994 39-134
795 31-299 845 33:268 895 35237 945 372056 995 30-174
796 31-339 846 33:307 896 35276 946 37244 996 39-213
797 31:378 847 33:347 897 35315 947 37284 997 39-252
798 31418 848 33386 898 35350 948 37:323 998 39-292

31457 849 33425 899 35394 949 37363 999 39'33i
31496 850 33460 900 35433 950 37402 1000 39370
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REDPATH, BROWN & CO, LIMITED. l REDPATH, BROWN & CO, LIMITED.
\
\
EQUIVALENTS OF FEET IN METRES. \ EQUIVALENTS OF METRES IN FEET,.
1 Foot=-3048 of 1 Metre 1 Metre =3'2809 Feet.
Feet 0 1 2 3 ‘4 ‘5 ‘6 7 8 9 || Metres 0 1 2 3 4 ‘5 ‘6 =7 8 9
|
1 3048 | 3353 | -3657 | -3962 4267 | 4572 | 4877 5181 | -5486 | ‘5791 ‘ 1 32809 | 3'6090 | 3-9371 | 4:2652 | 4'5933 | 49213 | 52494 | 55775 | 59056 | 6-2887
2 6096 6401 8705 7010 7316 7620 7995 -82929 -8534 -8839 2 6'5618 | 6'8899 | 7-2180 | 7'5461 | 7'8742 | 8:2022 | 8'5303 | 8:8584 | 9-1865 95146
3 ‘9144 9449 ‘9753 | 1:0058 | 1°0363 | 1:0668 | 1:0973 | 1-1277 | 1-1582 | 1-1887 3 98427 | 101708 | 10-4989 | 10-8270 [ 11-1551 | 11-4831 | 11°8112 | 121393 | 12-4674 127955
4 12192 | 1-2497 | 1-2801 | 1-3106 | 1-3411 | 1-3716 | 1'4020 | 1-4325 [ 1'4630 | 1:4935 4 13+1236 | 13'4517 | 13-7798 | 14-1079 | 14'4360 | 14°7640 | 15:0921 | 15'4202 | 15-7483 16:0764
5 15240 | 1:5544 | 1:5849 | 1'6154 | 1-6459 | 1-6764 | 1-7068 | 1-7373 | 1-7678 | 1-7983 : 5 164045 | 167326 | 17-0607 | 17-3888 | 177169 | 18:0449 | 18-:3730 | 187011 |19-0292 | 19-3573
6 1:8288 | 1-8592 | 18897 | 19202 | 19507 | 19812 | 2:0116 | 2:0421 | 2:0726 | 21031 8 196854 | 20°0135 | 20-3416 | 206697 | 209978 | 213258 | 21'6539 | 219820 | 22:3101 | 226382
7 2:1336 | 2-1640 | 21945 | 2:2250 | 2:2555 | 2:2860 | 2:3164 | 2:3469 | 2:3774 | 2:4079 7 22-9663 | 23-2944 | 23'6225 | 239506 | 24'2787 | 246067 | 24-9348 | 25:2629 | 25:5910 | 25-9191
8 2:4384 | 2:4688 | 2:4993 | 25298 | 25603 | 25907 | 26212 | 26517 | 2:6822 | 2:7127 8 262472 | 26°5753 | 26'9034 | 272315 | 275596 | 27'8876 | 28-2157 | 28:5438 | 288719 | 29-2000
9 2:7431 | 277736 | 28041 | 2:8346 | 2:8651 | 2:8955 | 2:9260 | 2-9565 | 2:9870 | 3:0175 9 205281 | 29-8562 | 301843 | 30°5124 | 30'8405 | 31+1685 | 314966 | 318247 | 32:1528 | 324809
10 3:0479 | 3:0784 | 3-1089 | 3-1394 | 3-1699 | 3-2003 | 3:2308 | 3-2613 | 3-2918 | 3:3223 10 32:8090 | 331371 | 334652 | 337933 | 34-1213 | 84:4404 | 347775 | 85°1056 | 35'4337 | 357618
. EQUIVALENT OF SQUARE INCHES IN EQUIVALENTS OF SQUARE CENTIMETRES IN
SQUARE CENTIMETRES. SQUARE INCHES.
1 Square Inch=6"4514 Square Centimetres. 1 Square Centimetre=-1550 of 1 Square Inch.
8 ; : 5 ; : ; ; : : : Square : . ; E : : i . :
Taohee 0 1 2 3 4 5 6 i 8 9 ottt | O 1 2 3 4 5 6 7 8 ‘9
1 6451 | 7:096 | 7742 | 8387 | 9082 | 9677 | 10322 [ 10967 | 11'612 | 12:258 ! 1550 | 1705 | 1860 | 2015 | 2170 | 2325 | -2480 | 2635 | 2790 | 2045
2 12:903 | 13548 | 14193 | 14-838 | 15483 | 16128 | 16774 | 17419 | 18:064 | 18709 2 8100 | -3255 | 3410 | -3565 | 3720 | -3875 | 4080 | 4185 | 4340 | 4495
3 19-354 | 19:999 | 20644 | 21-289 | 21-935 | 22-580 | 23-225 | 23:870 | 24'515 | 25160 3 4650 | -4805 | 4960 | 5115 | 5270 | 5425 | 5580 | 5735 | 5800 | ‘6045
4 25:805 | 26+451 | 27096 | 27-741 | 28:386 | 29031 | 29676 | 30'321 | 30°967 | 31612 4 6200 | 6355 | 6510 | 6665 | 6820 | 6975 | 7130 [ 7285 | 7440 | 7505
5 32:257 | 52902 | 33547 | 34:192 | 34'837 | 35482 | 36'128 | 36:773 | 37418 | 38:063 5 7750 | 7905 | 8060 | 8215 | -8370 | 8525 | -8680 | -8835 | -8990 | 0145
6 38708 | 39353 | 39098 | 40644 | 41-280 | 41-034 | 42579 | 43-224 | 43-869 | 44-514 || 6 9300 *9455 9610 9765 *9920 | 1:0075 | 1°0230 | 1'0385 | 1:0540 | 1:0695
7 45160 | 45°805 | 46-450 | 47095 | 47740 | 48-385 | 49-030 | 49675 | 50-321 | 50966 | 7 1°0850 | 1-1005 | 1-1160 | 1-1315 | 1-1470 | 1-1625 | 11780 | 1-1935 | 12090 | 1-2245
8 51611 | 52:256 | 52901 | 53-546 | 54'191 | 54'837 | 55482 | 56127 | 56772 | 57417 8 1-2400 | 1°2555 | 1-2710 | 12865 | 1'3020 | 1:3175 | 13330 | 1'3485 | 13640 | 13795
9 58062 | 58707 | 59-353 | 59998 | 60643 | 61-288 | 61:933 | 62578 | 63-223 | 63868 9 1-3950 | 1'4105 1‘4_1260 1:4416 | 1°4571 | 1-4726 | 1+4881 | 1'5036 | 1-5191 | 15346
10 64514 | 65159 | 65:804 | 66:449 | 67-004 | 67-739 | 68'384 | 69:030 | 69'675 | 70-320 10 1:5501 | 1'5656 | 1-5811 | 1'5966 | 1'6121 | 1'6276 | 1'6431 | 16586 | 1'6741 | 1:6896
EQUIVALENTS OF SQUARE FEET IN SQUARE METRES, EQUIVALENTS OF SQUARE METRES IN SQUARE FEET.
1 Square Foot="0929 of 1 Square Metre. 1 Square Metre=10'7643 Square Feet.
‘ il Square
S%zgge -0 ‘1 ) -3 4 5 6 -7 -8 9 || Mlet.res 0 -1 -9 -3 4 -5 -6 -7 -8 )
= i
1 0929 1022 ‘1115 1208 1301 1393 1486 1579 1672 | ‘1765 It 1 10764 [ 11-841 | 12917 | 13994 | 15:070 | 16146 | 17-223 | 18:299 | 19-376 | 20452
2 1858 1951 -9044 -2137 9930 2399 2415 2508 9601 -2694 | 2 21'52? 22:605 | 23681 | 24'758 | 25'834 | 260911 | 27-987 | 29:064 | 30140 | 381-216
3 -2787 2880 2973 *3066 *3159 3251 3344 3437 3530 3623 || 3 32203 | 33'369 | 34'446 | 35522 | 36:599 | 37675 | 38751 | 30-828| 40°904 | 41:981
4 ‘3716 -3800 +3902 -3005 4088 4180 4973 4366 -4459 4552 | 4 43-057 | 44'134 45210 | 46:286 | 47-363 | 48'439 | 49'516 | 50'592 | 51669 | 52:745
5 4645 ‘4738 4831 | 4924 5017 5109 5202 5205 5388 | 5481 || 5 53821 | 54'898 | 55°974 | 57:051 | 58127 | 59204 | 60:280| 61:356 | 62:433| 63:509
It
8 -5574 -5667 -5760 5853 5046 6038 6131 6224 6317 6410 | 6 64586 | 65662 | 66-739 | 67-815| 68:892| 69968 | 71:044 | 72121 | 73197 | 74274
7 6503 6596 -6689 6782 6875 6967 7060 7153 7246 | 7339 || 1 75350 76-427 | 77503 | 78:579 [ 79656 | 80732 | 81809 | 82:885| 83:962| 85'038
8 7439 76525 | 7618 | 7711 | ‘7804 | 7896 | 7989 | -8082 -8175 | 8268 8 86114 | 87191 | 88:267 | 89:344 | 90-420 | 91+497 | 92573 | 03-649 | 94726 | 95802
9 *8361 8454 8547 *8640 *8733 8825 *8918 9011 0104 *0197 | 9 96:879 [ 97955 | 99:032 | 100-108 | 101184 | 102:261 | 103:337 | 104-414 | 105490 | 106:567
10 9250 9383 0476 9569 9662 ‘9754 ‘0847 9940 1-0033 | 10126 | 10 107-643 | 108:719 | 109:796 | 110°872 | 111:949 | 113:025 | 114-102 | 115178 | 116254 | 117-331
L |
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REDPATH, BROWN & CO, LIMITED. REDPATH, BROWN & CO, LIMITED.
EQUIVALENTS OF POUNDS IN KILOGRAMMES. EQUIVALENTS OF KILOGRAMMES IN POUNDS.
1 Pound =-45359 of 1 Kilogramme. 1 Kilogramme =2'2046 Pounds.
‘
Baungs 0 1 2 3 4 5 ‘6 T ‘8 ‘9 Kilogrammes | 0 1 2 3 4 5 6 4l 8 9
1 o g 3| 41888
‘4536 | 4989 | 5443 | 5897 | 6350 | 6804 [ 7257 | 7711 | -8165 | - | 1 22046 | 24251 | 26455 | 28660 3-0865| 33069 | 35274 | 37479 | 39683 ) &
2 9072 | 0525 | 9070 | 10433 | 10886 | 11340 | 11508 | 19947 | 1700 1-§%2 | 2 14092 | 46207 48502| 50706 | 52911 | 55116| 57320| 59525 | 61729 6394
3 1:3608 | 14061 | 14515 | 14969 | 15422 | 15876 | L6320 | 16783 | 17996 | Lovpe 3 66130 | 68343 | 70548 | 72752 | 74957 | 77162| 7-0366| 81571 | 8:3776 | 80980
4 18144 | 18507 | 1°9051 | 19504 | 19958 | 2:0412 | 2:0865 | 21310 | 21772 | 2999 | 4 8185 | 90389 | 92504 | 04700 | 97003 99208 | 101413 | 10°3617 | 105822 | 108026
5 22680 | 23133 | 23587 | 24040 | 24404 | 24948 | 2:5401 | 25855 | 26308 | 26709 5 110231 | 11-2436 | 11-4640 | 11-6845 | 119050 | 12:1254 | 123459 | 125663 | 127768 | 13:007
6 27216 | 27669 | 2:8123 | 2:8576 | 29030 | 20483 | 2:0037 | 30301 | 3 : 8 132277 | 134482 | 136687 | 13-8801 | 14-1096 | 143300 | 14'5505 | 14:7710 | 149914 | 15-2119
7 31751 | 32205 | 32650 | 33112 | 33566 | 3401 | 34495 | ooy | oooes e 7 154323 | 15:6528 | 158733 | 16:0037 | 16:3142 | 16:5347 | 16:7551 | 16:9756 | 171960 | 174165
8 36287 | 36741 | 57195 | 37648 | 38102 | 38855 | 30000 | 30468 | 30010 | Logek 8 176370 | 178574 | 180770 | 18-2084 | 18°5188 | 187393 | 189597 | 10-1802 | 194007 ) 196514
9 40823 | 41277 | 41780 | 42184 | 42638 | 43091 | 43545 | 13908 | 44452 | 44008 9 19:8416 | 200621 | 20'2825 | 205030 | 207234 | 209430 | 211644 | 21°3848 | 21:6053 | ZL8Z3
10 45350 | 45813 | 46266 | 46720 | 47174 | 47627 | 4-8081 | L8534 | 48083 | 49449 10 29:0462 | 22:2667 | 22:4871 | 227076 | 220281 | 231485 | 23-3690 | 235894 | 23:8099
EQUIVALENTS OF POUNDS PER SQUARE INCH IN EQUIVALENTS OF KILOGRAMMES PER SQUARE
KILOGRAMMES PER SQUARE CENTIMETRE, CENTIMETRE IN POUNDS PER SQUARE INCH.
1 Pound per Square Tnch=-07031 of 1 Kilogramme per Square Centimetre. 1 Kilogramme per Square Centimetre=14-2228 Pounds per Square Inch.
‘ . ilogrammes R 3 5
Eouuds 0 1 2 3 4 5 ‘6 7 ‘8 9 | Kl;er Square‘ 0 AE S (B 4 5 6 7 8 9
Centimetre =
1 0703 | ‘0773 | ‘0844 | 0014 | -098¢ | 1055 | 1125 | ‘1195 | -12 ’ 1 14223 | 15645 | 17067 | 18490 | 19012 | 21-334 | 22757 | 24179 | 25601 | 27023
: 1406 | 1476 | 1567 | 1617 | 1687 | 198 | 1sas | ngo | 3268 . 2 98446 | 20868 | 31'200| 32712| 34135 | B5557| 36:070| 38402 | 20824 41
3 2100 | 2180 | 2250 | -2320 | 2300 | 2461 | 2531 | -2601 | -2672 | -2749 3 12668 | 44091 | 45513 | 46935 | 48358 | 40-780| 51:202| 52624 | 5047 OEED
4 2812 | 2883 | 2053 | -3023 | -3094 | 3164 | -3234 | -3305 | ‘3375 | -3u5 4 56801 | 58314 | 50-736| 61158| 62:580| 64003 | 65425 | 66:847 | 68270 23.9]5
5 9515 | 8586 | 3656 | -3r26 | 3707 | 3867 | 987 | -doos | -dors | nig fl 5 71114 | 72536 | 73959 | 75381 | 76:803 | 78:226| 79:648 | 81:070 | 82492
!
6 4219 | 49280 | 4350 | 4420 | -4500 | 4570 | -4640 | - 47 : 8 5337 | 86750 | s8181| so-604| 91°026| 92:448| 03871) 9n203| 96715| 98137
7 4022 | 4902 | 5062 | 5133 | 5208 | 5273 | 5944 | 5414 | -teok st I 7 90-560 | 100982 | 102:404 | 103827 | 105:249 | 106671 | 108:098 | 19-516 | 110038 | 112350
8 5625 | ‘5605 | ‘5765 | '5836 | -5006 | 5976 | 6047 | 6117 | -6187 | -6258 I 8 113783 | 115205 | 116:627 | 118:040 | 119472 | 120:894 | 122:316 | 123730 | 125-161 | 136300
9 6328 | 6398 | 6468 | 6539 | -6600 | -6670 | -6750 | -080 | -adey | oy 9 128:005 | 120428 | 130850 | 132-272 | 133695 | 135117 | 136:539 | 137-961 | 139:384 ) 130700
10 7031 | 7101 | 7172 | 7242 | 7312 | 7382 | 7458 | 7523 | 7503 | -vest |l 10 112998 | 143650 | 145:073 | 146:495 | 147-917 | 149-340 | 150762 | 152°184 | 153:606 | 15
EQUIVALENTS OF POUNDS PER FOOT IN KILOGRAMMES || EQUIVALENTS OF KILOGRAMMES PER METRE
PER METRE. | IN POUNDS PER FOOT.
1 Pound per Foot=1-48819 =Kilogrammes per Metre. ! 1 Kilogramme per Metre=67196 of 1 Pound per Foot.
Pounds \ ! ;
0 -1 2 .L . B . v ; ) Milogrammes ) 4 y s : a8 i - '8 9
per Foot 3 4 5 6 7 8 9 RS Metre 0 L by 3 4 5 6
1 14882 | 16370 | 17858 | 19346 | 2:0835 | 2:2323 | 28811 | 25200 | 6787 | 28076 1 6720 | 7392 | 8063 | -s735 | -0do7 | 10079 | 10751 | 11428 | 12005 | 12767
2 29764 | 31952| 32740 | 34228| 35717 | 37205 | 38693 | Lois| 45669| seies 2 13430 | 14111 | 14783 | 15455 | 16127 | 16799 | 17471 | 18143 | 18815 | 19487
3 44646 | 46134 | 47622 | 40110 | 50599 | 52087 | 53575 | 55063 | 56551 | 58030 3 20159 | 20831 | 21503 | 22175 | 22847 | 23518 | 24190 | 24862 | 25538 | FEE,
4 59528 | 61016 | 62504 | 6:3992| 6:5480 | 66960 | 68457 | 60945 | 71433 | 72091 4 26878 | 27550 | 28222 | 2:8894 | 29566 | 3:0238 | 30010 | 31582 | 33204 | BEL
5 74410 | 75898 | 77386 | 7'8874| 80362 | 81851 | 23330 | 84827 | 846315 | 87808 5 33508 | 3-4270 | 34042 | 35614 | 36286 | 36958 | 37630 | 38302 | 3:8073 | 3=
v
6 890202 | 00780 | 92268 | 93756 | 95244 | 96732 | 9:8221 | 997 1197 | 102685 || 8 20317 | 40080 | 41661 | 42333 | 43005 | 4-3677 | 44349 | 45021 | 45693 | 46365
7 104178 | 10'5662 | 107150 | 108638 | 11-0126 | 111614 | 119108 | 114501 | 116076 | 117068 7 47037 | 47700 | 48381 | 49053 | 49725 | 50307 | 571060 | 51741 | 52341 | 53080
8 11-9055 | 12:0544 | 12:2032 | 123520 | 12:5008 | 12:6496 | 127984 | 12:9473 | 13-0961 8 58757 | 54428 | 55100 | 55772 | 5644d | 57116 | 57788 | 58460 | 59132 | DAL
9 13:3937 | 13:5425 | 13-6914 | 138402 | 13:0890 | 141378 | 14-2866 | 144355 | 145843 9 0476 | 61148 | 61820 | 6:2492 | 63164 | (:3836 | 64508 | 65180 | (5852 | GOONC
10 148819 | 15:0307 | 151796 | 153284 | 15:4772 | 156260 | 157748 | 150237 | 16:0725 I 10 67196 | 67868 | 6:8540 | 6:0212 | 6:0883 | 7-0555 | 71227 | 71899 | 72571 | T3
496 497
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A General View in one of our Four Works.

The Drilling Department at one of our Four Works.




REDPATH, BROWN & CO, LIMITED.
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A Steel Frame Building.

(Adpariment House.)

REDPATH, BROWN & CO, LIMITED.

An Electric Power Station (Australia).
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REDPATH, BROWN & CO, LIMITED.

s
A Steel Frame Building.

(Business Premises.)
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EDPATH, BROWN & CO, LIMITED.

A Steel Frame Building.
(Factory Premises.)
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REDPATH, BROWN & CO, LIMITED.

REDPATH, BROWN & CO, LIMITED.

An Exhibition Hall.
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A Steelworks Building.
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REDPATH, BROWN & CO, LIMITED.

A Shipyard Gantry.
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REDPATH, BROWN & CO, LIMITED.

APPENDIX 1.

LONDON COUNTY COUNCIL BUILDING
ACTS AMENDMENT.
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REDPATH, BROWN & €O, LIMITED:.

London County Council (General Powers)
Act, 1909.

Part IV, '

AMENDMENT OF LonDoN BuiLping Acts.

i : i the expression ‘ the
20. In this Part of this Act eX]
prir(x)cip;l Acts ” means the London Building Acts 1894

to 1908.

ti 21. Words and expressions used in this -Par‘gb ofrttlﬁz |
n 1. r : : |
;?lge?é:g: of Act shall unless the context otherwise requires bea :
e m(;anings assigned to them in the prmmpa];l A.ctfsdaa)
i 't of this Act may be cited to- |
those Acts and this Pall .
gether as the London Building Acts 1894 to 1909. |

For the purposes of this Part. of this Act the expr(]ais:f;l I

“ pillar ** shall unless otherwise stated mea;li as e
pillar and shall include all colm and stanlc (?netEd o
assemblage of columns or stanc%non‘sg p.r(ziper’;V 1}:11;711 D,nea‘n 1}
bolted together and t—}ze e%plflfsu;r; % f;; Oir “ :ribunal - ‘\“. |
1 or joist an ee ! H

Zp];:;ﬁ g;rl(i:;s ’d]le tribunal of appeal as constituted F 1
by this Part of this Act.

I 1 i tained |
22. Notwithstanding a,nyth‘mg con L
principal Acts requiring buildings to be enleosedh Wlth 1
walls of the thicknesses and of the materials t ;reli il
respectively described it shall be lawful to erehct su ]1?1;‘ .
' 181 hi tion buildings wherein the -
to the provisions of this sec ' Toin e
ted through each storey
ads and stresses are transmit ot}
Lcc))&t}ze foundations by a skeleton framework of mleta};l ?I ]
artly by.a skeleton framework of m‘etal and part ({ h};
garty wall or party walls but buildmgs.so te];'ectii nzi.
j i tained in the p
bject to any exemptions con :
(/f::lts]i)r any of them) be subject to and comply with
;ﬁch provisions of the principal Acts or any of them a

Definition of
‘¢ principal
Acts.”

in  the |
Provisions with

respect to
buildings of
iron and steel
skeleton
construction.

|
Il
|

REDPATH, BROWN ¢4 co, LIMITED.
London County Council (General Powers) Aet, 1909.

any byelaws in force thereunder as may not be ingon- Provisions with

sistent with or contrary to the Provisions of this section. poi d'";xc,tgstoetc .

(1) ALl rolled stee] used in such construction sha]]
comply with the British standard specification
for structural stee] for bridges and genera]
building construction from time to time in
operation and every pillar or girder shal] he of
iron or steel or any other structura] meta]
which may hereafter be standardised by the
Engineering Standards Committee

(2) The skeleton framework of a building together
with the party wall or party walls (if any)

capable of safely and independently sustaining
the whole dead load and the superimposed
load bearing upon such framework and party
wall or party walls :

(3) All pillars in the external walls of g building shall
be completely enclosed and protected from the
action of fire by a casing of brickwork terra-cotta
concrete stone tiles or other incombustible
materials at least four inches thick the whole
being Properly bonded or secured together ;

(4) All girders in the external walls of g building shall
be similarly enclosed and encased with brick-
work terra-cotta concrete stone tiles or other
incombustible materials at least four inches
thick properly tied and bonded or secured to
the adjoining work but the casing on the under-
side of such girders and to the edges of the
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REDPATH, BROWN & CO, LIMITED.

London County Council (General Powers) Act, 1909.

flanges thereof and plates and angles con-
nected therewith may be of any thickness not
less than two inches :

Provisions with
respect to
-buildings, etc.

(5) All pillars and girders (other than pillars and
girders in the external walls of a building) shall
be protected from the action of fire by being
encased to the satisfaction of the district sur-
veyor and to a thickness of not less than two
inches in brickwork terra-cotta concrete metal
lathing and plaster or cement but the casing
on the upper surface of the upper flange of all
girders and on the lower surface of all sub-
sidiary joists may be of any thickness not less
than one inch. Wood firrings shall not be used
in connexion with any such casing. Provided
that this subsection shall not apply in the
case of buildings of only one storey and not
more than twenty-five feet in height :

whenever the length of* the girder exceeds

thickness thereof :

times the depth of the girder unless the cal-

one four-hundredth part of the span :

(8) Wherever two or more girders are arranged along-
side and closely adjacent to one another
are intended to act together they shall be f
together by means of iron separators and b

(6) Every girder shall be secured against buckling 1

. thirty times the width of the compression |
flange and the web of every girder shall be |
secured against buckling in every case in which ||
the depth of the web exceeds sixty times the |

(7) The span of a girder shall not exceed twenty-four

culated deflection of such girder is less than

—Wﬁ-

REDPATH, BROWN & CO, LIMITED.

London County Council (General Powers) Act, 1909.

or by riveted plates or in any other equally Provisions with

respect to

efficient manner approved by the district sur- b dings, etc.

veyor. Separators or plates or other members
acting as separators shall not be placed at a
distance apart exceeding five times the depth
of the girders to which they are attached and
shall also be placed immediately over all
supports and immediately under or at ajl
concentrated loads :

(9) All girders for supporting external walls shall be
placed at the floor level of a storey or at a dis-
tance of not more than five feet above or below
such floor level :

(10) Rivets shall be used in all cases where reasonably
practicable but where bolts are used they shall
extend through the full thickness of the nuts
attached thereto and the nuts shall in all cases
be so secured as to avoid the risk of their be-
cf)ming loose. The distance from the edge of a
ivet hole or bolt hole to the edge of the plate
bar or member shall not be less than the dia-
meter of the rivet or bolt. Rivets shall bhe 80
placed that their centres shall not be closer
t'ogether than three times the diameter of the
nivets. The pitch of rivets shall he measured
1n a continuous straight line and such straight
line pitch in girders pillars and roofwork shall
not exceed sixteen times the thickness of the

thinnest plate bar or member through which
they pass :

(11)—(a) An external wall may be of any thickness
not less than eight and a half inches for the
topmost twenty feet of its height and thirteen
inches for the remainder of its height below
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REDPATH, BROWN & CO, LIMITED.

Provisions with
respect to
buildings, etc.

London County Council (General Powers) Act, 1909.

such topmost twenty feet. Provided that a less
thickness shall be allowed in any case in which
under the London Building Act 1894 such less
thickness is prescribed but that nothing in this
subsection shall override any of the require-
ments of this section in regard to the thick-
ness of casing in connexion with pillars and
girders and that in any case in which an external
wall or portion of an external wall is not sup-
ported or carried or secured by metal frame-
work within the limits of height and length
prescribed by the First Schedule to the London
Building Act 1894 for the purpose of deter- |f
mining the thickness of walls such external wall |f
or portion of external wall shall be of a thick- |
ness not less than that prescribed by such || :
schedule : '

(B) All party walls shall be of the thickness "
prescribed by the principal Acts :

(c) All brickwork and work in which terra-
cotta concrete stones tiles or other similar
materials are used shall be executed in Portland |
cement mortar and shall be bedded close up to
the metal framework without any intervening
cavity and all joints shall be made full and ||
solid. The cement so used shall be in accord- |f
ance with the British standard specification |
from time to time in operation. Provided
that in party walls (exclusive of any parts:
thereof immediately surrounding metal frame-
work) or other internal brickwork not con-
structed to carry loads or stresses provided for
under this section lime mortar may be used in
accordance with the provisions of the principal
Acts and any bye-laws in force thereunder :

516
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REDPATH, BROWN & €O, LIMITED.

London County Council (General Powers) . Act, 1909.

(12)—(a) No plate or bar in any steel or wrought ifso"eic5§°;‘:""ith

iron pillar shall in any part be less than a buildings, etc.

quarter of an inch thick and the bases of all
such pillars shall be at right angles to the axis:

(8) All joints in such pillars shall be close
butted with cover-plates properly riveted and
all joints between such pillars shall be properly
fixed and made and unless unavoidable no
joint shall be made between such pillars except
at or as near as may be reasonably practicable

to the level of a girder properly secured to such
pillars :

(¢) The foot of every such pillar shall have a
proper base-plate riveted thereto with sufficient
gusset pieces to distribute properly the load on
the foundations and the gusset pieces shall
have sufficient rivets to transmit the whole of
the load on to the base-plates :

(p) Where any such pillars are built up hollow
the cavities shall either be filled up with con-
crete or be covered in at both ends by metal
plates riveted thereto :

(18)—(a) The width of every cast-iron pillar shall be
not less than five inches and the metal of which
such pillar is composed shall not be in any part
of less thickness than three-quarters of an inch
or one-twelfth of the least width of such pillar
(whichever shall be the greater):

(B) The cap and base of every such pillar shall
be in one piece with the pillar or be connected
thereto with a properly turned and bored joint
sufficiently fixed :

517




L |

REDPATH, BROWN & CO, LIMITED.
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REDPATH, BROWN & CO, LIMITED.

London County Council (General Powers) Act, 1909.

(c) The ends of all such pillars shall be at Provisions with |

right angles to the axis:

(p) All joints between such pillars shall be at
or as near as may be reasonably practicable to
the level of a girder properly secured to such
pillars and shall be fixed and made with not
fewer than four bolts of not less diameter than
the least thickness of metal in the pillar. If
more than four bolts are used the diameter of
the bolts may be reduced proportionately but
no bolt shall be less than three-quarters of an
inch in diameter :

(2) The base of every such pillar shall have

respect to
buildings, etc.

such area as may be necessary to distribute

properly the load on the foundations :

(14) The base of every pillar shall be properly bedded
g0 as to transmit uniformly the load upon such
pillar to the foundations :

(15) The stress in any metal interposed between the
ends of a superimposed pillar and a pillar
beneath shall not exceed the stress on the super-
imposed pillar and the least width across such
interposed metal shall not be less than the
least width of the superimposed pillar :

(16) All floors and staircases (together with their
enclosing walls) shall be constructed throughout
of fire-resisting materials and be carried upon
supports of fire-resisting materials :

(17) All structural metalwork comprised in the skele-
ton framework of a building shall be cleaned
of all scale dust and loose rust and be thor-
oughly coated with one coat of boiled oil tar
or paint before erection and after erection

518

London County Council (General Powers) Act, 1909.

gl‘s%vei:‘i:ogoswith ghall receive at least one additional coat.
buildings, etc. Where such metalwork is to be embedded or

encased in brickwork terra-cotta concrete
stone tiles or other incombustible materials
one coat of Portland cement wash of adequate
consistency applied after erection may be
used in lieu of coats of oil tar or paint :

(18)—(a) The dead load of a building shall consist of
the actual weight of walls floors roofs partitions
and all other permanent construction comprised
in such building :

() The superimposed load in respect of a
building shall consist of all loads other than
the dead load :

(c) For the purpose of calculating the loads on
foundations pillars (including brick pillars) piers
walls framework girders and other construc-
tions carrying loads in buildings the super-
imposed load on each floor and on the roof
shall be estimated as equivalent to the follow-
ing dead load :—

For a floor intended to be used wholly or
principally for the purposes of human habita-
tion or for domestic purposes seventy pounds
per square foot of floor area ;

For a floor intended to be used wholly or
principally for the purpose of an office or a
counting-house or for any similar purpose one
hundred pounds per square foot of floor area ;

For a floor intended to be used wholly or
principally for the purpose of a workshop or

per square foot of floor area ;

L retail shop one hundred and twelve pounds
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For every floor in a building of the ware- Provisions with
house class not intended to be used wholly buildings, etc.

or principally for any of the purposes afore-
said not less than two hundred and twenty-
four pounds per square foot of floor area.
In every building of the warehouse class a
notice shall be exhibited in a conspicuous
place on each storey of such building stating
the maximum superimposed load per square
foot which may be carried on the floor of
such storey ;

For a roof the plane of which inclines up-
wards at a greater angle than twenty degrees
with the horizontal the superimposed load
(which shall for this purpose be deemed to
include wind pressure) shall be estimated
at twenty-eight pounds per square foot of
sloping surface ;

For all other roofs the superimposed load
shall be estimated at fifty-six pounds per
square foot measured on a horizontal plane :

Provided that if the superimposed load on any

floor or roof is to exceed that herein-before
specified for such floor or roof such greater load
shall be provided for pursuant to subsection (2)
of this section : ;

Provided also that in the case of any floor in-

tended to be used for a purpose for which a
superimposed load is not specified in this sub-
section the superimposed load to be carried on
such floor shall be provided for pursuant to
the said subsection (2):

(19) For the purpose of calculating the total load to
be carried on foundations pillars (including

respect to
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irs}‘::éo?: with brick pillars) piers and walls in buildings of
buildings, etc. more than two storeys in height the super-

imposed loads for the roof and topmost storey
shall be calculated in full in accordance with
the last preceding subsection of this section
but for the lower storeys a reduction of
the superimposed loads shall be allowed as
follows :—

For the storey next below the topmost
storey a reduction of five per centum of the
full superimposed load for such next storey
calculated as aforesaid ;

| For the next succeeding lower storey a
reduction of ten per centum of the full
: superimposed load for such storey calculated
(I as aforesaid and for each succeeding lower
| storey a further reduction of five per centum
of the full superimposed load for each such
storey calculated as aforesaid. Provided
always that the total reduction in Tespect
of any storey shall not exceed fiftty per
centum of the full superimposed load for
such storey ;

No such reduction as aforesaid shall be
| allowed in the case of a building of the ware-
I : house class :

(20) All buildings shall be so designed as to resist
s:mfely a wind pressure in any horizontal direc-
tion of not less than thirty pounds per square
foot of the upper two-thirds of the surface of
such buildings exposed to wind pressure :

(21)—(a) Tl}e working stresses on pillars of cast-iron
or mild steel due to the loads thereon (other
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than stresses induced by wind pressure) shall Pro
respect to

not exceed those specified in the two next buildings, etc.

following tables according to the several ratios
therein specified or a proportionate load for
intermediate or other ratios :—

CAST-TRON PILLARS.

Ratio of Length
to least Radius

Working Stresses in Tons per Square Inch of Net Section.

of Gyration. Hinged Ends. |, One End hinged | potp, pngs fixed.
. 20 35 40 £8
p 30 30 35 40
40 25 3:0 35
50 2:0 25 30
60 1:5 20 2'5
70 1:0 1:5 20
80 5 10 16

MiLp STEEL PILLARS.

Ratio of Length
to least Radius

Working Stresses in Tons per Square Inch of Section.

visions with

|
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Provisions with
respect to
buildings, ete.
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(B) The working stresses on wrought-iron pillars .
due to the loads thereon (other than stresses
induced by wind pressure) shall not exceed
two-thirds of the stresses herein-before specified
with respect to mild steel pillars :

(0) Any such pillar eccentrically loaded shall
have the stresses caused by such eccentricity
computed and the combined stresses resulting
from such eccentricity at any part of such
pillar when added to all other stresses at that
part shall in no case exceed the working
stresses specified in this subsection :

Provided that working stresses exceeding
those specified in paragraphs (a) (B) and (c) ‘of
this subsection by not more than twenty-five
per centum may be allowed in cases in which
such excess is due to stresses induced by wind
pressure :

(p) The eccentric load of a pillar shall be con-
sidered to be distributed uniformly over the
area of the cross section of such pillar at the
next lower level at which such pillar is fixed
and secured in the direction of eccentricity :

(22) The working stresses of iron and steel (except in

the case of pillars as herein-before provided)
shall not exceed the following :—

A Cagt-iron

1 Mild steel

1l Wrought-iron .

Working Stresses in Tons per Square Inch.
Tension. | Compresgion.| Shearing. Bearing.
15 8 15 10
5 5 4 7
7'5. 76 55 1 |

;H -(23) In the case of any rivet used in double shear the
working shear on such rivet shall not exceed

of Gyration. Hinged Ends. ag&‘%]ﬁngnlg’ag;gi_ Both Ends fixed.
20 40 50 60
40 35 45 55
60 30 40 50
80 25 35 45
100 20 30 10
120 10 2'5 35
140 00 20 30
160 10 2'5
180 00 15
200 05
210 00
522
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one and three-quarter times the working shear Provisionswith

A 5 2 5 respect to
allowed under this section on a like rivet when buil:

used in single shear :

(24) The pressure of foundations on the natural
ground shall not exceed the following :—

Tons per
Square Foot.

Natural bed of soft clay or wet or loose sand

Natural bed of ordinary clay or confined sand . 2
Natural bed of compact gravel, London blue clay
or chalk 5 : : 2 : : 4

(25) The pressure on concrete foundations shall not
exceed twelve tons per square foot :

(26) No disengaged brick pillar shall have a height
without proper lateral supports of more than
six times its least width but any such pillar
with proper lateral supports may have a height
between such supports not more than twelve
times the least width of such pillar. Such width
shall in no case be less than thirteen-and-a-

half inches :
(27) The pressure on any brickwork shall not exceed
the following :—
Tons per
L Square Foot.
Blue brick in cement mortar 4 . ; - 12
Hard brick (including London stock) in cement
mortar 5 . 3 e . - s 8
Ordinary brick in cement mortar ; s . 5

(28) The Council may prescfibe the materials and the
proportions of the materials to be used in any
concrete provided under the provisions of this

 }

dings, etc.
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section to which the provisions of the Rrin;zipal
Acts or any of them or any byelaws In orce
thereunder do not apply :

Provisions with
respect to
buildings, ete.

(29) Tt shall be lawful to make any addition to or
alteration of or to do other work to in or upon
a building in accordance with the provisions of
this section provided that the loads and stresseg
in the part of a building so added or altere
or to in or upon which such other work is done
are transmitted from the roof to the founda-
tions by a skeleton framework of metal or
partly by a skeleton framework of metal and
partly by a party wall or party walls and the
provisions of this section shall in ?11 respects
apply to such part of a building as if the same
were a separate building :

(30) Any structural metal hereafter standardised by
the Engineering Standards Committee as bef'ore
mentioned shall be used in the erection of build-
ings or additions alterations or other “fork mz.),de
or done under the provisions of this section
only subject to such terms and conditions as
the Council may think fit to attach either
generally or in any particular case t0 shie 1.181?
of such metal but any person dissatisfied witl
any term or condition attached by the Council
may appeal to the tribunal of appeal. Any
person failing to comply with any such term
or condition attached by the Council or (11;
the event of appeal) by the tribunal of appea
shall be liable to a penalty to be recoverable
in a summary manner not exceeding twenty
pounds and to a daily penalty not exceeding

the like amount :
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(31) In the case of the erection of a new building of il;%"elcs;éo?: with
metal skeleton framework or the making of any buildings, etc.
addition or alteration or the carrying out of
other work under the provisions of this section
the notice required to be served on the district
surveyor under section 145 of the London
Building Act 1894 shall be accompanied (a)
in the case of a new building by plans and
sections of sufficient detail to show the con-
struction thereof together with a copy of the
calculations of the loads and stresses to be
provided for and particulars of the materials
to be used and should such plans sections
calculations or particulars be in the opinion of
the district surveyor not in sufficient detail the
person depositing the same shall furnish the
district surveyor with such further plans sec-
tions calculations or particulars as he may
reasonably require and (B) in the case of an
alteration or addition or other work as afore-
said by such plans sections calculations and
particulars as the district surveyor may reason-
ably require :

(32) The district surveyor may for the purpose qf d..ue
supervision of the construction of a building
require to be furnished with reasonable proof
as to the quality of metal to be used in such
construction and may if not furnished with
such proof or for any other reason Tequire 1.7he
builder or other person causing or directing
the work to be executed to make any tests
which the district surveyor may consider
necessary and to drill any pillar (in all cases
_if reasonably practicable before the same 1s
encased) at any point to ascertain its thickness :
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(33) Any person dissatisfied with any requirement of

the district surveyor under this section may
within fourteen days of the date of the service
of a notice from the district surveyor of such
requirement appeal to a petty sessional court
who may make an order affirming such re-
quirement or otherwise and every builder or
other person failing to comply with any such
order shall be liable to a penalty (to be re-
coverable in a summary manner) not exceeding
twenty pounds a day during every day of the
continuance of the non-compliance with such
order :

(34) In order to facilitate the erection of buildings

of metal skeleton framework it shall be lawful
for the Council to modify or waive any of the
requirements of subsections (3) (4) (5) (8) (9)
(11) (12) (B) (17) (20) (24) and (26) of this
section upon and subject to such terms and
conditions as they may think fit and any
person dissatisfied with the refusal of the Coun-
cil to modify or waive any of such require-
ments or with any term or condition which
the Council may attath to any modification or
waiver may appeal to the tribunal of appeal.
Any person failing to comply with any term or
condition attached by the Council or (in the
event of appeal) by the tribunal of appeal to
such modification or waiver shall be liable to
a penalty to be recoverable in a summary
manner not exceeding twenty pounds and to
a daily penalty not exceeding the like amount :

(35) If the Council within the period of one month or
in the event of such period of one month com-

mencing or expiring on any day between the
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Power to make confirmed at a meeting of the Council subsequent to that

eighth day of August and the fourteenth day Provisions with Power ¢
ofuse o ** b which the regulations shall have been made nor shall

resPect to

of September (both inclusive) then within a buildings, etc. to_use of
reinforced

period of two months after the receipt of a concrete.

written application for the modification or
waiver of any of the requirements of this
section which the Council are empowered to
waive or modify fail to give notice to the
applicant of their refusal or grant thereof the
Council shall be deemed to have granted such
application.

23.—(1) The Council may make regulations with
respect to the construction of buildings wholly or partly
of reinforced concrete and with respect to the use and
composition of reinforced concrete in such construction
and for the purpose of framing such regulations may
carry out such investigations and make such tests as
they may deem necessary and the provisions of this
section and of any such regulations shall (subject to
any exemptions contained in the principal Acts or any
of them) have effect notwithstanding any provisions of
the said Acts or any of them or any byelaw in force
thereunder which may be inconsistent therewith or
contrary thereto.

(2) Subject to such regulations as aforesaid buildings
may be constructed wholly or partly of reinforced con-
crete but except as provided by this section or by such
regulations buildings so constructed shall (subject to
any exemptions contained in the principal Acts or any
of them) be subject to and comply with all such pro-

Power to make
regulations as
to use of
reinforced
concrete.

any such regulations have any force or effect until the

same shall have been allowed by the Local Government
Board.

: (4) The Council shall give to the Surveyors’ Institu-
tion the Institution of Civil Engineers the Royal In-
stitute of British Architects and the Concrete Institute
notice of their intention to apply to the Local Govern-

ment Board for allowance of any regulations made under
this section.

(5) All regulations made and confirmed and allowed
as afor:esaid shall be published in the London Gazette
and printed and hung up at the County Hall and be
open to public inspection without payment and copies
thereof shall be delivered to any person applying for
the same on payment of such sum not exceeding two-
pence as the Council shall direct and such regulations
when so published shall come into operation upon a
date to be fixed by the Local Government Board in
allowing the regulations and the production of a printed
copy of such regulations authenticated by the seal of
the Council shall be evidence of the existence and of
the du.e making allowance and publication of such
regulations in all prosecutions or other proceedings under
the same without adducing proof of such seal or of the
ffwt of such making confirmation allowance of publica-
tion of such regulations.

visions of the said Acts or any of them and of any bye-
laws in force thereunder as may not be inconsistent
with or contrary to the provisions of this section or
any regulations in force thereunder.

(3) No such regulations shall have any force or effect
unless or until they shall have been submitted to and

3.?&i§§§f:£‘2:§ 24.—The foregoing provisions of this Part of this Act
| fotorm part and any regulations in force thereunder shall be deemed

of Lo :dm:‘- to form part. of Part VI. of the London Building Act
il roopi0E Act 1894 a:nd' this Part of this Act and any references in
| the principal Acts to the said Act of 1894 or any Part
thereof shall be construed accordingly.
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25.—(1) For the purposes of this Part of this Act the Tribunal of
tribunal of appeal shall consist of the three members of Goamdia
the tribunal of appeal from time to time appointed under
section 175 of the London Building Act 1894 and of one
member appointed by the Council of the Institution of
Civil Engineers.

(2) In the event of there being an equality of votesin
the tribunal of appeal on any matter arising under this
Part of this Act the member acting as the chairman of
such tribunal for the time being shall have a second or
casting vote.

* (3) Regulations made or to be made under section 184
of the London Building Act 1894 shall apply to appeals
under this Part of this Act to the tribunal of appeal.

(4) Subject to the provisions of this section the pro-
visions of section 156 and sections 175 to 186 (inclusive)
of the London Building Act 1894 shall apply to the
tribunal of appeal and appeals thereto under this Part
of this Act as if the tribunal of appeal referred to in
those sections were the tribunal of appeal constituted
by this Part of this Act. i

26.—(1) Where under the provisions of this Part of Increased fee

‘ v . to district
this Act or any regulations in force thereunder any surveyor in

building is erected or any addition or alteration or other
work is made or done to or on any building the district
surveyor shall be entitled with regard to such building
addition alteration or other work to a fee equal to two
and a half times the amount of the fee specified with
regard to new buildings in Part I. of the Third Schedule
to the London Building Act 1894 calculated as follows :—

New Bualdings.

Upon the area and height of the building as specified
in the said Part I. of the said Third Schedule.

certain cases. ||
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Additions.

Upon the area and height of the addition (including
therein such portion of the building as may be
structurally affected by any alteration or other
work necessitated by or involved in the making
of the addition) as if such addition had been a
new building of the same area and height,

Increased fee
to district
surveyor in
certain cases

Alterations and other Works.

Upon the area and height of the portion of the
building structurally affected by the alteration or
other work (not necessitated by or involved in
the making of an addition) as if such portion had
been a new building of the same area and height.

Provided that in calculating the fees payable under
this section no regard shall be had to the proviso con-
tained in the said Part I. of the said Third Schedule.

Provided also that the fees payable to the district
surveyor in respect of arches or fire-resisting floors over
or under public ways the formation or closing of open-
ings in party walls and on chimneys and flues shall be
those specified in the said Part I. of the said Third
Schedule.

(2) One-fifth of the amount of any fee payable under
this section shall be paid to the district surveyor at the
time when notice is served on him under section 145 of
the London Building Act 1894.

(3) Subject to the provisions of this section all the
provisions of the London Building Act 1894 relating to
the payment to and recovery by the district surveyor
of fees shall extend and apply to the fees provided for
by this section.
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27. The provisions of this Part of this Act and any
regulations in force thereunder shall not apply in the
case of the erection or alteration of or the making of an
addition to or the doing of other work to in or upon any
building in accordance with the provisions of the
principal Acts and nothing in this Part of this Act or in
any regulations in force thereunder shall take away or
prejudice any powers rights privileges or exemptions
vested in or enjoyed by any person under the principal

_Acts or any of them.

London County Council (General Powers)
Act, 1923.

Clauses relevant to Steel Frame Buildings.

5.—(1) In order to facilitate the erection of buildings
of metal skeleton framework it shall be lawful for the
Council to modify or waive upon the subject to such
terms and conditions as they think fit any of the require-
ments of subsections (1) (2) (6) (7) (10) (13) (14) (15)
(16) (18) (19) (21) (22) (23) (25) (27) and (29) and para-
graphs (a) (c) and (D) of subsection (12) of section 22
(Provisions with respect to buildings of iron and steel
skeleton construction) of the London County Council
(General Powers) Act 1909.

(2) Any person failing to comply with any term or
condition attached to any modification or waiver under
this section shall be liable on summary conviction to a
penalty not exceeding twenty pounds and in the case
of a continuing offence to a further penalty not exceeding
the like amount for each day on which the offence con-
tinues after conviction thereof. \

(3) The provisions of this section shall be deemed to
form part of Part VL. of the principal Act.

Saving
existing
powers and
rights. .

Prowvisions with
respect to
buildings of
iron and steel
skeleton
construction.

|

— W

REDPATH, BROWN & €O, LIMITED.

|
[

INDEX
INTRODUCTION PAiawffx
CoNTENTS 1-2
Brams . 3-91
Prrars 93-247
MISCELLANEOUS STRUCTURAL TABLES AND DETAILS 249-367
GENERAL NOTES AND FORMUL® 369437
MaTHEMATICAL TABLES, WEIGHTS AND MEASURES 439-497
PHOTOGRAPHS 499-510
ArrENDIX I. (Lonpon County Councin Bumwpine Acrt) 511-532

(Numbers refer to pages. Roman numerals, i—x, refer to the introductory
pages preceding the tables.)

BBREVIATIONS, metric system,
483
Accidental eccentricity, 405, 414
Addresses—
branch offices, v
offices, works and stockyards, iv
registered office, iv
telegraphic addresses, iv—v
Alignment charts—
pillars, L.C.C. stresses, 240-241
— Moncrieff Formula, 166-167
roofs, wind pressure, Duchemin
formula, 337
Allowances—
compound girders, rivet heads, 86-87
— — — holes, 87-88, 437
— pillars, rivet heads, 243
— — — holes, 244
rolling margin, ix.
to tables
Angle of inclination of lattice bars, 423,
425, 426
Angle and plate girders, tables, 64—67
Angles—
as beams, notes, 88
— tables, 68-79
centroids, positions of, 258-266
dimensions, 258-267
end, for beam connections, 272-281
holes in, spacing for, 258-266

See also footnotes

Angles (continued) -
properties, 258-267
reference marks, 258-266
ag struts, notes, 243, 244, 247
— tables, L.C.C. stresses, 208-215
—— Moncrieff Formulz, 134141
as ties, safe loads on net areas,
tables, 304-308
weights per foot, 258-266
Antilogarithms, notes, 475-476
— tables, 444445
Applications of—
alignment charts, pillars, 417418
— — wind pressure, 388
coefficients,deflection, beams, 389-392
— eccentricity, pillars, 416418
— length, stress and reactions, roofs,
338-339
formule for arms of eccentricity,
pillars, 410411
— for bending moments, reactions
and shears, 385
— for deflection of heams, 389-392
— for equivalent tabular loads,
beams, 384
— — — — pillars, 407408
— for steel grillage foundations, 432—
433

— for ‘variations of tabular con-
ditions, beams, 384
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Applications of (continued)—

— formulz for variations of tabular
conditions, pillars, 407408

— for web buckling of beams, 394

— for weight of roof truss and cover-
ing, 338

loads on 1-foot span, 88-89

— for 1-inch plate breadth, 88-89

mathematical tables, 474—478

moments of resistance tables, 55

rivet pitch tables, 38, 41, 44, 47,
48

section moduli for 1l-inch plate
breadth, 88-89

Areas—

allowances for rivet holes, beams,
87, 437

— — — — pillars, 244

British Standard Sections, 251-270

circles, 472273

round and square steel bars, 314

sections, various, formule for, 358-
361

Axis and Axes—

in compound sections, formule for,
435-436

in crane gantry girders, 341, 343

notes, 87, 88, 244-247, 373, 376, 393,
410412, 414418

positions of, in standard sections,
255-2171

in various sections,
358-361

formulze for.

ASIS weight of steel used in
calculations, ix

Batten plates on pillars and struts,

proportions and spacing,
423427
Battened pillars, see Pillars, com-

pound battened
Beams—

See also Angles, Channels, I-Beams,
Girders, Compound and
Tees

For reference marks, dimensions, safe
loads and properties, see
tables, 4—83

bearing plates, 399-400

bending moment, see Bending

conditions of loading, general, 379

— for tabular loads, x, 86, 370

definition, 372-373

deflection, L.C.C. regulations, 514

Beams (continued)—

deflection, notes and formulz, 90-91,
375, 388-393

distribution of stress, 373

economical considerations affecting
design, 377-379

end angles, 272-281

end connections to pillars, typical
details, 288-289

— support, x, 370-371

equivalent tabular loads, formule,
382-384

— — moments of resistance, formulz,
387

explanations of the tables, 84-91

extreme fibre of, notes, 373

factors of safety, 381-383

fishplates, 282-283

general formulee, 354-357, 433434

lateral support, 382

— — 1.C.C. regulations, 514

laws of equilibrium, 373-374

— for strength, 375

loads on 1-foot span, notes, 88-89

modulus of section, notes and
formule,; 88-89, 244, 376,
378

moments of inertia, notes and
formule, 87-88, 358-361,
376

— of resistance, notes and formulze,
84-85, 375, 384, 387

— — — tables, 50-55

neutral axis, notes on, 373. See also
Axis
properties, notes, 371. See also

Properties

reactions, notes and formulse, 355-
3517, 374, 385

selection of sections, notes, 85, 381,

shearing force, see Shear

stiffeners for, notes, 395

— for, typical details, 288-289

supporting brick walls, notes. 380,
393

variations of tabular conditions, notes
and formulae, 382-384
working stress, x, 86
— — L.C.C. regulations, 523
Bearing plates, notes and formulae, 399
400 ¢

and shearing values for groups of
rivets and bolts, 318-321
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Bearing and shearing values for rivets
and bolts, 316-317
— — — for rivets and bolts, L.C.C.
) regulations, 523-524
Bending moment—
crane gantry girders, 348
definition, 375
diagrams and formule, 354-356
example of calculation, 385
general formule, 433-435
‘ maximum and minimum, positions
of, 375
| notes and formule, 354, 356, 375,
384-385
pillars, eccentrically loaded, 412413
— latticed, 420
steel grillage foundations, 431
Bolts—
diameters of,

in I-beams and
| channels, 250-256
Lewis, sizes and weights, 327
and nuts, dimensions and parti-
culars, 326
— — weights, 322-323.
[ and rivets, shearing and bearing
values, 316-317
— — — — groups, 318-321
sheeting, 329
! Box plate girders, see Girders, plate
Bracing for latticed pillars, see
’ Lattice
Brackets for pillars, details and safe
loads, 284285
— — —notes, 413
Breadth of compression flange, ratio of
: to span, 86, 382
Brickwork, safe pressures, 367, 428
— — — L.C.C. regulations, 524
British Standard Sections—
notes on properties, 371
reference marks, dimensions and
s properties, 250-271
British weights and measures and
. metric equivalents, 482-497
Buckling, beams, lateral, notes, 86, 370,
382, 393
— pillars, note, 373
— web, see Web Buckling.

APACITY—

Central axis or axes, see AXis :
Centres of application of eccentric
loading, 410-412 ¥
Centroids—
positions of, in channels, angles and
tees, 255-271
— — in compound girders, 435-436
— — formulz, 358-361
Channels—
as beams, notes. 85, 87
— tables, 58-59
— compound, tables, 60-63
centroids, positions of, 255-257
diameters of rivets or bolts in, 254,
256
dimensions, 254-257
— depths between fillets, 254, 256.
— flange thicknesses plus fillets, 254,

256
holes in, spacing for, 254, 256 .
as pillars, notes, 242, 244, 245,
247

— tables, L.C.C. stresses, 198-199
— — Moncrieff Formulze, 124-125
properties, 254257 A
— moments of inertia, net, 255, 257
reference marks, 254, 256
shear, L.C.C. Regulations, tables and
formulz, 299
web buckling, tables and formule,
297, 299
weights per foot, 254, 256 :
zigzag lines of tables, explanations,
90, 246 ]
Chequered plates, dimensions, weights
and safe loads, 328
Circles, areas, 472-473
— circumferences, 470471
Coefficients— e
deflection, applications, 388-389
— derivation, 388
— notes, 91
eccentricity, see Tables, 95-237
— applications, 416-418
— derivation, 413 h
— notes, 246-247, 370, 414416
roof trusses, applications, 333-334,
338-339
— — derivation, 332-333
— — notes, 332

Bljitish measure of, 484 !
carrying, girders in order of, 50-55
_ metric measure of, 485
Ceilings, plaster, note on deflection, 90

— — tables, 330-331

Columns, solid round steel, bases and
caps, diagrams and mnotes,
160-163, 234-237
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(lolumns, solid round steel (continued)—

design of caps for, 419

dimensions, 160-163, 234-237

notes on use of, 243

properties, 161, 163, 235, 237

reference marks, 160, 162, 234, 236

sizes of slabs for bases and caps, 161,
163, 235, 237

tables of, L.C.C. stresses, 234-237

— — Moncrieff Formule, 160-163

weights per foot, 161, 163, 235, 237

Component— s

normal, wind pressure, alignment
chart, 337

— — —notes and formulz, 336

of pillars, notes on centres of, 244

245
reactions, roof trusses, 331
Composition of girders, notes, 86
— — pillars, notes, 243 )
Compound girders, see Girders, com-
pound
— pillars, see Pillars, compound
— struts, see Struts, compound
Concentric loading, pillars, definition,
245
— — — equivalent, notes and formula,
416
— — — notes, x, 245, 371, 402409
Conditions, pillars, ends of, x, 242,
371, 404405, 406
— for tabulated values, x, 370-371
Connections—
beams to pillars, 288-289
end angles for I-beams, 272-281
fishplates for I-beams, 282-283
pillar brackets, 284-285
— joints, 286287 -
roof, 290-294.
Contents, general, 1-2
— notes, 84, 242, 370
Corrugated sheets and fittings, gal-
vanised, 329
Cosecants, natural, tables, 452—453
Cosines, natural, tables, 448449
Cotangents, natural, tables, 456457
Coverings, roofs, weights, 334, 362
Cranes, electric overhead travelling—
dimensions, weights and wheel pres-
sures, tables. 350-351
notes on tables, 352-353
- gantries, 2 o
- — equivalent static load, 353

— girders, average workingstress. 353

Cranes, electric, overhead travelling
(continued)—
gantries, girders, bending moments
and shears, 348
— — dimensionsand properties, 340—
343
— lateral and longitudinal forces, 353
— pillars, dimensions and properties,
344-347
— — loads on, 349
Cubes of numbers, 464469
Curtailment of flange plates, 49, 397
399

EAD load, see Loads
Decimal equivalents, fractions
of one foot, 480481
— — — of one inch, 479
Deductions, see Allowances
Definitions and fundamental principles
of statics, 371-376
Deflection—
asymmetrical sections, note on, 393
beams supporting brick walls, per-
mitted ratios, 393
coefficients, angles, 69-79
— applications, 388-389
— derivation, 388
— note, 91
— tees, 81, 83
definition, 375
formule, 91, 355, 357
— application of, 388-392
— derivation of, 388
L.C.C. regulations, 514
notes, 90-91, 375
plastered ceilings, note, 90-91, 390
in practice, notes, 393
zigzag lines of tables, explanations
of, 90
Design, economical considerations, 377—
79

Details—

bases and caps, solid round steel
columns, 160, 162, 234, 236

British Standard Sections, 250-271
end angles for I-beams, 272281
fishplates for I-beams, 282-283
gutter and downpipe fixings. 295
pillar brackets, 284285

joints, 286-287

typical, various, 288-295

| Diameters of bolts or rivets in I-beams

and Channels, 250-256

Ellipse of inertia, definition, 376
End angles for I-beams, details, 272—
281

Ends of beams, support of, x, 370
— of pillars, conditions of, x, 242, 371,

Equal angles, see Angles
Equilibrium, laws of, 373-374
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Dimensions—
beams and girders, see Tables, 3—-83
bolts and nuts, 326
— — — Lewis, 327
British Standard Sections, 250-271
chequered plates, 328
columns, pillars and
tables 94-237
crane gantries, girders for, 340-343
— — pillars for, 344-347
electric overhead travelling cranes,
. 350-351
galvanised corrugated sheets, 329
-— hook bolts, 329
handrail tubing, 328
pillars, batten plates, 423427
— lattice bars, 423-426
— overall, notes, 244-245
rivet heads, 326
slabs for solid round steel columns,
161, 163, 235, 237
units, 86, 243 :
washers, ordinary and bevelled, 327
Downpipes and gutters, sizes, 400—401

CCENTRICITY coefficients, see
tables, 95-237
— — applications, 416-418
— — derivation, 413
— — notes, 246247, 370, 414-416
Eccentric loading—
centres of application, 410-412
definition, 414
examples, 416418
general formule for, 412-413
notes, 414
pillars, L.C.C. regulations, 523
Economical considerations affecting
design, 55, 377-379
— selection of beams, note, 85
Effective span of beams, notes, 86
Elastic deformation, definition, 372
limit, definition, 372
modulus, definition, 372
Electric overhead travelling cranes, see
Cranes

404406

struts, see

Equivalent concentric loads, formulz.
416

— tabular loads, beams, formule, 382—
384

— — — pillars, formule, 407-409

— — moments of resistance, 387

Equivalents, British and metric, 482—

497
Establishments of the company, iv—v
Examples, see Applications
Explanations of tables—

beam, 84-91

crane, 352-353

mathematical, 474-478

pillar, 242247

roof truss, 332-339
Extreme fibres, definition, 373
— distances, 255-271, 341, 343
— — formulz, 358-361

FACTORS of safety, notes, 381— [
382

— — — modifications, 383-384

Fillets, British Standard Sections, radii,

250-2170

—depths  between, I-beams and

channels, 250-256

— Pplus flange thicknesses, I-beams and

channels, 250-256

Fibres, extreme, see Extreme fibres

Fishplates for I-beams, 282-283

Fittings, galvanised, 329

Flange breadth, ratio of to span, 86—
382

— — —— L.C.C. regulations, 514

— plates, curtailment, 49, 397-399

— thicknesses, I-beams, and channels,
250-256

— — plus fillets, I-beams and channels,
250-256

Flats and plates, weights per foot, 311—
313

— as ties, safe loads on net areas, 309-
310

Flexure, definition, 372

Floor loads, 364-366

— — L.C.C. regulations, 519-521

— — See also Loads

Foot, cubic, weight of steel, ix, 362

— decimal equivalents, inches, 480—

481

~— — — metric, 482, 483, 486-487, 494,
495

— weights of per lineal, sec Weight
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Force, definition of external, 371
— — — moment of, 373
-— — — positive and negative, 373
-— — — shearing, 374 .
Formule—
beams, bearing plates, thicknesses of,
40

— bending moment, deflection, re-
action, shear, 348, 354-357
— deflection, 91
— — application of, 388-392
— — derivation of, 388
— equivalent tabular loads, 382-384
— — — moments of resistance, 287
— flange plates, curtailment of, 49,
398-399
— — compressive stress, 382
— modulus of section, 387
— rivet pitch, 49
‘— web buckling, 297, 394
— — — L.C.C. regulations 299
crane gantries, beams, average work-
ing stress, 353
— — — bending moment and shear.
348
— — — equivalent static load, 353
— — — pillars, loads, 349
general, areas of sections, 358-361
— extreme fibre distances, 358-361
— moments of inertia, 358-361
— properties of compounds, 435437
— relations of, 433-435
mathematical, 440441
pillars, eccentric loading, 412—413
— — —centres of application of,
410412
— equivalent concentric load, 416
— lattices and batten plates, 420—
427
— London County Couneil, 406
— — — —notes on, 408-409
— Moncrieff, 164, 402
— — notes on, 403405, 409
—slab  caps, solid round steel
columns, 419
roof trusses, reactions, 339
— — weights of, 334
— — weights of purlins and covering,

— — wind pressure, 335-336
steel grillage foundations, 430-433
Foundation bolts, dimensions and
weights of, 327
loads on, 366, 428

Foundation and masonry, safe pressures
on, 367, 428
— — L.C.C. regulations, 524
steel grillage, notes formule and
example, 429-433
Functions, trigonometrical, 440—441

Y ALVANISED corrugated shee's

and fittings, 329

Gantries, crane, see Crane
Girders—

See also Beams

allowances for rivet holes, 87-88

areas of, note, 87

composition of, notes, 86

compound, channels, two, plated,
tables, 60—63

— crane, gantry, tables, 340-343

— I-beams, one, plated, tables, 8-17

— — one, plated one flange, tables,
56-57

— — two, plated, tables, 18-27

— — three, plated, tables, 28-37

— and I-beams, moments of resist-
ance, tables, 50-55

— — —in order of strength, tables,
50-55

— italics of tables, notes, 84, 396

— loads on 1-foot span, application,
88-89

— — for 1-inch plate breadth, appli-
cation, 88—89

— modulus of section, l-inch plate
breadth, application, 88-89

— moments of resistance, notes, 84—
85

— — — — tables, 50-55

— in order of strength, tables, 50-55

— rivet pitch formula, 49

— — —notes, 84

— — — tables, 38-48

— web buckling, tables, 296-297

bending moment, see Bending

conditions for tabulated values, x,
370-371

crane gantry, average working stress,

— — bending moments and shears,
348

—— — dimensions and properties, 340—
3

— — lateral and longitudinal forces,
353

|
=

Glazing, roo'f. weight, 334

— and sheeting details, roof, 293
Grillage foundations, notes, formulse
— web buckling and shear values, 296—

————— L.C.C. regulations, 298

Gutter and downpipe fixings, details,

REDPATH, BROWN & CO, LIMITED.

Girders (continued)—
curtailment of flange plates, 49,
397-399
deflection, see Deflection
dimensions, see fables
economical considerations affecting
design, 85, 377-379 '
explanations of the tables, 84-91
flange thicknesses, notes, 86-87
italics of tables, explanations, 84
loads on 1-foot span, applications,
88-89
plate, note, 85
— tables, 64—67
— rivet spacing, 315
properties, see tables
— notes, 87-88
selection of, notes, 85, 381, 386
shear, sce Shear '
special, notes on use of, 85
stiffeners and web buckling, notes,
90, 393-395
values for 1-inch plate breadth, 88-89
variations of the tabular conditions.
) notes and formulse, 382-384
weights per foot, note, 86-87
zigzag lines of tables, explanations of,

and example, 429-433
299

299

I-BEAMS~
as beams, notes, 86
— — tables, 4-7

depths between fillets, 250, 252
diameters of rivets or holts in, 250.
252
dimensions, 250-253
end angles for, 272-281
fishplates for, 282-283
flange thicknesses plus fillets, 250,
252
and girders, moments of resistance,
tables of, 50-55
and girders, in order of strength, 50—
55
holes in, spacing for, 250-252
as pillars, notes, 242, 379
— tables lof as, L.C.C. stresses, 168—
71 )
— — — — Moncrieff Formulae, 94-97
properties, 250-253
— moments of inertia, net, 251, 253
reference marks, 250, 252
shearing and bearing values of rivets
and bolts in, 318-321
shear, L.C.C. regulations, tables and
formule, 298-299
web buckling, tables and formule,
296-299
weights per foot, 250, 252
zigzag lines of tables, explanations
of, 90, 246
Imposed loads, see Loads
Inch; decimal equivalents, 479
— metric equivalents, 482—495

295

— — — sizes, 400401
Gyration, radius of, definition, 376
— — — notes on relative axis, 244

HANDRAIL tubing, dimensions and

weights, 328

H-beams, see I-beams
Heights, Limiting, pillars, notes, 245-
246

Holes, allowances for, 87, 88, 244, 437
— flange thicknesses at, note, 87

—spacing  for,

British
Sections, 250-270

Standard

Hook bolts, galvanised, dimensions and

weights, 329

Hooke’s Law, note, 372

Inertia, ellipse of, definition, 376

— moments of, allowances for rivet
holes, 87-88

— — — British and metric conversion
factors, 485

— — — British Standard sections, 251
271

— — — compound girders, notes, 87—
88

— — — — sections, method of calcula-
tion, 435-437

— — — definition, 376

— — — formulwx, 358-361

— — — girders, 9-37, 57, 61-67, 341-
343

— — — plates, 302-303

— — — —at various distances apart,
300-301

— — — rectangles, 302-303
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Inertia, moments of, relative axes, notes,

— net moments of, I-beams and chan-
nels, 251-257

Institution of Structural Engineers,
load recommendations, 364—
367, 428

Intentional eccentricity, notes, 414

ITtalics of tables, beams, explanations
of, 84

—— — — pillars, explanations of, 246

OINTS of pillars, details, 286-287
Joists, see T-beams

KILOGRAI\/[MES to pounds, 497
— per metre to pounds per foot,

497
— per square centimetre to pounds per
. square inch, 497

ATERAL support of beams, notes,

86, 370, 382

Lattice bars and batten plates, notes
and formulee, 419-427

Latticed pillars, note on bracing, 242.
See Pillars, latticed

Laws of equilibrium, 373-374

— for strength of beams, 375

Length coefficients, roof trusses, 330-

Lewis bolts and nuts, dimensions and
weights, 327
Loads—
angles and flats as ties, net areas,
. 304-310

beams, definition, 86, 372

— equivalent tabular, notes, 382-
384

— girders, safe
tables, 3—83

— maximum, notes, 90, 396

— minimum, notes, 366

— 1-foot span, notes, 88-89

— l-inch plate breadth, notes, 88-89

— relative axes, notes, 87-88

calculation of, notes, 379-380

chequered plates, 328

conditions for tabulated, x, 86, 242,
370+371

crane gantry pillars, 349

cranes, electric overhead travelling,
350-351

distributed,  see

Loads (continued)—

end angles for I-beams, 272-281

foundations, 367, 428

— L.C.C. regulations, 520-521, 524

floors, roofs, etc., Institution of
Structural Engineers, re-
commendations, 364-367

— — — L.C.C. regulations, 519-521

lifts or elevators, 366

live, notes on, 379-380

moving, 353, 366

partitions, allowances for, 366

pillars, brackets, 284-285

— columns, struts, safe concentric,
see Tables, 94-237

— concentric, definition, 245

— eccentric, centres of application,
410-412

— — definition, 414

— — examples of calculation, 416—
418

— — general formulee, 412413

— — notes, 414

— equivalent concentric, formula for,
416

— and foundations, 366
— — —notes, 428
— L.C.C. regulations, 520-521
—staircase and corridor, 365
— static, definition, 371
— tables of weights of materials, 362—
363
— tabulated, basic conditions, 370-
371
Logarithms, tables, 442443
— —notes on use of, 474476
London County Council Amendment of
Building Act, 511-532
London County Council regulations.
pillars—
alignment charts, 240-241
columns, struts, tables, 168-237
formule for stresses, 406
graph of working stresses, 238
references to, x, 242, 299, 367, 370,
380, 390, 394, 406409, 417,
428, 433, 437
tabulated loads, conditions for.
371
variations of the tabular conditions,
notes, 407409
working stresses, table, 239
web buckling and shear values, 298

dead, notes, 379-380
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MARGIN, rolling, ix
Masonry and foundations, safe
pressures, 367, 428
— — — L.C.C. regulations, 524
Materials, various, table of weights
362-363 '
Mathematical tables, 442-473
— — notes, 474478
Measures and weights, British, with
metric equivalents, 482-497
weights and measures, with
British equivalents, 482497
— system, abbreviations, 483
— —equivalents for properties of
. sections, 485
— — signification of prefixes, 485
Modulus of elasticity, definition, 372
— — — note, 372
— of section, allowances for rivet holes,
87-88
— — — British and metric equivalents,
conversion factors, 485
—_—— Brg,'i?sxlh Standard Sections, 251
— — — definition, 376
—— — — notes and formule, 387
— — — for 1-inch plate breadth, notes,
88-89
— — — relative axis, notes, 244
Moment of a force, definition, 373
Moments of inertia, see Inertia,moments

Metric

o

Moments of resistance, see Resistance,
moments of

Moncrieff Formulee, pillars, 402

— — — alignment charts, 166167

— — — columns, struts, tables, 94—
163

— ——graph of working stresses,
164

— — — hotes, x, 242, 403-405, 409

—_——— ta%x;lla.ted loads, conditions,
— — — variations of tabular con-

ditions, notes, 407-409
— — — working stresses, table, 163
——— z1g2z:§ lines of tables, notes,

NET moments of inertia, I-beams
and channels, 251257
Neutral axis, @eﬁnition, 373.  See also

. Xis
Notation, note on, 377

Nuts and bolts, dimensions and Par'.
ticulars, 326
— — — weights, 322-323

FFICE addresses, iv—v
Overhead travelling cranes, S¢¢
Cranes

ANEL le:;xgth, roof, calculation of.
9

3
Parallel beams, notes, 395-396
Permanent set, definition, 372
Photographs of works and typical steel
structures, 499-510
Pillars—
See also Columns, solid round steel
y and Struts
alignment charts, 166-167, 240241
allowances for rivet holes, 244
angles am(%4 tees in buildings, notes.
3

— tables of, L.C.C. stresses, 208-215

— — — Moncrieff Formule, 134-141

areas of, notes, 244

arm of eccentricity, definition, 414

base plates and bearings, areas, 367

— — — — L.C.C. regulations, 524

batten plates on, proportions and
spacing, 423-427

battened, see compound (helow)

brackets, details, 284-285

— loads on, 284-285

— note on projection, 413

channel, tables of, L.C.C. stresses,
198-199

— — — Moncrieft Formulee, 124-125

compound—

angles, two, back to back, tables,

L.C.C. stresses, 216-227

— — — — Moncrieff Formulz,
142-153

angles, two, battened, tables.
L.C.C. stresses, 228-231

— — — — Moncrieff Formulee.
154-157

channels, two, latticed or battened.
tables, L.C.C. stresses, 200-

201

— —~— — — Moncrieff  Formulz,
126-127

channels, two, plated, tables,
L.C.C. stresses, 202-207

— — — — Moncrieff Formulz.
128-133
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Pillars (continued)—
compound—

composition of, notes, 243245

I-beams, one, plated, tables, L.C.C.
stresses, 172-183

— — — — Moncrietf Formulse, 98-
109

I-beams, two, latticed or battened,
tables, crane gantries, for,

344-347

— — — —L.C.C. stresses, 184-
185

— — — — Moncrieff Formulz,
110-111

I-beams, two, plated, tables, L.C.C.
stresses, 186-197
— — — — Moncrieff
112-123
rivet pitch, notes, 243
“ spacing of component members,
notes, 244245
concentric and eccentric
combined, note, 418
— loading, definition, 245
conditions of ends, notes, x, 242, 371,
404406
— for tabulated loads, 371
connections of beams to, details, 288—
289
crane gantry, loads, 349
— — tables, 344-347
definition, 373
details of, typical, 284-289
eccentricity coefficients, see tables,
95-237
— — applications of, 416-418
— — derivation of, 413
— — notes, 246247, 370, 414416
eccentric loading, centres of applica-
tion of, 410-412
— — definition, 414
— — examples, 416418
— — general formulz, 412413
— — notes, 414
equivalent concentric load, formula,
416
— tabular loads, formulae, 407-409
explanations of the tables, 242247
flat ends, notes, 404—405
formule, 402, 406
foundations, calculation of loads on,

Formule,

loading

Pillars (continued)
I-beams, tables of, L.C.C. stresses,
168-171
— — — Moncrieff Formule, 94-97
italics of tables, explanations, 246
joints, details, 286-287
joists, see I-beams,
latticed, see compound (above)
— lattices, proportions and spacing
for, 419-427
—note on bracing, 242
— various formule for, 419427
limiting heights, notes, 245-246
loads on, notes, 428
London County Council stresses—
alignment charts, 240-241
formulae, 406
graph, 238
notes, x, 242
table of working stresses, 239
tables of properties and safe loads,
168-237
tabulated loads, conditions for, 371
variations of tabular conditions,
notes, 407409
moduli of section of, see Tables, 95—
237
— — — — notes, 244
Moncrieff Formule—
alignment charts, 166-167
condition of ends, notes, 404
formulee, 402
graph of working stresses, 164
notes, x, 242, 403405, 409
table of working stresses, 165
tables of properties and safe loads.
94-163
tabulated loads, conditions, 371
variations of tabular conditions,
notes, 407-409
zigzag lines of tables, notes, 246
overall dimensions, notes, 244-245
radius of gyration, definition, 376
— — — notes, 244
ratio of slenderness, definition, 245
selection of, notes, 381
solid round steel, notes, 160163, 234
237, 243, 419
solid round steel, tables, L.C.C\
stresses, 234-237
— - — — Moncrieff Formulee, 160-

366, 428 163 ‘
— safe pressures on, 367, 428 stresses, working, tables, IL.C.C.
— — — L.C.C. regulations, 524 stresses, 239
— ——

e = =
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Pillars (continued)—
stresses, working, tables, Morcrieff
Formulz, 165
superimposed, note, 242
tee, tables, L.C.C. stresses, 232—233
— — Moncrieff Formule, 158-159
variations of the tabular conditions,
407-409
weights per foot, notes, 243
zigzag lines of tables, explanations,
Pitch of rivets, see Rivets
Plastered cgilings, notes on deflection,
0-91
Plate girders, tables of, 64—67.
Girders, plate
Plates, chequered, dimensions, weights
and safe loads, 328
— and flats, weights per foot, 311-313
— curtailment of flange, 49, 397, 399
— moments of inertia of, 300-303
Ports, shipping, iv
Positions of centroids, channels, angles
and tees, 255-271
Pounds to kilogrammes, 496
— perfoottokilogrammes permetre, 496
— per square inch to kilogrammes per
square centimetre, 496
Prefixes used in metric system, 485
Pressure, wheel, on crane gantry
girders, 350-353. See also
Cranes
— safe on masonry, 367, 428
— wind, on buildings, 366
— — on roofs, 332-339, 365
———— L.C.C. regulations, 520-523
Properties, British Standard Sections,
250-271
— calculation of, notes, vii, 371
— compound  sections, notes
formulee, 435437
compounds, see variows tables
definitions, 376
—and dimensions of crane gantry
girders, 340-343
— — — — latticed pillars for crane
gantries, 344-347
— general formulae, 358-361
— of sections, metric equivalents, 485
— — — notes, 371
— — — units, 86, 243
Proportions of lattice bars and batten
plates, 423-427
Purlins, typical details of, 290, 293

See also

and

UALITY of steel, ix, 370
L.C.C. regulations, 513

ADIUS of fillets, British Standard
Sections, 250-270

gyration, British Standard
Sections, 251-271

— — — definition, 376

— — — relative axes, notes, 244

Rag bolts, dimensions and weights,

327

Range of stocks, ix

Ratio of slenderness, definition, 245

Reaction, definition, 371

— beams, example of calculation, 385

— — rules for, 374

— of

— formule, 355-357

— roof, 331, 339

Rectangles, moments of inertia, 302-
303

Reference marks, British Standard
Sections, 250-270. See also
tables

Registered office address, iv

Resistance, moments of, definition of,
375

— — — equivalent tabular, 387

— — — girders and I-beams, 50-55

— — — notes, 84-85, 375, 384

Rivet heads, allowances, 8687, 243

— — dimensions, 326

— holes, allowances for, girders, 87-88,
437

— — — — pillars, 244

— — flange thicknesses at, 87

— pitch, compound girders, diagrams,
38,41, 44, 47, 48

— — — —formule, 49

— — — — notes, 84, 396

— — — — tables, 38-48

— — — pillars, notes, 243

— spacing, minimum staggers, 315

— — notes, 396

Rivets, diameters of, in I-beams and
channels, 250-256

—groups of, shearing and hearing
values, 318-321

— lengths for varying grips, 325

— shearing and bearing values, 316
321

— — — — L.C.C. regulations, 523-524

—— sheeting, 329

weights, 324
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Rolling margin, ix

Roof—

coverings, weights of, 334, 362

details, 290294

— of rivet spacing, 315

glazing and sheeting details, 293

gutter and downpipe fixings, 295

— — — sizes, 400401

loads, 334-335, 365-366

— — — — L.C.C. regulations, 520

purlins, details, 290, 293

trusses, diagrams, 330-331

— explanations and applications of,

the tables, 332-339
— formula for weight, 334
— length, stress and reaction co-
efficients, tables, 330-331

— wind pressure, 335-337, 365-366

— — — L.C.C. regulations, 520

— — — reactions, 331

ventilators, details, 294

Roofing nails and screws, 329

Rounds, areas and weights per foot, 314

—solid steel columns, tables, L.C.C.
stresses, 234-237

————— Moncrieff Formulas, 160—
163.

— see also Columns, solid round steel

{ AFE loads, see Loads
— stress, see Stress
Secants, natural, tables, 454—455
Section modulus, see Modulus of section
— properties, notes on calculation, vii,
37

— — calculation of, for compound, 435—
437

— — formulee, 358-361 \

— selection of, notes, 85, 381, 386

— units of dimensions, 86, 243

Sections, British Standard, dimensions
and properties, 250271

— minimum used in roof design, 339

Separators, notes, 395-396

Set, permanent, definition, 372

Shear on crane gantry girders, 348

— definition, 374

— example of calculation, 385

— formulz and diagrams, 355, 357

— T-beams and channels, tables and
formule, L.C.C. regulations,
298-299

-~ location of zero point, 374

— notes, 374

Shearing and bearing values for rivets
and bolts, 316-321

— — — —for rivets and bolts, in
groups, 318-321

Sheeting bolts, 329

— and glazing details, roof, 293

— rivets, 329

Sheets, corrugated and fittings, gal-
vanised, 329

Shipping ports, iv

Sines, natural, tables, 446447

Sizes, British Standard Sections, 250—
271

— see Dimensions

— slabs for solid round steel columns,
161, 163, 235, 237

Snow, on roofs, 365

— weight, 363 .

Solid round steel columns, tables of,
L.C.C. stresses, 234-237

— — — —tables of, Moncriceff For-
mulee, 160-163

— — — — see also Columns

Spacings—

holes, British Standard Sections, 250—

2

lattice bars and batten plates, 423—
7|

rivets, 315, 396
Span—
effective, note, 86
maximum for deflection, note, 90
minimum for various rivet pitches,
notes, 84, 396
————— tables, 3848
— — shear and web buckling, note,
90
Splices, pillars, 286-287
Squares, areas and weights per foot, 314
— notes on tables, 478
— of numbers, 458-459
— root, 460463
— — notes on tables, 478
Stanchions, see Pillars
Standard thicknesses, note, 87
Static load, definition, 371
— — equivalent, 353
Statics, fundamental principles of, and
definitions, 371-376
Steel, quality, ix, 370
— — L.C.C. regulations, 513
— weight, ix, 362
Stiffeners, details, 288-289
— notes, 90, 395
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Stocks, range of, ix

Stock yards and works, ix
Strain, definition, 372
Strength, beams, laws for, 375

— I-beams and girders, in order of,

50-55
— ultimate, definition, 372
— — note, 370
Stress—

coefficients for roof members, appli-

cation, 338-339
— — — — notes, 332-335
— — — — tables, 330-331
definition of, 371-372
distribution of, 373
shearing and bearing, 316-321
— — — L.C.C. regulations, 523
working, average for crane gantry
girders, 353
— for beams, x, 86
~ — — L.C.C. regulations, 523
— and factor of safety, 381-383
— for pillars, L.C.C. regulations, 522
— — — tables of, L.C.C. regulations
239 ’
—_— tla(l;)ées of, Moncrieff Formulz,
Struts, see also Pillars
alignment charts tor; F1.CL.O! stresses,
240-241 ‘
— — — Moncrieff Formule, 166-167
angles, ta,blles of, L.C.C. stresses, 208—
215

— —— Moncrieff Formulzw,
141
— battened, see compound (below)
batten plates on, proportions and
spacing, 423-427
compound—
angles, two, back to back, tables of,
L.C.C. stresses, 216-227
— — — — tables of, Moncrieff For-
mulee, 142-153
— — battened, tables of; 0.0
stresses, 228-231
— — — tables of, Moncrieff Form-
ule, 154-157
condition of ends, note, 243
definition, 373
tees, tables of, L.C.C. stresses, 232—
233

134—

— — — Moncrieff Formulz, 158159
working stresses, table of, L.C.C.
stresses; 239 - - -

Struts, see also Pillars (continued)—

] ) Formulz, 165
Superimposed loads, see Loads
Support, beams,

370-371
— — lateral, notes, 382

383-384

TABLES, see Contents, 1-2
Tabular conditions,
of, beams, 382-384
— — — — pillars, 407-409
Tangents, natural, tables, 450451
Tees—
as beams, notes, 87
— tables, 80-83
centroids, positions, 269, 271
dimensions, 268-271
holes in, spacing for, 268, 270
properties, 269, 271
reference marks, 268, 270
as struts, notes, 243, 244, 247
— tables, L.C.C. stresses, 232-233
— — Moncrieff Formulze, 158-159
weights per foot of, 268, 270
Telegraphic addresses, iv—v

Tensile strength, ultimate, definition,

372
=n ———onotey370: .,
Thicknesses—
batten plates, 423424
bearing plates, notes and formule
W 399-400
British Standard Sections, 250271
flanges at rivet holes, note, 87
lattice bars, 423
‘sla,b caps, notes and formula, 419
Ties, angles and flats, safe loads on net
areas, 304-310

s

Tr{'a,ngles, solution of, 441
Trigonometrical expressions, equiva-

lents and functions, 440441

— tables, 446457

— notes on use of, 477
Trusses, 290-295, 330-339
Tubing,

handrail, dimensions
weights, 328

and

ULTIMATE strength or stress, de-

finition, 372

Unequal angles, see Angles
Uniformly distributed Ioads, see Loads

working stresses, table of, Moncrieff
conditions of, x.

— — tabular conditions, modifications,

variations
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Units of dimensions, 86, 243
— of properties, 86, 243

ARIATIONS of tabular conditions,
beams, notes, 382—-384
— — — — pillars, notes, 407409
Ventilators, roof, details, 294
Vertical shear, definition, 374. See also
Shear

WALLS, brick, beams supporting,
note, 393

— — — —loads, 380

— — weights, 362

Washers, bevelled, dimensions and
weights, 327

— galvanised, weights, 329

— ordinary, dimensions and weights,
327

Web buckling, L.C.C. regulations, 514

— — notes, 90, 393-394, 430432

— — tables and formulee, 296297

— — — — L.C.C. regulations, 298-299

Webs, British Standard Sections,
thicknesses, 250-257

— centres of, compound pillars, I-
beams, two, 111-123, 185—
197, 344-347

— — —and distances between, notes,
244-245

— distances between, compound pillars,
channels, two, 127-133, 201—

207
Weights—
bolts and nuts, 322-323
— — — Lewis, 327

— — — galvanised hook, 329

— — — — sheeting, 329

British and metric, 484485, 496-497

British Standard Sections, per foot,
250-270
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Weights (continued)—
chequered plates, 328
compound girders, per foot, notes,
8687
— pillars, per foot, notes, 243
electric overhead travelling cranes,
350-351. See also Cranes
flats and plates, 311-313
handrail tubing, 328
materials, various, 362-363
nails and screws, galvanised sheeting,
329
rivets, 324
— galvanised sheeting, 329
rolling margin, ix
roof coverings, 334, 362
— trusses, formula, 334
rounds and squares, per toot, 314
sheets, galvanised corrugated, 329
steel, ix, 362
washers, ordinary and bevelled,
327
— galvanised sheeting, 329
Wind pressure, alignment chart, 337
— — Duchemin formula, 336
— — on buildings, 366
— — on roofs, 332-339, 365
— — L.C.C. regulations, 520-523
Working stress, see Stress
Works addresses, iv
— photographs, 499-510
— and stockyards, ix

YOUNG’S modulus, definition, 372

ERO point, shear, location of, 374
Zigzag lines, explanations of,
beams, 90
— — — — pillars, 246, 405
— — — —rivets, 315-317
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