


























































































































































































































































































































































R E D P Å T H, B R 0 W N & C 0 ., L 1 M 1 T E D. 

ROOF 

WiJ;ld Pressures. Duchemin Formula. 

of roof t o 
the horizontal in 
degrees. 

<hOKE-FJM,‘
-JHIUU3 

m--zsppm oa 
vhH P 

<

/ \ 

pn=by f?rmu!a , intensity 
of wind pressure iñ 
pounds per square 
foot of sloping sur­
face , nor­
mallY or at right 
angles to the slope. 

1 +sin2 e 
This formula which is considered to be the most 

reliable for the of due to Duchemin. 

For value ,of ph wind pressure) 
30 and p.er foot, the Chart 
on Opposlte page gives, the value 
of Ducheminnormal component)fo}any angle 
gincllnation between f and the horizOIml 
klSBBconespodmg to ird3tth, and tth span 

learly.indicatea. 

Lay straight-edge across the three vertical scales 
1.At horizOEtal wind pressure valueonscale ph. 
2. of inclination or rise on scale e. 
3. Read :ra1ue of _normal wind pres­

n pounds per square- foot on scale p-/i. 

Alignment 
Chart 
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ROOF 

N ormal Wind Pressures. Formula . 

ALIGNMENT CHART V. 
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R E D P A T H, B R 0 飞!V N & C 0. , L 1 M 1 T E D. 

ROOF TRUSSES-cont切ued.

Example. The following ezample illustrates the application of 
the stress and leEgth coemdents;the formula and the 
A1ignment Cbart :~一

Span of Roof Truss, L=44 feet. 
Centres of Trusses, 0 = 13 feet 
Rise = *- span. 
Type, Fig~ 3. Both shoes fì.xed. 
Cov?ring:Slates, boardlng, wood andsteeI purl' 
HorIZOMal WInd Pressure, ph=4O pounds per 

square foot. 
Coverin~ and purli~s， wc (from page 334)= 12 

pounds per square foot. 

Tota1 Dead Weight, Wd, i且 pounds=Wt -r Wc. 

Wt=~~JÇ.:.ox~n;ate~~eight of one truss in pounds. 
= 0 ,7 L2 _ 3L + 250. 
=0·7 × 442-3× 44+250=1473pou且也­

Wc=1'12L-0.ωc. 
= l-l2X 44x 13x 12 =7688 " 

9161 

=say, 4 tons. 

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

WLth straight-edge join 40 poundsonmle ph with 
e 主 on sca1e e degrees. 

On centre sca1e p饵 read 29.8 pounds as the va1ue of the 
zrWInd preBsure per 叩are foot of 叫叫 roof

(This operation is indicated on the char也 bya dotted 
1ine.) 

P饨=0'56L-0.p饵
=0 ,56 X 44 X 13 X 29 ,8= 9546 pounds. 

=say 哇 tons.
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ROOF l TRUSSES-cont切ued.

Strωsα饥d Le饥.gths. (See Tab1e and Fig. 3, page 330). 

Dead Weight Wind Pressure Length 
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I Dead Member l I Weight 
Stress 
Coeffi. I 
cient I ~___ I Co皿. I 

p;-'e~;;~nl Tension 

R-1 '978 3'92 1'125 4'79 8'71 | 1棚| 6'2 
3--4 '224 。'9 '500 2'13 3'03 '1398 6'2 
1一-2 '112 0'45 '250 1'07 1'52 '0699 3'1 
T-1 '876 3'5 1'258 6'35 8'85 
T-7 '500 2'。 '419 1"78 3'78 
ι-7 375 1'5 '839 3'57 5'07 

The stresses in this examp1e are ca1cu1ated for the 
principa1 members on the windward side on_ly,_ as _in 
practice members R- 2, R-5 and R----:6 wou1d )>e the 
same section as R-1 , the portion of the rafter having 
maximum stre8S and simi1ar1y T- 3 and 7- 4 wou1d be 
the same as T- 1 and 7- 6 respective1y. The 1engths 
of the tension members are not ca1cu1ated a8 i毛 IS n的
necessary to know these for designing. 

The minimum size of ang1e used in roof trusses shou1d 
be 2 X 2 X i and the minimum size of flat 2 X 主.In
designing ties allow for 1088 of area due to holing. For 
this purpose see tab1es pages 304-310. 

REACTIONS. 

The maximum vertica1 reaction (or pillar 10ad) occurs 
at the windward shoe and is equa1 也0

专 Wd+'6149 P饥=去X 4 + '6149 x 4.25=4.7 tons. 

The angu1ar reactions and horizo丑ta1 components 皿ay
be ca1cu1ated simi1ar1y. 
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REDPATH, BRO "",f N & C 0., L 1 M 1 T E D. 

「在嗣 ? ? COMPOUND GIRDERS iiL FOR 
CRANE GANTRIES. 

-吨--. COREposition. 

Composed of 

Weight 卫efer-Size Botto皿 per
ence dxb Top Flange Flange foot 

Mark Inches One JOM ----------ln 

One Channel tPo lfaotzem s to Plfaotrem s pom也
-咽-町 ---1 1 I~I~I __ … 

~~5 I 27i.r X 15 124 X7主@j90 pnds./ 15 x4 @36'37 pnds./12 X 1 /1 2 x 2 / 252去
d74 I 26元×，，，， " I2 ×吉 12 X 1! I 212 
d73 I 25元 ×，， 12 × 1 17l 
d72 I 25去 ~ 12 1 " 1 ~~ X 3!@29'23 日 l2 × 2 153k 吉k 
d7l24§ × ,, I2 × 32@25·25"12×去 139
d70 1 24 号 ×，， ， l17 

<< 

卫ivets 岳皿. diam. at 6-in. pitch 

d69 I 25元 ~ 1，~ 1 22 X 7@ 75 pnds. 1 15 X 4 @36'37 puds. 112 X 1 112 X 2 1 237告
d6824it × ,,,, 12 ×告 12 X 1 告 197
d6723it x,," I2 × 1 156 
d66 I 23击 X 12 1 " 112 x3主~~~'~3 ,, 1 I Ì2X 去 138告t t 
d6522t x 12 × 3§@25·25"12×去 124
d64 I 22 音×，，" 102 

Rivets j-in. diam. at 6-皿 pitch

~~? I 22 H X 12 I 20 X句@65 pnds. I 12 X铠@29'23 pnds. 1 9 X 1 I 12 X 1 告 190
462 2 l tt × , , " 9 × 2 1 2 × 1 1 50 主告
d61 I 21 击 ×，，" 12 × I28 
d6020 2 × " ，阳3抱2525"12× i 114 
d59 I 20 告×，， "92 

Rivets .f-jn. diam. at 6-in. pitch. 

d58 I 21岳 ~~5 1 J8x8 @80 pnds. 1 15 X 4 @36'37p且也. I !2 X 1 I 12 X 2 I 242去
d57 I 20击×，，，， 12 ×告 12 X 1 告 2ω
d5619ik×"" 12 × 1161 
d55 1 9 tt x 1 2 l 2 × 3 去~~~'~3 ,, 1 I Ì2X 去 143 去占占d5418t ×""12×3h@叨25'25 ,, 1 1 Ì2 X 告 129
d53 1 '18 音 ×，，" "" 107 

卫ivets t-;n. diam. at 6-in. pitch. 

~~~ I ~~ff >< 12 1 18 X 6 @55 pnds. I 12 X得@29'23pnds.1 9x1 112 X 1 告 178!
d5119ft×""·· ，，，， 9×音 12 X 1 - I 139 
d50 I 19去 ×"4··" f ，， 12 × 2 117占
2~ UH ><;; I :: 112X得@25'25 ,; 1 I Î2 X 去 103
44818 §×"" 8l t 

Rivets i-in. diam. at 6-in. pitch. 
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COMPOUND GIRDERS 

在主T~ FOR 

CRANE GANTRIES. 
Properties. 

Size Am l hd盹旧时a I M喝叫叫 Dis也ances

dxb in 
inches sinqcuhaers e 

IA对sx-xAxis问 Axis x-xl Axis y-y nc nt 

27岳矗茹矗i X 1 6 
73 '1 61 10032'5 813'2 726'7 108'4 13'81 13'61 

26* X " 61'161 7794'3 673'9 582'8 89'8 13'37 13'04 
25-k x" 49'161 5715'7 534'6 440'6 71'2 12'97 12'44 
25 --il,- x 12 44'061 4961'3 332'2 391'1 55'3 12'68 12'47 
24~ X " 39'891 4328'9 274'7 338'2 45'7 12-05 12'80 
24 i x " 33'891 3217'。 207"4 221'5 34'5 9'83 14'52 

25岳元岳王i是 x1 5 
68'760 8123'6 800'9 634'1 106'7 12'81 12'60 

24* X " 56'760 6202' 3 660'6 500'7 88'0 12'39 12'03 
23* X " 44'760 4427'5 520'4 369'。 69'3 12'00 1l '41 
23 --il,- x 12 39"660 3792'9 31 7"4 324'。 52 '9 11'71 1l '44 
22* x " 35'490 3258'6 259咀 276'2 43'2 11'06 11'80 
22 il- X " 29哇90 2296'5 191'1 168'3 31'8 8'71 13'64 

221矗 x 12 54'715 5253'3 474'3 454'4 79'。 11'56 1l '34 
21-N- x" 43'090 3743'7 367'6 342'4 61'2 10'93 10'84 
21 i1r x" 36'715 2974...2 310'5 277' 4 51'7 10'72 10'43 
20i X " 32'545 2530'9 252'2 234'8 42 '。 10'07 10'78 
20 i X " 26'545 1715'8 183'5 135'5 30'5 7'69 12'66 

20199i311齿i局去k × 1 5 

70'222 5734'2 819'3 532.6 109'2 10.77 10'64 
201lr X" 58'222 4373'8 680'6 423'4 90'7 10'33 10'08 
1911r X" 46'222 3137'7 541 '8 316'2 72 '2 9'92 9'49 
19i1r x 12 41'122 2708.0 339'7 279'8 56'6 9'68 9'48 
18 ~ x " 36'952 2347'。 282 '4 241.8 47'0 9'14 9.71 
18 '~ x " 30'952 1706.4 215'7 154.5 35.9 7'31 11.04 

51'778 4148'6 469'4 392'8 78'2 10'56 10'34 
1 9t~- x " 40'153 2893'4 361'9 291'0 60.3 9'94 9'83 
19* x " 33'778 2257'7 304'4 231.9 50'7 9.74 9'42 
1 8~ X " 29'608 1896'2 245'7 194.3 40'9 9'09 9.76 
18il X " 23'608 1216'5 I咛6 '2 104'2 29'3 : 6'68 11.67 

See al50 DO也e5 ， pageB 352- 353. 
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:t 主?
COMPOUND GIRDERS 

FOR 
CRANE GANTRIES. 

Composition , 

COMPOUND GIRDERS FT T FOR 
CRANE GANTRIES. 甲车步

Properties , 

Composed of 
Weight 

丑efer- Siie Top Flange Bottom per 
ence dxb Flange foot 
Mark inches One Jois也 lD 

One Channel Plates Plates pounds 
to form to form 

Size Area Moments of Inertia Modulus of Section Distances 

dxb 1且

iDches siqnuchazee s 
Axisx-x Axis y--y Axisx-x Axisy一-y 饥C nt 

一 一

d47 
191it菇ih h 是 x 15 

16 x8@75pnds , 15x4 @36'37 pnds , 12 x 1 12 x2 237t 
d46 18"7,,, x " " " " 12 x 告 12 x 1t 197 
d45 17 "7,,, x " " 山:;23923 ，，

12 x 1 156 
d44 17-i!,. x 12 " 138 占告主d43 16 * x " " 12 X 3!(CìJ25'25 " 12X 124 
d42 .1 6 t x ，二 , " " " 

102 

68'759 4554'1 818'3 466'8 109'1 9'76 9'66 

18"7,,, x " 679'6 369'。 90'6 9'32 9'09 

17-f.; X" 44'759 I 2535'2 540'8 280'3 72'1 9'04 8'37 

17* x 12 39'659 I 2092'7 338'7 241'2 56'4 8'68 8'48 

1ßi X " 35'489 ! 1805'1 281'4 208'。 46'9 8'18 8'68 

16 i X " 29'489 1293'2 214'7 130'7 35-7 6'46 9'89 

Rivets i , in, diam画 at 6, in, pitch, 

d41 16x6@50pnds, 12 x 3告@29'23 pnds , 9 X1 12 X 1去 173告
d40 17+ì} x " " " " 9x 音 12 X 1 134 
d39 17ilr x" " 12x乌@25'25

19128 t 
d38 16t x " " 

12x 
d剖 16t x " " " " 76主

50'301 3275'7 468-4 342'7 78'0 9'56 9-34 

17#X" 38'676 2251'4 360'9 251'6 60'1 8'95 8'83 

17-,\ X" 32'301 1737'1 303'4 198'8 50'5 8'74 8-41 

16~ X " 28'131 1449'8 244'7 166'2 40'7 8'13 8'72 

1ßi X " 22'131 902'6 175'2 85'8 29'2 5'83 10'52 

Rivets ! -in, diam, at 6-in, pitch, 

d36 15 x 6 @45 pnds , 12 x3主@29'23 pnds 9x1 12 x 1告 168占
d35 16H- x" " " " 9x 告 12 x 1 129 
d34 16ilr x " " 12 x3告@25'25 " 

107! 
d33 15f x " " 

12x 93 
d32 151 x " " " " 71告

48'832 2852'。 466'1 314'8 77'6 9'06 8'84 

16}}x" 37'207 1933'7 358'7 228'7 59'7 8'45 8'32 

16itrx" 30'832 1475'3 301'1 178'8 50'1 8'25 7'90 

15t X " 26'662 1221'8 242'5 148'8 40'4 7'64 8-21 

l!H~ x " 20'662 732'1 173'0 73'。 28'8 5'33 10'02 

丑，ive臼 !-in， diam , at 6-in, pitch, 

d31 

1;垃6T矗2i岛 X15 

14x8@70pn也 15 X4@36'37 P且也. 12>< 1 12 x2 232告
d30 16"7,,, x " " " " 12x ! 12 x 1告 192 
d29 15"7,,, x " " 2 × 3;22923" 

12 x 1 151 
d28 15.,\ x 12 

" 12 x ! 吉 1334 t 
d27 14* X " " 12 x 3!(CìJ25'25 " 12 X 119 
d26 14 i- x " " " " 

97古

17~元iji K t t X15 

67 '285 3516'4 816'8 402'2 108'9 8'74 8'67 

16-k x " 55'285 2621'3 678'1 315'7 90'4 8'30 8'11 

15"7,,, X " 43'285 1826'3 539'4 231'2 71'9 7'90 7'51 

15.\ X 12 38'185 1562'5 337'2 203'5 56'2 i 7'68 7'4 8 

14 f X " 34'015 1340'6 280'0 175'4 46'6 7'21 7'64 

14i X " 28'015 943'1 213'3 108'1 35'5 5'63 8'72 

Rivets i-in，出am， at 6-in, pitch, 

d25 
?2 

14x 吟@40pnds， 12 x3告@29'23 pnds , 9x1 12 x 1! 163告
d24 15* x " " " " 9x t 12 x 1 124 
d23 15ilrx" " 12 X 均@25'25

12 X 去 102l 
d22 14* X " " 

12 x 主 88 
d21 141 x " " " " 

66! 
岳

47'361 2456'4 462'7 287'。 77'1 8'56 8'34 

15#. x " 35'736 1639'6 354'8 205'9 59'1 7'96 7'81 

15* x " 29'361 1234'。 297-1 159'。 49'5 7'76 7'39 

14 -k X " 25'191 1012'。 238'3 131'6 39'7 7'16 7'69 

14 i X " 19'191 576'3 168'4 60'5 28'0 4'83 9'52 

Rivets !-in, diam , at 6-in , pitch, See also notes, pages 352 -353 , 
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u l?了i 司
LATTICED PILLARS 

FOR 
CRANE GANTRIES. 
Composition and Properties. 

LATTICED PILLARS 

i时H 号FOR 
CRANE GANTRIES. 
Composition and Properties. 

Modulill! 
Composed ~l.::"m l Area I -~~t." I Gyra也ion of Section Refer. Size 

fpoeor 也 in I Webs ence dxb 01 
Mark inches Two Joists in sinqucharee s c ea.ch PO~;ds '1 inches 1 ，_!~ 1 Axis 1 Axis Axis I Axis 

inches i y--y I x-x y-y I x-x 

Modulus 
Weigh也

Centres i Radii of 
Comopf osed Area of Gyratíon 01 Section Reler. Size fpoeor 也 in Webs ence dxb Two Joists c Mark inches m s11q3 uare Axis I Axis each pounds ches in I Axis I Axis 

inches I y-y I x-x Y-Y I x - x - →二二---→
-二

一

199 24x 43主 24X7告@90pnds . 180 52'930 36 18'06 9'60 79韭'0 407'2 
198 24x 37! 

" 180 52 '930 30 15'07 9'60 641 ' 6 407'2 
197 24 X 31 占

" 180 52'930 24 12 '09 9'60 491'6 407'2 
196 . 24 X 25去

" 180 52'930 18 9'12 9'60 345'7 407'2 

l80 16x44 16 x 8 @ 75 pnds. 150 44'126 36 18'08 6'64 656'0 243'4, 
179 16x 38 

" 
150 44'126 30 15'10 6'64 529'7 243'4 

178 16x32 ‘, 150 44'126 24 12'12 6'64 405'6 243'4 

177 16x26 
" 

150 44'126 18 9'17 6'64 285'4 243'4 

195 22x43 22 X 7 @75 pnds 150 44'128 36 18'05 8'71 668'8 304'8 
194 22 x 37 

" 150 44'128 30 15'06 8 '71 541'1 304'8 
193 22 x 31 

" 150 44'128 24 12'07 8'71 415'2 304'8 
192 22x25 

" 150 44 '128 18 9'10 8'71 292 '5 304'8 

l76 16x 36 16 x 6 @50 pnds 100 29'410 30 15'05 6'48 370'1 

l75 16x30 
" 

100 29'410 24 12'06 6'48 285'3 154'5 

l74 16x24 
" 

100 29'410 18 9'08 6'48 202'2 154'5 

191 20 x 42去 20x6主@65 pnds. 130 38'238 36 18'04 8'00 586'0 245'2 
190 20 x 36! 

" 130 38'238 30 15'05 8'00 474'9 245'2 
l89 20 x 30主 .. 130 38'238 24 12 '07 8'00 365'3 245'2 
l88 20 X 24去

" 130 38'238 18 9'09 8'00 258'1 245'2 

l73 15x36 15 x 6 @45 pnds. 90 26'472 30 15'05 6'09 333'1 131'1 

l72 15x30 " 
90 26'472 24 12'06 6'09 256'7 131'1 

17l 15 x 24 " 90 26'472 18 9'08 6'09 181'9 131'1 

l87 18x44 18x 8 @80 pnds 160 47'052 36 18'08 7'41 699'2 287'1 
186 18x38 

" L 160 47'052 30 15'09 7'41 564'5 287'1 
185 18X32 

" 160 47'052 24 12'12 7'41 432'1 287'1 
184 18x26 

" 160 47'052 18 9'16 7'41 303'8 287'1 

170 14x44 14 x 8 @70 pnds 140 41'178 36 18'09 5'85 612 '5 201'5 

169 14x38 
" 

140 41'178 30 15'10 5'85 49是'6 201'5 
168 14X32 

" 
140 41 '1 78 24 12'13 5'85 378'9 201'5 

167 14x26 " 140 41'178 18 9'17 5'85 266'8 201'5 
1 

l83 18 x 36 18 x 6 @55. pnds. 110 32'364 30 15'04 7'21 407'1 187'。
182 18 x 30 

" 110 32'364 24 12'06 7'21 313'8 187'。
l81 

" 110 32 '364 18 9'08 7'21 222'3 187'0 

166 14 X29! 14 x 5!@40 pnds 80 23'530 24 12'05 5'66 231'7 107'7 
165 14x23吉

" 
80 23'530 18 9'07 5'66 164'7 107'7 

l64 14 x 17主
" 

80 23'530 12 6'10 5'66 100'1 107'7 

Each weigh也 per foot is for the shaft ouly, weights of lattices, base, etc., to be added. For further information see pages 352 and 419. 
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E FS LATTICED PILLARS 
FOR 

CRANE GANTRIES. 
Cornposition and Properties. 

LATTICED PILLARS 
liu 「T1 4 FOR 

CRANE GANTRIES. 
Cornposition and Properties. 

k十--1:

、

Weigh也
Cen也res 卫adii 01 Modulus 

Comopf osed Area 01 Gyration of Section Reler. Size fpoeor b in 可Vebsence dxb l' 
Mark inches T飞vo Joists in sinqcuh&ers e c 

Axis I Axis each pOUùds in 
inches y-y I X一-X y一→'I X一-X

Weight Centres Radii 01 Modulus 

Compof osed Area 01 Gyration 01 Section 
per in Webs 

ence 1 dxb loot 
:Mark inches Two Joists in square c Axis each pounds inches: in Axis Axis Axis 

inches Y一-y X一一X y- y X- x 

一 一一一一一 一

163 13 x 29 13 x 5@35 pnds. 70 20'596 24 12'04 87'2 

162 13 x 23 
" 

70 20'596 18 9'05 5'24 ' 146'9 87'2 

161 13 x 17 
" 

70 20'596 12 6'08 5'24 89'7 87'2 

146 10 X 28号 10X给@25pnds. 50 14'708 24 12'03 4'07 149'5 48'9 

145 10 X22! " 
50 14'708 18 9'04 4'07 107'。 48'9 

144 10 x 16~ " 
50 14"708 12 6'07 4'07 65'7 48'9 

160 12 x 44 12 x 8@65 pnds 130 38'244 36 18'09 5'05 569'1 162'5 

159 12 x 38 
" 

130 38'244 30 15'1l 5'05 459'7 162'5 

158 12 x32 
" 

130 38'244 24 12'14 5'05 352'3 162'5 
1m 12 x 26 

" 
130 38'244 18 9'18 5'05 248'3 162'5 

14 3 9 X43 9 X 7 @50 pnds. 100 29'424 36 18'07 3'76 447'1 92'5 

142 9 x 37 " 
100 29'424 30 15'09 3'76 362'2 92'5 

141 9x31 " 
100 29'424 24 12'11 3'76 ! 278'5 92'5 

140 9 x 25 " 
100 29'424 18 9'15 3'76 197'0 92'5 

156 12 x 29 12 x 5@30 pnds. 60 17'654 24 12'99 4'84 176'5 68'9 
139 9 X22 9x4 @21 pnds 42 12'354 18 9'03 3'62 91'7 36'。

138 9 x 16 " 
42 12'354 12 6'05 3'62 56'6 36'。

155 12 x 23 
" 

60 17'654 9'05 4'84 125'8 68'S 
154 12 x 17 

" 
60 17'654 12 6'08 4'84 76'8 68'9 

153 10 X44 10 xB@55 pnds. 110 32'354 36 18'09 4'22 481'4 115'4 

137 8 x 36 8 x 6 @35 pnds. 70 20'592 30 15'06 3'34 259'5 57'5 

l36 8 x 30 " 
70 20'592 24 12'07 3'34 200'2 57'5 

135 8 X24 " 
70 20'592 18 9'10 3'34 142'2 57'5 

152 10 x 38 
" 

110 32 '354 30 15'1l 4'22 388'9 115'4 
151 10 x 32 

" 
110 32'354 24 12'14 4'22 298'0 115'4 

150 10 x 26 
" 110 32'354 18 9'18 4'22 210'0 115'4 

134 8 X22 8 X4 @18 pnds. 36 10'592 18 9'03 3'24 78'6 27'8 

133 8 X16 " 
36 10'592 12 6'05 3'24 48'5 27'8 

149 10 x 36 10 x 6@40 pnds. 80 23'542 30 15'06 4'17 296'6 81'9 
148 10 x 30 

" 
80 23 '542 24 12'07 4'17 228'9 81'9 

147 10 x 24 
" 

80 23 '542 18 9'10 4'17 162'5 81'9 

132 6x29 6 x 5 @25 pnds. 50 14'702 24 12'05 2'47 147'3 30'1 

131 6 x 23 " 
50 14'702 18 9'07 2'47 105'2 30'1 

130 6 X17 ， 、
50 14'702 12 6']] 2'47 64'5 30'1 

Each weigh也 per loot is for the shaft only, weights 01 lattices, base, etc., to be added. For further inlormation see pages 352 and 419. 
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R E D P A T H, B R 0 W N & C 0. , L 1 M 1 T E D. 

OVERHEAD TRA VELLING CRANE GANTRIES. 
GANTRY GIRDERS. 

Maximum BendinaMoments and End Vertical Shears 
for One Crane or Two Cranes 0f Equal Capaci句r.

M二weight 8Up町imposed by one wheel L=lenEbhof SDanof girder 
B=Eaxlmuzzl bendlng moment on girder c=cexams ofhd carriage wheels 

~ =minimum space between adjacentwlleels--;'i 也WQ cranes. 
So z znaxlmuru vertical sbear a也 end 0f girder 

BendingMomenb l EndV町创叫 Sbear
condlblon(maximum){maximUE) 

。f

Loadin
g , Diaaram 

Di阳ag阳皿 | Fo由r口rmlmnul胁曲 Diagram IFro町rmm川飞

甜 'L
问「汇?f * ' R= -4~ 

One 户←b-44 - - - 4, w - zz E」帘静~ 丰Wheel I I =11!...:.j!. 1" ~ I ' SV=IV 
,
on c L 

LF-~Z- 一.......Girder 亨.I.J 、f 0'586 x=2:
.-c - _唱

乞?二罪牛 B=~甜 x2 I ~C~ • , 丁 仨主;'--_-.L-..-._"j 
;f' SV= ';,(2L - C) 

(2) I {三;;;; 0'586 I x=乒2 -E4 陪 - ' - '-.[ _ . _.- 石气
\Two One crane per bay I I 0ne craae per bay 

Wbeels 

.O~ J rF;~ 噜
i Z四 • x2 I "!~ Girder i • B= - -

L -- TP 〕→丰 4 本 Sv=Ï，(2L-s)i← -'-.l-.-呵巾'--L S 
- 附~L-'~ ' L .-唱

Two cranes pe:r bay I 2 4 巾'.1.'Wo cranes per bay 

(3) ← c_冉 B=3W~X2_W'C I I+:- c 。呵 ·Tbree 管严==司缸t哺仨== I 
~ 

L气 幸
I

生三主 垫，Wbeels 414 
4L SV=jPL-28-C) OI! I :.←- -'x-

咽

1"4一- . ..... I x= 3L+c-8 ......-咀 - L
_

咱4Girder I "- ---L - - - . ..... I ~= ---6 

;4)F- C 『」c4hB=4甜~-W'C I r- c ~' 甲-c →:阳

fbt 了立→←气 ι '!!!IA T Wheels 
i' ~ '(I =I}宝L- 4c -2.)on I I---- x -.: i I L 8 

Girder ← 一 -z--4 l 飞-，←-L一…斗

Forone cram the maxmum end aad intermedlate pillar load is equal tothe maxzmum end vertica.l shear. 
Formaximum end and interEediatepilla.r loads with t\,vo cranes, 8ee oppo81te page 
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R E D P A T H, B R 0 W N & C 0. , L 1 M 1 T E D. 

OVERHEAD TRAVELLING CRANE GANTRIES. 
PILLARS. 

Maximum End and Intermediate Pillar Loads 
for Two Cranes of Equal Capacity. 

四 =weight superimposed by_ one wheel. L = lengtb 01 span of girder 
c = centres of end carriage wheels 
8 =mininlUlD space between ad jacent wbeels of two cranes 
We = maximum weight or load on an eud pillar 
W'i= " JJ 

" 
" intermediate pillar. 

End Pillars I 1ntermediate Pillars 

]I'[aximum Load ! Maximum Load Condition I 
of 

Loading 
Diagra皿

」
…bgr 

o
e
n

剧

zwneinl (phdoH 

EWLF 

(3) 

Three 
Wheels 
Acting 

on 
Pillf,r 

(4) 

Four 
飞甲beels
Acting 

on 
Pillar 

~C ..... , 

恬t==布- ~ ←'-、-_l -- .---.1 

r c 叫冉
审--在嗦严2

..,. .,. 
伊一-L

一-_
幡-~喃年← c ..... 
h)--喃喃V一一→函'

| 宁宁
蝇一唁

- • .l →-，唱

Formulæ Diagram Formu1æ 

We= 1V 
34

6• 
二

-
L

o-t+ 
二

L

E
‘
一l
叶

Wi =w 

，马

w• '(2L-C) I q~串
;....L • ;"'.L....; 

Wi= ';,(2L-8) 

~C ~鸟
We =~(3L-2c-s) I 昏=司喘==--......

I Wi= ~(3L-c-s) 
1.1 I ~幸-_本7一-玄 .I.J

_ ',l '--~L'_"; 

如』 已 4乌←C~
We=~(4L-4c -28) ! .;喃←「町，....____，气~ I Wi=':'(4L-如 -28)

~ 伞.. ---. I ..LI 

i • -L•• .l .__; 

For maximum end vertical shear on each girder, see opposite page. 
See also notes on pages 352 and 353 
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R E D P A T H , B R 0 W N & C 0., L 1 M 1 T E D. R E D P A T H , B R 0 W N & C 0" L 1 M 1 T E D, 

ELECTRIC OVERHEAD TRA VELLING CRANES. ELECTRIC OVERHEAD TRA VELLING CRANES. 
Wheel Pressures , Weights and Dimensiσns. 

(Approximate Data for Preliminary Desi8ns) 
r Height of Lift=30 feet . 

Wheel Pressures, Weights and Dimensions. 
(Approximate Data for Preliminary Designs) 

Height of Lift=30 feet. 

Wheel PressUI已电
Clearances in tons 

Wheel Pressures 
Clearances in tons 

Weights 
CaErrniad ges | Load sIpn an Maximum per end in tons 

in carriage wheel due Headroom 
tons feet to weight of 

Crane 
。f Crane I of and I Crane I Load Wheel ESesutge-d MuuE u Load Completel Crab Base 

wMetigohm U End 
Load Spin an cEafzar也xio迦agwmeem wighhpeted r of ednud e 

Carriages 
iu Headroom 

tons fee也 End- lIfinimum 

LMenign bh i | WBhaese el || ESesUtEd-wAUz-U 
rQom Hook 

Carnand e czane Load l |l of Crane of Approach 
i;~ I V.~UO I ~vau iComplete l Crab 

二二→二

--_，，--一 →，

2去 25 3'50 I 2'37 I 1'13 6'0 I 1'5 ft8-zn0s ·l ft5i6ns.f4b.-In6s. in8s.ft 2-iGns M 

30 3'75 2'60 1'15 6'75 
" " " " " " " 35 4'00 2 '83 1'17 7'5 
" 10-6 8- 6 

" " " " 40 4 '25 3'07 1'18 8'25 
" " " " " " " 45 4'50 3'31 1'19 9'0 
" ll-O 9-0 

" " " .. 
50 4'75 3 '56 I-l9 9'75 

" .. 
" " " " " 55 5'00 3'80 1'20 10'5 

" 11-6 9-6 
" " " " 60 5'25 4'05 1'20 1l '25 

" " " " " " " 

ft, i叫 f也 ins ， l ft， 叫此 m ms. ft, ins, 
15 35 1l '38 4'48 6'90 13'0 4'0 11-9 I 9-6 I 7-0 i 5- 3 10 3-0 

40 1l '75 4 '77 6'98 14'0 
" " " " " " " 45 12'13 5'08 7'05 15'0 
" 

12-3 10-0 
" " " " 50 12'50 5'45 7'05 16'0 

" " " " " " " 
55 12'88 5'75 7'13 17'0 

" 
12-9 10-6 

" " " " 
60 13'25 6'12 7'13 18'5 

" " " " " " " 
65 13'75 6'55 7'20 20'0 

" 
13-3 11-0 " " " " 

70 14'25 7'05 7'20 22'0 
" " " " " " " 

5 25 5'25 3'00 2'25 7'0 2'。 10-0 8-0 6-0 4-9 9 2- 6 
30 5'50 3'20 2'30 8'0 

" " " " " " " 35 5'75 3'42 2'33 9'0 .. 10- 6 8-6 
" " .. " 40 6'00 3'65 2'35 10'。 .. " " " " " " 45 6'25 3'87 2'38 ll 'O 

" ll-O 9-0 
" " " " 50 6'50 4'12 2'38 12'0 

" " " " " " " 55 6'75 4'35 2'40 13'0 
" 11-6 9-6 

" " " " 60 7"00 4'60 2 '40 14'0 
" " " " " " " 

20 35 14'25 5'25 9'00 16'0 5'0 12-6 10-0 7-6 6-0 II 3-6 
40 14'50 5'30 9'20 17'0 

" " " " " 
45 14'75 5'45 9'30 18'0 

" 
13-0 10- 6 " " " " 

50 15'00 5'70 9'30 19'0 
" " " " " " " 

55 15'50 6'10 9'40 20 '0 
" 

13-6 ll -O 
" " " " 

60 16'00 6'50 9'50 21'5 
" " " " ‘' " " 

65 16'75 7'25 9'50 23'0 
" 

14-0 11-6 
" " " " 

70 17'50 8'00 9'50 25'0 
" " ! " " " " " 

10 35 8'75 4'15 4'60 12'。 :) '0 11- 9 9- 6 6-6 5- 3 10 3-0 
40 9'00 4 '35 4'65 13'0 

" " " " " 45 9'25 4'55 4'70 14'0 
" 12-3 ! 10-0 

" " " " 50 9'50 4 '80 4'70 15 '。
" 

12-9 I 10-6 
" " " " 55 9'75 5 '00 4'75 16'0 

" " " " " 60 10 '00 5'25 4'75 .17'0 
" " " " " " " 65 10'50 5'70 4'80 18'5 
" 13-3 ll -O 

" " " " 70 ll'OO 6'20 4'80 20'5 
" " " " " " " 

30 35 20 '00 6'65 6'5 12-6 6-6 12 4-0 
40 20'50 7'00 13'50 21'0 

" " " " " " " 
45 21'00 7'35 13'65 22'5 

" 
13-0 10-6 

" " " " 
50 21'50 7'70 13'80 24'0 

" " " " " " " 
55 22'00 8'05 13'95 26'0 

" 
13-6 ll-O " " " " 

60 22'50 8'40 14'10 28'0 
" " " " " " " 

65 23'25 9'00 14'10 31'0 
" 1• o 11-6 

" " " " 
70 24'00 9'75 14'25 34'0 

" " " " " " " 
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R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. 

OVERHEAD TRA VELLING CRANES. 

GANTRY GIRDERS AND PILLARS. 

The gird凹， p咿s ~40-:343， a~d pillars, p咿s 34ι347， are speci卢l
types Sl阳ble for overhead travelli吨 cra卢 gantri

The crOBs sectional areas of the girders and pillarsand the mrOE 
pertiesof the pillars are calculated from the full sectIons witιut 
deductions for rivet holes ; but suitable deductions are made in the 
proI:~rties of the gir.ders. 

The pillars are-assumed to be effi.ciently latticed 

BENDING MOMENT, SHEAR. AND PILLAR LOAD 

Formulae for calculating the mazlmum bending momen$3shear 
nd pIHar load due to one crane or two craneBof equal capaCIty are 

glven on pages 348-349. 

PILLARS. 

Workshop PIllars, supporung roof and cram, are subjected to 
beMlEg stresses due to windpmsu吨 ec?e~tric loading ànd hori 
zo tal crane forces.The sechon moduli tabulated for all pillars and 
th rangesof exmbmadths over bngeS WIll befound useful. 

In workshops mth parallel adjoining bays, th maZIEIUm stress -
alley pillar may result from the eccentric load from b 〓些

zrz:;232rrot;;122rIa叫旧 pa此1y b叫cezlOaii

CRANE WHEEL PRESSUREs , WEIGHTS AND DIMENSIONS­

The d也e直岛nit旬e maximum __w!Ieel pressure 吕 and d副lIDen丑s剖ions of t讪he
;ηr吃古:古:2巳:LVyJλO吃1:

The tables on pagm350-351are for use whe丑 de缸ite pa的iculars

;2111:fL?Ua:132r:233古ZtZJr hmer 

rr:泣，321骂:ppr31matI;飞herefo吨 m generallymthe 

Themmmum whzfpress1ι 立12古工h;trkze;2
!aseEezt to which the crab ISBUstaining the full load at the 

hook approach. 
, The respectlve proportionsof each wheel pressure are tabulated 

ZEZJ飞立即futloEZ:ZTIJK2飞己也fozn
load of average worbng stress m&y be obtained. ' 
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R E D P A T H, B R 0 W N & C 0. , L 1 M 1 T E D. 

EQUIVALENT STATIC LOAD. 

. weigh毛， in tons ,_ on each end carriage wheel, due to weight 
of crane girde1's and crab. 

. weigh仁J in tons, on each end carríage wheel, due to the load 
or capacity of the c1'ane. 

eqmv岛lent sta也ic weight, in tons, 0丑 each end carriage 
wheel. 

We=Wc+2Wl. 

AVERAGE WORKING STRESS. 
. static or dead load working stress, 8 tons per sq. inch. 
. live load wo1'kíng str巳ss ， 5 to 6 tons pe1' sq. inch. 
. average working stress, for design of gan也ry girders , in tons 

per sq. inch. 
-"I _、 j" Wc+jZ.Wl
J 飞 ~VI- Wc+ WZ 

A丑other recommendatio丑 is that the maximum wheel pressure 
increased by 20 to 30 per cent. m町 be considered as the equivalent 
s也atic load. 

IMPACT. 

The foregoing does not take account of impact. 

LATERAL AND LONGITUDINAL FORCES. 

The horízontallate1'al force due to the cross travel of the crab and 
load 0 1' to the dragging of weights may be taken at not less than 10 per 
cent. of the crane capacíty plus the crab weigh仁， this force being 
divided equally between all the t1'avelling wheels. 

The maximum horizontal longitudinal braking force occurs at the 
end carríage nex也 to which the dríving gear and brakes are 缸ed. In 
也he absence of definite information an allowance of 10 per cent. of 
the maximum end ca1'riage wheel pressures should be made on e乱ch
line of gan也ry girders and pillars. 

These forces are to be considered as acting horizontally at the rail 
level. 
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R E D P A T H , B R 0 W N & C 0., L 1 M 1 T E D , 
R E D P A T H , B R 0 W N & C 0., L 1 M 1 T E D. 

MAXIMUM BENDING MOMENTS 

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

DEFLECTIONS FOR VARIOUS CONDITIONS OF LOADING. 

Ws=Total Superimposed Weight. Wb =TMoatxail 皿WumeigBh也enodf Beam. L =Effective Length of Span, B =Maximum~Bending !lfoment, S =Maximu皿 FNEoelsgaiashiutvivce比eSvSh.heeaar I r =Lef也 Hand Reaction =Maxiruu皿=Right Hand R.eaction. 
27=Mod山

Maximum Bending Moment 
Condition Maximum Reactions and Ver也ical Sbears Maxi皿um De.ðections 

01 
due to Loading Diagram Ws due to 
only Ws+Wb due to dueto due to due to 

Diagram Ws Ws 
only Ws+Wb only Ws+ Wb 

/了\ B= 
Z 毛 p，_' l. Ws'L 

B=一一8 (Ws+Wb)L _.-咀-，{L .-.-.-' --一'L---~
8 

S一-ws s= WS~ Wb 
正「飞一一~-- ~ 2 - 2 5Ws'L3 5(Ws+ Wb)L3 
.: 飞飞飞--L产

Ws 8
1 一一 Ws +Wb 384E'j 384E'j 

_.-一 .-，l.- * _....-':.且 81一~"2 2 

9 
i~ 

B= 
全 -I:-.;...._{， _ 多 Ws'L 

B=一4 Ws'L. Wb'L 毕_...2_7:':.L~
←‘-]， .-一 . ....... 4一十 一否一

Ws 8= Ws~ Wb 

号广=l 1.,1 
8= ';- - 2 Ws.p WS'L3 . 5 Wb-P 

48E'j 48E' j +384E'j 
←，-' -J.一一叶du Ws 81一 Ws+Wb 

81一"2 2 

B= 

4F , A 五芒......_______ WS'α'b 吐气些:22土L 些主)
F"-a…，协---Lzb-…-- -→- B=一-y;-

比 a-画一一- b 一『叫
件-<一-J; 一一- -剖 Wb'a 2 

2L 

Ws'b 8=Ws'b十 Wb Ws onlv 

f~日
8='i- L ' 2 

剖liipJ Ws'a'b(2L占) \\也铲]..a.←- b 一一 WS'α WS'α Wb 
恃一-J;.-龟'一叫 81一-一L一- 81一-一一L一一t 一2" 9E'j'L 

!![r!![r 

~~ B= 2 2 
WS'α 9 申

B= ";'-
W8"α+W~'L 传La→ 』钱全 j....a可 ~a 唱

'_:-- '~L .:..----=-..::!_~ 峙，一-]，.- ，- 唱 2 一了

Ws 8=Ws + w.b Ws α(3L'-4以)

马 L....1 8= '2 - 48E' j 
s! L-4 

2 Ws'α(3L'-4的
48E-j ~-a---.c ~ -a~号 Ws AWs+Wb 5Wb'P 

~-.-L-'- '-I咣 81= ~; - 一 2 +一38一4一E'j

WsonJy 
8= 8= 

"ζi-g - • d?飞1, 酌(~α=)Aõ _;, A Bx= T"t:一E一--Q甲 -v_←-c_'" iL如‘-一b ._一叶Z-·-c ‘ 
←----_& -… 、-句

一

ba+c) 
x= a十-丁7一

:a;步rμ忡协-\X-b叫，--咱于←4一. -一一c一-→4 • 4 

~S(~+c) PG+c)+? 

f db 3 

81= 8 1= 

~S(α+~) 阶(a+D 阳L"\ a+2)+ 2 二
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R E D P A T H , B R 0 W N & C 0 ., L 1 M 1 T E D. 

MAXIMUM BENDING MOMENTS 

FOR VARIOUS CONDITIONS OF LOADING. 

!Vs~~~tal Sup.!'rimposed vYeight 
L ~Effective'Lengtn of Spari: 

f 

Wb~Total W扭曲也 of Beam. 
B ~ Maximum ~Bendini~föment. 
二二一

←→-一一二二

Maximum Rending Moment 
Condition 

of 
Loading 

红兰兰兰

Diagram 

fb\二

z -二 ?广-----二

伫'-.f， --_._多

陪-'-L'-一~

主言:在是-町
.Nt: :I~~~-J: ~ 
t二至二fff二3二 3i

356 

due to 
Ws - I __cj ue to 

only Ws+ Wb 

B= w.s主
2 

B=Ws'L 

Bα Ws主-
12 

Bc= ~s:~ c= -一-24 

B=_l!'.s'L 
8 

B=(W"土旦旦
2 

B=四严旦

Bα=旦旦土里~
12 

一二

24 

B=里:!:_+些主
骂、~' '8,.,2 

* p_Ws'x2 

b=-E--w1·α1→四..a2一四n'an

* Rr=号~x Rl= 肌-Rr
C.g. denotes centre of gravity of loading. 

R E D P A T H , B R 0 W N & C 0. , L 1 M 1 T E D. 

REACTIONS , VERTICAL SHEARS AND MAXIMUM 

DEFLECTIONS FOR V ARIOUS CONDITIONS OF LOADING. 

8 ~ Maximum Positive Shear ~Lef也 Hand Reaction .. 
8E 1= IMVIaoxduImluus m 

of NEelgaasttilvCe 11 Shear =Big3mht enEtmof 
d InR盯eaUcaU. OE 

~Modulus 01 Elasticity. 1 ~Mo 

Maximu皿 Reactions and Vertical Shears Maximum Deßections 

l … oRn7ls y 
due to due to dne to Diagram Ws+Wb Ws Ws+Wb only 

5广-~ 8=Ws I 8=肌+Wb I 1职S'L3 (Ws+ Wb)P 
8E 'j 8E'j 

\ttt- ' ---L- _._'叫

. 
:1 8=Ws 8=Ws+ Wb "、'L3 Ws'P. Wb'P 

」 一'一._/;-一一-」
3lN 

一

3E1 一r 8E'j 

一一一-一一

Ws Ws Wb 

I『飞飞
8=丁E 8=τ十τ WS'L3 (Ws+Wb)P 

s , 飞飞飞iSiII 
←._.-L一___.)0 Ws WS. Wb 384E' j 384E'j 

8 1= '2' 8 1= '2 ' 斗 3

8=':';;: I 8=7+ 
3E二~'T I 

~-

2 I - 2 ' 2 WS.L3 I WS'L3 , Wb'P 
」一」严

JJ 
I92E-I192E-I3吕4K i

怜 ._ "._._帆
I

81Ws 8IFs 十 Wb 
=百_ \ '-'1= '2' 2 

and the cenke offzomrvthibe y 
r 
of loads are Req 

t isfUor Bcbal仕cuolmatimng idt-hspe arn 
eac The lormulæ lor the reac也ions R1' and 町e for calcu1ating the reactions 也.hat will occur when 

t,he loads are in the position of m阻imum bending 四oment.

…… Girders, see pages 348 and 349. 
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J 0" L 1 M 1 T E D, 

S SECTIONS. 

lIfoments of Inertia 

Jut Abou也
1 Axis Parallel Axis 。一。
I = 10 

Iz+ A-n02 
or if 悦。 =nx
B 'D3 - b'd3 

3 
or if no=n)x 
t阻'D3十b'扩3

3 

Iy十A 'n02

or 江 no=饵，y

旷 B旧(~+旷-4
3 

Iz十A 'n02

or if no= 'nx 

P旦~:-d3)+币， ，!~
12 2 

I ",+ ..1 'n02 

or if 11:0 =倪勿 ;~ 

B'D3 
3 

Iy+A咽02

or if 饲0=饲y

D'B3 
3 

.,...-

LIMIT ED , 
C 0" & BROWN REDPATH, 

CO & BRO 飞iV NREDPATH, 

PROPERTIES OF VARIOUS SECTIONS. PROPERTIES OF VARIOU 

]旺。Normal 
Distance 

也O
Extrerne 
Fibres 

=11, 

Area 
= A 

Moments of Incrt ia 
NOfmal 

Distance 
to 

Extreme 
Fibres 
=饨

1-一一一一 1-一一-一

Area 
=A 

Section 

Abou 
Cer比ral A 

=1 

Section 
About 

Parallel Axis 0-0 
= 10 

About 
Central Axis 

= 1 

Ix 

tM-m3+Bmf-
3 

D 阳十bff l
时 IB'D2-b'd2

j B'旷十d 'tw 1 一-2:二['­
or 

B'D-b'd I 

agidi -
-XE 

•,=
---

,-hv 

-
u
川
U

-

归
n

u

--

-

Bh
MB 

，
打
吹
出
门

-
u
u
气
'

TIDI--1z十A'no2

orifno=1由

B D3+b'lf3 -b(d+矿)3
3 

Iz 

B'D3_b'd3 
12 

D 
2 

2B 旷十d'lw

or 

B 'D-b'd 

~'--IJ "-" 1、

72马丽才
抖二ι~x ~ 

i j ,e:l L...丁幸

1y 
B 
Z 

旷
甜
，

a

川

t
­

btb 『

+
I
F
‘
白
川

FA-

­

p
0
4
l
o

卜

阳

町
'
Z

DnEB 

?
叩
i
f
'
町
，
企

士
-
9
2
1工

广
叮比怦
川比1协

y

-
. 

可
t
l
s
t
-
K

1y十..A 'no2

or if nO=nz 

2矿 B3十d(;+ωy-d3
3 

• 1 1 
__ 

一--. 二

1y 

坐坐土坐旦旦
12 

B 
2 

2B 矿+d'lw

or 

B'D-b'd 

.-._ -LJ -. _ 剖

jh部
扩←d→沪

扩'B3+d

12 

I z 

B(D3-
12 

D 
2 

B(D - d) ; 

..._.-B--. 
γ干E二:::::t .. 
i '? ; 
b"奄一-一 . -x t! 
|心:
Lt.L二二二::::J- -

I忽十4 ‘n02

or jf no=nx 

B'D3十b 矿3-b(d十扩)3
3 

1z 

B'D3_b'd3 
12 

D 
2 

i二

2B矿十d'l阳

or 

B'D-b'd 

!:1日 f
ox! t-I---x 卢

Jj-:兰

1x 

B'D 
12 

D 
2 

B'D 

~' -B--

þ :r卡一一-←­

K…L一_j j

E
U
3
-
W
M

A
μ
-

a
o
m
n萨
}
问
加

一

咽

=
-
t
-『
'
m
­

A
m
L
-3
凹

+
-
S

U们u
g
二
们
却
一

I
Z
B
-
r

旷
d一

,‘
-

09= 

→二A二'二

2B'lf+d'l叩

n'R2 -- d'b2 
2A 12矿'nJj3十D'n]泸~(n，y -tw)3

3 

Iy 
or 

B'D-b'd 
在可;

1y 

llE 
1z十.A. 'no2

or if nO=nx 
B'D3_b'd3 
二

3 
or if 倪。 =11，}$
t上空1土包三

3 

1z 
B'D2_b'd2 

2A I 向"回3+B'nlz3 -b(n，z_t..j3
3 

二二I二

D't1十b'12
or 

B.t2+ d.t1 
or 

B 'D-b'd 

呐如-h- 句

了 fn 一'; 1 • n.x I I 
" f 川 1 : d 

， 吁才 ←~

↓ n:ë-叫
协-'B ' -.j

D'B 
12 

359 

B 

Z D'B 

358 



R E D P A T H , B R 0 W N & C 0" L 1 M 1 T E D, 

-一---一--一 --一-'-

PROPERTIES OF VARIOUS SECTIONS. 

Moments of Inertia 
Section 

Normal ! 
Area I Di rea I to ! 
=.d I Extreme 

Fibres i 
二二一!一二_n I 

BD I吨〕 Iu 

二二

About 
Central Axis 

=1 

I I v 

D'B I 旦旦旦土生旦旦 i
2 IQ到D2sin20十B2ω由}

I 12 

1x 

B'D3 
36 

一-二，→二
• - 1- -

About 
Parallel Axis u-o 

=，。

一-

1u十4.'饵02

11'+4. η02 

lx+4. 'no' 
or if 1W=nx 

B 'D3 
4 

or if no=nJx 
B'D3 

12 

lx 

D 
2 

7r 'D生

64 

or 

Ix+4. 'n02 

Or if 1w=n:v 
5".'D4 -64 

:l GO 

R E D P A T H, B R 0 W N & C 0" L 1 M 1 T E D , 

PROPERTIES OF VARIOUS SECTIONS. 

Section 

二j
协-'-r-'-噜

，气

v ‘一一卡­
L 

vv 写
叶

--一 _1

Area 
=A 

Normal 
Distance 

to 
Extreme 
Fihrcs 

Moments of Inertia 

=，乱

。ι「
s 吼

叫
。

OJl hd= J
I a E a P g 

.
对

…E 
曰

&
L
U
w
A
陆
坠冯

m-LJ bnz AM 
。
u

nu 

7T'r2 
lx lx十Á'侃02

4, 
4 ?一-一 ".'，盘 4，4 or if no=饵1'"

3叮
16 9". 霄，，4

or or 16 

'7854,2 
or 

5766, 。】E

0548,4 ' 0625γ4 

lu lu+4. 'n02 
霄，，2 7 

4 、12 7T 'r4 1'4 
I or If no=n" 16 8 

or or 

'785412 
or 

" '7071, 
' 0713，毡 8 

n 'P" 

7T 'r2 lv lv+4. 'n02 
4 射、/2

,,'ra - E H-- SH or if no=nv 
3π 

or 16 '8 9". rH+H 
or 16 ' 8 

'7854,2 or or 
'6002, 

0385r4 '3123r4 

lx+4. 'n02 
lx , 

or if no=nx 7T 'r2 
6( 1-;) r4G一主-￡百π) '4G-各)

,2_ '-4 

or or or 
or '2146俨2 '7767, ' 0075,4 '1370r4 

Modul田 of Section M =.!. n 

Radi田 of Gyration g = v' j-
Moment 01 Resistan川=守

361 



iII' 

R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. 

APPROXIMATE WEIGHTS OF MATERIALS 
FOR ESTIRfATING DEAD AND SUPERIMPOSED LOADS­

The weights arem pounds per cubic foot, unlms stated otherWISe-

Ashes, coal 
~sp'halte， paving 
Ballast, br1ck, gra vel 

BRTCKS and BRICKWORK一
Bricks, pressed, hard 

" fire, pa ving 
" pressed 
" common 
" inferior. sof也

B r,ickwork, pressed 
" ordinary 
" nnerl0r 

‘ " _ approximation, 
!_ cub. ya. = 1去 tons.

Cement, Portlañd, loos-e 
" mortar 

21ay , dam_p, plastic. 
Coricrete, breêze 

" brick 
" stone 

Earth, dry, loose 
" J?oist, packed 
" dry, rammed 

Glass, plate 
" rough or ribbed 
" shee也

Gravel 
Lime mortar 

MASONRY-
Masonry, concrete, stone 

" "brick 
" freestone , dressed 
., "rubble 
" granite, dressed 
" "rubble 

METALS-
Aluminium, cast . 
B"hammered 

rass, cast . 
" rolled 

Bronze 
Copper, cast 

" rolled 

45 , METALS-COηtinued. 
~ ~~ I Iron. cast 112 I ----, 

I "wrough也
Lead, cast -

" sheet. 
150' Nickel, monel metal 
150' S也eel， cast 
135 , - " rolled 
120' Tin, cas也
100 I "rolled. 
140 I Zinc 
120 I Pitch 
100 I Plaster . 

Plaster .of Paris, Ioose 
, " set 

90 I Sand, dry 
105 I " wet 
112 , Slag, for concrete 
96 I Slate 

120 
144 

72 
96 

112 
174 
168 
156 
120 
103 

SLATING-

_ge~yy， !~ pounds super. foot. 
Mediúm.l0 … 

Light. 6 丁" " 
AdMos, 3;;:::: 
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TIMBER-

!~~ I ~~rr吨， wood pa由g
172 I Fir 
527 I Larch 
534 I Oak 
~~~ I Pine, pitch . 
~~~ I "red, yellow. 
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APPROXIMATE WEIGHTS OF MATERIALS 
FOR ESTIMATING SUPERI岛fPOSED LOADS . 

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

36 
40 
45 
24 
14 I I MI囚SC四EL皿，L
~7 I ---:8le盹ach.卢 i皿且 barr盯r陀elss 
:23|Cωemen川ιJt， in ba问gss 

I …丰 ir丑1 barrels 
;;|C际恤a， ka阳Mω圳。li
45 I "':'_1 l~~~~e吼 dryI Coal, loose . 

Coke, " 
Crockery, in crates 
Glass, " " 
Glycerine, in cases 
Ironmongery, in packages 
Lea也her， in bundles 

" hides. compressed 
Lime, in barrels 
Oil目， in bulk 
" in barrels 
" in drums 

Paper, printing 
" wrl也mg

Petrol 
Plas协r， in barrels 
Potash 
Red lead, dry 
Rosin, in barrels . 
Rubber 
Sal也pe也re
Screw.nails, in packages 
Soda ash, in barrels 
Soda, c町的妃， in drums 
Snow, freshly fallen 

" wet, compact 
Starch, in barrels. 
Sulphuric acid 
Tin, sbe的， in box四
Water, fresh 

" 10 pounds per 
gallon. 

"Bea. 64 
White lead, dry . 86 

" " paste, in drums . 174 
Wire, in coils 74 

CEREALS, etc.­
Barley, in bags 

" in bulk 
Flour, in bags 
Hay, in bales, compressed 

丑的 compressed
Oats, in bags 

" in bulk 
p。也atoes ， piled 
S也raw， in bales, compressed 
Wheat, in bags 

" in bulk 

DRY GOODS--
Dry goods, piled, average, 

2 cwts. per sq. ft. of floor. 
Coir Yarn , baled . 33 
Co的0丑， piece goods, baled 33 

" " cased 30 
" raw, compressed hard 36 

" " 25 
" not compressed. 12 

"也ickings， baled 37 
Hemp, baled 20 
Jute, " 30 
Linen, damask, baled . 50 

" piece goods, cased 35 
Manilla, baled 26 
Rope, in coils 32 
Wool, compressed 48 

" no也 compressed 13 
" piece goods, cased 27 
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IMPOSED FLOOR LOADS. 
Classification of. Buildings and. equivalent Static Loads 

in pounds per square foot of aoor area-

(α) Tenemen创.
CLASSIFICATION 

Upperaoors of prlvate houses not more than4storeys 
in height (see-a1so (b)). 

(b)UPErbors ofprivate houses of more than4storeysin 
height (see a[so (d)). 

Grl?u~d floors öf private houses no也 more than 4 storeys 
~n height. 

~edroomß on upper f1.oors of hote1s. 
• Pri，:a~， b~dr~~~s in hospita1s, infirmaries and 0也er

s.i:ni1ar bui1dings. 
Residential f1.ats. 

(c)Ciassrooms in schools or colleges 
Dormit?riesin hospitals, inarmadesand othersimIlar 

bui1dings. 
U pper f1.oors of 。但ces.

(d) llssemb1y rooms 、 0:- balls, _inc1uding 10bbies and 
pa~sages 1eading thereto and as follouws 

Churches and chapels.U 
Geneyal assembly rooms in publIc buildmgsand in晴

:12tftcraii:222iJ133331efL: 
(c)). 

民::?飞138itJ25远了:?卒'J:1扫江;zf飞tms
-n hotels and pdvate houses (see also (b))· 

岱立?AtomofP叫e houses more thàIi' 4 storeys in 

Hotels, groundEoor aIld below (see also (b))· 
Offi四日， grollIldEoor and below (see also(c>)·
Floors for display and saleof light-weight goods. 
Pub1ic auctioñ rõoms. 
Qarages for private cars. 
Room for storage of light-weight goods and for light 

rkshops. 
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(e) Garages for vehic1es up to 3_ tons gro~s weight. 
Rooms for storage of medium-weigh也 goods and for 

medium-weight workshops. 
Theatre stages. 
Drill halls . 

loads. 

Spectators' stands, including stands 'on sports grounds. 150 
(f) Book stores a.t. libraries. 

Museums for h刊vy goods. 
Rooms for storage of heavy-weight goods and for heavy­

weigh也 workshops.
Pavement也 surrounding bui1dings. When a pavemen也

adjoi丑s a roadway, provision a1so to be made for 
3 ton point 10ads .a1;..丑的 ‘.more ，than.4 ' ft. ccntres. 200 

(g) Rooms for storage of ~xt~a h~avy good~ and 丑oors to 
support printing and other heavy machinery or work-
~~. OftrWO 

STAIRCASES AND CORRIDORS. 
(h) The same imposedload as the fl.oo~ they_ serve is to be provided for 

landings, corridors, and staircases, bu也 need not exceEd 100 
pounds per sq. ft. for staircases and 1andings. 

Evày step or 1anding must be capab1e of sustaining a point 10ad 
of 300 pounds p1aced in any posi也IOn.

ROOFS. 
In addition to the dead load the following imposed 10ads in pou丑ds

per sq. ft. of the horizontal and vertical projections of the sloping roof 
surface are to be taken :一

(i) Flat roofs with inclination not exceeding 15 deg. Verticalload 
50 pounds. Horizontal 10ad, nil. 

(ü) Sloping roofs with an inclina也Ìon up to 40 deg. Verticalload, 
25 pounds. Horizonta1 load, 10 pounds. 

(iii) Sloping roofs with an inclination of up to 75 deg. Vertical 
load, 15 pounds. Horizonta11oad, 15 pounds. 

(iv) Sloping roofs with an inclination of more than 75 deg. to be 
treated as vertica1 surfaces. 

Such imposed 10ads are to be considered as including temporary 
loads, snow, wind, and app1y only to roofs in mu1ti-storey steel frame 
buildings and to spans no也 exceeding 50 ft. , and not to sheds or similar 
industria1 bui1dings. 

The imposed 10ad on a 丑的 roof need not exceed the imposed load 
on the 鱼001: immediate1y be10w the roof. 
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WIND LOAD. 
The whole building must be designed to resi的 a horizonta1 wind 

load equiva1ent to wind press旧e on a projected ve的ica1 surface of :一
(α) Up 毛0 也]巳ve1 of 30 ft. above 也he ground, 15 pou丑ds p巳r sq. ft. 
(b) At 1evels 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 也e 1eeward side may be ignored for 

ordinary buildings. 
See a1so imposed load on rÐofs . 

LOADS ON PILLARS AND FOUNDATIONS. 
For ca1culating the 10ads on pillars and foundations , the imposed 

loads are 也o be taken in full for the roof and 也wo floors immediate1y 
be10w 也he roof. 

. They may be reduced by 25 per cent. for 也e remaining floors. 
No reduc也ion is to be made in respect of pillars supporting storage 

rooms. 
PARTITIONS. 

For the purpose of design of the s也ee1 frame (but not the floor slabs) 
他e speci直ed floor 10ads (except for the 40 pounds class) may be 
regarded as inc1uding partitions, provided that the weight of partition 
per foot of length in a width of 10 ft. does no也 exceed 250 pounds. 
Any excess over 250 pounds per foot of 1eng也 is to be accounted for 
in the dead 10ad. For the 40 pounds class 150 pounds per foot run 
shall be taken instead of 250 pounds 

MINIMUM LOADS ON BEAMS. 
. The minimum imposed distribu切d 10ad on any floor beam other 

than出e externa1 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 poin也 in its span a poin毛 load of at 1east 3000 pounds. 

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

MOVING LOADS. 
A moving 10ad actuated by power is to be regarded as equiva1ent 

to a static load 剖 1east 50 per cent. in excess of the actua1 load 
For cranes and simi1ar app1iances in industria1 bui1dings 也is ru1e does 
no也 necessari1y app1y. 

LIFTS. 
In every case for lifts, elevators, hoists, etc. , the equiva1ent sta也，ic

load at the t冶p of the lift sh乱ft is to be taken as at 1e晶st 50 per cent 
in excess of the combined load 01 也he actual pull in the ropes, the 
weight of overhead machinery, sheaves, snpports and overhead beams. 

366 

R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. 

FOUNDATIONS. 

BASE PLA TES AND BEARING AREAS. 

The areas of base p1ates and bea_rings__are. to be such 也hat the 
pre日sure 0丑 the bed does no也 exceed the following :一

Tons per sq. ft. 
(α) Reinforced concre切 complying with 1..C.C 

Regula也ions and bed of good neat cemen也
gro'iIt placed a!ter fixing of -s~eelwork. 

(b) Mãss Concrete (~ton~ or.Gr~v~l):一
1 bag (204 pounds) Port1and Cement to ! c由lC

yard aggregate . . . ~ .. "' 
1 bag (2Ö4' p'(;unds) Portland Cement to ! cubic 

yard aggregate 
1 bag (2M p;)'unds) Portland Cement to 1 cubic 

yard aggregate 

38 

24 

16 

10 

These press旧es app1y to_ co且crete made of aggregate of approved 
lrind and mixture of 面马e and coarse ma也erial.

Tons per sq. ft . 
(c) Hard brick hàving a ~r，:s~ng. stren~h of at 

1east 250 tons per 叫 ft. in 2 : 1 cement mortar 
Medium brick hâving a crushing strength of at 

1east 150 tons per sCj_. ft. in 3 :_ ~ cemen也 mortar
Ordinary brick -having a cr，!sh~ng 吕也rength of 
的 leást 100 tons per sq. ft. in 4 : 1 cemen也
mortar 

(d) Granite . . •. . . . . 
Sandstone on natural bed having a crushing 
的rength of at leas也 250 tons per sq. ft. 

Limestone having a crushing streng出 of at 1east 
150 to丑吕 per sq. ft. 

24 

12 

8 
40 

25 

15 

Generally for any kind of Stone, the bearlng pressuresh011ldaot 
exceed one tenth of 也he crushing strength of 也e stone 

The foregoing load . reco~enda也ions are ab的racted ， by kind 
permission , from ~the Report on Steelworkfor B_u'i!d仰伊， Par也 1， Loads 
;d stresBBS, published by 也he Institution of Struc也旧a1 Engineers, 
10 Upper BeÌgrave Street,-S.W.1, price 3s. 6d 

For the London County Counci1 Regula也.ions ， see Appendix 1. 
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R E D P A T H, B R 0 W N & G 0., L 1 M 1 T E D. 

GENERAL. 

The contents of the book generally are intended to apply 
to structural steelwork in bui1dings and a l1 forms of construction 
of a similar nature on which the principal loads are static. 

Notwithstanding 也his dis也inction cer协in of the no旬s and formulæ are 
of general applicatíon, as a1'e ~he tabulated prope~ties，_ with th~ excell也io丑
。f 他e "Maiúnum moments of 1'esistance in tons.fe的，" p略目 50-55， which 
are based on an ext1'eme fìb1'e s也ress of 8'0 tons per square inch. 

Attention is directed to the following features :一
The arrangement of the overall dimensions, safe loads, compos协ion ，

weight per fo的， and properti<四 of each simp1e and compound sec创on on 
the -cor1'esponding lines of two facing pages 

.The indication of web buckling, deßection, and 1'ive也 pi也ch limitations 
by 也he free use of zigzag lines and >talics.

The tables of minimum spans in fe的 fo1' various riv的 pi也ches ， pages 
38--48. 

The tables of compound girders arianged in descending order of ca1'ry­
ing capacity, pages 50-55 

The alternative sets of pilla1' tab1es, (α) by 也he ~日lonc1'ieII formulæ, for 
the practica1 condition of both ends ß剖， and (b) in accordance with the 
London Coun也Y Council p丑lar st1'esses for bui1dings of stee1 ske1eton con. 
struction in London 

The pillar eccentricity coefficients re1剖ive to the axes of 1eas也
and greates也 radii of gyration, and the treatmen也 of eccentric 10ading by 
means of these. 

The alignment charts , pages 166-167 皿d 240-241 , for 也he rapid 
approximation of the safe 10ads, etc. , on pillars, and of the in也ensities of 
normal wind pressures, page 337. 

The material of each section is structural mild steel having 
an ultimate tensi1e 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. 
BEAMS. 

(α) Static 10ading uniformly distributed over 也he entire 1ength of 伽
elIecti ve span. 

(b) The inclusion of 址1e weigh也 of the beam in 也he 10ad. 
(0) Each end of the beam being simply supported, not fìxed. • 
(d) The 1a切rally unsupported leng蚀"of the comp1'ession ßange not 

exceeding 20 times its bread也
(e) A wo1'king tensile or compressive stress of 8 也ons per square inch at 

the extreme fibr臼.
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PlLLARS 

(f) Static concentric 10ading 
(q) ~~ch end of the, pillar being ßat (MoncrielI) or 岳王ed (L.C.C. ). 
(h) The average working compressive stress per square inch for each 

ratio of slenderness as de旬rmined by the MoncrieiI formnlæ 01' 

L.C.C. stresses 

The properties of the simple sectiòns (those of certain angles and 
饲es e五cepted) have been 切ken， by permission, from the lists of the-British 
Engineering Standards AssociatioIl. 

These va1ues are for the exact profiles of the British S协ndard dimeusions, 
accurate allowances having been made for rounded corners， 自l俨 and
也apered ßanges. 

The ang1es and tees excepted above are of thicknesses for which pro. 
perbiesare nob given by the Commi也tee and these, .in addition to the pro. 
iMm of all comgmd 鹏也ions， have been ca1culated by the tech:riîcal 

epa1'tment of the Company. 

DEFINITIONS AND FUNDAMENTAL PRINCIPLES OF 
STATICS. 

Throltgh 切disC1'im切αte use in the pαst， cel.tα切 terms have acquired αmbiguity 
OJ meamng. 

Present practiω tends to eliminate such α刑biguity by αttachiηg to each tel'm 
α pal'ticltlαγ meani叼， αs 饥 the following list of d~声例如0时， which hαs been 
compiled from the leαding αuthol'ities on the subject. 

A Static Load is a stationa1'y 10ad producing no va1'iation of stress 
intensity, 01' which: is increased gradually from zero up to its maximum 
amou且也.

Reactions are the pressures 创 th:e points of support, due to the loads. 
Th:e sum of th:e reac挝ons is invariab1y equa1 to the sum of the loads. For 
va1ues of reaction, see pages 348 and 3，韭9， 354-357 a.且d 385. 

The External Forces which: ac也 on a structure are the loads (dead 
and 卫ve) and 也he reactions due 也o th:ese 

Stress is th:e mutual action at 也he in terface b的ween two adjacen也
portions of a body subjected 也。也he ac悦。丑 of externa1 forces . 

Tensi1e Stress or Tension is th:e stre幽 due to 也he action of two exter. 
na1 forces tending to pull the molecules of a body a.part 

Compressive Strcss or Compression is 也he stress due to 也he action 
of 也wo externa1 forces 也ending to push: the mo1ecules of a body together. 

Shearing Stress or Shear is 也he stress due to th:e action of two equal 
and opposi协 paralle1 externa1 fo.rces , tending to make the mo1ecnles 'at 
忡。 adjôining planes of a body slide past one another 

Stresses and Forces are measured in tons or pounds. 

Stress per uni也 of area or intensity of stress is the quotient obtained 
by dividing' the total stress d~ve1oped unif?r.mly over a cross section by 
the area of the cross sec也ion. It is expressed in tons or pounds per square 
foot or per square inch:. 
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DEFINITIONS , ETC.一(coηtin1Led)

Ulti~，ate St~engt~ or Ultimate Stress are interchange础le terms, 
meanin号 the maximum in伪ns均 of stress which can be de-vaoped in the 
material before rupture takes plãce. -_._- --__ -- --.'-' 

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

Deformation is the amount of the resultlnE change 1n bullz or shape 
。fabody subjected to the MUon of stress DeformMionsare measured 
hy linear-units -and are usually expressed in inches 

An Elastic Deformation ts onewhich disappears entIrely on the 
removal of the external forces causing the stress. 

Permanent Set m the deformation which wholly or pusidly remains 
on the removal of the external forces •. causing the ;t;;~S. 

Strain is the deformMion per unit of length or the tBMlcharlge of leng他
divided hy 也he original length: 

Elastic Limit.The trpe elastic lim比 is the maximum intensity of 
stresswhich can be developed m the material without permanen$8e也 res ulting.

Hooke's Law states that within the 也rue elastic limi也 stress is directly 
proportional to the accompanying strain. 

The Commercial Elastic Limit in Tension is the maximum 
intensi也~ of ~e.nsile st_ress developed in 也he material up to the momen也 of
marked breakdown of the test plece, viz. , at th~-yi~ldrp~~t~ 

e The Modulus of EIasticitypf the materlal (Symbol EIIS the constant 
3223ithin the tm el削iC '.lim凶阻presses the ratio bEjt如een stre~s and 

E=Stress 
Strain. 

Ib may also be deEnedM thMforcewhich would produce inab&r of 
one unit of cross section, ELdeformMion equalto lts origmal length, provided 
that Hooke's law were applicable to all stresses with~~úi~rXt. 

I~ present_practice the Symbol E denotes Youn忌's 1\哑odulus or the 
E哑o~ulu.s_ ~~!-on~_it_~~inal :Elasticity. The accept;d valu~s-~TEfo;-~iïd 
t:122f旦旦12出l:rnler叩are inch, the lower value being genera均

Flexure or. B_endin~ is due to the simultaneous action of tension 
c?~pression and shear. It occurs when an external force or-c~~lX~-;;:ti~~ 
of fO,rces. applied to a member causes the originally s怡缸里h也 axis of 也he
member to assume 也he form of a curve. 。

Beam is a gene~ic term in statics. ' appμ阱li陀ed to a st衍ru∞1C也饥ωur阳al memb>e盯r 
;副J剧且;凡ZιUJ立37;儿::飞:a叫aHfFe侃ams a.町川r陀e 州m川叫r到咐.才订ily与y ‘' 10r阳hori旧川川o盯川r时izon饨ω1 membe盯叽r

M:embers may be- subjected tωo 臼exure C∞ombi口ed with t伪e凹en丽lSl田ion or with 
compressIOn-The main tie of a roof used to suRPorta cellmg, or for 11托ing
loads from a Hoor is a familmr case of Hexuremd tenSIOn-whIie rafters 
supporbmg Intermediate purlins, and pillars eCGenuically load-d orsubjected 
to wind pressure are in ã state of flexure and compression. 
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DEFINITIONS, E1.'c.一(continued)

A Simple Beam is a horizonω1 member simply supported at 由e ends , 
so 也hat all parts have f1'ee movemen也 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 ancl on the concave side the fibres are 
shortened by compression. Simultaneously, shear is taking place b的ween
each vertical plane of the member and the one adjoining. As the stresseλ 
change in kind, from 也ension to compression , it follows 仙的的也he surface 
in the dep也h of the beam where the change in kind of stress 饲kes place 
也he intensi也Y of stress is zero. 

The Neutral Axis is the name given 旬出is surface of zero stress. 
For a section of _mild steel it passes through the centre of gravity or centre 
of area，剧也he ultimate tensile and compressive strengths of this materia 1 
are taken as equal in value. The neutral axis of a symme仕ical mild steel 
section is at the middle of its depth. 

Extreme Fibres are the fibres of infinitesimal thickness .at the surface 
or edge of 也Iié section most remoteÏrom the neutral axis, the. distahce_ being 
measured in a direction perpendicular 也。他e neutral axis . 

Extreme Fibre Stress. It ca.n be shown 乞hat within the elastic limi t , 
the deformation a.nd , consequently ， 也he stress in a.ny fibre is proportional to 
its dis协nce from the neutral axis and that the intensity of stress increases 
M 也he distance increases. The max.imum intensity of stress is reached a.t 
也he extreme fìbres a.nd therefore the maximum permissible unital stress a.t 
the ex也reme fibres is also the tensile 0 1' compressive working str臼s.

A Pillar or Strut is a. structural member. conventionally vertical a.nd 
of a height n的 less 也han 8 to 10 times its lea的 later<tl dimension. 

;v ertical loading on such a meD) ber prod uces direc也 orιxial borripression . 
accompa.nied by 也he development of flexural stresses due t。他e tenclency 
of the pillar to fail by buckling or bending in a lateral direction. 

The maximum intensity of 也he compressive s也ress due to 日exure occurs 
at the ex也reme fibres of the section on 也he concave side 

The working 的ress for a pillar is therefore the maximum permissible 
unital stress 川也he extreme fìbres and is a fraction of the sum of 也hemaximum
axial and flexural compressive s也resses developed at the point of failure , 
as determined by a suitable pillar formula. 

Positive and Negative Forces. Ret缸ning the convention that a 
beam is a horizontal member, loads or external forces acting downwarcls 
are taken as negative and reactions or externa.l forces acting upwards a1'e 
taken as posi创ve.

The 1\哑oment of a Force about any poin也 is the value of 也he force 
multiplied by its leverage or distance from 也he poin毛， 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 Equilibriurn assert 也ha.t for a system of ver也ical forces 
acting in One plane : 

(α) The algebraic sum of al! the vertical forces m)lst equal zero. 
. ..(b) .T羊e a lgebraic sum of the moments of all~the l veJ;tical fOJ::ces mus也

equal' zero. 
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DEFINITIONS, ETO. -;-( continued}. 
In 。他er words, as the algebraic sum is 也he difference of positive and 

negative values, i也 is apparen也 that the positive or downward: forces and 
也he neg~比iye or up~ard.]orces and their rêspec也ive moments mus也 be equal 
and opposite to eâch 0也her.

E且d Reactions. By the firs也 o~ the laws of equilibrium 也he sum of the 
reac_tions must equal the sum of 也he loads. 
~ a sio:ple b-ea'!l' each end reaction will equal 告 the sum of 也he loads 

for the condítions of :一
(α} ~oading uniformly distributed. 
(b) A single load conéen忱的ed at 也he c_en tre of the s pan 
(c) Any syst~ll?-. of concentrated loads in p田rs of equal value or 

part国llr" dist;ibuted loa~s of equal ÿalue disposed symmetri­
cally wi也h reference to 也he points of support. 

By 也he second 0]' the laws of eq uilibriunÎ也he s~~- ~f th~-"moments of the 
reactions mu且也 equal the sum of the moments of the loads. 

This is 也he. general statement from which the values of the reactions. at 
eME叫port for any symm的rical or asymm的ri叫 system of loading on a 
simPle beam may be ascertained. 

l:ìee pages 354-357 and 385 for formul串 and numerical example. AIso 
pages 348-3409 for overhead oranes. 

SHEARING FOROE AND BENDING MOMENT. 

gmA?ZJL飞jzft;;fieZZUZZJft;31JFZZ才;233:1722sZZ2
t? be th p- point of origin. See pag臼 348， 349, 354-357-Joγ fonmtlæ and 
diagrα'Jns. 

Vertical Shear is 也he me阳ure of the shearing t冶ndency which 0巳curs
at ~very imaginary 位&Ilsverse sectIon in &beam The verticd sheMMEmy 
such 毛ransverse sec也ion is e<lual to the algebraic sum of all the exte~~:1 
forces to the left of 也h~"~ecti?n a~~ is expressed in tons " or pounds 

vertlodshearsMe termed poshve or EegMIVe accordmg 也o the relative 
values of 也he loads and reac也ions t。他e lef也 of the imagillary transverse 
section 

The Maximum Positive Vertic平1 Shear in a simple beam occurs 
over 也he left hand 叩pport and is equal in amount to the lef仁 hand reaction 
Similarly 也he manmEm negMive vertical shear occurs over the right hand 
support and is equal in amõunt t。他e right hand reac也ion.

Zero Point. It follows that 也he vertical shear mus仁 pass through zero 
at 也he iMemedmte polMwhere the sigpof shear chnges from p04ive to 
negative. 

Location of Zero Point.This pohtmay be locMed for any system of 
阳守 loading by the following meth~d :一

~eglnning a也 the 1eft hand support, add the successive values of the 
~_ads to the right un也il their sum exceeds the value of the lef也 hand reaction 
The pOIM Mwhich the veMical sheMpasses through zero occurs immea 
ately under the load causing the excess: 

~f the loading ~S uniform!y distributed or symm的阳lly disposed，时的ive
to 也he supports，也he poin也 of zero shear is at 也he centre of 也he span. 
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DEFINITIONS, ETC.-(CO州nued}.

The Bending Moment at any imaginary transverse section of a beam 
is the measure of the action of the external forces tending to cause 1'otation 
about the section. The bending momen毛的 any such section is equal to 
也he algehraic sum of the moments of aU the external forces to the lef也 of
the section. It is exnressed in tons-fe的 or tons-inches. Moments to the 
lef也 of 也he section acting upwards are taken as positive and these to the 
lef也 of 也he section acting "downwards are taken as nega也1ve

The Maximum Bending Moment in a simple beam supporting any 
system of static loading, occurs at 也he poin也 at which the vertical shea1' 

pass_es thr?ug_h zero. 
If the loading is uniformly distributed 01' symmetrically disposed relative 

t。他e supports; the maximum bending momen也 occurs a t the cen tre of 
也he span. 

In a cantilever 也he maximum bending momen也 occurs a也 the supports 
irrespective of the posi也ion of 也he loads. 

Minimum Bending Moment. In a simple beam 址1e bending moment 
at the suppor也s is zero. 

Deftection is the measure of the vertical displacemen也 of any poin毛 of
a loaded beam from its position when the beam ls unloaded. Deflection is 
exnressed in inches. 

- In steel structural work for buildings i也 is 也he practice to u.se formulæ 
• for the calcu1ation of the maximum deflection due to 也he f1exural stresses 

only. Deflection due to shear, which a平ounts to about 3 per cent. of the 
仁otal for ordinary structural sec也ions ， is neglected. 

The Maximum Deftection in the c皿e of a simply supported beam 
may be 协ken as at the poin北 of maximum bending moment. 

The Investigation of the Strength of Beams is governed by the 
three foJlowing laws 一-

(α} The sum of all tensile stresses mUB也 equal 也he sum of aJl com­
pressive stresses. 

(b) The resisting shear mus也 equal the vertical shear. 
(c) The moment of resistance m口的 equal 也he bending moment. 

or summarized, 
(d) In order 也hat equi且brium may obtain，他e erlernal forces acting 

at any imaginary transverse section of a _ b~am must be 
equalled by 也he internal resisting forces and their moments 
must also be equal. 

The Moment of. Resistance at any imaginary transverse sectio丑 of a 
beam is the measure of 也he action of 他e internal forces which resist the 
rotary 协ndency caused by .the ext.ernal forces . The momen也 of resistance 
at any such section is equal to the sum of 也e moments of aJl the tensiJe 
and compressive 的resses in the material at the section, acti丑g as a coupJe 
It is usually expressed in tons-inches, but if equated to the hending mom.!!lt 
in tons-feet, i也 mus也 be expressed in the same terms as the latter. The 
momen也 of resistance of a section is mos也 convenientlv derived from t.he 
corresponding 饲bular value of the modulus of section, as the direc也 deter­
mination involves 出e integral calcuJus. 

The maximum momen也 of resistance m町 be taken as the crit.erion of 
the strength of a beam to resis也f1exure.
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DEFINITIONS, ETc.-(continued) . 
Properties of a section a1'e values dependent upon its p1'o自le 0 1' shape 

only and which fo 1'm a basis for the dete1'mina也ion of its streng他. All 
the tabulated p1'ope1'ties a1'e calculated with 1'efe1'ence to central axes. 

A Central Axis is one which passes th1'ough the cent1'e of gravity or, 

more co1'1'ectly, through the centre of a1'ea of 也he fìgu1'e 0 1' p1'ofìle of the 
sec也ion.

Central Axis and Neutral Axis coincide for a sec创on of mild steel, 
this material being taken as of equal s忧ength in tension and in compression. 
The fo 1'me1' te1'm is gene1'ally used in connection with values such as prope1'也ies
involving areas or linea1' dimensions only, the latte1' te1'm is used in con. 
nection with values such as moment of 1'esistance involving stress. 

A Principal Axis, is 'a cen也ral axis wi也h 1'eference to which the momen也
of inertia is maximum or minimum. 

• An Axis of Symmetry is a p1'incipal central axis dividing the profìle 
òf a section into two portions of equal a1'ea and shape. 

An Asymmetrical Axis is a central axis which does 丑的 divide 也he
profile symmet1'ically. It may or m叮 no也 be a principal axis. 

The Ellipse of Inertia is an ellipse const1'ucted to show the relations 
b的ween the moments of inertia and radii of gyration fo 1' diffe1'en也 cen也ral
axes. 

Moment of Inertia is the basis p1'oper也y for taking account of the 
fact 也hat 也he moment of stress va1'ies as 也he squa1'e of the distance from the 
neut1'al axis. If i也 is supposed that a 也ransverse section of a beam is divided 
m也o elemen.tary areas，他en the momen也 of inertia is equal to the sum of the 
products obtained by multiplying each elementa1'ý a1'ea by the square of its 
perþè丘dicula1' dis协nce f1'om the central axis. It is exp1'essed in inches'. 

Modulus of Section at any imaginary t 1'ansverse sec也ion of a beam is 
也he measu1'e of the resisting momen也 of the beam at the section. 1也 is ex. 
pressed in inches3. 

The maximum modulus of section is la1'gely used as a di1'ect basis of 
compαrison of 也he st1'ength of a beam 也o 1'esist ßexu1'e , being nume1'ically 
equalωthe momen也 of resistance for 叩 ext1'eme fìb1'e st1'ess of one ton pe1' 

squa1'e lllcn 
l\'lodulus of Section is sometimes te1'med Moment of Resistance, bu也出lS

is ap也 to lead to confusion when prac也ical working st1'esses have to be taken 
into accou且也

Radius of Gyration is gene1'ally used as the basis of compa1'ison of the 
strength of a pillar to 1'esis也 buckling or bending. It is a linear dimension 
expressed in inches. 

It is equal 也o the pe1'pendicula1' distance from 也he cent1'al axis to such 
point 础， if all the a1'ea we1'e the1'e concentrated, the momen也 of ine1'tia 
would be the same. 

T he terms u scd 饥 th句 book hαve tli昭 foregoing d侨nite meanings unle8s 
where spec~卢ωlly qual~卢cd b y the cont~xt 
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NOTATION. 

Theno也ation is based on 也hEj standll:1'd notation fo 1' st1'uctu1'al enginee1'ing 
fo1'mulæ as adopted by The Royal Institution of British Architects and 
The Institution of Struc也u1'al Enginee1's. 

As a general 1'uIe，也he abb1'eviations consist of one or more letters, these 
being the initial letters of 也e signifìcant words of 也he phrases abb1'eviated. 
AlI abbreviations，也herefore， a1'e mnemonic. 

Foγ example :-B=Bending Moment. R=Resistance Moment 
M = Modulus of Section. tf=thickness of the flange 

The same abbreviation is used to denote di何e1'en也 quantities only when 
these cannot possibly be mis饲ken for each other. 

The " high " poin也 is used as 也he decimal separatrix. 
Example :-7'5=seven and 自鸭.tenths.

The " middle" poin也 is used as the sign of multiplication between two 
le悦ers which represent the two facto1'S. 

Example :-W'L= W(eight) multiplied by L(ength). 
The x sign of multplication is used between fìgu 1'es whe1'e i也 may no也

be mistaken fo1'址1e letter x. 
The " low" point is used as the sign of abbreviation 

Example :- N.B.S.B.=New British Standa,d...Beam, 
For convenience of refe1'ence. the less familiar abbreviations and their 

meanings are repeated where neeessary 

ECONOMICAL CONSIDERATIONS AFFECTING DESIGN. 

Th~ general problem of steelwork design is to provide in a st1'ucture 
a sufficient area or 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 qualifìed by the 
important practical considerations of the location of the principal members, 
avãilable comme1'cial sizes, cost of manufacture and time for completion. 

It should be borne in mind th(比 sections of the exact areas required 
are p.的 always procurable, that some forms_ of mate1'ial 吨。 c与吨er and 

. morè" 1'éadily obtainable than 0也ers， and tha也 mate1'ial is' cheaper than 
worlunanshi p. 

It follows that the design in which the area of each member is reduced 
也o the lowes也 possible lim抗日 consisten仁 with safe也y. may be the most co1'rec也
也heoretically， bu也 i也 may also be very costly to produce. \ 

On the other hand , the best design is that which accomplishes the 
object in view in the mos也 economical fashion, and which may be executed 
in the sLortes也 period of time. 
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ECONOMICAL CωONSIDE皿RA皿TIONS二(c∞01η创咄2t仇tμ27

These desiderata 町e 创饵ine叫d，bl airnin吨(5 ~t也 s缸1皿mp抖li扫M巳ci也吵Y of wo1'kmanship 
也饨山hrou

3挝3c;巳飞r2挠5:♂;飞亏;:立:L坟tcω也阳础缸阳e 1'ead峙i诅即l坊Y ob协3劝血t饵恤ain山inable， p1'efe1'ably those 

f The number and positions of 也e beams, pilla1's and 1'oof t 1'usses 
o1'ming a steel st1'ucture mus也 depend upon the scheme of a1'chitectu1'e 

and the pu1'pose fo1' which 出e building is in也ended.

No. definite rules can be given, bu也 whe1'e no 1'es让ictions 町e
imp?söd the following m町 be noted as tending to economy in 也he use of 
steelwork. 

hfanufacturinsand erection costsare kept low by the adoption of 
a convemen也 uni也 such as 15 fee也 by .~5 fee~ fo1' - the centres of pilÎa1's and 
~pa~~ of main beams and adhe1'ing" throughout t~ ~tb.~- ;;;;:也 a1'1'angemen也
decided upon 

- By thisnmans beams, 11iHMS&nd connectio丑s may be standa1'dised, 
and the minimumEumber of bawings and templates are required 

BEAMS 

For a given load beams of sho1'也 span a1'e 1'elatively mo1'e econornical 
pe1' un拍 of length than beams of long spin. 

This will generally hold good even 饨king 也he necessa巧T suppo1'ts 
into accou时， e~~e~ially if the latte1' a1'e steel pilla1's , ex四pt in the case- of 孔
movin~飞 load wllich may ac毛的 its full value- on each sûppo1't i1'1'espec创刊
of spacing. 

For usual conditi叩S of loading , the most econornical beam is the 
deepest 盯ailable steel jolstor compomd girder of the requredmmg也
~t may ，，:ve~ be considerably in excess of 也he 1'equi1'ed st1'ength and 1'emain 
less costly than a shallowe1'" section. See p~ge-55 

For this reason, unde1' ce1'tain ci1'cums也ances， i也 may be cheape1' to 
increase 也he ove1'all heigh也 of &door or of &buildmg thm$0 restrict the 
beam depth. 

T~is. ap~lies particula1'ly 也o la:1'~e stel'll f1'amed buildi卫gs of the wa1'ehouse 
class having thin eiternal waiis and few，迁 any， impo1't乱时 inte1'nal p町也itions.

Beams of asymetrical section a1'e no也1'ela也ively economical. 

The dotted and full zigzag lines and the italics of the beam 
tables may be said to ma1'k 也he econornical lirnits of 他e vanous sec也ions and 
types 

_By choo~ing sections within those linllts the additional costs of 
sbltTeners ELnd spec1al rivet PItchesareaVOIded and undue deEec创011
p1'evented. 

Speciαld电flection ∞旧idel αtions α时 treated later 
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ECONOMICAL CONSIDERATIONS一(∞饥tinued) .

P ILLARS. 

The full zigzag lines of the pillar tables 皿优k the econornical 
lirnits of height. To the 1'ight of 也hese lines the 10ads fo 1' each increase of 
height dec1'ease more 1'apidly than do 他ese to the 1eft. 

For a series of superimposed pillars a丑 economical m的hod is 也o
8ele的 a simple joist section for 也he topmos也 storey and 1'etaining the same 
jois也 section t。他e foundation , add the increase of al'ea requil'ed at each 
succeeding 10wel' floor leve1 by 皿eans of p1ates riveted to each 丑ange.

Eccentric loading is cost1y and should be avoided if possib1e. 

LOADS . 

The calculation of the value and condition of the load to be 
supported is in every case a preliminary necessary to the desi但

or selection of a str uctur al member. 

This is a matter of great importance , as the e纽ciency and economy 
of a st1'uc也uremus也 depend 也o a ve1'y 1a1'ge extent on 也he deg1'ee of approxima­
t ion of the assumed load values, to 也hose actually realised in practice. 

Consider a buildin忌。f steel skeleton construction. 
The necessary load calculations are accomp1ished mos也 convenient1y

in the reverse o1'der of the building ope1'a也ions.

• Commence at the roof 01' highest portion of the structure and work 
down 也hrough each f!oor in succession. 

At each level take the secondary membe1'8 such as f!oo1'ing beams 
befo1'e the main gi1'ders and main girde1's befo1'e pillars. 

Note 也e total load value transmi悦ed to each pillar, a t each 也ier，
and 直nally a1'1'ive a毛也he total load on each founda也ion.

CONDITIONS OF LOADING. 

On beams the loading may be :• 
(α) Unifo1'm1y dis忧ibuted ove1' entire 1eng也h of effec~ive span. 
(b) Concen也1'ated 剖 one or more points. 
(c) Unequally dist1'ibuted 
(d) Any combination of α， b and c. 

On p il1ars the loading may be :一

(e) Concent1'ic. 
(f) Balanced. 
(g) Eccent1'ic. 
(h) A且y combination of e, f and g. 

A s t ructure is designed to suppor t both dead and live 
loads. 

The total dead load comp1'ises 也he weigh也 of the structu1'e itself 
and all pe1'manen也 loads， i. e., 1'oof cove1'ings, floo 1's, p町也i也ions walls and 
heavy fixtures. 
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LOADS-(∞犯tinued)

242:3;但31:237切eze;22f白:7讪20213
Machinery, overhead travelling cr&nes, etB , require-special considerMIon­
D?ad and liveIoads should be calculated in accordance With the 

requueznentsof the IocaIBuildin8Aua10rity. 
In 也he absence of speclEc reguIMionB, the Imposed noorloads recomE 

E;22JLEiJ4312也注:::;2215;jT53jzjmaybefollowed These 

For bIBIdings of steel skeleton COIlstrucbIon in London the req111rements 

昆虫占出213222JtZUZZ民儿41131战白I比 of
BEAMS SUPPORTING BRICK WALLS 

耳Vhen a beanEor zgirder is usedto suppor也 a brickwalI 
也he vaIue of the 由ad Ioad may vary accordin:i t~ ;~~~时 CJL233?pemg.

FIG. l. FIG.2. 

:;231i521::古27FiJ;maIZJ;2ιJZiAjo;问:
If there are windows or other openings in t he wall, the usual course 

is totake the wmght Of $he areaOf brickwork shown shaded in Fig.2 , 

mZZTriftfrzrrfzaf:132rtωthewholema阻 of brickwork 

(α) :r'he brickwork i8 n~也 thoroughIFGdedthTOUhout
j3222;25;:setJU217m圳 18Imthanhafthespan

br品?ZIT出sziryf:挝fzzr号:zhJKZ苟且2313
:21旦k:zfIZLE:12 的阳叫I吨I

FJ旷JI2刀z;z:Zz:衍:骂窍;艺:刁飞3立:J罚;z刀:2f拮zez;杰?立飞骂吨zz;:2江:立二号;f♂3 刀:伫?才:e:骂1骂Z:拇骂窍: 
31;0 

R E D P A T H, B R a W N & C 0., L 1 M 1 T E D. 

WEIGHTS OF MATERIALS. 

Tables of_ the weights per cubic foot of the ordinary materials of con­
struction and of various classes of merchandise are given on pages 362 and 
:1 : 3. 

SELECTION OF SECTIONS. 

Assuming that the value and condition of a load is known, the 
question of selecting a suitable section from the tables may now 
6e considered. 

For the tabular conditions .of stress load and support. 

BEAMS. 

A section is suitable as regards fiexure , defiection, web buckling and 
rive也 pi也ch， provided 也he tabular safe load for the required span is :-• 

(α) Not le3s 也han 也he actual load. 
(b) N的 printed in italics. 
(c) No也 to the lef也 of a dotted zigzag line. 
(cl) No也 to the. right of a fuII zigzag line. 

PILLARS. 

A section ~s suitable as regards st.rength provided that the tabular load 
for the required height i8 一

(α) Not less than 也he actual concentric load. 
(b) No也 l回s than 也;he equivalent concentric load value of an actual 

Ioad eccentric about 也h哥 axi8 of least radius of gyra也ion.

FACTOR OF SAFETY AND WORKING STRESS. 

The factor of safety is the number by which the ultimate strength of 
the material must be divided 也o give the working s也ress.

The working stress or safe stress is the highest permissible fraction 
of the ultimate strength determimid by practice to give a proper degree 
of security agains也 the rupture of any por创on of the material. 

The factor of safety and working stress ensure that the maximum 
stres8es developed in any mem ber mU8也丑ever approach the ultimate 
strength of the material by making reasonable provision for : 

(α) Und>scoverable and unavoidable imperfections of material and 
workmaIiship. 

(b) Deteriora也ion of material due to fatigne or oxidisation. 
(c) The p08sibili也y under unforeseen circumstances of an increase of 

the amount or change in the nature of the Ioad calculated to 
be supported. 

See 也he foIIowing page for the usual factors of safety and corresponding 
working stresses in tons per squ町e inch. 
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FACTOR OF SAFETY AND WORKING STRESS-(conti棚ed) ，

Usual factors of safety and corresponding working stresses 
in tons per square inch are :一

Condition 01 Loading 
Factor 

01 
Salety 

Working Stresses 

Tension or 
Co皿.pression

Shear 

For Stationary Loads 3'8 8 I 5'5 to 6 

For Moving Loads no也 applied wit1J. 
impact (see also pages 352 and 353) 6 5 1 3'6 to 4 

For Temporary Work 3 10 7'3 to 8 

LATERAL SUPPORT. 
Should 也he laterally unsupported leng他 of the compression flange of a 

beam exceed 20 也imes the bre叫他， it is recommended by the Institution 
of Structural Engineers 他at the maximum fibre compression stress on the 
net area shall not exceed 11-0'15 协也ons per square inch, where l=leng也h
and b=bread也h of flange , both in inches , 

In accordance wi也h the 由ove，也he tabular safe loads for beams may 
be modified as under飞

Length between Lateral Supports Safe Load Uniformly Distributed 

30 times flange bread也h， 。 '81 tabular load , 

40 。'62

50 
(Uaximum) 

。'43

Beams having their compression flanges wi也hin the dep也h of a concrete 
floor may be regarded as laterally supported by 也he floor 

In structural steelwork for buil也ngs， the expert engineer is permi悦ed
a considerable latitude in interpreting the cond凶ions of lateral sUPllOrt" 

BEAMS. 

Variations of the Tabular Conditions. 
Formulæ for Equivalent Tabular Loads. 

By means of the following formulæ , equivalent tabular loads 
may be ascertained for the variations of stress , factor of safety, 
load and support conditions , ordinari1y met with in practice. 
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VARIATIONS一(continued) ，

FORMULi也 FOR EQUIVALENT TABULAR LOADS. 

Description Support 
Condition 

Load 
Condition 

Bquivalent Tabular load lor 

Extreme I Factor 01 
Fibre Stress I Safety 

Modified I T如γI Mo制ed

Beam m
，
旧

-d eo--t 

r 
a
o

内u

dp 
温
P
A

eu ls J
ω
k
u
 

BP Loa也丑gu丑1-
formly distri­

buted 

8W 
7 

lV'F 
3'8 W 

I 一一一-一_，-一一-一_，一-一一一一一

2W 
W'F 
1'9 

Si吨le load 创 I 16W 
centre of span , I 7 

一一一一

Bo也h ends fixed 
or encastré, 

Loa也且g u丑i­
formly distri­

buted , 

5'3W W 
1'5 阿-

M一一一

W 川-
N

Single load at I 些E
centre of span , I -f 

Can tilever , 
One end fixed 
or encastré, 

Loadi丑gu丑i­
formly di的ri­

buted 

32W 

f 
4 W 11'05W'FI 

Single load a也
extreme outer 

end, 

64W 

f 
8W 12'1 W' F 
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W=actualload in tons , f=ex忧eme 直bre 的ress in 也ons per square inch, 

F=factor of safety, 

When the tabular conditions are modified , def1ection , web 
buck1in佳 and rivet pitch limitations should be noted. 

As tι included weight of the beam is uni!orml州的rib叫，山e results 
ob比，ined for concentrated loading are not strictly accura怡， but are sufficientJy 
so for practical purposes 

k. ~;':a~pJe ~f 也Iie use ofωs table 呻pears on the following page , 
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V ARIA.TIONS一(continued). 

FORMULJ也 FOR EQUIVALENT TABULAR LOADS. 

Examples:一 、

(α) Required a suitable section for a 10ad of 13告 tons (inc1uding weight 
of beam) distributed uniform1y over a span of 10 feet，也he extreme fìbre 
stress not to exceed 6 切ns per square inch, corresponding to a factor of 
safety of 5. 

The equiva1ent tabu1ar load Wt t而 be referred to is : 
8W 飞 r~. WF 

Wt=~ I I Wt= 
f I I 3'8 

'>- or ..! 
8 X 13'5 . ~. I I 13'5 x 5 

=一一一一=18 tons I I =--~-:一= 18 tons. } \ 3'8 

On referring to 18 tons in 也he tab1e on page 4, i也 is found tha也 a steel 
joist 12" X 5" @ 30 pounds is sui切ble.

(b) Required a suitable section of tee as a canti1ever for a load of 告也on
' concentr灿ed at a poin也 7 feet from the suppo础， the ex也reme fì bre stress 
no仁 to exceed 10 tons per square inch correspondingωa factor of ,safety of 3, 

The equiva1ent tabu1ar 10叫 Wt to be referred to is :一
64W ì ( 

Wt= 寸 I I Wt=2'1 W'F 
'). or ..! 

M x 'õ n~. 1 1 
=~-:n' ' =3'2 tons I I =2' l x '5 x 3=3'2 tons 10 - - ---- J \ 

On referring to page 81), i也 is found tha也 the tabu1ar 10ad for 6" X 6" x 玄'
也ec for 7 feet span is 3'31 tons，也herefore this section is suitable. 

BENDING MOMENT AND MOMÈNT -OF , RESISTANCE. 

The law that "for equilibrium the moment of resistance 
must equal the bending moment," underlies all formulæ for 
the ftexural strength of a beam. 

For this reason , when an equivalent tabular load canno也 be ascertained 
immediately by a convenien也 multiplier (such as 2 for a sing1e concentratrd 
centra11oad) , the method adopted by the majority of engineers is to calculate 
也he maximum bending momen也 due to the system of loading. 

Formulæ for the calculation of the maximum bending moment 
for usual systems of loading are given on pages 348-3".!9 and 
354-357. 

M:OME N'T OF RESISTA N'CE TABLES 

If the maximum bending moment in tons-feEt is known for any 
syRtem of 10ading, a suitable section for the tabular extreme fìbre stress of 
tons per square inch may be select冶d without further calculation by using 
the tab1es of " Girders arranged in Descendióg, Order of Carrying 
Capacity," pages 50-53 inclusive. 

The method of using these tables is given on pageε5 
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REACTIONS , BENDING MOMENTS , Etc . 

The fo11owir18example shows the method of caICUMIng the reacMOIlsp 
vertic\i.l shé'ars, ma羽mum bending momen也 and deflection, due to a non­
un迁orID、 system of 10ading on a simply supported beam. 

The selection of a suitable section from the tables is indicated also 

5lõns 8lõns /Olõf/S 

I , • 
/?L -:-/'~5:0~'叶一一一·←-，-2.5，0 寸-一-一_.→1

、‘、I07Tons廿êJTofí矿、一
卜一//二一斗·一 -W--7·一寸

、-一一一一'一 20~0~-'一一- .....一一 10:0"'-- 一气. c 

;←一一-一--一_ .一 - 30:0:'一 . _--一 . _ - 一 . _ - 一-4
~L-fðèctlVeSpan - (èfl{，陀:r '?Í ßearinys 

Tota1 load= W=A+~+O ;= 5+8+10=23 tons. 

A·α+B'b+O'c 
Lef也 hand reaction = RL = -- - , -L 

一旦旦+ 8 X l，8+10 X 1Q = 12'3 tons. 
30 

Right hand reaction = RR= W - RL=23 -12'3 
=10'7 tons 

RL and RR are also respective1y equal to tte m也卫imum Fositive and 
maximurp negative :vertical shears 

Position of zerσshear and maximum bending moment. 
B=ma:xi皿um bending momen也 in ton-feet 

Add 也he loads in succession from left hand. Then B added to A 
exceeds RL. 

Zero shear and maximum bending momen也 occul' at B. 

Value of maximum bending moment. 

B!=RL'd-A , e=12'3 X 12-5 x 7=112'6 tons .feet. 
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SELECTION OF A SUITABLE SECTION. 

(α) Method 1 , by moment of resistance. 

The moment of resis协.nce in tons-feet req.uired is equal to the maximum 
bending momen也=112'6 也ons-feet.

Refer to page 53. 

Thegirdercomposed of 1 steel joist 16"X6" and 1 plate~10"xr' weigh­
ing 103去 pounds per foo也 has ama芷lmummomen也 of resÍstance of 1 ï 5'6 tons­
fee也，也herefore this sec创on is suitable as regards flexure. 

Refer t.o page 12. 

As也he safe load is pri且也ed in ordinary type and is between the dotted 
and full zigza耳 lines ， the section is s山table a lSo as regards rive也 pit，ch， web 
buckling and deflection for ordinary condi也ions

(b) Method 2 , by modulus of section. 

The modulus of section .lJ1 required is equal to the maximum bending 
momen也 in tons-feet X 1'5 or M =Bfx 1'5=112'6 x 1'5=168'9 inches3• ~ 

Refer to page 12. 

The section referred to above has a maximum modulus of section of 
173'5 inches3• 

(c) Method 3 , by equivalent distributed tabular load , 

The equivalen也 dis忧i~uted tabular load to be referred to is equal to 8 
也imes the maximum be且ding moment in tons-feet divided by 也he effective 
span in fee也 M • _ 

8Bf 8x 112'6 
Wt=丁=3石一 =30 tons approx. 

Refer to page 12. 

The 饨.bular load for 30 fee也 span for 也he sec也ion referred to above is 
30'8 tons. 

卫 the dep也h is unrestricted, reference may be made 乞o pages 53 and 54. 

Section steel joi的， N.B.S.B. 18， 24" X 守， weighing 90 pounds per fo。也，
has a maximum momen也 of resistance i且也ons-fee也=135'7， a maximum 
modulus of section=203'6 inches3 and 也he tabular load for 30 fe的 span=36.1
tons. This is 也he lightes也 8ui也30ble section 3ov 3oil 3oble. 

EQVIVALENT TABULAR l\'lOMENT OF RESISTANCE. 

By the following formulæ , the equivalent tabular moment 
of resistance in tons-feet correspondin忌 to any specified extreme 
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←一一一一一一一EQUIVALENτ TABULAR MOMENT OF RESISTANCE一(ωnt你也ed).
abre stress or factor Of safetyg1ay be ascertained from the known 

叫:1;232古;土注::tfft;ttfZit注目)
、 Bf二FZZZ飞222Edrza;1;22;在r叩are i时
L仨二宦那胞岳且:记t♂;旦E山l…30r………rm山mo叫om皿削 of res…eωs 
The丑-

8B甲 Bf'F
Rt =1 or 百

MAXIMUM MODULUS OF SECTION. 

252黯117苦苦5拇指在草草i
E扭扭古军在旦控告黯础嚣告

ZZZZ也出时;如ZZtE:22es
;fZ::;如oztzzstι27312:亘古h
L=egedivespan iIlfeet-

(α)For:2:;:r♂217点:;;22fJSEESofuzze Inch, or 

B 
M=I'5 Bf or M=百

(b) For any specified ex忧eme 的reMmsmdmy 咿tem of loading 

M=12 pBf 丰- -一-丘 or .lY.L =---c 

。) For the 恼bular …di也ions of lo3od，阴阳的 30nd stress 

M=纽:E formy spm 油 feet.
16 

3W =" ". fo 1' one foo也 sp3on.
16 

(d) For the t乱bul&r conditions of load md suPForband my speci咀ed
ex也，reme fibre 的ress.

M=中 for any span in feet 
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DEFLECTION. 

NOTATION. 

dη=maximum deflection in inches 
W =weight 0 1' load in tons 
Wt =tabrua1' weight 0 1' load in tons. 
E =modulus of elasticit.y in tons pe1' squa1'e inch 
1 =moment of ine1'tia in inches.l. 
tl =overall dep出 of beam in inches. 
F =facto1' of safe也y.
f =extreme fib1'e st1'ess in tons pe1' squa1'e inch. 
L =leng也h of span in feet. 
l =len 出 of span in inches. 
o =c1eflection coe伍。ient.

DERIVATION OF DEFLECTION COEFFICIENTS. 

For the tabular conditions of load and suppo1't , the general formulæ 
for the maximum deflection in inches which occurs a也也he cent1'e of 也he

• span lS 
dyb5WIS 
-一384E1 

By suþstituting equivalent values for Wand 1, express~g ， the span 
in fe的， assuming E=12 ,000 tons per squa1'e inch, f=8 tons pe1' square inch, 
也he formnla becomes一

T.2 

4凡一二一 fo1' svmmetrical sec也ions- 50tl<v< YJ 

The simplici也y of this formula makes c1eflection coefficients nnnecessary 
for symmet1'ical sections. Deflection coe伍。ients. the1'efo1'e, a1'e 饲bulated
fo1' the asymmet1'ical sections only, each coefficien也 being equalω1-50th 
of twice the distance from 也he neut1'al axis to the ext1'eme fib1'e of the sec也ion.
F 1'om which, for asymm的rical sections一

d1也=C'P fo1' asy=e忧ical sections 

USES OF FORMULA AND COEFFICIENTS. 

The above formula for symmetrical sections and the tabulated 
deflection .. cQefficients 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. 

Fo1' specified extreme ì ( 
fibre st1'ess in ω口s I I Fo1' specified facto1' 

pe1' square inch, ~ 0 1' ~ of safe也y，

dn=LI;...2, o1'!,C:L" I I dn=.n~:... 0 1' 3'8~' J. 2 n=;;;;;- , o1' -一一一 I I a凡-一~...o1'-一一一一一--400d V< 8 ) \.凶 lil'2d'F VL F 
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|JL:::!;工)BROWN
EXAM.PLES. 

:黯tt?击。甜苦提出且在审号:程提
约 feet . See l)ages 12-13 

A nswer :- L2 20 x 20 
Deflection in inches=伽=面a-而言百

=0'47 inch=t" app1'oxlma协ly

;3黯iziizi;1甜苦揣在
A饥sweγ: - , !，L~_5旦旦旦

De且ec也ωnininches=dn=400d= 400X25 
=0'45 inch=扩 app1'oximately.

0 1' fo l' a s pecified factor of safety of 6 :一
L2 3οx ::lO 

Deflection in inches=dn=百否否]'=13石王主5 x 6

=0'45 inch=扩 app1'o豆mately.

3辑:告言者;132盟在?jfE:强
56-57. 

A饥sw凹. f.O'P 7'õ X '00141 x I6X16 
Deflection in inches=d饵="-一百一=-- 8 

=0'34 inch=Y' app1'oximately. 

for a speci且ed factor of safe也Y of 4:一
3'8C'L2 3'8 x '00141 x 1Gx 16 

Deflectión in inches=dη=-y一=-- 4 
=0'34 inch=γa pproximately 

EMZJ工AeMiond u叩d 叫川 B.S.U. A 叫阿3扩 x t" long 问 ve1'tical ， for 也he 协bular loãd of 2 们也ons . on .10μ 协.n. f~ee p吨es
n-73 

-Mt;iJZm inInchs=dn=CU=ω222 X 10X 10 
=0'22 inch= Ì;" approximately. 
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8YlI1METRICAL 8ECTIONS. 

IOJZZJtrtion to span for 叫lar con削ons of stre凯

瑞墨写F崎ii;她瓷器iL出3

45亲辛苦吉普25扭扭扭管?
A speciacation nzay stipuIate that the denection nzust not 

exceed a partic?Iar rauoofthe span such as 巾， d-llth , e优

L创专=t山he 耶ci自仇ed 时io

spJfTforhtabularconditionsofMr毗 load 叫叫P叫
。
υ
­

AV-
9
υ
-

×
-r 

，
d

一

A
变
-

04--­L 

::13瓷器吉Fuurzztf;;2LZ
f=480?d -

r'L 

To obtain from the tabular load, the ma·H bI I d· 
:ZTJZJ出去ted corresponding to a 咐他d ratio of d巾ctm tosZZ; 

W=些旦旦t
I"L 

01' having ascertainedj by the previous formula:一
W=主Wt

8 
01' from the moment of inertia :• 

W_ 64001 
r'J, 2 

L04:;二:注2222327322.the1909Amendment of the 

!her~in ~t is stipulated th岛也证 the effecti 、1 4 平es 1 饵 depth, 北怆山he defl伽E

-牛- --r 400. 
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and 
W=! 时阴 阳=一-= 0 1' W= 

Example.一

Required 也hema泪mum alIowable extreme 直bre stress in tons per square 
inch and the maximum load _ uniformly <listributed for Girderα46， 14矿 x9飞
page 14! the effe心也ive span being 30 fee也 and the deflec也ion not to exceed 
~u也h of the span. 

Answ旷严

f =12~!4'5 =一--;;{\一=5'8 tons per square inch. 

W= 1'5x 14'5x26'5 = ~~ ----= 19.2 也ons
30 

W=16~_1~81 =一一:: -- = 19'2 tons. 
302 

A beam may have been selected from the tables for a spec泊ed
load and span, but on calculating 也he deflection by formula dn=L' /õOd it is 
found that the l'臼ult exceeds thl汕 aIlowable for some particular con<lition. 

In such a case , a deeper or a heavier beam must be chosen. 

If the dβpth is not restricted, the minimum dep也h required to comply 
响他也he con<li也ion is fOlmd by 忧阳sposing 也e above forrnula, 80 ;-

d=_!.' 一一- 50dns 
in 飞iVhich dns, the specifìed defle咱也ion ， is subs也ituted for d凡

If the depth cannot be increased a 8uitable beam may be selected 
by referring to a tabular load equal 也。也be incrcased load obtained so ;一

W'J,2 

Wt=一-一50d-dns 
01' for an asymmetrical section ;­

W'O'L2 
Wt= ':':';一一

o，nδ 

dns being 也he specified deflection as above. 

Example of Unrestricted Depth:一
Required a beam to suppor也 40 t-ons u丑iformly distributed over a span 

of 20 feet. The deflecticin ñõ也 to exceed ,} inch. 
The minimum dep也h aIlowable is;- -

d= __L_2 = 2? x ~O = -一一一 =一-一一一=16 inches. 50dns - 50 x O'5 

Therefore any sec也ion of no也 less th缸1 16 incbes dep也h and for which 
the tabular load for 20 feet span is 110也 less 也han 40 tons is of su纽cient
streng出 See example overleàÎ. 
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DEFLECTION一(continued).

See pages 4 and 5. 

~~.S.B; 17， 2~" .. :~?' @ 75 pounds will suppor也 40'6 tOllS, the deflection 
for 40 tons being 0'36 inèh. 

Similarly, see p&gmuad15.Girderd是， ~6."X9" @ 103告 pOllnds

?31古LZ;市♂ff二PJJ Z?srL:一立足;丘吉rToeasnt注:
a1most -exact1y ~. an inch as speci自ed

Therefore either of the foregoing sections comply with th~ 
conditions. 

To show that the minimum depth must not be Iess than 
zz￡ZJtZ白白主叫l叫ess 也he tabu1ar 10ad…盹哟

。γ333节事飞?:12mfftzrtJP;1J飞立飞?zfizzf飞;1
• ~_U ，lll?，~rt 4}'2 to~~ ?n 20 fe的 span， but the dëfleêtion for 也he 10ad of 40 tons 
is 0'61 inches , which is greater 也han the specifìed def!ection of 告'二 therefore the 
gircler is no也 deep enough. 

Ex，αmple of Restγicted De.pth ;- -

Req111red a beamEot more than 16inches deep to supporb 17·otons 
?Diformly diMributed over a span of 24 岛的， the def!e的ion no也 ωexceed
舍 lllC l1

See pages 4 and 5 

~.~.~.B. .14,..16"X.6:' ~ 50 pounds will support 17" 1 tons，也herefore it i~ 
suitab1e for dep也h l),nd 10ad. 

L2 24 x24 
Deflection=dn=币(1，=而言16=0'72 or ï" near1y. 

As也his exceeds 也he specifìed de f!ection, an increased tabu1ar load must 
he referred to. 

w.p 17X24 x24 
This increased 10ad= WI=→一一-= 一一一一一一一

50d'dns 50 x 16 x O'5 
=24'5 tons. 

Eee pages 12 and 13 

GMerdOMHXIOH@81;pounds composed of 1W× 6"@45pounds 
wibh l-lOH × tw plate on each ffange WIll support27·5tons 01124fee也 span.

To calculate the maumum denecuon in inches for anmhul load less 
than the tabu1ar 10ad the formu1a is : ._ 

d LLIV 
n=而歹Wt

Therefore for the girrler in ahove exarnp]e 

dn=:~ x?~ x ~7 η=而言I百豆豆于:s=0'45" or 1ess 也han the .~" sp~cifìed. ' 

Therefore this section complies with all the conditions. 
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DEFLE口TION-(ωntinlled) .

ASYMMETRICAL SECTIONS. 

Particu1ar cases of deflection of a.symm的rica1 sections, such as ang1es 
and tees, may be investigated on simi1ar 1ines to the foregoing , the general 
rule being observed that instead of the overall depth of the sectioll, d, it 
is necessary to substitute t.wice the distance from 也he neut.ral axis to the ex­
treme fibre óf the section. For these distances see pages 258-267. 

DEFLECTION IN PRACTICE. 

In practice a-nrl pa-rticu1arly in buildings of the domest.ic orcler, which 
includes 0伍ces ， clubs, and the like, it is frequent1y observed 仙矶山e cal 
culated de且ection is no也 realised ， but this is due to tbe fact that the cal­
cula也ed 10ad is no也 rea1iæd in the same proport-ion 

Another point which may þe noted is，也hat ordinarily a proportion of 
也仙山he 1叫
ceed 

For example , a beam which ultimately will support plaster wor.k , is 
deflected to some extent by the weigh也 of the f!oor before the plastering i到
呻plied ， eo that the de f!_ection 1iab1e to produce cracks in 1 he p1aster is 
liïñited t.o that produced by 1ive load on1y 

For beams supporting brick walls , the permitted ratios of 
defle'ctioh to span 'should be as under :-

Length 01 Span in leet 

LeS8 tban 10. 

10 to 15. 

15 也020.

I Per副归d Ratio of DeðectionωSpan 

I Not exceedi刚 /36仙

J /360th to 1 /iiOOth. 

No也 exceeding 1 /500他.

WEB BUCKLING. 

The maximum allowable load on an unstiffened beam or girder, 
也.he reaction at the point 01' points of suppor也 and 也he m皿皿um span for 
uniformly distributed loading are limited by 也he capacity of the web or 
webs to resist fai1ure by buckIî.ng. 

The maximum loads or minimum spans indicated in 他e 协b1es by 
dotted zigzag 且nes h盯e been calculated by the formu1æ (given overleaf) 
which make allowance for 也he tendency of a web to fai1 as a thin column 
by buck1ing. 
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WEB BUCKLING-(continued). 

FORMULÆ FOR WEB BUCKL四G AND DOTTED ZIGZAG L四ES
dw =n的 dep他 of web in inches. 
t =thickness of web in inches. 
n =number of webs (迁 more than 0且e).
A =也otal n的 web area in squ优e inch臼.
~ =allowable buckling stress in 也ons per square inch of net web area. 
W =the saf~ concentrãte~ weight 0/ reacti~:r;: ir;-to~~: 的 any point, 

withou也 web sti任eners.

!~=m~ximum a l10wable weigh也 Or lo~~ Î? to~， uniformly dis也ributed.
!Vf=ta.t)\~lar w鸣h也 ?r l?ad for sEan of 1 foot length 
L =minimum length of span in -feet correspondnig 也o 1η. 

A =dω.t 'n 

bs=55-04? 

W =A'bs 
Wd=2 W=2A-bs 
L =町+2W

WEB BUCKLING TABLES, pages 296- 297. 
For general cons也ruction (steel skeleton construction in London ex­

cepted).' ~he. maximum safe concentrated weigh也 or reaction, in tons , at any poin，也 of a joi剖， c~annel， or .gir~er composed of 也hese sections , withou也web 刨出eners， may be ascertamed wi出口的 calcula也ion f1'om the tables on pages 296-297. 
Exαmple 1 :一

@hge22, Girder b90, 17%IU@140pomds, composed of L168 >< 6"50 pounds, with 1-14"X 玄， pl~te on each -flange. 
R，~qui~~~ the. ~aximu;ñ. safe value in 也ons of a single concentrated 

weigh毛， withou也 S也iffene1's being necessary. 
From table, page 296， 他~ value of W for 2-16" x 6" joists is 46'1 也ons ，and this is the vahie req uired. 
Example 2:一
For the same girderas in Ezm7zpte I requredthe minimum spm for & uniformly dist1'ibu也ed load. 
F l'om page 23, the safe distributed load on 1 foot span is :_ 

叹(=1220 也ons

-L Wf l220 
=~-=-一"""';"=13'3 feet. 2W 2 x 46'1 

It may also be noted 他的 13'3 fe的 is 他.e maximum span for 也he load 
of 46'1 tons 迁 concentrated a也 the ce且也re.

WEB BUCKLING AND SHEAR TABLES (L.C.C.), pages 298-299. 
These tables are specially applicable to 也he London County Council 

reguIations for buildings of 
-
steef skel的on construc也，ion. the formuIæ on 

which they are based，副 g_iyen on page 299, being in ac'cordance wi也h the 
Am!~dment ?f_Lo':!clon BuIlding Acts (1 909). 

These web buckling and shear tabÍes are also useful in conneotion with 
他e _!iesign of steel joist grillag田 for pillars. 

For notes on grillages see pages 429-433. 
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STIFFENERS. 

Sti侄'eners are necessary whe1'e 也he shearing stress is greater 也han 也he
allowable value of bs by the formula on page 394. 

COMPOUND GmDERs 

Stiffeners are rarely required for compound girders except under 
heavy concentrated loads and over 也he supports of girde1's of very sho1'也
spans. 

PLATE GmDERs. 

In plate girder work stiffeners are usually providecl under all con­
cent1'ated loads ancl over all points of support. 

GENERAL 

Where uniform.ly distributed loading p1'oduces excessive shear, the 
s也iffene1's should be placed at distances apart no也 exceeding the dep他 of
也he girder or at a maximu皿 of 5 feet. 

PLATE GmDERs. 

耳IVhere the shearing stress is less 也han the allo飞飞，able s忧ess by 
formula，的iffene1's 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 li悦le as 
possible wi也h the uniform pitch of the flange riveting. 

For this reason angle sec也ions are more staisfactory 也han tee sections, 
although 他e latter may be usecl with advantage a也 a web splice, as they 
perIlllιof rive也ing on each side of the joint. 

DESIGN OF STIFFENERS. 

There is no rational m.ethod of d的ermining the sections of stiffene1's, 
p1'actice and experience being the' only useful guides. 

Som.e authorities suggest th川的iffeners may be considered as round­
ended stru饵， free to move, in a direction parallelω 他e web, the allowab1e 
的1'ess per square inch being determined by a suitable pillar formula 

Such a m.ethod m.av answer for s也iffeners over reactions or under 
concentrated loads of coñsiderable amount, but is unlikely to do so fo 1' 

mode1'ate 01' uniformly dis位ibuted loa也卫g， owing to 也he smallness of the 
resul仇ng sections. 

The minimum size of angle used should p.ot be 1ess thanγx2"x 矿，
ancl in general, the sizes of stiffeners should béar a reasonab1e proportion 
to 也he girders 也hey are emp10yed on. 

PARALLEL JOISTS AND SEPARATORS. 

An economical arrangement for supporting a wall is formed of two 
01' more steel joists parallel and closely adjacen也 to each 0也her.

In order to ensure unity of action, such joists wherever used to 
support a single load, should be rigidly connected 也ogether by separators 
and bolts. 

Q 395 

可



REDPATH; ~RO'W N & CO., LIMITED. 

PARALLEL JOISTS AND SEPARATORS一(coηtinued)

The separators should be spaced apart throughou也 tho entire 
p吵 of 也he joi阳的 di阳nces not exceeding 直ve times the depth over 
nan!!es. 

They shou1d aIsobe placed immediately over each suppor也 and im­
mediátely unde1'.each conceñt1'ated loacl. 

S~para~o~s ~o~med _ of short lengths of convenien也 sec也ions of joists 
and channels. bol仁ed tothe webs of the parallel jOIMsare now commonly 
used in prefe1'ence to cast-iron separators. 

RIVET PITCH. 

TheTIla对mum allowable load on a 乎rd~r and consequently the min­
rzir::fi:222:AL2…pacity of the rivets pr~~d;di;;_-th~fia;;g臼

In view of the heavy plate thicknesses of the compound grders, 
'pages 8--37 and 60-63， 他ís mat也e1' has recei ved mos也 careful consideration 
mcl &IIUbIdatedFafe loads cond始ional on a 1'ivet pitch closer than 6 inches 
are printed i丑 italics.

The inclusion of cert.ain seωions for which all the safe loads are 
printed in italics is intentional 

By this means at也enti.on. is di..ec~ed automatically to the limits of flange 
plat时 as.!e~a1'ds the !lSual rivet pi切h， a mabr whIC11, Marule, dom not 
receive su伍cien也 consideration.

TABLES OF MmIMUM SPANS. 

The tabIesof minimum spans in feet for various rivet pitches, 
严ges 38-48, have been calculated -fo1' the exac也 distribution of horizontai 
shea1' at 也he meeting surfaces of the plathg and the bnge of the component 
joi的， jois旬' ，01' chann.els as the case -may 1e. The m~;i;;~~-;~l~-;roTtï;-; 
ho1'izonta1 she!四川北he pomt where, owmg to the dmimuon of the bending 
momer山 va1ue， the plates might be stoppecl, has been-t;:k~-~- i;;_- ;;c-h -;~; 

战2123:r:A2?sinsthe 胁les is 叫1ained by examp1es on pages 

The formula fo1'也he ca1~~lation of the minimum spans for various 
1'ive也 pitches is given on page 49. 

RIVET SPACING. 

The minimum distance from 也he edge of a 1'ive也 or bo1t ho1e 也o
t~e edge of a membe1' should n的 be 1ess than -the diameter of the ho1e. 

The mi.~imum distance _ of rivets apa1't , measu1'ed from cent1'e to 
cent.re, should n的 be 1ess than 也hree times t Ï1e diamete1'. 

The maximum comespondin8distance shouldEO也 exceed sixteen 
也imes the thick咀ess of 也he thinnest membe1' th1'ough which they pass. 
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CURTAIL岛1:ENT OF FLANGE PLATES. 

T l1e plates forming the flanges of he町y compound and plate gi1'ders 
may be stopped before l'飞~aching 也he bea1'ings witho的 aff四ting 也he ca1'1'ying 
capaCJ也y.

When it i3 dêsired to effect economies in th国 manne1'， the consequences 
of p1'oclucing a ílange no也 of the same 1eve1 也roughout should be conside1'ed. 

OJLZi?3itZifzzfzzffetrZEL句:Jt:亘在;先代212l
mus也 be maintained at 也he same level ove1' its enti1'e leng他.

A simple way of 时cer协ining 也he points at which 也he various flange 
plates may be stopped is 也he g1'aphic method 1'ep1'esented by the following 
illust1'岛也lOn

The 直gu1'e shows a bottom flange f1'om the p1ates , fo1'ming which, it 1S 
necessa1'y -to deduct the loss of a1'ea due to r凹的 holing

「一一-一一一 -'- ' Overolllen州 一一- 一-一 一一一十一才

l F-e一一 一 · 一 一ι严'crive SpO/l 一' 一'一-一 -一-→! I 

I i (Jni!Òrmlf/ 白'ncenrro/告d i I 

:b': IJislr/bl.lted Load A Cenlral Loσd l兰i
: [\ Jy，叫(/f( _:"'. /'什 l
! 1 \ 矿'reòl ß! ω业 / 1

广 [\ Plale I "， 、 71 -: 
1 \. Areo 2 CI _ ._.~C / 1 : 
: l\. Plale I " , / 1 u'" AreaJ .o 1 一一主F_j-_:

i 队 Plale I / 1 ' 'f. 
:__L1 "'--.. Area 4 E♂| 一一/二」斗七-二τ才;主

: f'..... )均引0，币M旨 I /什 I " 

u -........_约'iiL 上J 一 一 一 一一主/

GRAP且IC METHOD_ 

The 1eft bancl of thc fìgu1'e 1'epresents the bending moment diagram for a 
unifo1'mly distributed load , and the 1'ight hancl figure that fo1' a concent1'ated 
cen tra1 10acl. 

In eveγy case tlw rtclual beηdi叼 moment diαgram for the -Sy8tem of load切g
l1Wst be drawn. Jf也he 10ading is symmet1'ica1 abou也 the cen t1'e of the span 
it is only neccssa1'y to r.lraw one-half of the bending momen仁 diag1'am

EXPLA百ATION:

From A, draw ',e1'tica1 A- F equa1 to the maximum bending moment, 
ancl const1'u c也 be:lding momen也 diagram AFH , 01' AFJ, 01' oth町、;vjse jn 
accorclance with sys i,em of 10ading 

From A d1'aw -any convenient line Af, and on it m町k 1engths. Ab, bc, 
rcl ‘ cle , ef repre3~nting in succession 也he net a1'eas of 也he flange, whether 
jois ts , channels Ol' ang1es , and the various plates 2. 3, 4 and 1; 

J oin fP.. Dr!c' cl 1'即v pa1'allels eE, clD , cC, and bB inte1'secting A.F a也 E，
D, (丁. and B 

Dr:1\V ho1'izontaLs th1'ough B, C, D , E and F. 
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CURTA.ILME NT OF FLA. NGE PLA.TES-(Cont切旧d).

Theoretically the plates may be stopped at the inte1'sec仁ions of the 
ho1'izontals with the bending moment 也g1'am， as sh。由 by the s。可
ve1'ticalline喝

也 In practice , to pe1'mit of p1'ope1' l'ive也ing. 他e pla也es a1'e made abou也
wo 1'ivet pitches longe1' a也 each end as shown by the dotted lines. 

Area 2 , l'epl'esen也ing the inne1' plate, is made the full ove1'a.ll length of 
the gi1'del' 

ALTERNA.TIVE METHOD. 

ForElulEare gIVeE OEpage49by means of which thetheorebical lengths 
of curtailed plates may be calculated. 

These formu1æ a1'e de1'ived as follows :一

NOTA.TIONω 

A =total area of one !lange. 
ax=area of x top p1ates. 
α =A一αx.

L =effective 1ength of span of gi1'de1'. 

lx =minimum 1eng也h of xth top plate. 

LOA.DING, UNIFORMLY DISTRIBUTED. 

?士走~'-=P可吉士可
牛ti kι lx--'_'-斗 l

峙-'-一.-… -L-'-'---'- ' - …斗

、
y
m
Z

A叫

{

啤
-t
/

时
-
f
w

-JFD 

E
-
υ
+

一
-
­

L-z

-

IZ 

--·-04 
二

2
4
1
-
7
/
1

飞
-

L

-

L
A

也
-
d
O
L
-
2
r
f

h
础

K
L
-
K
J
→

，
创

t
L
L
b

M
M
α
 

P+

­

az fL O BA m44 此
­

eg pz ol r

,t 

p

4 

m

冗

咀
配
、
吐

飞
a
e
n

Eha 

398 

R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. 

CURTA.ILMENT OF FLA.NGE PLA.TE晴-(continued). 

LOA.DING, SINGLE CONCENTRA.TED LOA.D. 

Ll and Lr are the 1engths f1'om 他e 1ef也 and 1'igh:毛 suppo1'也s respec也ive1y to 
t he position of 毛he 10ad. 

lxl and lxr are the lengths to the 1eft and 1'igh也1'e喝pectively of 也he 10孔d
of the xth top plate. 

F 1'om prope1'ties of a t 1'iang1e. 
lxl Ll 
αx A 

Ll'αz 
lxl==互-

lxr=LnαZ 
xr=一一一

ax 
lx=lxl+lxr= ':;r' (Ll + Lr)= A' L 

hence 

0 1' 

and 

BEARING PLA TES. 

B ea r ing plates are necessa1'y wherever 也he a1'ea of the po1'也ion of the 
bo的om !lange of a beam 1'esting on a wall 01' pie1', is such 也hat the unital 
p1'essu1'e t 1'ansmitted exceeds 也he safe bea1'ing capacity of the suppo1'ting 
m创e1'i al.

The safe bearing capacity of b1'ick, conc1'ete and 0也he1' materials al'e 
tabulated on page哩 367 and 428. 

The superficial area of 也he bearing plate is dete1'mined by dividing 
也he tot.al load t1'ansmit也ed by 也he safe bea1'ing capacity of 也he suppo1'ting 
mate1'ial. 

DESIGN OF BEA.RING PLATE啤

In order to ensure proper . distribution 也he bea1'ing plate mus也 be
of such a thickness that i也 will no也 be liable to bend upwa1'ds unde1' the load. 

The thickness required m叮 be dete1'mined by the fo1'mula given 
overleaf 
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NOT .l.TION 

f =working fle xural stress in 也ons per square inch 
JV=total weigM on 应明eà area in tons. (ι-<-f) b 
1 =leng也 of plate in inches. 
b = breadth of plate in inches 
t =thickness of plate in inches 
p =proje的ion of plate beyond beam in inches. 
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jp'W If f is taken at 9 tons per square inch t = 4 j 一一
、/ 6b 

This formula is based on the maximum bending moment of the plate 
which occurs under 也he centre of the 10岛d at x. 

Bearing plates should not be made of a thickness less than ~ inch. 

GUTTERS AND DOWNPIPES. 

Amer.icαnBγidge Compαny Speci，卢cdioη8.

Conductor. 

4 inches every 40 feet. 

5" " 40 
5 .., " 40 

Gutter 

6 inches. 

7 

8 

Span of Roof 

Up to 50 feet 

50 to 70 
70 to 100 

The diagram on opposi也e 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 rect.angular pipes or gutters 
may be substituted , 11。仁e being taken of Gommercial sizes. 

Diagram. 
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PILLARS. 

MONCRIEFF PILLAR FORMULÆ. 

P lLLAR TABLES, pages 94-163. 

The tables of safe concen仕ic loads on pillars, pages 94-163, have been 
calculated by 也he working formulæ for pillars with bo也h ends flat deduced 
by Mr. J. Mitchell Moncrie仔， C. B. E. , M.1n的.C.E. ， Westminster 

The Moncrie任 Working Formulæ for various conditions of ends are 
as under:-

For Pillars of M让dS也eel under Concen忧ic Loading having­

Bo也h ends round 

/r I ' 21'4 飞 110'7 ,ì 
=100 川一一一一一- J(一一-1'611

g 气/ L飞 53'5-4'4cl飞 c ~ V JJ 

Both ends fixed for all values of ~.皿d
g 

Both ends flat for values of !:... not exceeding 106.9 
g 

~=200j[(品生豆)(!号7- 1 ' 6)J 
Both en 也M且at f …lu回阳e四叫s

t nnn / 21'4 x O'4 :_=200 /一一一一-
g 气/ 5'6c 

l= leng也 or heigh也 of pillar in inches. 

g=radius of gyration in inches. 

I1 :!=ratio of slenderness. 
g 

(1) 

。)

(3) 

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

The tabular safe 10αd.s al飞 by Foγ mulæ (2) and (3). I 

……… ch1品元rts. 1 1
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PlLLARS一(continued).

NOTES ON THE MONCRIEFF PILLAR FORMULÆ. 

The following notes , pages 403, 404 and 405, are extracted from or b础ed

directly on 1\1r. Moncrie缸'8 paper (see PI'oceedings Amer. SOC. G.E., Vol. 
XXVI., 1900). 

The underlyi丑g principles upon which 也he re臼oru卫g is based are :一

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

(2) 饨的 the various disturbing influences are practically all cap由le ，
as regards 也heir ultimate effect, of being represented by an 
equivalent eccentrici也Y of loading. 

A careful study of no less 也han 1789 reliable tes恼。f pillars was under­
taken to determine " 也he value to be assigned t。他e equivalen也 eccentricity

applicable to the case of pillars under apparently centralloading." 

The import乱n也 resuJt of this analysis i自 由的 the Moncrieff Formulæ 
include an " equivalent eccentricity" factor to allow for 仙。 inheren也 but
practically uno bservable 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 Moncrie任 Formulæ are that, in preference 
to 让H" usual method of pillar design wi他 regard to ultimate 的rength alone, 
也hey ensure :• 

( 1) 饨的 prescribed maximum allowable fibre stresses will not be ex­
ceeded under t he working load. This condition is complied wi也h
by the adoption of a reasonable maximum value for the extreme 
fibre compressive stress , and 

(2 ) 也h创 in addition a sufficien也 margin agains也 failure by "elastic 
ins也ability" is provided in pillars of longer leng也hs. The latter 
coefficien也 of safety is applied directly to the Modulus of E lasticity 
of the material. 

Q* 403 



REDPATH, BROWN & CO., L' IMITED: 

PrrιARS -(ωM切ued)

NOTES Ol( T lIE MONCRIEFF PILLAR FORMUL1E -(continued). 

It iB impo1'tan也 to note that while the facto 1' of safety agai丑的 ultimate

strength 1'etains a constant value, the use of 也he additional coefficient of 
safety against instability in the fo1'egoing manne1' has an inapp1'eciablc 
influen佣 on the results of 也he fo1'mula when appliedωsho1'~ P山础， but 
a gradually ínc1'easing e迁ec也 as the height of 也he pillar is increased. 

CONDITION OF ENDS. 

Mr. Moncríeff's 也heory is founded on the elementary pillar having' "飞 both
ends round." 

With regard 也o the condition of " b。他 ends fìxed" he states: " Jn 
• ~c!~al p1'actice 也he true ‘ fìxed-ended' pilla1' 1'a1'ely 迁 ever exists. 1t is 
diffioult, even in experiments in a testing machine， ωcomply with the 
conditions nece田ary to ensure absolute 且xity of ends, and in o1'dina1'Y 
cOlli!truction the dif丑culty is inc1'eased g1'eatly." 

" BOTH ENDS FLAT." 

1n building p1'actice the 把1'm " both ends 直芷ed" m町， wl也h advantage. 
be entirely discarded in favour of the term " bo也h ends flat." 

PrÍJ1'也o Mr. MoncrielI's investigations no a也tempt had been made to 
a1'1'ive at a rational basis fo1' the strength of flat-ended p山a1's ， al也hough

the greate1' numbe1' of tests of p让la1's had been made with this class of end 
beo,1'ing_ 

The usual assumption that " fìxed-ended" and " flat-ended" pilla1's 
act in p1'ecisely the same manner is q凶te erroneous, both from a theo1'etical 
point of view and from 也he evidence of actual expe1'iments. Tho essential 
dis他lction is that in the practical " flat-ended " pilla1', held in position by 
p1'四8U1'e of 也he load and structu1'al bolts 0 1' rivets, no tensile st1'ess can be 
no1' is intended to be developed at the ends , in the theoγetical " fìxed-encled " 
pillar, on the contra1'Y, a conside1'able amou且也 of end tensile stress could 
be developed and safely resisted. 

M1'. MoncrielI has shown that in mild steel pilla1's unde1' apparently 
central ‘ loading 丑Q Wld tensile stress is developed provided 也he ratio of 
slenderness does not exceed 106'9 and, therefore, up to this point " fìxed­
ended" and "fl矶-ended" pilla1's bebave alike. Beyond this poin也 in
comparison with tbe ideal " fixed-ended " pillar, the s也rength of the practical 
" flat-ended " pilla1' falls rapidly and should be calctùated by Fo1'mula (3). 
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PILLARS一(cont'inued).

NOTES ON THE MONCRIEFF PILLAR FORMUL1E--(continued). 

ZÌa.ZAG LINES. 

The zigzag lines are inse1'仁ed in the tables to sepal'ate the sel'ies of safe 
loads fo1' 1'atios of slenderness below and above 106'Ð. 

The safe loads to the lef也 of the lines a1'e identical fo l' " b的h ends flat" 
e..nd " b。他 ends fixed." The mo1'e rapidly dec1'easing safe loads for ascending 
heights t。他e 1'ight of the li卫es a1'e a pplica ble in particul町也。他e conditíon 
of " both ends flat." 

E CCENTRIC LOAD四G .

Eccen t 1'ic loading is of 也wo descriptions, viz. :-" accidental " and 
" intentional." 

ACCIDENTAL ECCENTRICITY 

The effect of " accidental eccentricity " is fully allowecl for by the Monc1'ieff 
Pillar Formulæ. 

(Encl oÎ N otes on tlze MO?1Cl'ieff Pillαr 1i'01 ηwlæ. 
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PILLARS-(ω咄咄ed).

LONDON CO:UNTY COUN( 

PILLAR TABLES, P 

The tabulated safe loads ha 
working stresses. in tons per squa 
Amendment London Building A, 
having " both ends fixed." 

For th岳se workfoinrg 也hstee1s9s0es9 &ndother 
also Appendix 1. for the 1909 Amendm, 

The following straight line formulæ ar 
wmoerdUiMBeg stresses and Mmmay s be med m p k 

or for other ratios of length to 
in the " A merulment. " 

WORKING FORMULÆ FOR L . 
MILD STEEL 

PILLAR STRESSES 

es 168-237. 

been calculated from the 
inch , specified in the 1909 
for pillars of mild steel 

d condi也ions ， see pages 238-241 , 
of 也he London Buil也ng Acts. 
rived from the tables of speci直ed
rence 也o interpolation for inter. 
radius of gyration n的恼，bulated

. PILLAR STRESSES 

PILLARS. 

RaHo of LengGbhyrtao tiLon east Working Stress in tons 
ection Condition 01 Ends Rndius of 

。-100

100-140 
• 

。一140

140-180 

。一160

160-210 

per square inch of s 

. 
4'5一4一O一g 

7'。一20g

5'5一一40g

、

9'。一一一20g 

6'5一一40g

10'5一2一og

Hinged Ends 

One End Hinged 
• and 

One End Fixed. 

Both Ends 
Fixed. 

p过lar in inches. 
tion in inches. l9==]leenasg也也hraodr luhs eiogf hgt 严ofMpi江01 
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PILLARS. 

VARIATIONS OF THE TABULAR CONDITIONS. 

Owing to the number of variables whlch t.he calculated s也rengtb of 
a pillar depends, _ the tabulated safe concentric loads are not adapted for 
modi直cations to tbe same ex也en也 as the 协bulated safe loads for beams. 

The most convenient general 也，reatmen也 for var>ations from 也he tabular 
end conditions is to ascertain the appropriate working s也ress per square 
inch for 他e reqllired ratio of slenderness and end condltion from the tables 
on pag四 165 (Moncrieff) or 239 (L.C.C). 

This value multiplied by 也he sec也ional area of the pillar selected will 
give 也he total concen仕ic load. 

Exal1ψle . 
Pages '156- 157 (Moncrieff) Pillar N口 . vgl0; 2-3" x3"x矿 angles battened. 

Leas也 radius of gyr!比ion=I ' 11 inches. 
Area=5'5 square inche也
Height;= 12 feet. 

12 x 12 
Ratio of slenderness =一-一C= =130 1'11 
Required concentric load for " bo也h ends round" and for " botb ends 

a五ed. ， ，

See page 165 
(α) Bo也h ends round. 

For ratio of slenderne曲云 =130 也be working s也，ress ， column (1), is 2'1 
也ons per square inch. U 

也he concentric load is 5'5 x2' I=ll'55 tons 
(b) Bo也h ends fixed 
The working stæss, colum且 (2) ， is 4'78 tons per square inch. 

the concentric load is 5'5 x 4'78=26'2 tons 

Exαmple: 

Pages 180-181 (L.C.è .). PillarNo. k52; 12" x1 0"composed of 1-10" x 6" 
joi的 Wl比 2-10" X!" plate喝 on each flan ge. 

Leas也 radius of gyration=2 '43 inches 
Area=31 '7 square inches. 
Height=20 feet. 

20x 12 
Ratio of slenderness=~互了= 100 (approximately). 

Required concentric load for " hinged ends and for one e口d hinged, one 
cnd fixed." 

See page 239. 
(0) Hinged ends. 

For ratio of slenderness-~ = 100 也he working 由帆 column (1)，四 2'0 tons 
per square incb. U 

也he concen忧ic load is 31'7 x 2'0 = 63'4 tons. 
(d) One end hlnged and one end fixed 
The worki且gs也ress ， column (2), is 3'0 tons per square incb. 

t.he concentric load is 31'7x3'0=95'1 tons . 
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PILLARS一(ωntinued).

MONCRIEFF FORMULÆ 

BOTH ENDS ROUND 

For a pillar having "both ends round ," the corresponding safe 
concen也ric load can be go也 direc生ly from 出e tables by referring 也o a heigh也
in fee也 equal to twice the actual height. 

This rule is accurate only for ratios of slenderness no也 exceeding

106'9 
T=53哇5.

Exα1nple: 一

Pages 108-109 (Moncrieff). Pillar No. kl0; 9" x 10" composed of 
1_8" x 6" joist with 1-10" x 玄.， plate on eaoh flange. 

Height= 10 feet. Leas也 radius of gyration=2'25 inohes. 
• Required concentric load fO l" " both ends round." 

Refer to height of 20 fe的 and read safe load as 108 也ons .

10 x 12 
As the rωio of slenderness 必一一一= 53 this result is accurate. 

2 '25 

LONDON COUNTY COUNCIL STRESSES. 

Safe loads for " hinged ends" and "one end hinged, one end fìxed " 
m叮 be got directly from the tabular loads as follows 一

W = tabular safe weight or load in 也ons for " both ends 自xed . "
日々= required safe load in tons for ano也her condi创on of ends. 
A = tabular area of section in square inches. 

t卜= ra刚削at甜t创】O叫g出ωω le础删也 时圳i阳us叫s

For " hinged ends " :-

!:_ 0 to 100. Wr = W - 2A 
g 、

!_ - 100\ *' /‘­

t100ωω Wr = W - ( 2A + _!!_一-/\ -_- , 40 I 

For " one end hinged, one end fixed 叫:一

_!_O to 140 肌. =W-A 
g 

*1 
_;; 140 to 160 
9 

*For these lúgher ratios i也 will generaJJy be more convenient to multiply 
the area by 也he working _s tress 
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PILLARS- ( continued). • 
It may be poi且ted out that 100, 140 and 160 respectivelyare the econ. 

omicallim比ing 1'atios of slenderness for the 也h1'ee condi也ions of ends, as 
ahove these values the working stresses are reduced 100 per cent. more 
rapidly than bel!)w 也hem.

ln other words the reduction is !劝也he rate of one ton per square inch 
for each increase of 40 of the ratios up to t.he foregoing limi饵， but at the 
rate of 2 tons per square inch for each .similar increase beyond them. 

MONCRIEFF FORMULÆ. 

The ratio of slenderness of 106'9 for pillars with fla也 ends ， referred to 
on page 405 and indicated on the safe load tables by zigz何 lines ， is no也
quite analogous to the economicallimiting ratios of the L.C.C. stresses , but it 
does mark 也he limits of maximum economy as may be seen by inspec也ion of 
t be graph on page 164. 
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PILLARS一(continued).

CENTRE OF APPLI口ATION-(COη:tinued)

.AND FOR AXIS Y一才人

5x2+10 x 3-8x3-5xl 40 -29 
ey= 5+10十8十-5--=~

=0'4 inch nea1'ly. 

句I is on the sα:me side 0] Axis y-y 时 W2 阳i W.. 

PILLARS-( contiηwd). 

r 

LOCA TION OF THE CENTRE OF APPLICA TION OF 
ECCENT~IC LOAD SYSTEMS. 

The "arm of eccentricity H 0 1' the perpendicula1' distance f1'om the 
?entre ?f application of a system of loading 也~ a_ principal axis of a pi]]ar 
is equal to t l:ie algebraic sum of the moments of all 仙。 loads about the -a :1..'1s 
divided by the sllm of all the loads. 

The foregoi吨 method is applicable to any system of loading. 

P ARTICULAR CASES. 

The moments of the loads on 
opposite sides of the aÀis are con­
sidered posi也ive and negative 1'espec­
tively, tþe cent1'e of appfication of 也he
system being on 也he same side of 也he
axis a~ the loads p1'oducing 也he la1'ger 
sum of momen他

The following alternative methods are applicable to particular 
cases. 

y 

JA 仰
卧
时-

V二
.

l
s」

y 

(α) Two loads of unequal value号， con­
cen也1'ic 1'elative 也o Axis x-x , and equi­
di的an也 f1'om Axis y-y， 也.e. eyl=ey2. 

The sum of 也he loads less 也hei1' differ­
ence, which is equal to twice 也he value 
of 也he lesse1' load may be t 1'eated as 
concen忧ic， leaving the diffe1'ence to be 
treated as eccentric, wi也h an "a1'm of 
eccen位icity" ey=eyl 0 1' ey2 

ex=A1'm of eccentricityfor Axis x-x 
ey= " " " y_y. 

It is required to ascertain the values of ex and ey for the 
system of loading shown. 
FOR AXJS x-x. 

ez -(Wl'eXl)十(W2'ex2)一(W，'ex4)
- W，十 W2十 W3+W.

It mαy be noted thα t as W3 is applied on Axis x-x it l!as no momP.nJ. 
αbout thαt ax旬， but its value αsα 10αdis ωken 仇 the divisor. 叩 "UVllflú叫 Then if Wc=the equivalent concentric load value. 

and 0 =the eccent.ricity coef丑cient.

Wc=2 W2+0( W,-W2) 

Y 

(b) Two loads of equal values, con­
centric relative to Axis x-x bu也 not
equidistant from Axis y一号人

Then, for W,= W2 

ev= eYl--:::-ey2 
u一-

J 2 

eyl=3 inches. 
ey2=2 ,, 
ey3= 1 " 
ey.=3 " 

FOR AXIS y-y 
ev一 (W2'eY2) +( W，'ey.) 一 (Wl'eYl)一 (W3'eY3)

-一 W2+ W.+ Wl+ W3 
FOR A NUMERICAL EXAMPLE LET-

W,= 8 tOllS. P,xl=6 inches. 
W2= 5 " eX2=2 
W3= 5 " eX3=0 .. 
W.=10 " eX4=8 " 

THEN FOR AXIS x-x 
8x6+5X2-10x8 

8十5+5十 10

=0'8 inch nearly. 
ex is on the sa刑e side 0] Axis x-x as W.侮 since the moment 0] W. is 

1即ger than the sum 0] the möme础。>] W, and W2. 

58-80 
28 

ex 

Iπ both 0] these cαses the treαtment ]01' Axis x-x 臼 simil即.
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PILLARS一(continued).

CENTRE OF ApPLICATION-(continued) 

(c) Two loads of equal or unequal 
values , each concentric relative to one 
a双s， and eccentric relative 也。他e other 
aXls. 

y 

w串---一军
Then for Axis x - x 
Consider ex=eXl 
and 
Wc= W2+(Wl'C) 
And for Axis y-y. 
Consider ey=ey2 
and 

x一路一一一一--J-x
;.....eY!jL 

Wc= Wl+( W2'C) Y 

• The methods of using t加 tabular eccentricity coefficie犯归 αre expla'ined οz 
pαge 246. 

GENERAL FORMULA FOR ECCENTRIC LOADING , 

If a pillar supports an eccentric load 
We , having an " arm of eccen也ricity" e about 
a central axis , load We tends to produce bend. 
iug as shown, tensile s也ress being developed at 
the convex side and com'pressive stress at the 
concave side 

The maximum compressive s也ress ， wbich 
o l'diuarily is tbe cri也erion of strengtb, occnrs at 
也he extreme 咀bres of 也he concave side and con. 
sists of the direct compressi ve stress due t。他e
load plU8 the extreme fibre compressive stress 
due to bending. 

NOTATION 

We=actual eccentric load in tons. 
A =Area of pillar in square inch四、

1 =moment of inertia in iuches' abo的 axis

perpendicular to e 

g =时us of gyration in incbes=v ~ 
B = bendiug rrioment iu tous.incbes 
e =arm of eccentricity in inches. 
n =normal or perpendicular dis协nce from 

axis to ou也er edge of pillar n~arest. 
to load 
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PILLARS一(continued) 

GENERAL FORMULA一(continued)

fe=extre~e fibre compressive stress iu tons per square iuch due to 
bending. 

fc=average s位朋s in tons per square inch due to clirect compression 

f =maximum extrcme 且bre compressive stress in tons per square iuch 
=fe+fc 

I We'e 
B=~ f e-I fe'Ag2 

I n n 

~". A 0 ,..2 

, J.一二二 =W6'e
，也

·.fe we·e·侃
一二

- A'g2 

皿dfc=于
We We'e'n 

二f=fc+fe= Ä -+丁丐r

=苦(l+7)
Wc=equivalent cOllcentric load vaJue in 1.ons. Tben 

W叫A=斗W，肌Ve咛r句e
e'n 

Each tabular eccentricity coefficient is equalωI 十 EFthe value of 
n 
pbeing the numerical fm也01' of eacb 阻ial coe伍cient.

C=eccen位icitv coefficient. 
Then 

Wc= We'C' 

BRACKETS ON PILLARS. 

From the foregoing it is obvious tbat for each increase of tbe valuc of 
e， 也he " arm of eccen也ricity，" the vaJue of the load wbicb may bc supported 
safely is correspondingly reduced. 

For this reason 也he .projectien of .a bracket should no也 be more tban the .... 
miuimum neccssary to ensure a proper bearing with su但cient space for 
connectiug bolts 

See types of braclcets, pages ~ 84-?8:3. 
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PILLARs-(cont切ued)

E口CENTRIC LOADING. 

Eccentric 10ading is of two descrip也lons ， VIZ. :一" Accidenta1" arid 
" Intentional." 

A口CIDENTAL ECCENTRICITY. 

" Acciden也a1 eccentrici也y" is due to the fac毛也ha也 the physica1 and 
geomet1'ica1 (匹es of the pract.ica1 pillar rare1y coincide 也hroughout the height, 
owing to the inheren也 but p1'actically unobservab1e defects of materia1 and 
workmanship. 

The theory of 也he st1'eng也h of pillars is based on 也he p1'imary assumption 
(l f a perfectly centred pillar of perfec也 materia1 and workmanship, the facto 1' 

of safety app1ied t。他e derived formu1æ for ul也imate streng也 being sufficient 
to cove1' the necessary allowance, 也饵t凹• alìα， for " accidenta1 eccent1'icity " 
thus giving suitable safe working stresses for concentric 10a也且g . . 

INTENTIONAL ECCENTRICrry. 

" Intentional eccentricity " occurs when 也he perpendicular distance from 
the centre of application of a 10ad or sys旬m of 10ading t。 但也e1' 01' both 
principa1 axes of the pillar is a quantity measul'ab1e by ordina1'Y p1'actical 
methods 

ECCENTRICI'l:Y (GENERAL). 

In these notes by " eccen仕icity" will now be u丑derstood " intentional 
eccent1'icity" as " a.ccidenta1 eccentricity " is no也 considered fur也her.

ARM OF ECCENTRICITY. 

The measul'ab1e distance referred to above 曰 termed 也he " arm of eccen-
也1'1Cl也y" 也nd is expressed in inches 

PRIN口IPAL AXES. 

The " p 1'incipa1 axes " are 也he " axis of 1eas也 radius" and " ( ,xis of 
greatest radius." 

LOADING. 

Loading is said to be " eccentric about the axis "也o which 也he " arm of 
eccen也1'ici也y " is pe1'pendicula1'. 

TABULAR ECCENTRICITY COEFFICIENTS. 

The t a.bula1' eccent1'ici勺r coefficien也s are derived from 也he genera1 fo 1'mulæ 
fo 1' eccentric 10ading, for 耶，hich see pages 412-413 
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PILLARS- ( cont仇ued)

For each p山巧， eccentricity coefficients re1ative to bo出 of 出 " principa1 
axes " of the section are given. 

PROMINENT T Y:PE. 

The eccentrici也y coefficients re1ative to the " aris of 1east radius" a.l'e 
p1'inted in prominen毛 type in the tab1es. 

AXIAL COEFFICIENTS 

AxiThe coemdents m the 也ab1es under he叫ings Axis y-y, Axis v-v and 
S U-îi are respective1y re1ative to these " principa1 町es " and m叮 be

termed " arial coefficients." 

To comp1ete 也he " axia1 c:>e伍cients " i也 is on1y necessary to substitute 
for ey, ex, ev or eththe achzal vdue iI1Inches of the uarm of 
eccen也1'1Cl也y."

The "a到a1 coefficients " are of genera1 application for a.ny degreé of 
eccentric始y， care being taken to se1ect the coefficient having the same 
1'eference 1e忱ers as the axi晴 about which the 10ading is eccentric. 

CHANNEL COEFFICIENTS. 

Specia1 note may be made of the " axia1 coefficients " for ea.ch channe1 
pillar, pages 125 and 199 

As Axis y-y for this type is no也阻a.xis of symmetry, it is necessary 
t o consider on which side of this a.xis 也he ecceI1tric lo&dingm placed. d 

也 When the " a1'皿 of eccentricity" is measured in the same direction as 
mension 1ψ 田e coe纽cient " Axis y-y, ny " and converse1y when the centre 

?f applmuon of the load is on the other side of Axis y y use coefacmt 
" Aris y-y, n1y." 

ANGLE AND TEE COEFFICIENTS 

F or each ang1e, tee and tee shaped pillar the " axia1 coe伍clen钮 " relative 
t o t he asymmetrica1 Axes v一-v， u-u, and x一-x， tal王e into account the 
perpen也cul町 distance ~叽侧 or nx to the extreme fibre of 也he secUOEirresneo­
t ive of the 创de of the axis on wh地 the loading occurs The WOMLse 
is th田 provided for. 
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PILLARs-(continued). 

EQUIVALENT CONCENTRIC LOAD 

By the use of the eccentricity coefficient for 也e ax四. 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 也ons

C =eccentricity coefficien也 for axis about which We is eccentric. 
Wc=equivalent concentric load value in tons for that axis. 

Then Wc= We'C 

SAFE ECCENTIÜC LOAD. 

• It follows from the above that if a tabular concentric load is divided 
by the eccentricity coe伍cient printed in prominent type, the maximum 
safe eccentric load relative to the "axis of least radius " of the sectiou 
i3 obtained d irectly 

EXAMPLES. 

. The following examples illustrate the application of the tables t。他e
design of eccentric~lly 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. 

Example 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 Tabl白。)

Select No. j15 , page 94, steel jo四t 10" X 6" @ 40 pounds which will 
support a safe concentric load of 67 '9 tons on 10 feet. 

Substitute 1 inch, the given "arm of eccentricity" for ey and obtail1 

(1 十 1'62 X 1)=2'62 as the Axis y-y or " axis of least radius " eccentricity 
coefficien t . 

Multiply 25 tons , the actual eccentric load, by 2'62. 

The produc也 65'5 tons is the cquivalent concentric load v.;品lue ， therefore 
the selectecl pillar is suitable 
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PILLARS一(continued) . 

(A) Loading eccentric about "axis of least radius" only一
(continued) . 

20 
Example 2.-A pillar ~ feet high supports a system of eccentric loading 

amounting to 150 tons , the " arm of eccentricity" about the " axis of leas也
radius " being 2 inches. 

R号qu让ed a sui也able sec也ion (L.C.C. Tables). 

19"2. 

Select No. m67, page }咽， composed of two steel joists 14" X 5扩 @40
pounds and two 自缸耶 plates 18

H X 1" which will support a safe concentric 
load of 266 tons on 20 feet 

Subs也itute 2 ins. , the given " arm of eccentricity," for ey and cbtaill 
(l +0'38X2)=1'76 as the Axis y-y or" a卫is of least radius " cccentricity 
coefficient. 

Multiply 150 tons , the actual eccen也ric load, by 1'76 . 

The produc也 264 tons is 也he equivalen也 concentric load value, therefore the 
selected pillar is suitable. 

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

Example 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 (Moncrie迁 Tables).

Select No. p67, page 128, composed of two steel channels 12" X 3扩 @
29'23 pounds and two flange plates, 12" X 扩.

Note height, 16 feet; area, 29'1 square inches and greates也 radius of 
gyration Axis x - x , 5'33 inches. 

Transfer these values to the Alignmen也 Charts， pages 166 and 167. 
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PILLARS一(continued) . 
SLAB CAPS FOR ECCENTRICALLY LOADED SOLID 

ROUND STEEL COLUMNS. 
On Chal'也 1. lay a st1'aight.edge ac1'oss the 也hree ve的ical scales 仙也he

height 16 fe的 on scale L， 的 the 1'adius of g严ation 5'33 inches on scale g 
and l'ead safe s也l'ess as 6'55 tons per squa1'e inch on scale C. 

On Cha1'仁 II. 1乱y a stl'aight.edge a也 6'55 tons on scale C, !比毛he a1'ea 29'1 
square inches on scale A and read safe concentric load for Axis x-x as 
190 也ons on scale W. 

The strength of slab caps for eccentrically loaded solid round 
steel columns may be investigated on 白e following lines :• 

The assumption is made 也hatthe
maximum bending moment will occu1' at 
li且e x-x, the projection of 也he cap being 
considered as a can也ilever.

W =eccentric load in tons. 
α=dis切nce from centre of application 

。f load to face of piJJar in 
inches. 

b =bread血。f cap-pla.te in inches. 
t=也hiclrness of cap-plate in inches. 
B =maximum bending moment in 

inch 也ons=W'a

f =working stress of 8ω118 per 
square inch 

Then 
f"b .t2 

B=W'α=一百-

Hence 

t=、/6ELJ3Wa
f"b 'v 4b 

As α rule the thi.c7cness of α slab cap is approximately e哩Ilal to half the 
diameter of the columη 

Various formulæ have been evolved for the de也ermination of 也he
stresses in the la也也ice bars of pillars , bu也 none of these can be said to be 
wholly satisfactory for all conditions of height and loading, and la仙ice
bars are generally designed in accordance with the conventions based on 
sound prac也ical experience. 

The following formulæ are from the publications quoted. 

From " Theory .of Structure.s," by Prof. Spoffo.rd. 
The theory of this author is as follows :一
The tota1 stress on a lattice bar is the sum of :一

(α) The compressive s位ess due 也o bending occasioned by accidental 
eccen忧lC1也y.

(b) The compressive s也，ress due to 也he shortening of the bar occ&sioned 
by the direct compression of the piJIar. 

Divide 190 tons by 2'5，也he fiange eccentricity coe伍cien也 for the sec也!On.

The quotien也 76 tbns is 也he safe fiange eccentric load; therefore t he 
selected pillar is suitable 

NOTATION. 

Note.-ey=告d=6'5 : . eccentrici句 coefficien也=(1 +0'23 x 6'5)=2'5 as 
a,Þove. 

C .-Loading eccentric about both axes. 

Select a pillal' from the tables as in Examples 1 and 2 as if the loading 
were eccentric about the " axis of leas也 radius " only ; then by use of the 
Alignmen也 Charts and eccen位ici也y coe伍cien也 for the " axis of g1'eates也

radius" check the section for 也he load eccentric about "the axis of 
g1'eates也 radius."

COMBINED LOADING. 

If a pillar suppo1'也s concent1'ic in add协ion to eccent1'ic loading，也he fo1'me1', 

if treated sepa1'ately, mu的 be added t。他e equivalent concentric load value 
to give the total equivalent concent1'ic load. LATTICED PILLARS. 

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 αlso notes to the pillα俨 tαbles， 1)αges 242-248. 

--
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LATTICED PILLARS-(Continued) 

TheformFIaforthesfress due tωo be阻nd也1吨E
仁创仙ha川t the b>ending moment比也 in the pillar ma叮元叨y be c∞onsi诅de町re叫d e吨qual tωo t仙ha川

t 飞whic口h would 0∞c∞口ur if 也he pi山lla町r wer陀e loaded uniformly ωr盯ight也 angles to 
its axi回s throughou也 its lengtlt. 

The value of the assumed 1oad is that which would produce a mazL 
mum extreme fìbre str臼s equal to the d由rence between the allowable com-

pressive stress for ~=O， and the allowable compressive stress for the actual 

value of 1 
g 

This theory is deve1oped tocorrespond to the bendmg moment 
obtainecl by the s位aight line formula :一

f =16,000_
701 

=16，000一-
g 

=也he allowable compressive stress in pounds per square inch. 

NOTATION 

f响=山斗owa胁 compressive 巾ss in pounds per 叩are inch 

for 二=0
g 

!m= 16,000 pounds per square inch. 
fb =也he extreme fìbre stress in pounds per square inch 

=.fm-f=16，00。一f
701 
g 

Bp=the maximum bending momen也 in pounds-inches. 
W =the totalload in pounds uniformly distributed. 
A =area of pillar in square inches. 
1 =relative moment of inertia 
1 =height of pillar in inches 
n =normal distance from neutral axis to extreme fìbres in inches. 
g =relative radius of gyration. 
S =total -shear in pounds. 
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LATTIOED PILLARS一 (continued). 

Hence-

W=12! ×坐立
g " ht 

一旦旦兰;。

W 
Bu也 s=亏-

-0280 A-g 
f‘-一.. -性

。r

A-g S in tons=γ 
Ijn 

p=也he total compressive stress in one la也tice bar in tons. 

。=也l1e angle of inclination of lat创ce to the horizon饵.1， no也 greater

tha口 45气

p=~~g =一! secB. 
161也

This 11记thod gives the stress 仇 the end lattice bαrs， but it is ∞mmon to use 

the sft1ne si:e oJ bars throughout the length oJ the pillαγ. 

The compressive stress due to the shortening of_ the bar i电

calculated by the general formulæ of the theory that wi也hin the elast.ic 
Jimi也 unit.al stress is propor也ional to unital deformation. 

p=the unital compressive stress in one lattice ba.r occasioned by thc 
di陀的 compression of 也he pillar. 

p=.f'sin'B 
α=也he area of one lattice bar 

Therefore the total unital compressive stress in one lat也.ice bar 
due to bending and direct compr四sion.

A 'r(sec B , '_' • 
=一-一一 +f"sin2B

16n αd 

p 
=(î+P 

The val u.e so αscertαined must not exceed the allowable compressive stress 

b?l pillar J'…laJorωctual valne 冲旷川γ
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LATTICED PILLAR~弓 (coηtin也eil)

The following is adapted fro?n α 四idely used A merican spec~卢cation :-

See Proc. Am. Soc. O.E. , Vol. 37, Feb. 191 1. Discussion on Mr. Howard's 
p日.per 0η " 'l.'ests o.f Large Steel Oolumns." 

NOTATION 

S=t1'ansve1'se shear in 也ons.

A=a1'ea of pilIa1' in squa1'e inches. 
。=1'elative 1'adins .of gyration in inches 
n =no1'mal distance f1'om neutral axis to ext1'eme fibres in inches. 
P=the total comp1'essive s忧ess in one la也tice ba1' in tons. 
。 =the angle of inclination of lat也ice to the ho1'izontal no也 g1'eate1' t han 

45。

n A'g 
• ~-7n 

P=~.'g = ~7"" sece -14n 

1 t will be observed that the αbove value of P is simil旷 tothαt of Pm.f. 8pofford' s, 
except for the value of the co旧tαnt 饥 the denominator. 

Fro悯 " Steel Structures ," by Olyde T. Morri/飞

The theory of this αttthor is ω follows:一

In a loaded pillar having. both ends fixed, poin也s of contra.fiexure 
are developed. 

At these points of contra-flexure 也he bencling momen也 is zero and 
consequently the st1'ess on the c1'oss section is uniform. 

Midway between these points 出e bending moment and 出e com. 
pressive st1'ess at the extreme fib1'es on 出.e concave side a1'e maximum. 

Therefore in a distance equal 也o ith of 也he totallength of a fixed ended 
pillar, the unital stress in the concave side mns也 chrtnge from the average 
to 也he maximum allowed 

Whence lV[r. l'IIo1'ris deduces a formula fo1' the longitudinal incremen也
of stress in one leaf pe1' unit of leng也h of pilla1' and he' states 他的 su伍。ien也

connection mus也 be provided between 也he two leaves of the pillar to transmit 
也his stress. 

A=仁he a1'ea of the pillar in square inches. 
fm=the allowable comp1'essive s也1'ess per squa1'e inch by p山ar fo1'mula 

when ~=O 
O 

f=也he allowable comp1'essive s忧四s per squa1'e inch by pilla1' fo 1'mula 

for actual value of !.. g 
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LATTICED PILLARS-(CO胁nued)

L=totalleng也h of pilla1' in feet. 
p=changem the toml skessm one leaf perumt of hngbh 

p 旦L但二D- L 

From the foregoing 阻 exp1'ession fo1'也he tota1 comp1'essive st1'ess in 
one lat也ice ba1' may be del'ived. 

c=也he ho1'izontal cent1'es of 1'ivets in inches. 
。 =the angle of inclination of 1attice t。他e horizontal, no也 g1'eater

than 450 

P=the total compressive stress in one lattice b时­
P=~'c 'sec e (fm-f) 

12L 

L ATTICE BARS AND BATTEN PLATES-

AB stated on page 419, lattice ba1's a1'e gene1'ally designed in acco1'dance 
飞vith the conventions based Oll sound p1'actical experience. 

The 协bles 0且 pages 425, 426 and 427 give 也he conventional minimu皿
sizes of fiat lattice ba1's and ma沮mum spacings of bat旬且 plates fo1' pilla1's 
时也h concellt1'ic loading. These sizes, toge也he1' wi他也he follo时EE Eoles on 
也he angle of inclination and minimum thicknesses, a1'e adapted f1'om 也he
specifications of The A仰~enωn Railway E1聊时ering and Maintenance of 
wαy Association 

S INGLE FLAT BAR LATTIO口I囚NG

Ma阻因互对imum a阻ngle of i泊ncli汹na叫毛ion with ho1'izon川1拍t协al=3ωo degrees. 
阻皿imum th地ness=.'oth of pd, the diagonal cent.1'es of rivets. 
Maximum ho1'izontal cent1'es of 1'ivets, ph= 15 inches 

DOUBLE FLAT BAR LATTICING:-一

Maximum angle of inclillation with ho1'izon协1 =45 deg1'ees. 
lIfinimum thickness=击Lh of pd， 也he diagonal centres of 1'ivets. 
Maximum horizontal cent1'es of 1'ivets, ph= 15 inches. 

B ATTEN PLATES:-

Minimum thicl迦ess = s)1j'th of ph， 也he horizontal centres of rive侃
mmmum dep也h = the horizontal centres of rivets for end plates 
Minimum dep他 =音也he horizontal centres of rivets fo1' inte1'mediate 

plates. 
Maximum ho1'izontal centl'es of 1'ivets , ph=15 inches. 
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LATTICED PILLARS一(continued).

LATTIOE BARS AND BATTEN PLATES:-一

When the horizon协1 cen也res of rivets , 1Jh exceed 15 inches , the minimum 
也.hicknesses of 1仙也ice bars and b川仁en plates require to be increωed pro. 

por也ionately.

BATTEN PLATES. (See Tables, pages 425, 426 and 427.) 

Maximum vertical pitch of end rivets of 也wo adjoining batten plates 

=pv iDches 
L =length 01' height of pillar in feet. 
gmva=leasb radius of Eyrabion of one member of 也he pillar, j oi剖， channel 

or angle as 也he case may be 
Gmi,,=least radius of gyra也ion. ，of the pillar 
o =a cons协E也 for each pillar , 

12g min 
=ã王E丁

Then pv in inches=L'O 

BATTEN PLATES:一

Al也ernative method for pillars of two angles , 

MMlm UmverMcal pitch of end rmbs of two adjoining babten plMes 

=ZJTZlmrmI叫 (::"Tesi: 注 :ztt足;二节品出hes
Minimum depth of batten plat回=d incbes 

=也he greater value 0叫》ν川J乃1r:Uf:巳:立i峦t凯L:江;品:除乞:1且3常驭怯?忘泣L;， :b:Lλincb 
t h; le as 也 depth suitaωal由刷bl升le for two rivets , 'i:1 
incbes. 

LATTIOED PILLARS WIT<I ECCENTRIO OR LATERAL LOADS 

Pillars under eccentric or lateral loading are usually bτaced with anglo 
la悦lees-In designiEg these, the rules for the EeEureof latticed glrders 
are 也o be observed toge也her witb sui也able allowances for 也，be direct com-

press lOn. 

l;' 町 PILLARS ， generally 
1n ev盯y case the latticing' sbould l:ie sucb tbat tbe 由eng也hif川

member of 也be pillar on tbe length between l a也tices is no也切邸 . tban the 

的rengtb of the 自lI:1r on tbe full lengtb 
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LATTICED PILLARS. 目
Two Steel Joists Latticed. 

CONVENTIONAJ, :&口NIMUM SIZES OF LATTICE BARS 
FOR CONCENTRIC LOADING. 

2 I 
i I 

ßreadth of Jois也 Flange

Breadth of Lattice Bar 

Diameter of Rive也 . inches 

4 

lIL<\.XIMUM SPACING OF BATTEN PLATES. 
pv zn Inches =C times s hoeif ghC b of pHIar in feet-

V.lue 

Reference I ~~~ 11~ (/ Reference Size 12 g min 
卫eference

Size 12σmm. 
e_nce I d x b 万五百 Mark dxb Gmin. Mark dxb Gmin. }[ark I i;:;~h~s <r ，，::口A inches ~C inches ~C 

1~9 122 15 x 18 2'414 115 10x 14 3'914 

1~8 22 x 2! I 1'903 121 1县 x 19 3'737 11县 2'769 

127 20 x 22! 1'957 IZO Hx1ßl , 2'398 113 9 x 14t 5'272 

126 18 x 22} 2'782 119 13 x 15~ 2'347 112 9 x 11 2'741 

125 18 x 20 2'043 118 12 x 17去 4-386 111 8x 12告 4'950 

12! 16 x 21 3'179 117 110 8 x 10再 3'015 

123 16 x 18;\ 2'328 110 18 6 x10 ,\ 5'631 

For safe Joads and properties of these piJJars, see pages 110-111 and 184-185. 
See additional notes on pages 423 and 424. 
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]fm 
LA TTICED PILLARS. 

Two Steel Channels Latticed. 

Depth of Channel 

Br eadth of Lattice Bar 

Diameter of Rivet 

lIL<\.XIMilll SPACING OF BATTEN PLATES. 
pv in inches=C 也imes heigh也 of p i11ar in feet. 

Values a也 C

Reference 
Mark 

Size 
dxb 

inches …
百
二

可ly|JFLl壁|哇!
017 1 15x17t 2'347 012 1 10 x 12 1 2'639 。9 8 x 11 1 3'893 

015 1 12 x 14 2'637 

011 1 9 x 12 1 3'468 I 08 8x 10告 3'326

014 1 12 x 14~ 2'555 

013 1 10 x 12告 3'167 010 1 9 x 11 1 3 '027 。7 7 x 10 1 4'482 

~or sa~e l oads and properties of t hese p i1lars, 5ee pages 126-127 and 20()-201 
See additional notes on pages 423 and 424 

B 

RED? ATH, BR OWN & C 0" LIMI T ED. 

BATTENED STRUTS. 议jj
Two Equal Angles Battened. 
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LIMI T.E D. CO., & BROWN REDPATH, LIMI TED. CO. , & BROWN R E D P. A T H, 

Owin~ to the low bearin~ capacity of cerlain soils i也 is of也en
essential to distribute a load over a large area. 

This is accomplished efficiently and economically by a properly 
proportioned beam gr山也ge.

The thinness of the foundation so obtainab1e sav回 the cost of the deep 
excavatioDs and 1arge masses of solid concrete 0也herwise nec出胁ry.

A particular advanta~e of a beam grillage is that by obviating 
pene'也ration ， it may be possib1e to suppor也 a 10ad entire1y on a hard crust 
overlying strata of a sof也 nature.

A beam ~rilla~e consists of one. two or more tiers of steel beams super­
imposed on a 1ayer of concrete. 

Concrete is a1so ra皿med into the spaces between the webs of the beams, 
也he flanges being kep也 su伍ciently far apart to allow of 也is being done 
properly. 

To avoid displacement during the ramming of the concrete the flanges 
of the 也iers should be bolted toge也her and 也he top flanges of each tier shou1d 
be connected by a b01也ed angle bar or by the pillar base. 

Beams formin~ alternate tiers 町e placed at right ang1es to each 
other. 

If a ~rilla~e consists of two tiers only :一

(α) the breadth of the upper tier and one side of 也he pillar base are 
equa1. 

(b) 也he leng北h of the upper tier and breadth of the 10'wer tier are 
equa1. 

If a ~rilla~e consists of more than two tiers :一
(α) the bread也h of an intermediate tier and the 1ength of the next 

tier above are equal. 
(b) the 1ength of an intermediate tier is a convenient proportion of 

the 1ength or bread也 of the bottom 也，ier.

Ordinarily 也he 1ength and breadth of the bo悦。m 也ier are approxi­
mately equal 

STEEL GRILLAGE FOUNDATIONS. LOADS ON PILLARS AND FOUNDATIONS. 

(INSTITUTION OF STRUCTURAL ENG四EERS.)

For caloulating the 10ads on pillars and foundations , the imposed loads 
specified on pag咀 364-367 are 也o be taken in full for 也he roof and 也wo floors 
immediately below the roof. 

They may be reduced by 25 per cent. for the remaining floors 
No reduction is to be made in respec也 of pillars suppo剖面g storage 

roOJml. 

LONDON COUNTY COUNCIL REGULATIONS. 

For loads on pillars and foundations in bui1dings of steel ske1eωn con­
structioD. in London, see Appendix 1. 

SAFE PRESSURES ON FOUNDATIONS AND MASONRY. 

Tona þer 
square foot 

6 
2 

4-5 
1 
3 

4--8 
16 

AVERAGE VALUES. 

FOUNDATIONS. 

]\ÚSONRY. 

Chalk, Hard . 
C1吁， Ordinary

" Hard Compact 
Earth, .Ordinary Firm 
GraTel, Ordinary . 

Compact 
Rook 

To desi~n a beam ~rilla~e it is necessary to know :-一

(α) 也he total 10ad on the p山ar in tons. 
(b) the size of the pi丑ar base. 
(c) the safe bearing capaci也y of 也，he soil in tons per sq)lare foot, for 

which see page 428αnte or Appendix 1. 
The superficial area and consequent overall1ength and breaùth of the 

bottom tier are determined by dividing 也he tota1 10ad by the safe bearing 
capa口i也y of the soil. 

DESIGN OF BEAM GRILLAGES. 
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Brick, Ordinary 旭Cement Mortar . 
Hard (including London Stocks) in Cemen也 Mortar.

" Blue in Cement Mortar 
Concret启 Lime (good) 

Cemen也 (1-2-4)

Freestone, Square Rubble Masonry in Cement . 
Ashlar Masonry in Cement 

" Ashlar Bearing B10cks 
Gra占ite Ashlar Masonry in Cement . 

" Ash1ar Bearing Blocks 
Granolithic Bearing Blocks 

See aJso page 367 for the Institution of S也ructura1 Engineers' recom­
mendations and Appendix 1. for The London County Counci1 regu1atioDs. 
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STEEL GRILLAGES一(ωntinued).

快一一一- p 二l主 L-2P 二 p 一一一一~

ι 

The diagram represents a two击ier gr山age.

NOTATION 

W =total weight or 10ad on the pillar inωns. 
n =number of beams in the tier 

Wb=we刷 in tons on one beam in the tier=子
L =leng蚀。f 也he beam in feet. 
P =projection in feet. 
B =maximu皿 bencling moment in tons.feet. 
j ]l[ =modulus of section in inches'. 
S =maximum vertica1 shear in tons. 
For B and S , uniformly distributed 10ading is assumed. 

Asui饨b1e se口创on of beam may be se1ected from the tab1es , pages 4 and 
7, byei也her of the 也wo following methods :一

A beam is suitab1e , as regards bending, if 

(α) 也he tabul町 10ad is no也 1ess than Wb for a span of 2P feet. 
3P'Wb 

(b) M， 也he maximum modu1us of sec创on is n的 1ess 也han =--S一

To prevent web buckling, the maximum vertica1 shear, S , should not 
exceed the va1ue of the safe reaction or concentrated 10ad i且 tons for 1 
beam、 as tabu1ated on page 296, un]ess s也iffeners are provided. 
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STEEL GRILLAGES-(∞饲tinu.ed).

B=The maximum bending moment, in tons-feet, occurs at 也he point 
X， 也he centre of L. 

2P'Wb P'Wb 
For each beam, B= -- 0" - =一一一

8 4 

S=The maximum vertica1 shear in tons occ盯'8 a也 t，he meeting edges 
of the tiers or of 也he upper tier and the pillar base. 

Wb 
For each beam, S= 'i- 'P 

The foregoing abbreviated fo 1'mu1æ for M , B , and S are derived as follows :• 

Consider one beam of the 10wer tie1' of diagram 

The 10ad Wb is assumed 也o be distributed uniformly over the 1ength 
L-2P, and 也heωta1 reaction or upward pressure exertecl by the soil is a1so 
Wb distributed over 也he tota1 1ength L. 

Taking moments abo的 E

fWb L 飞 fWb L-2P飞
B(也ons-feet)=~τ'1) 一飞τ- 一τ)

Wbf r , r "ml_2P'Wb_P'Wb 
= '8- í.L一(L-2P)) =→-8---4

2P'Wb. 
But 一. 8" V is equiva1ent to the maximum bending momen也 occurrmg

III 孔 beam support讪g a uniformly distribu也ed 10ad over a sp也丑 of 2P feet, 
whence rule (叫， page 430 

Then, for equilibrium, B mus也 equa1 R the moment of resistancc. 

f2P'Wb\ 
'. B(切ns也ch回)=12( 一忑一 )=3P'Wb=R

f =6b1'e st.ress allowab1e in tons pe1' squa1'e inch 

_ __ __ 3P'Wb 
R=fM 二 M=一「

and for the tabular .condi也ions for which f is 8 tons per square inch 

3P'Wb M = V~ 8" - whence rule (的， page 430 

Also 
s wb L(L-2PL Wb L-L士主
二一一二

- L 2 L 2 

Wb 
=气i . P as above. 

See overleaf fo 1' a numerical examp1e. 
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STEEL GRILLAGES-(C01阳~ued).

Example:二

Design a beam grillage for a p il1ar. 
(a) the totalload=200 也ons

(b) the size of pillar base=2 fe的 square

(C) the safe bearing capacity of the soil=3 tons per square foot. 

Arrange for a two tier gril1age. 
200 

Area of bottom tier=τ=67 squa.re fee也 approximately.

=9'25 feet long x 7'25 feet broad. 

Top TIER. 

Bread毛h， 2 feet. Length, say 7'25 feet. 

In breadth of 2 feet, 3 beams can be placed wi也h su伍cient space for 
ram也.ìng concrete. 

200 
W=200. n=3. 二 Wb=丁1=66'7 tons 

2P=7'25-2=5'25 fe的 (the equivalent span). 
Refer to tables , pages 4 and 5. 
As the shortes也 tabulated span is 10 feet, calculate the ma豆mummodulus

of section required. 

M=3P~Wb =~'X 5'~5 =一一一...:.=~ X - ;:-- x 66'7=65'7 inches3. 8 -g^ 2 

The maximum modtùus of section of steel joist 15" X 6" @ 45 pounds is 
65'5 inches 3, which is sufficiently ne町， therefore . the section is sui也able as 
regards flex盯al 的rength.

For web buckling calculate the maximum vertical shear 
Wb _ 66'7 5'25 

s=一一 . P= 一一 X --，一=24'15 tons. L - -7'25^ 2 

Refer to table on page 296. The maximum safe reaction or concentrated 
load for 1-15# X 6" joist is 20'6 tons, therefore stiffeners may be considered 
necessary. These may be formed conveniently of 9" x 3玄'channels ， 12 inches 
long, bolted b的ween the webs of the 3一15" X 6" joists under the edges of the 
pillar base. 

BOTTOM TIER. 

Bread也h，丁'25 feet. Length, 9'25 feet. 
In the bread他 of 7'25 feet le也 8 beams be placed. 

. 200 
W=200 饲=8. :. Wb=百 =25 tons. 

2P=9'25-2=7'25 feet (the equivalen也 span)

M = 3P~Wb =~ 'X7'~5 =-一一- ="X' ~ - X25=34 inches.3 
8 -8^ 2 
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STEEL GRILLAGEs-(cont饥ued).

O且 page 5 the maximum modulus of section of steel joist 12v X 5# @ 30 
pounds is 34'4 inches3, t.herefore the section is suitable 脑 regards flexural 
strength. 

Wb _ 25 7.25 
s= 一一 .p=一一 X-;;一=9'8 tons. L - -9'25" 2 

On page 296 the maximum safe reaction or concentratecl load for 
1-12" X 5" jois也 is 14'7 tons, therefore the sec也ion is suitable，嗣 regards
web buckling, without s也iffeners.

For grillage8 to L.O.O. regulatioη8， 8ee tαblesonpαge&298-9， α180 A ppendix 1. 
for London Building Acts Amendment. 

MOMENT OF INERTIA. 

REFERENCE TO Fo丑MULÆ， pages 358 to 361. 

These tabulated formulæ for the moment of inertia of jois旬， channels，

angles, and tees do no也 take accou且也 of 也he rounded corners，直llets， ìmd 
tapered flanges of sections rolled to the British'standard dimensione. 

The resulting values , therefore, do no也 coincide exactly with the 
strictly acc山ate properties of the aafe load tables. 

The remaining formulæ are for 也he various outlinea, viz. :-rec也angles，

triangles, positive and negative sectors of circles into which the profiles 
of the rolled sections may be divided. 

GENERAL FORMULÆ. 

-RELATION OF PROPERTIES AND FORMULÆ FOR FLEXURE. 

NOTATION. 

1 =momen也 of inertia about a cen也ral axis. 
10 = " " ,, ' " an axis parallel 也o axis of 1 
倪。 =normal distance from axis of 1 to 'axis of 1萨
M =modulus of sec也ion for axis of 1. 
n =normal distance from a羽s of 1 to extreme 自bre of section. 
g =radius of gyration for axis of 1. 
R =moment of resistance for axis of 1 
B = bending moment. 
f =intens协Y of extreme fi bre stress 
W=weigh也 or load. 
1 =effective length of span. 
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GENERAL :FoRMULÆ-(contin~led)_ 

1 =M-n=A _g2=于

10=1十(A呐02)

M=!..=!!=!; n'_!.. =一-_-- ,.. 咀一f-f 日-互

f R.曰 R-n一 ?主雪 R 
-一=一一-- 1 -Y-11一盈

1"1 B =R=Jn~= 1"M 

g=v~ 

. 
SPECIAL CONDITIONS_ 

For a beam uniformly loaded and simply supported at each end_ 

川
丁

一
一

啊-
h

一
一

回
丁一

­

W 

In addition to above for 1, M , and n in inch units, W in tons雪 f value 
8 tons per square inch, Bf=maximum bending momen也 in tons品也 p，ud
L=efJective span in feet 

W59IS-3M f =一--一一一_ M=1-5Bf 
L-η - L -- , 

REFERENCE TO GENERAL FORMULi也.

These general formul_æ are algebraic expressions for the 
following:一 , 

(1) 
T ( Modulus of section=momen也 of inert皿 about a 

.lJ1=二i cen也ral a x:is diV:ided by the normal dis协nce from the 
叩飞 central ax:isωthe extreme fibre of the seCtion. 

( Modulus of section=moment of resistance divided 
M=些) byex:treme fibre stre盹二 =moment of resistance for 

- 11 unital 四reme 且bre 由ess of uni协 usually 1 ton per 
l square inch. 

(2) 

(3) g=A/lf Badius of g严剖ion=square roo北 of moment of inertia 
'V A labout a central axis divided by the area of the section 
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REFERENCES TO GENERAL FORMULÆ (continued). 

í Momen也 of 血e盯E毛创ia abou也 &阻nA卫对is 0•-0 pa町rall丑lel 也ωo the 
= 'central a口芷1阻s of 1=毛白he mo皿en也 of i沁ne盯r川仁创.ia abo咱ou川1拮也 the 

(性刨4剑) 1忏十(A 饲m时呐o泸叫2η) i c 

飞 by 也he squa归re of 也he norma叫1 distance between the a芷es

( For equilibrium the moment of resistance of a section 
(5) R=B -{ must equal the maximum bending momen也 due 切也he

l external íorces_ 

PROPERTIES . OF COMPOUND SECTIONS. 

The moments of inertia and other properties of any desired 
compound section may be ascertained by using 世le undernoted 

tabulated values for the simple sections. 

Moments of inertia, etc 
Ne也 Moments of inertia, etc_ 
Posi也ions of central axis 
Moments of inertia of plates 

Page( 250-271 

" 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 

r equired. 

As an example, consider 也he asymmetrical compound section above, 

J[-J[ 

NOTATION. 

=the central axis of 也he compou卫d se的10且， the 
posi也ion of which is required_ 

=a convenien也也xis parallel飞o Axis J[-J[. Usually 
the mos也 convenien也 position for thi~ axis 
coincides with an outer edge of the compound 
section. 

。一-0
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]\I[OMENT OF INERTIA OF AN ASYMMETRICAL COMPOUND SECTION一(contd.)

A1, A2, A3 =the componen也 areas.

1-1, 2-2, 3-3=the central axes (')f A1， 血，血， parallel to Axes 
x-x and 0-0. 

1101 ， η02， 1103 =the normal distances from 1一1 ， 2-2, 3-3 to 
。--{).

110 =也he required normal distance from A到S 0-0 to 
Axis x-x. 

Then 

?阳

A1'1阳1+A2'饥02十A.'noa

Al+A2十A3

Or: the distance 01 the cent时 01 areα 01 α plane figure Irm刷刷y point 切 its

plane is equα1 to the sum 01 the moments 01 all the component ar邮s about the 
l'oint divided by the sum 01 the compone1lt α何时·

Having ascertained the position ofAxis x一-x the moment of 

inertia of the compound section about that axis may now be 

calculated. 

11, 12, 13=the moment.s of inertia of the component areas abou也
the central axes parallel to x一-x

剧， X2 , X3=也he normal distances from 1- 1, 2-2, 3-3, to I - X. 

1x =也he required moment of ìnertia of 也he compound section 
about Axis x-x. 

Then 
1x =11+12十13+(A1'x12)+(A2'x，2)+(A3'x.2)

Or : tll阔 moment 01 切e.rtiα 01 a compound secti01也 αbout a 臼饥tγdαxtS 1S 
equal to the sum 01 the 惯例nent801 切旷t叼 01 the ∞mponent αreas αbout their 
respective pα阳llel central axes pl1tS the sum 01 the products 01 each cωnpo旧nt
area into the square 01 the distαη臼 Irom its central αz臼 to the centγαlαxis 01 the 
com伊ou饥d section. The loregoiηg ;8 αnα.pplication ollormulα (4) Pαge 435. 
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]\I[OMENT OF INERTIA一(∞ntinued).

]\I[OMENT OF INERTIA AND ]\I[ODULUS OF SECTION OF A COMPOUND SECTION 
ABOUT AN AxIS OF SYMMETRY. 

了一丁 了马=4
d x-i-) (l-~t牙气
l|「 1|?=言

If a cen tral a沮s such as x - x of a compound section coincides 飞:vi也，h a 
centra1 axis of each of the componen也 are础。r sections it is an axis of sym­
metry; there are no x distances to consider and : 

Ix=h十12十13

m­I
τ
d
 

ny-

-
一
­

M 

DEDUCTIONS FOR RIVET HOLES. 

The calculations for ascertaining the exac也 deductions to be macle fOT 
rJv的 h01es are ex也remely laborious. 

In practice su伍cien也 accuracy is attained by deducting one rivet ho1e 
f l'Om each flange for reelecl rive仙鸣， or two rivet holes from each flange for 
straight riveting. 

The tables of the n的 momen也s of inertia of joists and channels, pag四
250-257, aJso the tab1es of moments of inertia of p1ates and rec也ngles，,ages 300-303 ‘ will be found cOllvenien也 for this purpose. 

LONDON COUNTY COUNCIL REGULATIONS. 

For buildi且gs of s也eel skeleton COllstruc创on in London i也 is ! n.ec岳ssary 也o

conform to 也he regu1的ions contained in the 1909 Amendment of London 
Building Acts, for which see Appendix 1 

437 



R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. 

MA THEMA TICAL T ABLES. 

BRITISH AND METRIC 

WEIGHTS AND MEASURES 

WITH 

CONVERSION FACTORS AND 

EQUIV ALENTS. 
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TRIGONOMETRICAL EXPRESSIONS. 

Functions of rr 

Area of circle to radius 1 \ 
Circumf, " diameter 1广r

Area 1 =芒
4 

Volume of sphere 
7γ 

6 

时)lS 1 =亏

霄= 3'1415926 I Ýrr=1 '772454 

:':=0刊5398 I Ý rr =I '464590 

飞 l 士 =0'523599rr'= 9'869604 ! '6 

rr"=31 附76 I 守 =4阳90
The complemen也 of an angle 1} = 900 

- I}, 

The supplemen也 of an angle I} = 1800 
- 1}. 

TRIGONOMETRICAL EQUIV ALENTS 

sin l}=ý(l - cos' I}) cosec 1} =1..;-sin 1} 

sin 1} = 1 ..;-cosec (J tan 1} =1..;-cot 1} 

8in I} =C08 I} ..;-cot 1} tan (J =sin l}气-cos 1} 

sin 1} =tan 1} ..;-sec 1} cot 1} =1..;-tan 1} 

cos I}=飞!(I-sin2 1}) co也。 =cos (J ..;-sin (J 

cos 1I = I ..;-sec (J versin (J =1-cos 11 

cos (J =sin 11 xcot (J coversin (J =1 - sin (J 

C08 (J =sin (J ..;-tan 1} =tan (J Xcot (J 

seo 11=1";-008 11 =sin2 11十oos' (J 

seo 11 =tan 1} ..;-sin (J se0211 =1十tan' (J 
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TRIGONOMETRICAL FUNCTIONS. 
Right-Angled Triangles. 

C a b a 

a伫L
sin A=毛 ; sec A =~;也ELn A · =c -; 

c b c 
cos A=~; cosec A =;;_; co也 A=-tL i 

b-c b-a 
versine A = ::'b~ ; coversine A =←τ 

Given Formulæ 

a, b A, C, c A=; sm .a=Ï) cos C=~ c=ý[(b 十a)(b一叫I

a, c A, C, b tanA=主 co也 C=~ b=飞!(a'+c2 )
c 。

A, a C, c, b C=900 -A 。=a.'cot A b=一一a一
sinA 

A, b C, a, C C=900 -A a=b'sin A c=b'cos A 

A, c C, a , b C=90。一A a=c'tanA b=一一c 一
。os A 

Oblique-Angled Triangles. 

Formul::e 

C 

f兰兰
A, B, C, a 

A, b, 0 AEe"iI fl.kdp-b iS叫mr8EaB面n-晶S王XAEn B I C 

g r A 
a , b, c b)(s-c)] 

Given Re. .1 
quircd Formu!æ 

A,C,a 
sin C 

。 0=旷sinA

A， 也。 C sinC= C'SinA 
a 

也口， B A 也anA=
a'sin B 

c- a'cos B 

乱， b, c A sin!A=、/u←b)(←~)]叫A=、/[旦旦l]; tan险、/U←b)(←~]
~ J'W"~u-'V l b'c J' --"2-- 'V L s(s - a) 
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LOGARITHMS. 

Mean Differences 
。 I 2 3 4 5 6 7 8 9 二

123 456 789 
二

10 0000 0043 0086 0128 0170 0212 0253 0294 0334 0374 4 8 12 1721 25 29 33 37 
11 0414 0453 0492 0531 0569 0607 0645 0682 0719 0755 4 811 1519 23 263034 
12 0792 082日 0864 0899 0934 0969 1004 1038 1072 1106 3 710 141721 24 28 31 
13 1139 1173 1206 1239 1271 1303 1335 1367 1399 1430 3 610 13 16 19 232629 
14 1461 1492 1523 1553 1584 1614 1也4 1673 1703 1732 369 121518 21 24 27 

15 1761 1790 1818 1847 1876 1903 1931 1959 1987 2014 368 11 14 17 20222ι 
16 2041 2068 2095 2122 2148 2175 2201 2227 2253 2279 358 11 13 16 1821 24 
17 2304 2330 2355 2380 2405 2430 2455 2480 2504 2529 257 101215 172022 
18 2553 2577 2601 2625 2648 2672 2695 2718 2742 2765 257 9 12 14 16 19 21 
19 2788 2810 2日 33 2856 2878 2900 2923 2945 2967 2989 247 91113 161820 

20 3010 3032 3054 3075 3096 3118 3139 3160 3181 3201 246 81113 15 17 19 
21 3222 3243 3263 3284 3304 3324 3345 3365 3385 3404 246 8 1012 14 16 18 
22 3424 3444 3464 3483 3502 3522 3541 3560 3579 3598 246 810 12 141517 
23 3617 3636 3655 3674 3692 3711 3729 3747 3766 3784 246 7 911 1315 17 
24 3802 3820 3838 3856 3874 3892 3909 3927 3945 3962 245 7 911 12 14 16 

25 3979 3997 4014 4031 4048 4065 4082 4099 4116 4133 235 7 910 121415 
26 4150 4166 4183 4200 4216 4232 4249 426.5 4281 4298 235 7 810 11 13 15 
27 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456 235 689 11 13 14 
28 4472 4487 4502 4518 4533 4548 4584 4579 4594 4609 235 689 1112 H 
29 4624 4639 4654 4669 4683 4698 4713 4728 47位 4757 1 3 4 679 10 12 13 

30 4771 4786 4800 4814 4829 4843 4857 4871 4886 4900 134 6 7 9 10 11 13 
31 4914 4928 4942 4955, 4969 4983 4997 5011 5024 5038 134 678 1011 12 
32 5051 5日 65 5079 5092 5105 5119 5132 .6145 5159 5172 134 578 91112 
33 5185 5198 5211 5224 5237 5250 5263 5276 5289 5302 134 568 91012 
84 5316 5328 5340 5353 5366 5378 5391 5403 5416 5428 134 ;; 6 8 910 11 

35 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551 124 567 9 1011 
36 5563 5575 5587 5599 5611 5623 5635 5647 5658 5670 1 2 4 5 6 ï 8 1011 
37 5682 5694 5705 5717 5729 5740 5752 5763 5775 5786 123 567 8 910 
38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899 1 2 3 567 8 910 
39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010 123 457 8 910 

40 6021 6031 6042 6053 6064 6075 6085 6096 6107 6117 1 2 3 4 5 6 8 910 
41 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222 1 2 3 456 7 8 9 
42 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325 123 456 7 8 !' 
43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 123 4 fi 6 7 8 !I 
44 6435 6也4 6454 6484 6474 6484 6493 6503 6513 6522 123 456 789 

45 6532 6542 6551 6561 6571 6580 6590 6599 66口9 6618 123 456 7 S 0 
46 6628 6637 6M6 6656 6665 6675 6684 6693 6702 6712 123 4 ;; 6 7 7 ~ 
47 6721 6730 6甲39 6749 6758 6767 6776 6785 6794 6803 123 455 6 7 ~ 
48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 123 446 678 
49 6902 6911 6920 6928 6937 6946 6955 6984 6972 6981 123 4 生 5 6 ï , 

50 6990 6998 7007 7016 7024 7033 7042 。 7050 7059 7067 1 2 3 345 678 
51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152 12 3 345 678 
52 7160 7168 7177 7185 7193 7202 7210 7218 7226 7235 122 345 6 7 i 
53 7243 7251 7259 7267 7275 7284 7292 7300 7308 7316 122 3 占 5 6 6 ï 
54 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396 122 345 6 6 7 
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R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. r=二二二 R E D P A T H, B Rf 0 W N & C 0., L 1 M 1 T E D. 

ANTILOGARITHMS. ANTILOGARITHMS. 

Meau Differences 
。 1 2 3 4 5 6 7 8 9 

、~Iean Di仔erences
。 I 2 3 4 5 6 7 8 9 

123 456 789 1 2 3 456 789 
• 一一

二

'00 1000 1002 1005 1007 1009 1012 1014 1016 1019 1021 001 111 222 
"01 1023 1026 1028 1030 1033 1035 1038 lOW 1()j,2 1()j,5 001 1 1 1 2221 .0] 10皇7 1050 1052 1054 1057 1059 1062 1064 1067 1069 001 111 222 
03 1072 1074 1076 1079 1081 1084 1086 1089 1091 1094 001 111 222 
'J~ 1096 1099 1102 1104 1107 1109 1112 111韭 1117 1119 01 1 112 222 

'50 3162 3170 3177 3184 3192 3199 3206 3214 3221 3228 112 344 5 6 7 
'51 3236 3323413 9 3251 3258 3266 3273 3281 3289 3296 3304 122 345 5 6 7 
'52 3311 3327 3334 3342 3350 3357 3365 3373 3381 1 2 2 345 567 
'53 3388 3396 34()j, 3412 3420 3428 3436 3443 3451 3459 122 345 6 6 7 
'54 3467 3475 3483 3491 3499 3508 3516 3524 3532 3540 122 3 4, 5 6 6 7 

'0;; 1122 1125 1127 1130 1132 1135 1138 1140 1143 1146 011 112 222 
"03 1148 1151 1153 1156 1159 1161 1164 1167 1169 1172 01 1 112 222 
'J7 1175 1178 1180 1183 1186 1189 1191 1194 1197 1199 011 112 222 
"ùa 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 011 1 1 2 223 
"01 1230 1233 1236 1239 1242 1245 1247 1250 1253 1256 01 1 1 1 2 223 

.55 3548 3556 3565 3573 3581 3589 3597 3606 3614 3622 1 2 2 3 45 6 7 7 
"56 3631 3639 3648 3367451 6 3673 3681 3690 3698 3707 123 345 678 
'57 371且 .3724 3733 3758 3767 3776 3784 3793 123 345 678 
'58 3802 3811 3819 3828 3837 3846 3855 3864 3873 3882 12 3 445 678 
'59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 123 455 678 

'1) 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285 01 1 112 223 
'11 1288 1291 129县 1297 1300 1303 1306 1309 1312 1315 01 1 1 2 . 2 2 2 3 
.1~ 1318 1321 1324 1:327 1330 1334 13.37 1340 1343 1346 01 1 1 2 2 223 
'13 13!9 1352 1355 1358 1361 13自玉 1368 1371 1374 1377 011 1 2 2 2 3 3 
'14 1380 138! 1387 1390 1393 1396 1400 1403 1406 1409 011 122 233 

.60 3981' 3990 3999 4009 4018 4027 4036 4()j,6 4055 4064 12 3 456 678 
'61 4074 4083 '093 4102 4111 4121 4130 4140 4150 41 59 1 2 3 456 789 
'62 4169 4178 4188 4198 4207 4217 4227 4236 4246 4256 12 3 456 789 
'63 4266 4276 4285 4295 4305 4315 4325 4335 4345 4355 12 3 456 789 
'64 4365 4375 4385 4395 4406 4416 4426 4436 4446 4457 123 456 789 

'15 1413 1416 U19 1422 1426 1429 1435 1144739 2 . 1442 011 1 2 2 233 
'16 1415 14也9 U52 1455 1459 1462 1469, 1476 011 1 2 2 233 
"17 1县79 U83 1486 1489 1493 1495 15030 5 1503~ 1507 1510 011 122 233 
'18 1514 1517 1521 1524 1528 1531 15 1185738 a 1542 1545 011 122 233 
'19 1519 1552 1556 1560 1563 1567 1570, 1578 1581 011 122 3 3 3 

'65 4467 4477 4487 4498 4508 4519 4529 4539 4550 4560 123 456 789 
'66 4571 4581 4592 4603 4613 4624 4634 4645 4656 4667 123 456 7 910 
'67 4677 4688 4699 4710 4721 4732 4742 4753 4764 4775 123 457 8 910 
'68 4786 4797 4808 4819 4831 4842 4853 4864 4875 4887 123 467 8 910 
'69 4898 4909 4920 4932 4943 4955 4966 4977 4989 5000 123 567 8 910 

'20 1585 1589 1592 1593 1600 1603 1607 1611 1614 1618 011 1 2 2 333 
'21 1622 1626 1629 1633 1637 16县1 1644 16占8 1652 1656 011 222 3 3 3 
'~3 1660 1663 1667 1671 1675 167J 1633 1687 1690 1694 011 222 3 3 3 
'Z3 16g8 1702 1706 1710 1714 1718 1122 1726 1730 1734 011 222 33 4 
'24 1738 1742 1746 1750 175也 1758 1762 1766 1770 1774 011 222 334 

'70 5012 5023 5035 5()j,7 5058 5070 5082 5093 5105 5117 124 567 8 911 
'71 5129 5140 5152 5164 5176 5188 5200 5212 5224 5236 124 567 81011 
'72 5248 5260 5272 5284 5297 5309 5321 5333 5346 5358 124 567 91011 
'73 5370 5383 5395 5408 5420 5433 5445 5458 5470 5483 134 568 91011 
'74 5495 5508 5521 5534 5546 5559 5572 5585 5598 5610 134 568 91012 

'25 1778 1782 1786 1791 1795 1799 1803 1807 1811 1816 011 222 33' '26 1820 1824 1828 1832 1837 18U 18全5 1849 1854 1858 011 2 2 3 3 3 , 
'2.7 1862 1866 1871 1875 1879 1884 1888 1892 1897 1901 011 223 3 3 4 
'28 1905 1910 1914 1919 1923 1928 1932 1936 1941 1945 011 2 2 3 344 
'2J 1950 1954 1959 1963 1968 1972 1977 1982 1986 1991 011 223 3 4 4 

'75 5623 5636 5649 5662 5675 5689 5702 5715 5728 5741 134 578 91012 
'76 5754 5768 5781 5794 5808 5821 5834 5创8 5861 5875 134 578 911 12 
'77 5888 5902 5916 5929 5943 5957 5970 5984 5998 6012 134 578 10 11 12 
'78 6026 6039 6053 6067 6081 6095 6109 6124 6138 6152 134 6.7 8 1011 13 
'79 6166 6180 6194 6209 6223 6237 6252 6266 6281 6295 134 679 10 11 13 

'3) 1995 2000 2001 2009 2014 20Hl 2023 2028 2032 2037 011 2 2 3 344 
'31 2012 2046 2051 2056 2061 2065 2070 2075 2080 2084 011 223 344 '3] 2089 20J生 2099 2104 2109 2113 2118 2123 2128 2133 011 223 344 
'33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 011 223 344 
"J甚 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 112 233 4 4 5 11 

唱。 6310 6324 6339 6353 6368 6383 6397 6412 6427 6442 134 679 10121 月
'81 6457 6471 6486 6501 6516 6531 6546 6561 6577 6592 235 689 11 1214 
'82 6607 6622 6637 6653 6668 6683 6699 6714 6730 6745 235 689 111214 
'83 6761 6776 6792 6808 6823 6839 6855 6871 6887 6902 235 689 11 13 14 
'84 6918 6934 6950 6966 6982 6998 7015 7031 7047 7063 235 6 810 11 13 15 

'33 2239 2241 2249 2254 2259 2265 2270 2275 2280 2286 112 233 445 
'33 2291 2296 2301 2307 2312 2317 2323 2328 2333 2339 112 233 4 4 5 
'37 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 112 233 445 
-38 239g 2101 2410 2415 2421 2427 2432 2438 2443 2钊9 112 233 4 4 5 
'39 2155 Z占西。 2466 2472 2477 2483 2489 2495 2500 2506 112 233 455 

'85 7079 7096 7112 7129 7145 7161 7178 7194 7211 7228 2 3 5 7 810 1~ 13 15 
'86 7244 7261 7278 7295 7311 7328 7345 7362 7379 7396 235 7 810 12 13 15 
'87 7413 7430 7447 7464 7482 7499 7516 7534 7551 7568 235 7 910 12 14 16 
'88 7586 7603 7621 7638 7656 7674 7691 7709 7727 7745 245 7 911 12 14 16 
'89 7762 7780 7798 7816 7834 7852 7870 7889 7907 7925 245 7 911 13 14 16 

-.lO 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 112 234 455 
'41 2570 2576 2;;82 2588 2594 2600 2606 2612 2618 2624 112 234 455 
.4~ 2630 2636 2642 2649 2655 2661 2667 2673 2679 2685 112 234 456 
"l3 2692 2698 27()j, 2710 2716 2723 2729 2735 2742 2748 112 334 456 
'44 2754 2761 2767 2773 2780 2786 2793 2799 2805 2812 112 334 456 

'90 7943 7962 7980 7998 8017 8035 8054 8072 8091 8110 246 7 911 13 1517 
'91 8128 8147 8166 8185 82()j, 8222 8241 8260 8279 8299 246 8 911 131517 
'92 8318 8337 8356 8375 8395 8414 8433 8453 8472 8492 246 81012 14 15 17 
咀S 8511 8531 8551 8570 8590 8610 8630 8650 8670 8690 246 81012 141618 
'94 8710 8730 8750 8770 8790 8810 8831 8851 8872 8892 246 81012 14 16 18 

'45 2818 2325 2831 2838 2844 2851 2858 2864 2871 2877 112 334 556 
'46 2881 2891 2897 2904 2911 2917 2924 2931 2938 2944 112 334 556 
"47 29:;1 29;;8 2965 2972 2979 2985 2992 2999 3006 3013 112 334 556 
'48 3020 3027 3034 3()j,1 3048 3055 3062 3凶9 30于6 3083 112 3 垒 4 566 
"49 3090 3097 3105 3112 3119 3126 3133 3141 3148 3155 1 1 2 344 5 ' 6 6 

唱5 8913 8933 8954 8974 8995 9016 9036 9057 9078 9099 2 4 6 8 1012 151719 
唱6 9120 9141 9162 9183 92()j, 9226 9247 9268 9290 9311 15 17 19 
'97 9333 9354 9376 9397 9419 9441 9462 9484 9506 9528 2 4 7 I 9 11 13 15 17 20 
唱S 9550 9572 9594 9616 9638 9661 9683 9705 9727 9750 2 4 7 I 9 11 13 16 18 20 
'9由 9772 9795 9817 9840 9863 9886 9908 9931 9954 9977 2 5 7 I 9 11 14 16 18 20 

444 445 



R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. R E D P A T H, B R 0 W N & C 0. , L 1 M 1 T E D. 

NATURAL SINES. NATURAL- SINES. 

Mean Differenc臼
。， 6' 12' 18' 24' 30' 36' 42' 48' 54' 

l ' 2 ' 3' 4' 5' 

一
二 • 

Mean Differences 
0' 6' 12' 18' 24' 30' 36' 42' 48' 54' 

l ' 2' 3' 4' 5 ' 

一一。。 0000 0017 0035 0052 0070 0087 0105 0122 。140 ‘ 0157 3 6 9 12 15 
1 0175 0192 0209 0227 。组4 0262 0279 0297 0314 0332 3 6 9 12 15 
2 0349 0366 038在 0401 0419 0436 0454 0471 0488 0506 3 6 9 12 15 
3 0523 0541 0558 0576 0593 0610 0628 0645 0663 0680 3 6 9 12 15 
4 0698 。715 0732 。750 0767 0785 0802 0819 0837 0854 3 6 9 12 14 

45。 7071 7083 7096 7108 7120 7133 7145 7157 7169 7181 2 4 6 8 10 
46 7193 7206 7218 7230 7242 7254 7266 7278 7290 7302 2 4 6 8 10 
47 7314 7325 7337 7349 7361 7373 7385 7396 7408 7420 2 4 6 8 10 
48 7431 7443 7455 7466 7478 7490 7501 7513 7524 7536 2 4 6 8 10 
49 7547 7559 7570 7581 7593 760皇 7615 7627 7638 7649 2 4 6 8 9 

5 0872 0889 0906 0924 0941 0958 0976 ω93 1011 1028 3 6 9 12 14 
6 1045 1063 1080 1097 1115 1132 1149 1167 1184 1201 3 6 9 12 14 
7 1219 1236 1253 1271 1288 1305 1323 1340 1357 1374 s 6 9 12 14 s 1392 1409 1426 1444 1461 1478 1495 1513 1530 1547 s 6 9 12 14 
9 1564 1582 1599 1616 1633 1650 1668 1685 1702 1719 3 6 9 12 14 

50 7660 7672 7683 7694 7705 7716 7727 7738 7749 7787660 9 2 4 自 7 9 
51 7771 7782 7793 7804 7815 7826 7837 7848 7859 2 4 5 7 9 
52 7880 7891 7902 7912 7923 7934 79组 7955 7965 7976 2 4 5 7 9 
53 7986 7997 8007 8018 8028 8039 8049 8059 8070 8080 2 3 5 7 9 
54 8090 8100 8111 8121 8131 8141 8151 8161 8171 8181 2 3 5 7 8 

10 1736 1754 1771 1788 1805 1822 1840 1857 1874 1891 3 6 9 12 14 
11 1908 1925 1942 1959 1977 1994 2011 2028 2045 2062 3 6 9 11 14 
12 2079 2ω6 2113 2130 2147 2164 2181 2198 2215 2233 3 6 9 11 14 
13 主丑50 2267 2284 2300 2317 2334 2351 2368 2385 2402 3 6 8 11 14 
14 2419 2436 2453 2470 2487 250盛 2521 2538 2554 25ïl 3 6 8 11 14 

65 8192 8202 8211 8221 8231 8241 8251 8261 8271 8281 2 3 5 7 8 
56 8290 8300 8310 8320 8329 8339 8348 8358 8368 2 3 5 6 8 
57 8387 8396 8406 8415 8425 8434 8443 8453 8462 2 3 5 6 8 
58 8480 8490 8499 8508 8517 8526 8536 8545 8554 8563 2 3 5 6 8 
59 857:l 8581 8590 8599 8607 8616 8625 8634 8643 8652 1 3 4 6 7 

15 2588 zω5 2622 2639 2656 2672 2689 2706 2723 2740 s 6 8 11 14 
16 2756 2773 2790 2807 2823 2840 2857 2874 2890 2907 3 6 8 11 14 
17 2924 2940 2957 2974 2990 31)07 3024 3040 3057 3074 3 6 s 11 14 
18 3090 3107 3123 3140 3156 3173 3190 3206 3223 3239 s 6 8 11 14 
19 3256 3272 3289 3305 3322 3338 3355 3371 3387 3404 3 5 8 11 14 

60 8660 8669 8678 8686 8695 8704 8712 8721 8729 8738 1 3 4 6 7 
61 8746 8755 8763 8771 8780 8788 8796 8888085 6 8813 8821 1 3 4 6 7 
62 8829 8838 8846 8854 8862 8870 8878 8894 8902 1 3 4 5 7 
63 8910 8918 8926 8934 8942 8949 8957 8965 8973 8980 1 3 ~ 5 6 
64 8988 8996 9003 9011 9018 9026 9033 9041 9048 9056 1 3 4 5 6 

20 3420 3437 3453 3469 3486 3502 3518 3535 3551 3567 3 5 8 11 1也
21 3584 3600 3616 3633 3649 3665 3681 3697 3H4 3730 3 5 8 11 14 
22 3746 3762 3778 3795 3811 3827 3843 3859 3875 3891 3 5 8 11 1在
23 3907 3923 3939 3955 3971 3987 4003 4019 4035 4051 3 5 8 11 1县
24 4067 4083 4099 4115 4131 4147 4163 4179 4195 4210 3 5 8 11 13 

65 9063 9070 9078 9085 9092 9100 9107 9114 9121 9128 1 2 4 5 6 
66 9135 9143 9150 9157 9164 99217B1 9 9178 9184 9191 9198 1 2 3 5 6 
67 9205 9212 9219 9225 9232 9245 9252 9259 9265 1 2 3 4 6 
68 9272 9278 9285 9291 9298 9304 9311 9317 9323 9330 1 2 3 4 5 
69 9336 9342 9348 9354 9361 9367 9373 9379 9385 9391 1 2 3 4 5 

25 4226 4242 4258 4274 4289 4305 4321 4337 4352 43创 8 5 8 11 13 
26 4384 4399 4415 4431 4446 4462 4478 4493 4509 4524 s 5 8 10 13 
27 4540 4555 45ïl 4586 4602 4617 4633 4648 4664 4679 8 5 8 10 13 
28 4695 4710 4726 4741 4756 4772 4787 4802 4818 4833 B 5 8 10 13 
29 4848 4863 4879 4894 4909 4924 4939 4955 4970 4985 3 5 8 10 13 

70 9397 9403 9409 9415 9421 9426 9944382 9 9438 9444 9449 1 2 3 4 5 
71 9455 日纬1 9466 9472 9478 9483 9494 9500 9505 1 2 3 4 5 
72 9511 9516 9521 9527 9532 9537 9542 9548 9553 9558 1 2 s 4 4 
73 9563 9568 9573 9578 9583 9588 9593 9598 9603 9608 1 。~ 2 3 4 
74 9613 9617 9622 9627 9632 9636 9641 9646 9650 9655 1 2 2 3 4 

30 5000 5015 5030 5045 5060 5075 5090 5105 5120 5135 s 5 8 10 13 
31 5150 5165 5180 5195 5210 5225 .5240 5255 5270 5284 2 5 俨, 10 12 
32 5299 5314 5329 5344 5358 5373 5388 5402 5417 5432 2 5 7 10 12 
33 5446 5461 5476 5490 5505 5519 5534 5548 5563 5577 2 5 7 10 1吉
34 5592 5606 5621 5635 5650 5664 5678 5693 5707 5721 E 5 宁 10 12 

75 9659 9664 9668 9673 9677 9681 9686 9690 9694 9699 1 1 2 3 4 
76 9703 9707 9711 9715 9977♀50 9 9724 9728 9732 9736 9740 1 1 2 3 3 
77 9744 9748 9751 9755 9763 9767 9770 9774 9778 1 1 2 3 3 
78 9781 9785 9789 9792 9796 9799 9803 9806 9810 9813 1 1 2 2 3 
79 9816 9820 9823 9826 9829 9833 9836 9839 9842 9845 1 1 2 2 3 

35 5736 5750 5764 5779 5793 5807 5821 5835 5850 5864 2 。 7 10 12 
36 5878 5892 5906 5920 5934 5948 5962 5976 5990 6004 2 5 7 9 12 
37 6018 6032 6046 6060 6074 6088 6101 6115 6129 6143 2 5 7 9 12 
38 6157 6170 6184 6198 6211 6225 6239 6252 6266 6280 2 5 7 9 11 
39 6293 6307 6320 6334 6347 6361 6374 6388 6401 6414 2 4 7 9 11 

80 9848 9851 9854 9857 9860 9863 9866 9869 9871 9874 。 1 1 2 2 
81 9877 9880 9882 988fi 9888 9890 9893 9895 9898 9900 。 1 1 2 2 
82 9903 9905 9907 9910 9912 9914 9999Eg7 B 9919 9921 9923 。 1 1 2 2 
83 9925 9928 9930 9932 9934 9936 9940 9942 9943 。 1 1 1 2 
84 9945 9947 9949 9951 9952 9954 9956 9957 9959 9960 。 1 1 1 1 

40 6428 0441 6455 6468 6481 6494 6508 6521 6534 6547 2 4 7 9 11 
41 6561 6574 6587 6600 6613 6626 6639 6652 6665 6678 2 4 7 9 11 
42 6691 6704 6717 6730 6743 6756 6769 6782 6794 6807 2 4 6 9 11 
48 6820 6833 6845 6858 6871 6884 6896 6909 6921 6934 2 也 6 8 11 
44 6947 6959 6972 6984 6997 70ω 7022 7034 7046 7059 2 4 6 8 10 

85 9962 9963 9965 9966 9968 9969 9971 9972 9973 9974 。 。 1 1 1 
86 9976 9977 9978 9979 9980 9981 9唱82 ω83 9984 9985 。 。 1 1 1 
87 9986 9987 9988 9989 9990 9990 9991 9992 9993 9993 。 。 。 1 1 
88 9994 9佣5 9995 9996 9996 9997 9997 9997 9998 9998 。 。 。 。 。
89 ::998 9999 9999 9999 9999 1'000 1 '000 1"000 1'000 1'000 。 。 。 。 。
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R E D P A T H, B R 0 W N & C 0 ., L 1 M 1 T E D. REDP .A，. T 恒， B R 0 W N & C 0 ., L 1 M 1 T E D. 

NA TURAL COSINES NATURAL COSINES. 
N. B.--Subtrac也 Mean Differences. N.B.--Sub也ract Mean D i fferences. 

. . 
Mean Difterences 

24' 30' 36' 42' 48' 54' 

, 
Mean Differences 

0' 6' 12' 18' 24' 30' 36' 42' 48' 54' 
l' 2' 3' 4' 5' l ' 2' ~. ，、 ' ò ' 

一二

。。 1'000 1"000 1'000 1'000 1'000 1'000 9999 9999 9999 9999 。 。 。 。 。
1 9佣8 9998 9998 9997 9997 9997 9996 9996 9995 9995 。 。 。 。 。
2 9994 9993 9993 9992 9991 9990 9990 9989 9988 9987 。 。 。 1 ~ I - 3 9986 9985 9984 9983 9982 9981 9980 9979 9978 9977 。 。 1 1 1 I 
4 9976 9974 9973 9972 9971 9969 9968 9966 9965 9963 。 。 1 1 1 I 

45' 7071 7059 7046 7034 7022 70ω 6997 6984 6972 6959 2 4 8 8 10 
46 6947 6934 6921 6909 6896 6884 6871 创58 6845 6833 z 4 6 8 11 
47 6820 6807 由794 6782 6769 6756 6743 6730 6717 6704 2 4 6 9 11 
46 6691 6678 6665 6652 6639 6626 6613 6600 6587 6574 2 4 7 9 11 
4串 6561 6547 6534 6521 6508 6494 6481 64lI8 6455 8441 2 4 7 9 11 

5 9962 9960 9959 9957 9956 9954 9952 9951 9949 9947 。 1 1 1 2 
6 9945 9943 9942 9940 9938 9936 9984 9932 9930 9928 。 1 1 1 2 
7 9925 9923 9921 9919 9917 9914 9912 9910 9907 9905 。 1 1 2 2 
8 9903 9900 9898 9895 9893 9890 9888 9885 9882 9880 。 1 1 2 2 
9 9877 9874 9871 9869 9866 9863 9860 9857 9854 9851 。 1 1 2 2 

m 6428 " 6414 6401 6388 6374 6361 6347 6334 6320 6307 2 4 7 。 11 
51 6293 6280 6266 6252 6239 6225 6211 6198 6184 6170 2 5 7 9 11 
52 6157 6143 6129 6115 6101 6088 6074 ω60 6046 6032 2 5 7 9 12 
53 6018 6004 5990 5976 5962 5948 5934 5920 5906 5892 2 5 7 9 12 
54 5878 5864 5850 5835 5821 5807 5793 5779 5764 5750 2 6 7 9 12 

10 9848 9845 9842 9839 9836 9833 9829 9826 9823 9820 1 1 2 2 3 
11 9816 9813 9810 9806 9803 9799 9796 9792 9789 9977声485 1 1 2 2 3 
12 9781 9778 9774 9770 9767 9763 9759 9755 9751 1 1- 2 3 3 
13 9744 9740 9736 9732 9728 9724 9720 9715 9711 9707 1 1 2 3 3 
14 9703 9699 9694 9690 9886 ; 9681 9677 9673 9668 9664 1 1 2 3 4 

55 5736 5721 5707 5693 5678 5664 5650 5635 5621 5606 2 5 7 10 12 
56 5592 5577 5563 5548 5534 5519 5505 5490 5476 5461 2 5 7 10 12 
57 5446 5432 5417 5402 5388 5373 5358 5但盛 5329 5314 2 5 7 10 12 
58 5299 5284 5270 5255 5240 5225 5210 5195 5180 5165 2 5 7 10 12 
59 5150 5135 5120 5105 5090 5075 5ω。 5045 5030 5015 3 5 8 10 13 

15 9659 9655 9650 9646 9641 9636 9632 9627 9622 9617 1 E 2 3 4 
16 9613 9608 9603 9598 9593 9588 9583 9578 9573 9568 1 2 2 3 4 
17 9563 9558 9553 9民8 9542 9537 9532 9527 9521 9516 1 2 3 4 4 
18 9511 9505 9500 9494 9489 9483 9478 9472 9466 9461 1 2 3 4 5 
19 9455 9449 9444 9438 9432 9426 9421 9U5 94ω 9403 1 2 3 4 b 

创 50ω 4985 4970 4955 4939 4924 4909 4894 4879 4863 3 5 8 10 13 
61 4848 甚833 4818 4602 4787 4772 4756 47组 4726 4710 3 5 8 10 13 
62 4695 4679 4664 4648 4633 4617 必02 4586 4571 4555 8 5 8 10 13 
63 4540 4524 4509 4493 4478 4462 4446 4431 4组5 4399 3 5 8 10 13 
64 4384 4368 4352 4337 4321 4305 4289 4274 4258 4242 3 5 8 11 13 

20 9397 9391 9385 9379 9373 9367 9361 9354 9348 9342 1 2 3 4 5 
21 9336 9330 9323 9317 9311 9304 9298 9291 9285 9278 1 2 3 4 '5 
22 9272 9265 9259 9252 9245 9239 9232 9225 9219 9212 1 2 3 4 6 
23 9205 9198 9191 9184 9178 9171 9164 9157 9150 1 2 3 5 6 
24 9135 9128 9121 9114 9107 9100 9ω2 9085 9078 1 2 4 d 俨 6 

65 4226 4210 4195 4179 4163 4147 4131 4115 4099 4083 3 5 8 11 13 
66 4067 4051 4035 4019 4003 3987 3971 3955 3939 3923 3 5 8 11 14 
67. 390, 3891 3875 3859 3843 3827 3811 3795 3778 3762 3 5 8 11 14 
68 3746 3730 3714 :'3697 3681 3665 3649 3633 3616 3600 3 5 8 11 14 
69 3584 3561 ,3551 3535 3518 3502 3486 3469 3453 3437 3 5 8 11 14 

25 9063 9056 9048 9041 9033 9026 9018 9011 9003 8996 1 3 4 5 6 
26 8988 8980 8973 8965 8957 8949 8942 8934 8926 8918 1 3 4 5 6 
27 8910 8902 8894 8886 8878 8870 8862 8854 8846 8838 1 3 4 5 7 
28 8829 8821 8813 8805 8796 8788 8780 8771 8763 8755 1 3 4 6 7 
29 8746 8738 8729 8721 8712 8704 8695 8686 8678 8669 1 3 4 6 7 

70 3420 3404 3387 3371 3355 3338 3322 3305 3289 3272 3 5 8 11 14 
71 3256 3239 3223 3206 3190 3173 3156 3140 3123 3107 3 6 8 11 14 
72 sω。 3074 3057 3040 3024 3007 练均0 2974 2957 2940 3 6 8 11 14 
73 2924 2907 2890 2874 2857 2840 2823 2807 2790 2773 3 6 8 11 14 
74 2756 2740 2723 2706 2689 2672 2656 2639 2622 2605 3 6 8 11 14 

30 8660 8652 8648 8634 8625 8616 8607 8599 8590 8581 1 3 4 6 7 
31 8572 8563 8554 8545 8536 8526 8517 8508 8499 8490 z 3 5 6 8 
32 8480 8471 8462 8453 8443 8434 8425 8415 8406 8396 2 3 5 6 8 
33 8387 8377 8368 8358 8348 8339 8329 8320 8310 8300 2 3 5 6 民

34 8290 8281 8271 8261 8251 8241 8231 8221 8211 8202 2 3 5 7 8 

75 2588 2571 2554 2538 2521 2504 2487 2470 2453 2436 3 6 8 11 14 
76 2419 2402 2385 2368 2351 2334 2317 2300 2284 2267 3 6 8 11 14 
77 2250 2233 2215 2198 2181 2164 2147 2130 2113 2096 3 6 9 11 . 14 
78 2079 2062 2045 2028 2川J11 1994 1977 1959 1942 1925 s 6 9 11 14 
79 1908 1891 1874 1857 1840 1822 1805 1788 1771 1754 3 6 9 12 1生

35 8192 8181 8171 8161 8151 8141 8131 8121 8111 8100 2 3 5 7 8 
36 8090 8080 8070 8059 8049 8039 8028 8018 8007 7997 2 3 5 7 9 
37 7986 7976 7965 7955 7944 7934 7923 7912 7902 7891 2 4 5 7 9 
38 7880 7869 7859 7848 7837 7826 7815 7804 7793 7782 2 4 5 7 9 
39 7771 7760 7749 7738 7727 7716 7705 7694 7683 7672 2 也 6 7 9 

80 1736 1719 1702 1685 1668 1650 1633 1616 1599 1582 3 6 9 12 14 
81 166垂 1547 1530 1513 1495 1478 1461 1钊4 1426 1409 3 6 9 12 14 
82 1392 1374 1357 1340 1323 1305 1288 1271 1253 1236 3 6 9 12 14 
83 121自 1201 1184 1167 1149 1132 1115 1ω7 1080 1063 3 6 9 12 14 
84 1045 1028 1011 自993 0976 ω58 0941 0924 0906 0889 3 6 9 12 14 

40 7660 7649 7638 7627 7615 7604 7593 7581 7570 7559 2 4 6 8 9 
41 7547 7536 7524 7513 7501 7490 7478 7466 7455 7443 2 4 6 8 10 
42 7431 7420 7408 7396 7385 7373 7361 7349 7337 7325 2 4 6 8 10 
43 7314 7302 7290 7278 7266 7254 7242 7230 7218 7206 2 4 6 8 10 
44 7193 7181 7169 7157 7145 7133 7120 7108 7096 7083 2 4 6 8 10 

』

85 0872 0854 0837 0819 0802 0785 0767 。750 0732 。715 3 6 9 12 14 
86 0698 侃80 。663 ω45 0628 0610 0593 0576 0558 0541 3 6 9 12 15 87 0523 0506 (>>88 0471 0454 '0436 0419 0401 0384 0366 3 6 9 12 15 88 0349 0332 0314 0297 0279 0262 0244 0227 0209 0192 3 6 9 12 15 89 0175 0157 0140 0122 0105 0087 0070 0052 0035 0017 3 6 9 12 15 
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一
R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D. REDPATH, BROWN & CO_, LIMITED. 

NATURAL TANGENTS. NATURAL TANGENTS. 

Mean Differences Mean D ifferences 
。， 6' 12' 18' 24' 30' 36' 42' 48' 54' 。， 6' 12' 18' 24' 30' 36' 42 ' 48' 54' 

l ' 2' 3' 4' 5' l' 2' 3' 4' 5' 
二

一。。 0000 0017 00023ω 5 0052 0070 0087 0105 0122 0140 0157 3 6 9 12 15 
1 0175 j 0192 0227 0244 0262 0279 0297 ,0314 0332 3 6 9 12 15 
2 03占9 0367 0384 Q;l02 0419 。占37 0454 0472 Q;l89 0507 3 6 E 9 12 15 
3 0524 0542 0559 。577 0594 0612 0629 0647 0664 0682 3 9 12 15 
4 -0699 0717 0734 0752 0769 0787 0805 0822 0840 0857 3 6 9 12 15 

45。 1-0000 0035 0070 0105 0141 0176 0212 0247 0283 0319 6 12 18 24 30 

446 7 
1'0355 03n Q;l28 0464 0301 0538 0575 0612 0649 0686 6 12 18 25 31 
1-0724 0761 0799 0837 0875 0913 0951 0990 10~8 1067 6 13 19 25 32 

48 1'l106 1145 1184 1224 1263 1303 1343 1383 1423 1463 7 13 20 27 33 
49 1'l5日4 1544 1585 1626 1667 1708 1750 1792 1833 1875 7 14 21 28 34 

5 -0875 0892 0910 0928 0945 。 963 0981 0998 1016 1033 3 6 9 12 15 
6 1051 1069 1086 1104 U22 1139 1157 1175 1192 1210 3 6 9 -12 15 
7 1228 1246 1263 1281 11299 -1317 133也 1352 1370 1388 3 6 9 12 15 
8 -1405 1423 1441 1459 1i1164577 5 1495 1512 1530 1548 1566 3 6 9 12 15 
9 -1584 1602 1620 1638 1673 1691 1709 1727 1745 3 6 - 9 12 1吕

50 1'1918 1960 2002 2045 2088 2131 2174 2218 2261 2305 7 14 22 29 36 
51 1-234Q 2393 2437 2482 2527 25ï2 2617 2662 2708 2753 8 15 23 30 38 
52 1-2799 2346 2892 2J38 2985 3032 3079 3127 3175 3222 8 16 24 31 39 
53 1-3270 3319 3367 3416 3465 3514 3564 3613 3663 3713 8 16 25 33 41 
54 1-3764 3814 3865 3916 3968 4019 4071 4124 4176 4229 9 17 26 34 43 

10 气763 1781 1799 1817 1835 1853 1871 1890 1908 1926 3 6 9 12 15 
11 ' 19县4 19日2 1980 1998 2016 2035 2053 2071 2089 2107 3 6 9 12 , 15 
12 -2126 2144 2162 2180 2199 2217 2235 2254 2272 2290 3 6 9 12 15 
13 '2309 2:327 23ιs 2364 2382 2~01 2419 2-138 2456 2475 3 6 9 12 15 
14 -2493 2512 2530 2549 2568 2586 2605 2623 2晴42 2661 3 6 9 12 16 

55 1'4281 4335 4388 4442 4496 4550 4605 4659 4715 4770 9 18 27 36 45 
56 1'4826 4882 4938 4994 5051 5108 5166 5224 5282 5340 10 19 29 38 48 
57 1'5399 5458 5517 5577 5637 5697 5757 5818 5880 5941 10 20 30 40 50 
58 1-6日 03 6066 6128 6191 6255 6319 6383 6447 6512 6577 11 21 32 43 53 
59 1'6643 6709 6775 6842 6909 6977 7045 7113 7182 7251 11 23 3垒 45 56 

15 -2679 2698 2717 2736 2754 2773 2792 2811 2830 2849 3 6 9 13 16 
16 -2867 2886 2905 2924 29县3 2962 2981 3000 3019 3038 3 6 B 13 16 
17 3057 3076 3096 3115 3134 3153 3172 3191 3211 3230 3 6 10 13 16 
18 3249 3269 3288 3307 3327 3346 3365 3385 3404 3424 3 6 10 13 16 
19 也43 3463 3占82 3502 3522 3541 3561 3581 3600 3620 3 7 10 13 16 

60 1-7321 7391 7461 7532 7603 7675 7747 7820 7893 7966 12 24 36 48 60 
61 1"8040 8115 8190 8265 8341 8418 8495 8572 8650 8728 13 26 38 51 64 
63 1-8807 8887 8967 90生7 9128 9210 9292 9375 9458 9542 14 27 41 55 68 
63 1-9626 9711 9797 9883 9970 0057 0145 0233 0323 0413 15 29 44 58 73 
64 2-0503 0594 0686 0778 0872 0965 1060 1155 1251 1348 16 31 47 63 78 

』

20 36县。 3659 3679 3699 3719 3739 3759 3779 3799 3819 3 7 10 13 17 
21 -3839 3859 3879 3899 3919 3939 3959 3979 4000 4020 3 7 10 13 17 
22 4040 4061 4081 4101 4122 4142 4163 4183 4204 4224 3 7 10 1主 17 
23 -4245 4265 4286 4307 4327 4348 4369 4390 全411 4431 3 7 10 1也 17 
24 -4452 4473 4494 4515 4536 4557 4578 4599 4621 4642 4 7 11 1在 18 

65 2-1445 1543 1642 1742 1842 1943 2045 2148 2251 2355 17 34 51 68 85 
66 2-2<160 2566 2673 2781 2889 2998 3109 3220 3332 3445 18 37 55 73 92 
67 2.3559 3673 3789 3906 4023 4142 4262 4383 4504 4627 20 40 60 79 99 
68 2-在751 4876 5002 5129 5257 53E6 5517 5649 5782 5916 22 垒3 65 87 108 
69 2-6051 6187 6325 6464 6605 6746 6889 7034 7179 7326 24 47 71 95 119 

25 4663 4684 4706 4727 4748 4770 4791 4813 4834 4856 4 7 11 14 18 
26 4877 4899 4921 49皇2 496甚 4986 5008 5029 5051 5073 4 7 11 15 18 
27 -5095 511 7 513臼 5161 5184 5206 5228 5250 52ï2 5295 4 7 11 15 18 

11 28 '5317 5340 5362 5384 5407 5430 5452 54ï5 5498 5520 4 8 11 15 19 
29 。 55韭3 5566 558由 5612 5635 5658 5681 5704 5'127 5750 4 8 12 15 19 

70 2-7475 7625 7776 7929 808口3 8239 8397 8556 8716 8878 26 52 78 104 131 11 : 
71 2 -9~2 9208 9375 9;)44 9714 9887 0061 0237 0415 0595 29 58 87 116 145 
72 3-0777 0961 1146 1334 1524 1716 1910 2106 2305 2506 32 64 96 129 161 
73 3-2709 2914 3122 3332 3544 3759 3977 4197 4420 4646 36 72 108 144 180 
74 3'4874 5105 5339 5576 5816 6059 6305 655韭 6806 7062 41 81 122 163 204 

30 5774 5797 5820 5844 5867 5890 5914 5938 5961 5985 4 8 12 16 20 
31 -6009 61132 6056 6080 61Q;1 6128 6152 6176 6200 6224 4 8 12 16 ~O 
32 -6249 6273 629ï 6322 6346 6371 6395 6420 6445 6469 4 8 12 16 20 
33 6494 651Ø 6讪4 6569 6594 6619 6644 6669 6694 6720 4 8 13 _17 21 
34 '6745 6771 6ï96 6822 6847 6873 6899 6924 6950 6976 4 9 13 17 21 

75 3-73~1 7583 7848 8118 8391 8667 8947 9232 9520 9812 
76 4-0108 0408 0713 1403E14 2 1335 1653 1976 2303 2635 2972 
77 4-3315 3662 4015 4737 5107 5483 5864 6252 6646 
78 4-7046 7453 7867 8288 8716 9152 9594 0045 0504 0970 
79 5-1446 1929 2422 2924 3435 3955 4486 5026 5578 6140 

35 ' ï002 7028 7054 7080 7107 7133 7159 7186 7212 7239 4 9 13 18 22 
36 'ï265 7292 7319 7346 7373 7400 7427 7454 7481 7508 5 9 14 18 23 

8) 5-6713 7207 7894 8502 9124 9758 0405 1066 1742 2432 。、.ring to the rapidity 81 6-3138 3859 4596 5350 6122 6912 7720 8548 9395 0264 
37 -7536 7563 7590 7618 7646 7673 7701 7729 7757 7785 5 9 14 18 23 
38 -7313 7841 7869 7898 7926 7954 7983 8012 8040 8069 5 9 14 19 24 
39 -8098 8127 8156 8185 8214 8243 8273 8302 8332 8361 5 10 15 20 24 

82 7'1154 2066 3002 3962 4947 5958 6996 8062 9158 0285 、飞 1 也11 whicll the tangent 11 : 
83 8'1443 2636 3863 5126 6427 7769 9152 0579 2052 3572 changes, mea.n difIer~ 84 9-514 9-677 9-845 10-02 10-20 10-39 10-58 10"78 10-99 11-20 

40 -8391 8421 8451 8481 8511 8541 8571 8601 8632 8662 5 10 15 20 25 
41 '8693 8724 8754 8785 8816 8847 8878 8910 8941 8972 5 10 16 21 26 
42 -9004 9036 9067 9099 9131 9163 9195 9228 9260 9293 5 11 16 21 27 11 
43 -9325 9358 9391 9424 9457 9490 9523 9556 9590 9623 6 11 17 22 28 
44 9657 9691 9725 9759 9793 9827 9861 9896 9930 9965 6 11 17 23 :J 

85 11-43 11-66 11-91 12-16 12-43 12-71 13-00 13-30 13-62 13-95 
encesceaseωbe USefUI. II: 

86 14-30 14-67 15-06 15·48 0 15-89 16-35 16-83 17-34 17-89 18'46 
87 19-08 19-74 20-45 21-2 22-02 22-90 23-86 24'90 26-03 27-27 
88 28-64 30-14 31-82 33-69 35-80 38-19 40-92 44-07 47-74 52-08 
89 57"29 63-66 71"62 81-85 95-49 114-6 143-2 191-0 286-5 573-0 

450 451 



R E D P A T H, B R 0 W N & C 0" L 1 M 1 T E D. 
R E D P A T H, B R 0 W N & C 0 ., L 1 M 1 T E D. 

NATURAL COSECANTS. 
N.B.-Subtrac也 Mean Differences . 

NATURAL COSECANTS 
N.B.-Subtract Mean Differences. 

Mean Differences 
0' 6' 12' 18' 24' 30' 36' 42' 48' 54' 

←一一
l' 2' 3' I 4' 、 岳'

Mean Ditferences 
。'. 6' 12' 18' 24' 30' 36' 42' 48' 54' 

l' 2' 3' 4' [.,' 

一 一。。 1nf. 573'。 286'5 191'0 l43'2 114'6 95'49 81'85 71'62 63'66 
1 57'30 52ω 47'75 44'08 40'93 38'20 35'81 33'71 31'84 30'16 
2 28'65 2ï-20 26'05 24'92 23'88 22'93 22'04 21'23 20'47 19'77 
3 19'11 18'49 17'91 17'37 16'86 16'38 15'93 15'50 15'09 14'70 

Owing to the rapidity 4 14'34 13'99 13'65 13'34 13'03 12'75 12'47 12'20 11'95 l1'i1 
with 飞vhich the cosecant 

45。 1'4142 4118 4093 4069 4044 4020 3996 3972 3949 3925 ( 8 12 16 20 
46 1'3902 3878 3855 3832 3809 3786 3763 3741 3718 3696 4, 8 11 15 19 
47 1'3673 3651 3629 3607 3585 3563 3542 3520 3499 3478 4, 7 11 14 18 
48 1'3456 3435 3414 3393 3373 3352 3331 3311 3291 32ïO 3 7 10 14 17 
49 1'3250 3230 3210 3190 3171 3151 3131 3112 3093 3073 3 7 10 13 16 

5 11'47 11'25 11'03 10'83 10'63 10'43 10'25 10'07 9'895 9'728 changes, mean dif!er-
6 9'5668 4105 2593 1129 9711 8337 7004 5711 4457 3238 

ellces are of no use , 7 8'2055 0905 9787 8700 7642 6613 5611 4635 3684 2757 
s 7'1853 0972 。112 9273 8454 7655 6874 6111 5366 4637 
。 6'3925 3228 Z弘6 1880 1227 0589 9963 9351 8751 8164 

50 1'3054 .3035 3016 .2997 2978 2960 2941 2923 2904 2886 3 6 9 12 15 
51 1'2868 2849 2831 2啤13 2796 2778 2760 2742 2ï25 2708 3 6 9 12 15 
52 1'2690 2673 2656 2639 2622 2605 2588 2571 2554 2538 3 6 8 11 14 
53 1'2521 2505 2489 2472 2456 2440 2424 2408 2392 2376 3 5 8 11 13 
54 1'2361 2345 2329 2314 2299 2283 2268 2253 2238 2223 3 5 8 10 1S 

10 • 5'7588 7023 M70 5928 5396 4874 4362 3860 3367 2883 
11 5'2408 1942 1484 1034 0593 0159 9732 9313 8901 8496 
12 4'8097 7706 7321 6942 6569 6202 5285241 7 5486 5137 4793 61 122 182 243 304 
13 4'4454 4121 3792 3469 3150 2837 2223 1923 1627 52 104 156 208 260 
14 4'1336 1048 0765 0486 0211 9939 9672 9408 9147 8890 45 90 135 180 225 

55 1'2208 2193 2178 2163 2149 2134 2120 2105 2091 20宁6 2 5 庐, 10 12 
56 1'2062 20甚B 2034 2020 2∞6 1992 1978 19M 1951 1937 2 5 7 9 12 
57 1'1994 1910 1897 1883 1870 1857 1844 1831 1818 1805 2 , 7 9 11 
58 1'1792 1779 1766 1753 1741 1728 1716 1703 1691 1679 2 , 6 8 10 
59 1'1666 1654 1M2 1630 1618 1606 1594 1582 1570 1559 2 ~ 6 8 10 

15 3'8637 8387 8140 7897 7657 7420 7186 6955 6727 6502 39 79 118 157 196 
16 3'6280 6060 5843 5629 5418 52ω 5003 4799 I 4598 4399 35 69 104 138 173 
17 3'ι203 4009 3817 3628 3440 3255 3072 2891 2712 2535 31 61 92 123 154 
18 3'2361 2188 2017 1848 1681 1515 1352 1190 1030 0872 27 55 82 110 137 
19 3'0716 0561 。县07 0256 0106 9957 9811 9665 9521 9379 25 49 74 99 123 

60 1'1547 1535 1524 1512 1501 1490 1478 1467 1456 1445 2 ~ 6 8 9 
61 1'1434 1423 1412 1401 1390 1379 1368 1357 1347 1336 2 ~ 5 7 9 
62 1'1326 1315 1305 1294 1284 1274 12M 1253 1243 1233 2 3 5 7 9 
63 1'1223 1213 1203 1194 1184 1174 11M 1155 1145 1136 2 3 υ , 6 8 
64 1'1126 1117 1107 1098 1089 1079 1070 1061 1052 1ω3 2 3 5 6 8 

20 2'9238 9ω9 8960 8824 8688 8555 8422 8291 8161 8032 22 44 67 89 111 
21 2'7904 7778 7653 7529 7407 7285 7165 7046 6927 6811 20 40 60 81 10l 
22 2'6695 6580 M66 6354 6242 6131 6022 5913 5805 5699 18 37 55 7637984 2 23 2'5593 f地88 5384 5282 5180 5078 4978 4879 4780 4683 17 34 50 
24 2'4586 4490 4395 4300 4207 4114 4022 3931 3841 3751 15 31 46 62 77 

65 1'1034 1025 1016 1007 0998 ω89 0981 0972 0963 0955 1 3 4 6 7 
66 1'0946 0938 0929 0921 0913 0904 0896 0888 0880 08;2 1 3 4 6 7 
67 l'08M 0856 。但8 0840 0832 0824 0816 0808 0801 0793 1 3 ~ 5 7 
68 1'0785 ,0778 0770 0763 0755 0748 0740 0733 0726 0;19 ' 1 2 4 5 6 
69 1'0711 070! 0697 0690 0683 0676 0669 0662 0655 0649 1 2 3 5 6 

25 2'3662 3574 3486 3400 3314 3228 3144 3060 2976 2894 14 28 43 57 71 
26 2'2812 2730 2650 2570 2490 2412 2333 2256 2179 2103 13 26 39 52 65 
27 2'2027 1952 1877 1803 1730 1657 1584 1513 1441 1371 12 24 36 48 60 
28 2'1301 1231 1162 1093 1025 0957 0890 0824 0757 0692 11 22 34 45 5日
29 2'0627 0562 0498 0434 0371 0308 0245 0183 0122 0061 10 21 31 42 52 

70 1'0642 0635 0628 0622 0615 0608 0602 0595 0589 0583 1 2 3 4 5 
71 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 0474 0468 0463 1 2 ' 3 4 5 
73 l'O!57 0451 ω46 0440 0435 0429 ω24 0419 0413 ω08 1 2 3 4 4 
74 1'0403 0398 0393 0388 0382 0377 0372 0367 0363 0358 1 2 2 3 4 

30 2'0000 9940 9880 9821 9762 9703 9645 9587 9530 9473 10 19 29 39 49 
31 1'9416 9360 9304 9249 9194 9139 9084 9031 8977 8924 9 18 27 36 45 
32 1'8871 8818 8766 8714 8663 8612 8561 8510 8460 8410 8 17 25 34 42 
33 1'8361 8312 8263 8214 8166 8118 8070 8023 7976 7929 8 16 24 32 40 
34 U 883 7837 7791 7745 7700 7655 7610 7566 7522 7478 7 15 22 30 37 

75 1'0353 0343 0343 0338 0334 0329 0324 0320 0315 0311 1 2 2 3 4 
76 1'0306 0302 0297 0293 0288 0284 0280 0276 0271 0267 1 1 2 3 4 
77 1'0263 0259 0255 0251 0247 0243 0239 0235 0231 0227 1 1 2 3 3 
78 1'0223 0220 0216 0212 0209 0205 0201 0198 0194 0191 1 1 2 3 3 
79 1'0187 0184 0180 0177 0174 0170 0167 01M 0161 。157 1 1 2 2 3 

35 1-7434 7391 7348 7305 7263 7221 7179 7137 7095 7054 7 14 21 28 35 
36 1'i013 6972 ω32 6892 6852 6812 6772 6733 6694 6655 7 13 20 26 33 
37 1'6616 65ï8 6540 6502 64M 6427 6390 6353 6316 6279 6 12 19 25 31 
38 1'6243 6207 6171 6135 6099 60M 6029 5994 5959 5925 6 12 18 23 2Il 
39 1'5890 5866 5822 5788 5755 5721 5688 5655 5622 5590 6 11 17 22 28 

80 1'0154 0151 。148 0145 0142 0139 0136 0133 0130 0127 o 1 1 2 2 
81 1'0125 0122 0119 0116 0114 0111 0108 0106 0103 0101 。 1 1 2 2 
82 1'0ω8 。ω6 。ω3 0091 0089 0086 0084 0082 0079 0077 o 1 1 2 2 
83 1'0075 0073 0071 0069 0067 0065 0063 0061 0059 0057 , 0 1 1 1 2 
84 l'口 055 ' 0053 0051 0050 。但8 0046 cω5 0043 0041 0040 o 1 1 1 1 

钊 1'5557 5525 5493 5461 5429 5398 5366 5335 5304 5273 5 10 16 21 26 
41 1'5243 5212 5182 5151 5121 5092 5062 5032 5003 4974 5 10 15 20 2:' 
42 1'4945 4916 4887 4859 4830 4802 4774 4746 4718 4690 5 9 14 19 23 
43 1'4663 4635 4608 4581 4554 4527 4501 4474 4448 4422 4 9 13 18 22 
44 1'4396 4370 4344 4318 4293 4267 4242 4217 4192 4167 4 8 13 17 21 

85 1'0038 0037 0035 0034 0032 0031 0030 0028 0027 0026 。。 1 1 1 
86 1'0024 0023 0022 0021 0020 0019 0018 0017 0016 0015 。。 。 1 1 
87 1'0014 0013 0012 0011 0010 0010 0009 0008 。∞7 0007 o 0 。 1 1 
88 1'0006 0006 0005 00ω 0004 0003 0003 。 003 0002 0002 。。 。 o 0 
8g 1'0002 0001 0001 0001 0001 0001 0000 0000 0000 0000 o 0 。 。。

452 
453 



R E D P A T_H, B R 0 W N 飞 & C 0" L 1 M 1 T E D REDPATH, BROWN & CO. , L;IMITED , 

NATURAL , SECANTS. NATURAL SECANTS. 

Mean Differences 

0' 6' 12' 18' 24' 30' 
Mean Differences 

36' 42' 48' 54' 0' 6' 12' 1:8飞 24' 30' 36' 42' - 48' 54' 
l' 2' 吉 4' 5' 

l' 2' 3' 4' 5' 
一一 一一 一-。。 1'0000 0000 0000 0000 0000 0000 0001 0001 0001 0001 o 0 0 。 。

1 1'0∞z 0002 0002 。003 0003 0003 0004 。。ω 0005 0006 o 0 0 。 。
2 1'0006 0007 0007 0008 00ω 0010 0010 0011 0012 0013 o 0 0 。 。s 1'0014 0015 0016 0017 0018 0019 0020 0021 0022 0023 o 0 1 1 1 
4 1'0024 0026 0027 0028 0030 0031 。032 0034 0035 0037 o 0 1 1 1 

_-
一

45" 1'4142 4167 4192 4217 4242 4267 4293 4318 4344 4370 4 8 13 17 21 

46 1'4396 4422 4448 4474 4501 4527 4554 4581 4608 4635 4 9 13 18 22 

47 1'4663 4690 4718 4746 4774 , 4802 4830 4859 4887 4916 5 9 14 19 23 

48 1'4945 4974 5003 5032 5062 5ω2 5121 5151 5182 5212 5 10 15 20 25 

49 1'5243 5273 5304 5335 5366 5398 5429 5461 5493 5525 5 10 16 21 26 

5 1'0038 0040 。。在1 '0043 0045 0046 0048 0050 0051 0053 011 1 1 
6 1'0055 0057 0059 0061 0063 0065 0067 0069 0071 0073 011 1 2 
7 1'0075 0077 0079 0082 0084 0086 。089 。ω1 0093 。ω6 011 2 2 s 1'0098 0101 。103 0106 0108 0111 0114 0116 0119 0122 ' 0 1 1 2 2 
9 1'0125 0127 0130 0133 0136 0139 '0142 0145 0148 0151 011 2 2 

50 1'5557 5590 5622 5655 5&88 5721 5755 5788 5822 5856 6 11 17 22 28 

51 1'5890 5925 5959 5994 6029 6064 6099 6135 6171 6207 6 12 18 24 29 

53 1'6243 6279 6316 6353 6390 6427 6锐4 6502 6540 6578 6 12 19 25 31 

53 1'6616 6655 6694 6733 6772 6812 6852 6892 6932 6972 7 13 20 26 33 

54 l'7013 7054 7095 7137 7179 7221 7263 7305 n48 7391 7 H 21 28 35 

. 
10 1'0154 0157 0161 0164 0167 0170 0174 0177 0021810 6 0184 1 1 2 。- 3 
11 1'0187 0191 0194 0198 0201 0205 02ω 0212 0220 1 1 2 3 3 
12 1'0223 0227 0231 0235 0239 0243 0247 0251 0255 0259 1 1 2 3 3 
13 1'0263 0267 0271 0276 0280 0284 0288 0293 0297 0302 1 1 2 3 4 
14 1'0306 0311 0315 0320 0324 0329 0334 0338 0343 0348 1 2 2 3 4 

历 1'7434 7478 7522 7566 7610 7655 7700 7745 7791 7837 7 15 22 30 37 

56 1'7883 7929 7976 8023 8070 8118 8166 8214 8263 8312 8 16 2生 32 40 

57 1'8361 8410 8460 8510 8561 8612 8663 8714 8766 8818 9 17 26 34 43 

58 1'8871 8924 8977 9031 9084 9139 919垒 9249 930韭 9360 9 18 27 36 45 

59 1'9416 9473 9530 9587 9645 9703 9762 9821 9880 9940 10 19 29 39 49 . 
15 1'0353 0358 0363 0367 0372 0377 0382 0388 0393 0398 1 2 3 3 4 
16 l'但03 0408 0413 。甚19 。甚24 0429 0435 04韭0 0446 0451 1 2 3 4 5 
17 1'0457 0463 0468 0474 。韭80 0485 0491 0497 0503 0509 1 2 3 4 5 
18 1'0515 0521 0527 0533 0539 0545 0551 0557 0564 0570 1 2 3 也 5 
19 1'0576 0583 0589 0595 0602 0608 0615 。622 0628 0635 1 2 3 4 5 

60 2'0000 。ω1 0122 0183 0245 0308 0371 。占34 0498 0562 10 21 31 42 52 

61 2'0627 0692 。757 0824 0890 0957 1025 1093 1162 1231 11 22 34 45 56 

62 2'1301 1371 1441 1513 1584 1657 1730 1803 1877 1952 12 24 36 48 61 

63 2'2027 2103 2179 2256 2333 2412 2490 2570 2650 2730 13 26 39 52 66 

64, 2'2812 2894 2976 3060 3144 3228 3314 3400 3486 3574 14 28 43 57 71 

20 1'0642 0649 0655 0662 0669 0676 0683 0690 0697 0704 1 2 3 5 6 
21 1'0711 071lJ 0726 0733 0740 0748 0755 0763 0770 0778 1 2 4 5 8 
22 1'0785 0793 0801 0808 0816 0824 0832 0840 0848 0856 1 3 4 5 6 
23 1'0日陷在 0872 0880 0888 0896 0904 0913 0921 0929 0938 1 3 -! 6 7 
24 1 日 946 0955 0963 α972 0981 0989 0998 1007 1016 1025 1 3 4 6 7 

65 2'3662 3751 3841 3931 4022 4114 4207 4300 4395 4490 15 31 46 62 77 

66 2'4586 4683 4780 4879 4978 5078 5180 5282 5384 5488 17 34 50 67 84 

67 2'5593 5699 5805 5913 6022 6131 6242 6354 6466 6580 18 37 55 73 92 

66 2'6695 6811 6927 7046 7165 7285 7407 7529 7653 7778 20 40 60 81 101 

69 2'790韭 8032 8161 8291 8422 8555 8688 8824 8960 9099 22 44 67 89 111 

25 1'1034 1043 1052 1061 1070 1079 1089 1α抱 1107 1117 235 6 8 
26 1'1126 1136 1145 1155 1164 1174 1184 1194 1203 1213 2 :3 5 6 8 
27 1'1223 1233 1243 1253 1264 1274 1284 1294 1305 1315 235 7 9 
28 1'1326 1336 1347 1357 1368 1379 1390 1401 1412 1423 2 4 5 7 9 
29 1'1434 1445 1456 1467 1478 1490 1501 1512 1524 1535 2 4 6 8 9 

70 2'9238 9379 9521 9665 9811 9957 0106 0256 0407 0561 25 49 74 99 123 

71 3'0716 0872 1030 1190 1352 1515 1681 1848 2017 2188 27 55 82 110 137 

72 3'2361 2535 2712 2891 3072 3255 3440 3628 3817 4009 31 61 92 123 154 

73 3'4203 4399 4598 4799 5003 5209 5418 5629 5843 6060 35 69 104 138 173 

74 3'6280 6502 6727 6955 7186 7420 7657 7897 8140 8387 39 79 118 157 196 

30 1'1547 1559 1570 1582 1594 1606 1618 1630 1642 1654 2 4 6 8 10 
31 1'1666 1679 1691 1703 1716 1728 1741 1753 1766 1779 246 8 10 
32 1'1792 1805 1818 1831 1844 1857 1870 1883 1897 1910 2 4 7 9 11 
33 1'1924 1937 1951 19&主 1978 1992 2006 2020 2034 2048 257 9 12 
34 1'2062 2076 2091 2105 2120 2134 2149 2163 2178 2193 257 10 12 

75 ~ '8637 8890 9147 9408 9672 9939 0211 0486 0765 1048 45 90 135 180 225 

76 4'1336 1627 1923 2223 2527 2837 3150 3469 3792 4121 52 104 156 208 260 

77 生'4454 4793 5137 5486 5841 6202 6569 6942 7321 7706 61 122 182 243 304 

78 4'8097 8496 8901 9313 9732 0159 0593 1034 1484 1942 72 144 216 287 359 

79 5'2408 2883 3367 3860 4362 4874 5396 5928 6470 7023 86 173 259 345 432 

35 1'2208 2223 2238 2253 2268 2283 2299 2314 2329 2345 3 5 8 10 13 
36 1'2361 2376 2392 Z钊吕 2424 2斜。 2456 2472 2489 2505 3 5 8 11 13 
37 1'2521 2538 2554 2571 2588 2605 2622 2639 2656 2673 368 11 14 
38 1'2690 2708 2725 2742 2760 2ï78 2796 2813 2831 2849 369 12 15 
39 1'2868 2886 2904 2923 2941 2960 2978 2997 3016 3035 3 6 9 12 16 

80 5'7588 8164 8751 9351 9963 0589 1227 1880 2546 3228 

81 6'3925 4637 5366 6111 6874 7655 8454 9273 0112 0972 

82 7'1853 2757 3684 4635 5611 6613 7642 8700 9787 0905 

83 8'2055 3238 4457 5711 7004 8337 9711 1129 2593 4105 Owing to the rapidity 
84 9'5&68 7283 8955 0685 2477 4334 6261 8260 11'03 11'25 

、，，;th which 也he secant 

40 1'3054 3073 3093 3112 3131 3151 3171 3190 3210 3230 3 7 10 18 16 
41 1'3250 32ïO 3291 3311 3331 3352 3373 3393 3414 3435 3 7 10 14 17 
42 1'3456 3478 3499 3520 3542 3563 3585 3607 3629 3651 4 7 11 1~ 18 
43 1'3673 3696 3718 3741 3763 3786 3809 3832 3855 3878 4 8 11 15 1Q 
44 1'3902 3925 3949 3972 3996 4020 4044 4069 4093 4118 4 S 12 16 2J 

85 11'47 11'71 11'95 12'20 12'47 12'75 13'03 13'34 13'65 13'99 changes, mea.n 也f!er.

86 14'34 14'70 15'09 15'50 15'93 16'38 16'86 17'37 17'91 18'49 ences cease to beusefuJ 

87 19'11 19'77 20'47 21'23 22'04 22'93 23'88 24'92 26'05 2，斤29

88 28'65 30'16 31'84 33'71 3,;'81 38'20 40'93 44'08 47'75 52ω 

89 57'30 63'66 71'62 81'85 95'49 114'6 143'2 191'0 286'5 1573'0 

454 455 . 



R E D P A T H , B R 0 W N .& C 0. , L 1 M 1 T E D. REÐPA 'TH, BROWN & CO., LIMITED. 

NATURAL COTANGENTS. NATURAL COTANGENTS. 
N.B.-Subtract Mean Differenc臼 N.B.- Subtract Mean Differences 

Mean Ditferences 
0' 6 ' 12' 18' 24' 30' 36' 42 ' 48' 54' 

l{ean Differences. 
0' 6 ' 12' 18' 24' 30' 36' 42' 48' 54' 

l' 2' 3' 4' 5' 
」一-一- 二

0' Inl 573'。 286'5 191'。 143'2 114'6 95'49 81'85 71'62 63'66 
1 57'29 52'08 47'74 44'07 40'92 38'19 35'80 33'69 31'82 30'14 
2 28'64 27'27 26'03 24'90 23'86 22'90 22'02 21'20 20'45 19'74 
3 19'08 18'46 17'89 17'34 16'83 16'35 15'89 15'46 15'06 14'67 Owing 也o the rapidity 4 14'30 13'95 13'62 13'30 13'00 12'71 12'43 12'16 11'91 11'66 with which the cotan_ 

|销。 1'0∞ 9965 9930 9896 9861 9827 9793 9759 9725 9691 6 11 17 23 29 
46 '9657 9623 9590 9556 9523 9490 9457 9424 9391 9358 6 11 17 22 28 
47 '9325 9293 9260 9228 9195 9163 9131 90ω 9067 9036 5 11 16 21 27 
48 '9∞4 8972 8941 8910 8878 8847 8816 8785 8754 8724 6 10 16 21 26 
49 '8693 8662 8632 8601 8571 8541 8511 8481 8451 8421 1') 10 15 20 25 

5 11"43 11'20 10'ω 10'78 10'58 10'39 10'20 10'02 9'845 9'677 . gent changes, mean 
6 9'5144 3572 2052 0579 9152 7769 6427 5126 3863 2636 ditferences are 01 no 
7 8'1443 0285 9158 8062 6996 5958 4947 3962 3002 2066 use B 7'115韭 0264 . 9395 8548 7720 6912 6122 5350 4596 3859 
自 6'3138 2432 1742 1066 0405 9758 9124 8502 7894 7297 

50 8391 8361 8332 8302 8273 8243 8214 8185 8156 8127 fi 10 15 20 24 
51 8ω8 8069 8040 8012 7983 7954 7926 7898 7869 7841 5 10 14 19 24 
52 '7813 7785 7757 7729 7701 7673 7646 7618 7590 7563 5 9 14 18 ~~ 11 53 '7536 7508 7481 7454 7427 7400 7373 7346 7319 7292 5 g 14 18 

" '7265 7239 7212 7186 7159 7133 7107 7080 7054 7028 4 9 13 18 22 • 

10 
. 

5'6713 6140 5578 5026 锐86 3955 3435 2924 2422 1929 二

11 5'1446 0970 050盛 0045 9594 9152 8716 8288 7867 7453 74 148 222 296 370 12 4'7046 6646 6252 5864 5483 5107 4737 4374 4015 3662 03 ]25 188 2ií2 314 13 4(3315 2972 2635 2303 1976 1653 1335 1022 0713 0408 53 107 160 214 267 14 4' 01日B 9812 9520 9232 8947 8667 8391 8118 7848 7583 46 93 139 186 232 

55 '7∞2 6976 6950 6924 6899 6873 6847 6822 6796 6771 4 t 13 17 21 
56 '6745 6720 6694 6669 8644 6619 6594 6569 6544 6510 4且 事 13 17 21 
57 '6494 6409 6445 6420 6395 6371 6346 6322 6297 6273 4 8 12 16 20 
68 '6249 6224 6200 6176 6152 6128 6104 6080 6056 6032 4 l! 12 16 20 
59 '6009 5985 5961 5938 5914 5890 5867 5844 5820 . 5797 4也 8 12 16 20 

15 3'7321 7062 6806 6554 6305 6059 5816 5576 5339 5105 41 82 122 163 204 16 3'4874 4646 4420 4197 3977 3759 3544 3332 3122 2914 36 72 108 144 180 17 3'2709 2506 2305 2106 1910 1716 1524 1334 1146 0961 32 64 96 129 161 18 3'0777 0595 。占15 0237 0061 9887 9714 9544 9375 9208 29 58 87 115 144 19 2'90甚2 8878 8716 8556 8397 8239 8083 7929 7776 7625 26 52 78 104 130 

60 '577矗 5750 5727 5704 5681 5658 5635 5612 5589 5566 4 l! 12 15 19 
61 '5543 5520 5498 5475 5452 5430 5407 5384 5362 5340 4 8 11 15 19 
62 '5317 5295 5272 5250 5228 52ω 6184 5161 5139 5117 4 7 11 15 18 
63 5ω5 5073 5051 5029 5∞s 4986 4964 4942 4921 4899 4 7 11 15 18 
64 '4877 458陆 4834 4813 4791 4770 4748 4727 4706 4684 垒 7 11 14 18 

20 2'7475 7326 7179 7034 6889 6746 6605 6464 6325 6187 24 47 71 95 118 2'6051 5916 5782 5649 5517 5386 5257 5129 5002 4876 22 43 65 87 108 22 2'4751 4627 4504 4383 4262 4142 4023 39日6 3789 3673 20 40 60 79 99 2'3559 3445 3332 3220 3109 2998 2889 2781 2673 2566 18 37 55 74 92 24 2'2460 2355 2251 2148 2045 1943 1842 1742 1642 1543 17 34 51 68 85 

65 '4663 4642 4621 4599 4578 4557 4536 4515 4494 4442763 5 4 7 10 14 18 
66 '4452 4431 4411 4390 4369 4348 4327 4307 4286 3 7 10 14 17 
67 4245 4224 4204 但83 4163 4142 4122 4101 4081 4061 3 7 10 14 17 
68 '4040 4020 4000 3979 3959 3939 3919 3899 3879 3859 3 7 10 13 17 
69 '3839 3819 3799 3779 3759 3739 3719 3699 3679 3659 s 7 10 13 17 

25 2'1445 1348 1251 1155 1060 0965 0872 0778 0686 059韭 16 31 47 63 78 26 2'0503 0413 0323 0233 0145 0057 9970 9883 9797 9711 15 29 44 58 73 27 1'9626 9542 9458 9375 9292 9210 9128 9047 8967 8887 14 27 41 55 创28 1'8807 8728 8650 8572 8495 8组8 8341 8265 8190 8115 13 26 38 51 6是, 29 1'8040 7966 7893 7820 7747 7675 7603 7532 7461 7391 12 24 36 48 60 

70 3640 3620 3ω。 3581 3561 3541 3522 3502 3482 3463 3 6 10 13 17 11 
71 3443 3424 3404 3385 3365 3组6 3327 3307 3288 32ω 3 ‘ 10 13 161 1 
72 '3249 3230 3211 3191 3172 3153 3134 3115 3096 3076 s 6 10 13 16 11 
73 '3057 3038 3019 3000 2981 2962 2943 2924 2佣5 2886 3 • 9 1 13 161 1 
74 '2867 2849 2830 2811 2792 2773 2754 2736 2717 2698 3 6 9 1 13 16 

30 1-7321 7251 7182 7113 7045 6977 6909 6842 6775 67ω 11 ~3 34 45 56 31 1 '66甚2 6577 6512 6447 6383 6319 6255 6191 6128 6066 11 21 32 43 :\3 32 1'6003 5941 5880 5818 5757 5697 5637 5577 5517 5458 10 20 30 40 50 33 1'5399 5340 5282 5224 5166 5108 5051 4994 4938 4882 10 19 29 38 48 34 1'4826 4770 4715 4659 4605 4550 4496 4442 4388 4335 9 18 27 36 45 

75 '2679 2661 2642 2623 2啤05 2566 2568 2549 2530 2512 3 6 9 1 12 16 1: 
76 .2493 2475 2456 2438 2419 2401 2382 2364 2345 2327 8 6 9 1 12 15 11 
77 '23ω 2290 2272 2254 2235 2217 2199 2180 2162 2144 。v 6 9112 15 
78 '2126 2107 2089 2071 2053 2035 2016 1998 1980 1962 s ‘ 9 1 12 15 
79 '1944 1926 1908 1890 1871 1853 1835 1817 1799 1781 8 " 9 1 12 15 

35 1'4281 4229 4176 4124 4071 4019 3968 3916 3865 3814 9 17 26 34 43 36 1'3764 3713 3663 3613 3564 3514 3465 3416 3367 3319 8 16 25 33 41 37 1'3270 3222 3175 3127 3079 3032 2985 2938 2892 2846 8 16 23 31 39 38 1'2799 2753 2708 2662 2617 2572 2527 组82 2437 2393 8 15 23 30 38 39 1'2349 2305 2261 2218 2174 2131 2088 2045 2002 1960 7 14 22 29 36 

80 '1763 1745 1727 1709 1691 1673 1655 1638 1620 1602 B 6 9 1 12 15 
81 '1584 1566 1548 1530 1512 1495 1477 1459 1441 1423 B 6 9 1 12 15 
82 1405 1388 1370 1352 , 1334 1317 1299 1281 1263 1246 B 6 9 1 12 15 11 
83 '1228 1210 1192 1175 1157 1139 1122 1104 1086 1069 3 6 9 1 12 
84 '1051 1033 1016 。998 0981 0963 0945 0928 0910 0892 3 ‘ 9 1 12 15 

40 1'1918 1875 1833 1792 1750 1708 1667 1626 1585 1544 7 14 21 28 3~ 41 1'1504 1463 1423 1383 1343 1303 1263 1224 1184 1145 7 13 20 26 33 42 1'1106 1067 1028 0990 0951 0913 0875 0837 0799 0761 6 13 19 25 32 43 1'0724 0686 0649 0612 0575 0538 0501 0464 0428 0392 6 12 18 25 31 44 1'0355 0319 0283 0247 0212 0176 0141 0105 0070 0035 6 12 18 24 30 

85 '0875 0857 0840 0822 0805 0787 0769 0752 0734 0717 3 4 9 1 12 
86 '0699 0682 。664 0647 0629 0612 0594 0577 0559 0542 B e 9 1 12 15 
87 '0524 0507 0489 0472 0454 。甚37 0419 0402 0384 0~67 3 6 9 1 12 15 
88 '0349 0332 0314 0297 0279 0262 0244 0227 02ω 0192 3 6 9 1 12 15 
89 '0175 0157 0140 0122 0105 0087 0070 0052 0035 0017 3 6 9 1 12 14 11 

456 457 



R E' D P A T H , B R 0 W N & C O. L 1 M 1 T E D R E D P A T H, B R 0 W N & C 0_ L 1 M 1 T E D_ 

SQUARES. SQUARES. 

Mean Di何erences .

。 1 2 3 4 5 6 7 8 9 
• 1 2 3 456 789 

Me::m Differences 
。 1 2 3 4 5 6 7 8 9 

』一-一 • 123 456 7 8 9 

一
l'。 1'000 1'020 1'040 1'061 1'082 1'103 1'124 1'145 1'166 1"188 2 ~ 6 810 13 1fi 17 19 
1'1 1'210 1'232 1'254 1'277 1'300 1'323 1'346 1'369 1'392 1'416 257 9 11 14 16 18 21 
1'2 l '.UO 1'464 1"488 1"513 1'538 1'563 1'588 1'613 1'638 1'664 257 10 12 15 17 20 22 
1'3 1'630 1"716 1'742 1'769 1'796 1'823 1'850 1'877 1'904 1'932 358 11 13 16 19 22 24 
1"4 1'960 1'988 2'016 2'045 2'074 2'103 2'132 2'161 2'190 2'220 369 12 14 17 20 23 26 

5"5 30'25 30-36 30'47 30'58 30-69 30-80 30··901 4 31'02 31"14 31'25 1 23 4 6 7 8 910 
5-6 31'36 31"47 31-58 31-70 31'81 31-92 32 32-15 32'26 32-38 1 23 5 6 7 8 910 
5-7 32-49 32'60 32-ï2 32-83 32'95 33'06 33'18 33-29 334451 7 33-52 1 23 5 6 7 8 9 10 
5-8 33'64 33'76 33'87 33·916 9 34"11 34-22 34'34 34"46 34'69 124 5 6 7 8 911 
5-9 34-81 34'93 35'05 35' 35-28 35'40 35'52 35-64 35-76 35'88 124 5 6 7 81011 

• 

1'5 2'250 2'280 2'310 2'341 2'372 2'403 2'434 2"465 2'496 2'528 369 12 15 19 2225 28 
1'6 2'560 2'592 2'624 2'657 2'690 2'723 2'756 2'789 2'822 2'850 3 710 13 16 20 23 26 30 
1'7 2'890 2'924 2'958 2'99:3 3'028 3'063 3'0日8 3'133 3'168 3'204 3 710 14 17 21 24 23 31 
1'8 3-240 ~'270 3'312 3 ' 3甚9 3'386 3-423 3"460 3"497 3'534 3'572 4 7 11 15 18 22 26 30 33 
1'9 3'610 3-648 3'686 3'725 3-764 3'803 3'842 3'881 3'920 3'960 4 812 16 19 23 27 31 35 

6'。 3日'00 36'12 36'24 36-36 36'48 36-60 36-72 36-84 36'97 37'09 124 5 6 7 91011 
6-1 37-21 37'33 37"45 37'58 37"70 37-82 37-95 38'07 38'19 38'32 124 5 6 7 91011 
6-2 38'44 38'56 38-69 38'81 38'9韭 39'06 39'19 39'31 39'44 39'56 134 568 9 1011 
6-3 39'69 39-82 39'94 40'07 40-20 40'32 40-45 40'58 40'70 <10-83 1 3 4 5 6 8 9 1011 
6-4 40'96 41'09 41'22 41'34 41"47 41-60 41'73 41'86 41'99 42'12 134 568 910 12 

'11 2-0 4'000 44--4 040 4'080 4'121 4'162 4'203 4-244 4:285 4-32~ 4'368 4 812 16 20 25 29 33 37 
2-1 4"410 52 4"49. 4-537 4-580 4'623 4'666 4"709 4"752 4-796 4 9 13 17 21 26 30 34 39 
2'2 4'840 去'884 4-928 4'973 5'018 5'063 5'108 5'153 5'198 5'2H 4 913 18 22 27 31 36 40 
2"3 5'290 5'336 5'382 5'429 5-476 5-523 5'570 5'617 5'664 5071!:! 5 914 19 ~3 28 33 3842 
2'4 5'760 5'808 5-856 5-905 5'954 6'003 6'Ofi2 6'101 6-150 6'200 51015 202429 34 39 44 

6-5 42'25 42'38 42'51 42'64 42'77 42-90 43'03 43-16 43'30 43"43 134 578 910 12 
6-6 43'56 43-69 43'82 43-96 44'09 44'22 44-36 44'49 44-62 44'76 134 578 911 12 
6'7 44-89 45'02 45-16 45'29 45-43 45-56 45-70 45-83 45-97 <16'10 134 578 911 12 
6-S 46-24 46-38 46-51 46'65 46'79 46'92 47-06 47'20 47-33 41'47 134 578 10 11 12 
6-9 47'61 47'75 47-89 48'02 48-16 48'30 48-44 48'58 48-72 48'86 1 3 4 678 10 11 13 

2-5 6-250 6'300 6'350 6-401 6"452 6-503 6-554 6'605 6'656 6'708 510 15 20 25 31 36 41 46 
2-6 6'760 6'8 12 6'864 6-917 6'970 7'023 7-076 7"129 7'182 7-236 511 16 21 26 32 37 42 48 
2-7 7-2~O 7"3U 7-398 7"453 7-508 7-563 7-618 7-673 7-728 7-784 511 16 22 27 33 38 44 49 
2-8 7-840 7'896 7-952 8-009 8'066 8-123 8'180 8'237 8'294 8'352 6 11 17 23 28 34 <10 46 51 
2-9 8-410 8'468 8'526 8'585 8'614 8-703 8'762 8'821 8-880 8'940 61218 24 29 35 41 47 53 

7'0 49'00 49'14 49-28 49-42; 49-56 49'70 49-84 49 '98 50-13 50-27 134 678 1011 13 
7-1 50-41 50'55 50'69 50'84 50'98 51"12 51-27 51也 51-55 51'70 134 679 10 11 13 
7'2 51-84 51-98 52-13 52-27 52"42 52'56 52'71 ~m 53'00 53'14 134 679 10 12 13 
7"3 53'29 53'44 53'58 53-73 53'88 54-02 ι4 ' 17 54-4~ 54'61 134 679 10 12 13 
7"4 54'76 54-91 55'06 55-20 55'35 55'50 55'65 55'80 55'9b 56-10 134 6 .7 9 10 12 13 

8-0 9-000 9-060 9'120 9-un 9'242 9'303 9 ' 3创 9'425 9-486 9'548 61218 24 30 37 43 49 55 
8-1 9-610 9'672 9-73! 9-797 9-860 9'923 9'986 。 049 。 '112 0'770 6 1319 25 31 38 44 50 57 
3.2 10'24 1l00 030 10'37 10'43 10'50 10'56 10'63 10'69 10-76 10-82 1 1 2 334 556 
3-3 10'89 96 11-02 11-09 1l'16 11'22 11-29 11'36 1H2 11'49 1 1 2 334 556 
3'4 11-56 11'63 11-70 11'76 11-83 11'90 11'97 12-04 12'11 12-18 112 334 566 

7'5 56'25 56-40 56'55 56'70 56'85 57-00 57"15 57"30 57"46 57'61 235 689 11 12 14 
7-6 57-76 57-91 58'06 68-27Z 2 58'37 58'52 58-68 58'83 58-98 59'14 235 689 11 12 14 
7-7 59-29 59'44 59'60 59- 59'91 60-06 60'22 60-37 60'53 60-68 235 689 11 12 14 
7-S 60'84 61'00 61-15 61-31 61'47 61"62 61-78 61-94 62'09 62'25 235 689 11 13 14 
7'9 62'41 62'57 62'73 62'88 63'。也 63'20 63-36 63-52 63-68 63'84 235 6 810 11 13 14 

3-5 12'25 12-32 12'39 12-46 12'53 12-60 12-67 12'74 12'82 12'89 112 344 566 
3-6 12'96 13'03 13'10 13"18 13'25 13'32 13"40 13"47 13-54 13'62 112 344 5 6 7 
3-7 13'69 13-76 13'84 13-!l1 13'99 14'06 14'14 14'21 14'29 14-36 122 345 5 6 7 
3-8 14'44 1占-52 14-59 14-0, 14'75 14'82 H-~u 14'98 15ι05 15'13 122 345 567 
3-9 15-21 15'29 15-37 15'44 15'52 15'60 15'68 15'76 15-84 15'92 122 345 6 6 7 

S'O 8ι'00 64-16 6会'32 64-48 64'64 64-80 64-96 65-12 65'29 65-45 235 6 810 11 13 14 
S-I 65'61 65-77 65'93 66'10 66'26 66'42 66-59 66'75 60-91 67'08 235 7 810 11 13 15 
S'2 G7'U 67"40 67"57 67"73 67-90 68'06 68-23 68'39 68'56 68'72 235 7 810 12 13 15 
8'3 68'89 69'06 69-22 69-39 69-56 69'72 69'89 70'06 7日'22 70'39 235 7 810 12 13 15 
8-4 70'56 70'73 70'90 71'06 71-23 71'40 71'57 71-74 71'91 72ι08 235 7 810 12 14 15 

4-。 16'00 16'08 16'16 16'24 16-32 16-40 16'48 16'56 16'65 16-73 122 345 6 6 7 
4-1 16'81 16'89 16'97 17-05 17-14 17-22 17-31 17'39 17"47 17 '56 1 22 345 677 
4-2 17'64 17'72 17'81 17'89 17-98 18'06 18-15 18'23 18'32 18'<10 1 2 3 345 6 7 8 
4-3 18-49 18'58 18'66 18'75 18'84 18-92 19'0l 19-10 19'18 19-27 123 345 678 
4-4 19'36 19-45 19-54 19-62 19'71 19-80 19'89 19'98 20'07 20'16 123 455 678 

8-5 72'25 72-42 72'59 72-76 72'93 73-10 73'27 73-44 73'62 73-79 235 7 910 12 14 15 
73'96 74-13 74-30 74"48 74-65 74-82 75'00 75'17 75'34 75'52 235 7 910 12 14 16 

8-7 75'69 75-86 76'04 76'21 76'39 76'56 76-74 76'91 77"09 77'26 245 7 911 12 14 16 
8'8 77'全4 77'62 77"79 77'97 78-15 78-32 78'50 78'68 78-85 79'03 245 7 911 12 14 16 
8-9 79'21 79'39 79'57 79-74 79'92 80'10 80'28 80'46 80'64 80'82 245 7 911 13 14 16 

4-5 20·216 6 20-34 20'43 20'5~ 20-61 20'70 20'79 20'88 20'98 21-07 123 455 678 
4-6 21' 21'25 21-34 21"44 21'53 21'62 21'72 21 '81 21-90 22'00 123 456 778 
4-7 22-09 22-18 22-28 22-37 22"47 22-56 22-66 22'75 22-E5 22'94 123 456 789 
4-8 23-口4 23'14 23'23 23'33 23"43 23'52 23-62 23-72 23'81 23'91 123 456 789 
4'9 24'01 24'11 24-21 24-30 24-40 24'50 24'60 24'70 24'80 24'飞90 123 456 789 

9-。 81-00 81'18 81'36 81-54 81-72 81-90 82'08 82-26 82-45 82'63 245 7 911 13 14 16 
9'1 82'81 82'99 83'17 83'36 83'54 83-72 83'91 84-09 84-27 84"46 245 7 911 13 15 16 
9'2 邑县 64 84'82 85'01 85'19 85'38 85'56 85'75 85'93 86'12 86'30 246 7 9 11 13 15 17 
9-3 86-49 86'68 86-86 87-05 87'24 87"42 87'61 87"80 87'98 88-17 246 7 911 13 15 17 
9-4 88'36 88'55 88'74 88'92 89'11 89'30 89'49 89'68 89'87 90'06 246 8 911 13 15 17 

5-。 25-00 25'10 25'20 25'30 25'40 25'50 25'60 25-70 25-81 25-91 123 456 789 
5-1 26'01 26'11 26-21 26-32 26-42 26'52 26-63 26'73 26'83 26'94 123 4 5 ' 6 789 
5-2 27'04 27'14 27-21\ 27'31\ 27"46 27-56 27-67 27'77 27'88 27'98 1 2 3 456 789 
5"3 28-09 28'20' 2R-30 28-41 28-1\2 28-62 28'73 28-84 28-94 29'05 123 456 7 910 
5-4 29'16 29'27 29'38 29'48 29'59 29-70 29'81 29'92 30'03 30-14 123 467 8 9 10 

9-5 90'25 90'14 90'63 90'82 91'01 91-20 91-39 91 '58 91'78 91'97 246 81011 13 15 17 
9'6 92'16 92-35 92-54 92-74 92'93 93'12 93'32 93:51 93-70 93'90 2 4 6 81012 14 15 17 
9-7 94-09 94-空吕 94"<18 94'67 94'87 95-06 95'26 95'45 95-65 95'84 246 8 10 12 14 16 18 
9-8 96'04 96-24 96-43 96'63 96'83 97-02 97'22 97'42 97-61 97'81 246 8 1012 14 16 18 
9-9 98-01 98'21 98-41 98'60 98-80 99-00 99'20 99'40 99-60 99-80 246 81012 14 1618 

45~ s 459 



.REDPA T. H, B _ROWN & 00" LIMITED , 
REDPATH, BRÜWN -& 00" LIMITED. 

SQUARE ROOTS FROM 100 TO 999.9. SQUARE ROOTS FROM 100 TO 999.9. 
、i

7 ! 8 
Mean Differences , 

。 1 2 3 4 5 6 9 
'1 '2 '3 '4 '5 ' 6 '7 '8 咀

Mean Difference3 
。 I 2 3 4 5 6 9 

'1 '2 '3 '4 '5 '6 '7 '8 '9 

一-
10 10-00 10'05 10'10 10-15 10'20 10-25 10-30 10-34 10'39 10-44 011 223 344 
11 10'49 10'54 10'58 10'63 10'68 10'72 10-77 10'82 10-86 10-91 011 223 344 
12 10-95 11'00 11'05 11-09 11'14 11'18 11'22 11'27 11'31 11'36 0 1 1 223 344 
13 11'40 11-45 11'49 11'53 11'58 11-62 11'66 11-70 11'75 11'79 011 223 334 
14 11'83 11'87 11'92 11-96 12-00 12-04 12'08 12'12 12-17 12'21 011 222 334 

65 23'45 23'47 23'49 23'52 23'54 233 ·56 23-58 23'60 i 23'62 23'64 001 111 122 
56 23'66 23'69 23'71 23'73 23'75 23'77 23'79 23-81 I 23'83 23'85 001 1 1 1 122 
57 23-87 23'90 23'92 23'94 23'96 23'98 24'00 24'02 I 24'04 24-06 001 1 11 122 
58 24'08 24'10 24'12 24'15 24'17 24'19 24'21 24'23 I 24'25 24-27 00 1 111 122 
5) 24'29 24'31 24'33 24'35 24'37 24'39 24'41 24'43 I 24'45 24'47 001 111 122 

15 12-25 12-29 12'33 I 12'37 1122··841 1 12'45 12'49 12;1i3 12'57 12 日1 o 1 1 222 334 
16 12'65 12-69 12-73 I 12'77 12-85 12'88 12且Z 12-96 13'00 011 222 334 
17 13-04 13'08 13'11 13'15 13'19 13-23 13-27 ì3'30 13'34 13'38 0 1 1 222 333 
18 13'42 13-45 13-49 13'53 13-56 13-60 13-64 13'67 13'71 13'75 011 122 3 3 3 
19 13-78 13'82 13'86 13'89 13-93 13-96 14-00 14'04 14-07 14-11 011 122 3 3 3 

6由 24'49 24'52 24'54 24'56 24'58 24'60 24'62 24'64 24'66 24-68 001 111 122 
61 24-70 2生'72 24'74 24'76 24'78 24'80 24'82 24'84 24'86 24-88 001 111 122 
6J 24'90 24'92 24'94 24-96 24'98 25'00 25'02 25'04 25'06 25-G8 001 111 122 
63 25 乱。 25'12 25'14 25'16 25'18 25哩。 25坦2 25'24 25'26 25'28 001 111 122 
64 25'30 25-32 25'34 25'36 25'38 25'40 25'42 25'44 25'46 25'48 001 111 122 

20 14-14 14-18 14'21 14-25 14'28 14'32 14'35 14'39 14'42 14'46 011 122 233 
21 14'49 14'53 14'56 14'59 14'63 14'66 14'70 14'73 14'76 14'80 011 122 2 -3 3 
22 14'83 14'87 14'90 14'93 14'97 15'00 15'03 15'07 15'10 15'13 01 1 122 2 3 3 
23 15'17 15'20 15'23 15'26 15'30 15'33 15'36 15'39 15'43 15'46 011 122 233 
24 15'49 15'52 15'56 15'59 15'62 15'65 15-68 15'72 15'75 15'78 011 122 233 

65 25'50 25'51 25'53 25'55 25'57 25'59 25'61 25'63 25'65 25'67 001 111 122 
66 25'69 25'71 25'i3 25'75 25'77 25'79 25'81 25'83 25-85 25'87 001 111 1 2 ~ 
67 25'88 25'90 25'92 25'9垒 25'96 25'98 26'00 26'02 26'04 26-C6 001 1 1 1 122 
68 26'08 26'10 26'12 26'13 26'15 26-17 26'19 26'21 26'23 26'25 001 111 122 
69 26-27 26'29 26-31 26'32 26'34 26'36 26'38 26'40 26'42 26-44 001 111 122 

25 15'81 15'84 15'87 15'91 15'94 15'97 16'00 16'03 16'06 16'09 011 122 2 3 3 
26 16'12 16'16 16'19 16'22 16'25 16'28 16'31 16'34 16'37 16'40 o 1 1 122 223 
27 16'43 16'46 16'49 16'52 16'55 16'58 16-61 16'64 16'67 16'70 o 1 1 122 223 
28 16-73 16'76 16'79 16'82 16'85 16-88 16'91 16'94 16'97 17'00 011 1 1 2 2 2 3 
29 17'03 17'06 17'09 17'12 17'15 17'18 17'20 17'23 17'26 17'29 01 1 1 1 2 2 2 3 

70 26'46 26'48 26'50 26'51 26'53 26-55 26'57 26'59 26'61 26-63 001 111 122 
71 26'65 26-66 26-68 26'70 26'72 26'74 26'76 26'78 26'80 26'81 001 111 112 
72 26'83 26'85 26'87 26'89 26'91 26-93 26'94 26'96 26'98 27'00 001 111 112 
73 27'02 27'04 27'06 27'07 27'09 27'11 27'13 27135 3 27'17 27'18 001 111 112 
74 27'20 27'22 27'24 27'26 27'28 27'29 27'31 27' 27'35 27'37 001 111 1 1 2 

30 17'32 17'35 17'38 17'41 17'44 17'46 17'49 17-52 17'55 17'58 011 112 223 
31 17'61 17'6也 17'66 17'69 17'72 17'75 17'78 17'80 17'83 17'86 o ~ 1 1 1 2 2 2 3 
32 17'89 17'92 17'94 17'97 18'00 18-03 18-06 18-08 18'11 18'14 011 1 1 2 222 
33 18'17 18'19 18'22 18'25 18'28 18'30 18'33 18'36 18-38 18'41 。 1 1 1 1 2 2 2 2 
34 18'44 18'47 18'49 18'52 18'55 18'57 18'60 18'63 18'65 18'68 0 1 1 1 1 2 2 2 2 

75 27'39 27'40 27'42 27'44 27'46 2N8 27'50 27'51 27'53 27'55 001 111 1 1 2 
76 27'57 27'59 27'60 27'62 27'64 27'66 27'68 27'69 27'71 27-73 001 111 112 
77 27 '75 27'77 2Ï'Ï8 27'80 27'82 27'84 27'86 27-87 27'89 27'91 001 111 112 
78 27'93 27-95 27-96 27'98 28'00 28'02 28'04 28-05 28'07 28'C9 001 111 112 
79 28'11 28'12 28'14 28'16 28'18 28'20 28-21 28'23 28'25 28-27 001 111 112 

35 18'71 18'73 18'76 18'79 18'81 18'64 18-87 18'89 18'92 18'95 0 1 1 112 222 
36 18'97 , 19'00 19-03 19'05 19-08 19'10 19'13 19'16 19'18 19'21 011 112 2 2 2 
87 19'24 19'2咱 19'29 19'31 19-34 19'36 19'39 19'42 19'44 19'47 011 112 2 2 2 
38 19'49 19'52 19'54 19'57 19'60 19'62 19-65 19'67 19'70 19'72 011 112 2 2 2 
39 19'75 19'77 19'80 19'82 19'85 19'87 19-90 19'92 19'95 19'97 011 112 2 2 2 

80 28'28 28-30 28'32 28'34 28'35 28'37 28'39 28'41 28-43 28'44 001 1 1 1 1 1 2 
81 28'46 28-48 28'50 28'51 28'53 28'55 28'57 28'58 28'60 28'62 001 1 1 1 1 1 2 
81 28'64 28-65 28'67 28'69 28'71 28'72 28-74 28'76 28'77 28'79 001 1 1 1 112 
83 2日 '81 28'83 28'84 2298·806 3 28'88 28'90 28-91 28'93 28'95 28'97 001 111 112 
84 28'98 29-00 29'02 29'05 29'07 29ω 29'10 29'12 29'14 001 111 112 

40 20'00 20'02 20'05 20'07 20'10 20'12 20'15 20'17 20'20 20-22 001 111 2 2 2 
41 20'25 20'27 20'30 20'32 20'35 20'37 20'40 20'42 20'45 20'47 001 111 2 2 2 
42 20'49 20'52 20'54 20-57 20'59 20'62 20'64 20'6陆 20'69 20'71 001 111 2 2 2 
43 20'74 20'76 20'78 20'81 20'83 20'86 20'88 20'90 20'93 20'95 001 111 2 2 2 
44 20'98 21'00 21'02 21'05 21'07 21'10 21'12 21'14 21'17 21'19 o Q 1 1 11 222 

85 29-15 29'17 29'19 29'21 29'22 29'24 29'26 29'27 29'29 29-31 001 111 1 1 2 
86 29-33 29'34 29-36 29·358 5 29'39 29'41 29'43 29'44 29'46 29-48 001 111 112 
87 29-50 29'51 29-53 29' 29'56 29'58 29'60 29'61 29'63 29-65 001 111 1 1 2 
88 29-66 29'68 29-70 29'72 29'73 29-75 29'77 29'78 29-80 29-82 001 111 1 1 2 
89 29-83 29'85 29-87 29'88 29'90 29'92 29-93 29-95 29'97 29'98 001 111 1 1 2 

45 21'21 21'24 21'26 21'28 21'31 21'33 21'35 21'38 21'40 21'42 001 111 222 
46 21'45 21-47 21'49 21'52 21'54 21'56 21'59 21'61 21'63 21'66 001 111 222 
47 21-68 21'70 21'73 21'75 21'77 21'79 21'82 21'84 21'86 21 -89 001 111 222 
48 21'91 21'93 21-95 21'98 22'00 22'02 22'05 22'07 22'09 22-11 001 111 222 
49 22'14 22'16 22'18 22'20 22'23 22'25 22'27 22'29 22'32 22-34 001 111 222 

" 30-00 30'02 30'03 30'05 30'07 30-08 30'10 30'12 30'13 30'15 000 111 111 
'91 30'17 30'18 30'20 30'22 30'23 30-25 30'27 30'28 30'30 30-32 000 111 1 1 1 
92 30'33 30'35 30'36 30'38 30'40 3306·451 8 30'43 30'45 30'46 30'48 000 111 1 1 1 
93 30'50 30'51 30'53 30'55 30'56 30'59 30-61 30唱3 30'64 000 111 111 
94 30.66 30'68 30-69 30'71 30'72 30-74 30-76 30'77 30'79 30-81 o 0 U 1 1 1 1 1 1 

50 22'36 22'38 22'41 22'43 22-45 22'47 22'49 22'52 22'54 22'56 001 111 2 2 2 
51 22'58 22'61 22'63 22'65 22-67 22'69 22'72 22'74 22'76 22-78 001 111 222 
52 22'80 22'83 22'85 22-87 22'89 22'91 22'93 22'96 22'98 23-00 001 1 11 222 
53 23-02 23'。全 23'07 23'ω 23'11 23-13 23'15 23'17 23'19 23-22 001 111 222 
54 23'24 23'26 23'28 23'30 23'32 23'35 23'37 23'39 23'41 23'43 001 111 1 2 2 

95 30'82 30-84 30'85 30'87 3310·809 5 30:90 ，30'92、 30-94 30'95 30-97 000 111 111 
96 30-98 31-00 31'02 31'03 31'06 31'08 31'10 31'11 3l'13 000 111 111 
97 31'14 3l'16 31'18 31'19 31'21 31'22 31'24 31'26 31'27 31'29 000 111 1 1 1 
98 31'30 31'32 31'34 31'35 31'37 31'38 31 '40 31'42 31'43 31'45 000 111 111 

" 31'46 31'48 31'50 31'51 31'53 31'54 31'56 31'58 31'59 31-61 000 111 111 
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REDPATH, BROWN & 00" LIMITED. 

SQUARE ROOTS FROM 1000 TO 9999. 

l\lean Differences 
。 l " 。 3 4 5 6 7 8 9 

1 2 3 4 5 6 789 

1) 31'62 31'78 31'94 32'09 32'25 32'40 32'56 32' ï1 32'86 33'02 235 6 8 g 1112 1-1 
11 33'17 33'32 33'47 33'62 33'76 33'91 34'06 3.j,21 34'35 34'50 1 34 679 10 12 13 
12 3!'6-! 3占79 3-!'93 35'07 35'21 35'36 35'50 35'64 35'78 3::;-92 134 678 10 11 13 
13 36'06 36'19 36'33 3376·847 2 36'61 36'74 36:88 37'01 37'15 37'28 1 34 578 10 11 12 
14 37'42 37'55 37'68 37'95 38'08 38'21 38'34 38'47 38'60 134 578 91112 

15 38'73 38'86 38'99 30'12 39'24 39'37 39'50 39'62 39'75 39'87 134 568 9 10 11 
16 40'00 40'12 40'25 40'37 40'50 40'62 40'74 40'87 40'99 41'11 1 24 567 91011 
17 41'23 41'35 41'47 41'59 41'71 41'83 41'95 42'07 42'19 42'31 1 24 567 81011 
18 42'43 42'54 42'66 42'78 42'90 43'01 43'13 43'24 43'36 43'47 123 5 6 7 8 910 
19 43'59 43'70 43'82 43'93 44'05 44'16 44'27 44'38 44'50 44'61 1 23 567 8 910 . 
20 44'72 4县 83 44'94 45'06 45'17 45'28 45'39 45'50 45'61 45'72 1 23 467 8 910 
21 45'83 45'93 46'04 46'15 46'26 46'37 46'48 46'58 46'69 46'80 123 456 8 910 
22 46'90 47'01 47'12 47'22 47'33 47'43 47'54 47'64 47'75 47'85 123 456 780 
23 47'96 48'06 48'17 48'27 1.48'37 48'48 48'58 48'68 48'79 48'89 123 456 789 9 
24 48'99 49'09 49'19 49'30 , 49'40 49'50 49'60 49'70 49'80 49'90 1 23 456 7 8 

25 50'00 50'10 50'20 50'30 50'40 50'50 50'60 501 ·70 50'79 50'89 123 456 7 8 !J 
23 50'99 51'09 51'19 51'28 51'38 51'48 51'58 51'67 51'ÏÎ 51'87 1 - 2 3 456 7 8 日
27 51-96 52-06 52-15 52'25 52'35 52'44 52-54 52'63 52-ï3 52-82 123 456 -7 8 9 
2J 52'92 53-01 53-10 53'20 53'29 53'39 53'48 53-57 53-67 53'76 123 生 5 6 778 
29 53'85 53'94 54'04 54"13 54'22 54'31 54'41 54-50 54'59 54-68 1 2 3 455 '6 ï 8 

30 51"77 5韭'86 54'95 55-05 55'14 05'23 55'32 55'41 55-50 55-59 1 2 3 4 -! 5 6 7 8 
31 55'68 55'77 55'86 55-95 56'04 56-12 56-21 56'30 56'39 56'48 1 2 3 345 6 ï R 
3a 55'57 56'66 56'75 56'83 56'92 57'01 5Ï'10 57'18 57'27 57-30 123 345 
33 57"45 57'53 57'62 57'71 57'79 57'88 57'97 58-05 58-14 58'22 1 2 3 345 678 
34 58-31 58'40 58'48 58'57 58'65 58'74 58-82 58'91 58'09 59'08 123 3 4 5 678 

35 59-16 59-25 59'33 59'41 59'50 59'58 59'67 59'75 59'83 59'92 1 22 345 6 ì 8 
33 60'00 60'08 60-17 60'25 60-33 60-42 60'50 60'58 60'66 60-;5 122 345 6 í ï 
37 60-83 60-91 60'99 61'07 61"16 61-24 61'32 61'40 61'48 61-56 122 345 677 
38 61-6韭 61-73 61'81 61-89 61'97 62'05 62'13 62'21 62-29 62-37 1- 2 2 345 6 - 由?

39 62'45 62'53 62'61 62-69 62-77 62'85 62'93 63'01 63'09 63-17 122 345 667 

40 63'25 63'32 63-40 63'48 63'56 63-64 63'72 63'80 63-87 63-95 122 345 667 
41 61'03 6i'11 64-19 64'27 64'34 64'42 64'50 64'58 64'65 64-73 122 .3 4 5 567 
42 6~'81 6~'88 64-96 65'04 65'12 65'19 65-27 65'35 65'42 65-,,0 122 3 .! [1 !) 6 i 
43 65'57 65-65 65-73 65'80 65'88 65'95 66-03 66'11 66'18 66-26 122 345 567 
4~ 66ι33 66'41 66-48 66'56 66'63 66-71 66-78 66'86 66'93 67'01 122 346 567 

45 67-08 67'16 67'23 67-31 67'38 67'45 67'53 67-60 67'68 67-75 112 3 占生 5 6 i 
46 67'82 67'90 67'07 68'04 68.12 68'19 68'26 68'34 68'41 68'48 1 12 344 567 
47 68-56 68'63 68-70 68'77 68'85 68'92 68'99 69'07 69'14 69-21 112 344 567 
48 69-28 69'"35 69-43 69'50 69'57 69'64 69'71 69"79 69'86 69'93 1 1 2 344 fi 6 6 
49 70-00 70'07 70'14 70'21 70'29 70-36 70'43 70-50 70'57 70-64 1 12 3 -! 4 ã 6 0 

50 70'71 70'78 70'85 70-92 70'99 71-06 71'13 71'20 71'27 71'34 112 344 566 
51 71'41 71'48 71'55 71'62 71-69 71-76 71-83 71-90 71'97 72-04 1 1 2 3 4 去 ii Ü 6 
52 72'11 72'18 72'25 72'32 72-39 72'46 72'53 72-59 72'66 72'73 1 12 334 566 
53 72-80 72'87 72'94 73'01 73-08 73-14 73-21 73-28 73-35 73-42 1 1 2 334 5 !i 0 
54 73-48 73'55 73'62 73'69 73'76 73-82 73-89 73-96 74'03 74-09 112 334 5 :; G 
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R E D P A T H, B R 0 W N & C 0" L 1 M 1 T E D 

SQUARE ROOTS FROM 1000- TO 9999. 

「了I 1 I 2 I 刀 4 l\l ean Differences 
5 I () 7 8 9 

-
切
ω

注
明

一
器mm
m
60 77'46 77'52 77'59 

7竹7↑6"1丁丁γγh51丁丁丁γI「7πmm「7忖m飞才γγ7沱丁丫丫γil↑丫rl「广广门7ηm忖「γγ7刊咱17γ7惚丁丫才81丁丫|(广广门门7竹刑叩丁丁丁7刊咱1丁丁丁s邸1丁丁γ51I丁rI「r7竹77'9刊9h饱肌1丁丁倪1丁丁γ|「r1U…1川2↑|3 2 4 | 生 5 6 
61 78'10 78'17 78'23 7788 ·297836784278-49785578817868112334458 
62 78'74 78'80 78'87 93178'99 1 79'06 1 79'121 79-18 1 79'25 1 79-31 1 1 1 2 1 3 3 4 1 4 5 6 
63 79'37 79'44 79'50 79-56179-62 1 79'69 1 79'75179'81 1 79'87 1 79-941 1 1 2 1 3 3 4 1 4 5 6 
64 80'00 80'0陆 80'12 80'19180'25 180'31 1 80'37180'44 1 80'50 1 80'561 1 1 2 1 2 3 4 1 4 :; 6 

65 80-62 80'68 80-75 …7 阳明|mfztEf1111122 丁 5 5 66 81'24 81'30 81'36 81'42181'49 181'55181'61181'67 181'73 181'7911 1 2 1 2 3 4 1 4 5 5 
67 81'85 81'91 81'98 82'04182'10 1 82'16 182'22182'28 1 82'34 1 82'401 1 1 2 1 2 3 4 1 4 5 5 
68 82'46 82'52 82'58 82'641 82'70 1 82'76 1 82'83182'89 1 82'95 1 83'01 1 1 1 2 1 2 3 4 1 4 :, r, 
69 83'07 83'13 83-19 83'25183'31 183'37 1 83'43183'49 1 83'55 183'61 1 1 1 2 1 2 3 4 1 4 r, ' 5 

70 83'67 83'73 83'79 83-85 83-90 83'96 84-02 84'08 

削阳「叮γγ11丁丫l「「8"471 84'26 84'32 84'38 84-44 84-50 84'56 84'62 84'68 84'73 I 84'70 I 1 1 2 I 2 3 ' 垒 455
72 84'85 84'91 84'97 85-03 85'09 85'15 85'21 85'26 85'32 I 85'2< I 1 1 2 I 2 3 3 I 4 5 5 
73 85'44 85'50 85'56 85'62 85'67 85'73 85'79 85'85 85-91 I 85'97 I 1 1 2 I 2 3 3 I 4 5' 5 
74 86-02 86'08 86'14 86'20 86'26 86-31 86'37 86'43 86'49 I 86'54 I 1 1 2 I 2 3 3 I 4 ii 5 

75 86'60 86'66 86-72 8867 ·78 8日'83 86'89 86'95 87'01 87'06 
11112331455 76 87'18 87'24 87'29 '35 87吼98 87"46 87'52 87'58 87'64 87'60 1 1 1 2 1 2 3 3 1 4 5 5 

77 87'Ï5 87'81 87'86 87'92 87 88-03 88'09 88'15 88'20 88'26 I 1 1 2 1 2 3 3 1 4 4 5 
78 88'32 88'37 88'43 88'49 88'54 88-60 88'66 88'71 88'77 88'83 1 1 l ' 2 1 2 3 3 1 4 4 5 
79 88'88 88'94 88-99 89'05 89'11 89'16 89'22 89'27 89'33 89'39 1 1 1 2 1 2 3 3 1 -t 4 5 

189丛 89-50 89-55 89-61 89'67 89'72 89-78 89'83 89'89 89'94 112 
81 11 90'00 90-06 90'11 90'17 90'22 90'28 90-33 90'39 90'44 90'50 112 2 3 3 1 4 4. 5 
82 11 90-55 00-61 90'66 90'72 90'77 90'83 90'88 90'94 90'99 91'05 1 1 2 2331445 
83 ' 1191'10 91"16 91-21 91'27 91'32 91'38 91'43 91'49 91'54 91'60 112 2331445 
84 11 91'65 91'71 91'76 91'82 91'87 91'92 91'98 92-03 92'09 92'14 112 233 1 44 、 5

85 92'20 92'25 92'30 1 92-36192'41 1 92'47 1 92'52192-57 1 92'63 1 92'681 1 1 2 233 4 4 r; 
86 92'74 92'τ9 92'84 1 92'90192-95 1 93-01 1 93'061 93'11 1 93'17 1 93-221 1 1 2 233 4 4 !) 

87 93'27 93'33 93'38 1 93'43193'49 1 93'54 1 93'59193-65 1 93'70 1 93%1 1 1 2 233 44;; 
88 93'81 93'86 93'91 1 93-971 9尘02 1 94'07 1 94'131 94'18 1 94'23 1 94'20 1 1 1 2 233 4: 4 :; 
89 94'34 9业30 94'45 1 94'5019世5q 194'60 1 9韭'66194'71 1 94'76 1 94'821 1 1 2 233 4 县 5

90 94-87 9生92 94'97 1 95'03195-08 1 95'13 1 95'181 9fi'24 1 95'20 1 95-341 1 1 2 233 44;; 
91 95-39 95'45 95'50 1 95'551 95'60 1 95-66 1 95'711 95'76 1 95'81 1 95'861 1 1 2 233 县 4 5 
92 95-92 95'97 96'02 1 96-07196-12 1 96-18 1 96-23196'28 1 96'33 1 96-381 1 1 2 2 3 3. 4 4 !) 

93 19386494 5 96'49 96'54 96'59 96'64 96'70 96-75 96-80 1 90-85 1 96-901 1 1 2 233 4 4 5 
94 97-01 97'06 97'11 97'16 97'21 97-26 97'31 1 97-37 1 97"421 1 1 2 233 4: 4 5 

95 97'47 97'52 97'57 97'62 97-67 97'72 97-78 97'83 97'88 97'93 
112l233|445 96 97'98 98'03 98'08 98-13 98'18 98'23 98'29 98'34 98'39 98-44 11212331445 

97 98'49 98'54 98'59 98'64 98'69 98-74 98'79 98'84 98'89 98-94 112 1 2331445 
98 98'99 99-05 99'10 99'15 99'20 99-25 99'30 99'35 99'40 99'45 011 1 2231344 
99 99-50 99-55 99'60 99'65 99'70 99-75 99'80 99'85 99'90 99'95 01112231344 
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REDPAT -H, BROWN & CO. , LIMITED. R E D P A T H, B R 0 W N & 0 0. , L 1 M 1 T E D. 

CUBES OF NUMBERS FROM 1 TO 249. CUBES OF NUMBERS FROM 250 TO 499. 

、 N o. Cubc Ko. Cubc No. Cube No. ! Cube No. Cllbc 
No Cube No. Cube No Cllbe No. Cube No. Cube 

一一
二

50 125000 100 1000000 I 150 3375000 到lO 8000000 
250 15625000 sω 27000000 350 42875000 400 64000000 450 911250CO 
251 15813251 301 27270901 351 43243551 401 64481201 451 91733851 

1 1 51 132651 101 1030301 151 3442951 201 8120601 
。u 8 52 140608 102 1061208 152 3511808 202 8242408 

252 16003008 302 27543608 352 43614208 402 64964808 452 9239455946077 8 
253 161942ï7 303 27818127 353 43986977 403 65450827 453 929596 

3 27 53 148877 103 1092727 153 3581577 203 8365427 254 16387064 304 28094464 354 44361864 404 65939264 454 93576664 
4 6! 54 157464 104 1124864 154 3652264 2041 8489664 

255 16581375 305 28372625 355 44738875 405 66430125 455 94196375 
5 125 55 166375 105 1157625 155 3723875 205 8615125 
6 216 56 175616 106 1191016 156 3796416 206 8741816 

256 16777216 306 28652616 356 45118016 406 66923416 456 94818816 
257 16974593 307 2893必43 357 45499293 407 67419143 457 95443993 

7 343 57 185193 107 1225043 , 157 3869893 207 8869743 258 17173512 308 29218112 358 45882712 408 67917312 458 96071912 
8 512 58 195112 108 1259712 158 3944312 208 8998912 259 17373979 309 29503629 359 46268279 409 68组.7929 459 96702579 
9 729 59 205379 109 1295029 159 4019679 2ω 9129329 

260 17576000 310 29791000 860 46656000 410 68921000 460 97336000 
10 1000 60 216000 110 1331000 160 4ω6000 210 261 17779581 311 30080231 361 47045881 411 69426531 461 97972181 
11 1331 61 226981 111 1367631 161 4173281 组1 9393931 262 17984728 312 30371328 362 47437928 412 69934528 462 98611128 
12 1728 62 238328 112 1404928 162 4251528 212 9528128 
13 2197 63 250047 113 1442897 163 4330747 213 9663597 

263 18191447 313 30664297 363 47832147 413 70444997 463 999928592738444 7 
部4 18399744 314 30959144 364 48228544 414 70957944 464 

14 2744 64 262144 114 1481544 164 4410944 214 9800344 

15 3375 ' 65 274625 115 1520875 165 4492125 21S 9938375 
16 4096 66 287496 116 1560896 166 4574296 216 10077696 
17 4913 67 300763 117 1601613 , 167 4657463 217 10218313 
18 5832 68 314432 118 1643032 168 4741632 218 10360232 

265 18609625 815 31255875 Z臼 48627125 : 415 71473375 465 11000151944466296 6 
266 18821096 316 31554496 366 449940320788963 6 416 71991296 466 
267 19034163 317 31855013 367 417 72511713 467 101847563 
268 19248832 318 32157432 368 49836032 418 73034632 468 102503232 
269 19465109 319 32461759 369 50243409 419 73560059 469 103161709 

19 6859 69 328509 119 1685159 169 48268ω 219 10503459 
270 19683000 320 327创∞o 370 50653000 420 74088000 470 103823000 

20 8000 70 343000 120 1728000 170 4913000 220 10648000 
21 9261 71 357911 121 1771561 171 5000211 221 10793861 

271 19302511 321 33076161 371 51064811 421 74618461 471 104487111 
272 20123648 322 33386248 372 51478848 422 75151448 472 105154048 

22 10648 72 373248 122 1815848 172 5088448 222 10941048 
23 12167 73 389017 123 1860867 173 5177717 223 11089567 

273 20346417 323 33698267 373 5128391 5117 423 75686967 473 105823817 
274 20570824 324 34012224 374 52313624 424 76225024 474 10侃96424

24 13824 74 405224 124 1906624 174 526自024 224 11239424 
275 20796875 325 34328125 375 52734375 425 76765625 475 107171875 

25 15625 75 421875 125 1953125 175 5359375 225 11390625 
26 17576 76 438976 126 2000376 176 5451776 226 11543176 

276 21024576 326 34645976 376 53157376 426 77308776 476 107850176 
277 21253933 827 34965783 377 53582633 427 77854463 477 108531333 

27 19683 77 4;;6533 127 2048383 177 5545233 227 11697083 278 21484952 328 35287552 378 54010152 428 78402752 478 1ω215352 
28 21952 78 474552 128 2ω7152 178 5639752 228 11852352 279 21717639 329 35611289 379 54439939 429 78953589 479 1ω902239 
~9 24389 79 493039 129 2146689 179 5735339 229 12008989 

30 27000 80 512000 130 2197000 180 58320旧。 230 112213627603900 1l 31 29791 81 531441 131 2248091 181 5929741 231 
32 32768 82 551368 132 2299968 182 6028568 232 12487168 
33 35937 83 571787 133 2352637 183 6128487 233 12649337 

280 21952000 330 35937000 380 54872000 430 79507000 480 

11111111110112395263988772809405961604801 8 4 7 0 
281 22188041 331 36264691 881 55306341 431 80062991 481 
282 22425768 332 36594368 882 55742968 432 80621568 482 
283 22665187 888 36926037 383 56181887 433 81182737 483 
284 22906304 部4 37259704 884 56623104 434 81746504 484 

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 
37 50653 87 658503 137 2571353 187 6539203 237 13312053 
38 54872 88 681472 138 2628072 188 6644672 238 13481272 

285 23149125 335 37595375 385 57066625 435 82312875 485 114084125 
286 23393656 336 37933056 386 57512456 436 82881856 486 114791256 
287 23639903 387 38272753 387 57960603 437 83453453 487 115501303 
288 23887872 338 38614472 388 58411072 438 84027672 488 116214272 
289 24137569 339 38958219 389 58863869 439 84604519 489 116930169 

39 59319 89 704969 139 2685619 189 6751269 239 13651919 

40 64000 ，。 729000 140 2744000 190 6859000 240 13824000 
41 68921 91 753571 141 2803221 191 6967871 241 1理量97521
42 , 74088 92 778688 142 2863288 192 . 7077888 242 14172488 
43 79507 93 804357 143 2924207 193 7189057 243 14348由的

290 24389000 340 39304000 sω 59319000 "。 85184000 490 117649000 
291 24642171 341 39651821 391 59776471 441 85766121 491 118370771 
292 24897088 342 40001688 392 60236288 442 86350888 492 119095488 
2~3 25153757 343 40353607 393 60698457 443 86938307 493 119823157 
294 25412184 344 40707584 384 61162984 444 87528384 494 120553784 

44 85184 94 830584 144 2985984 194 7301384 244 14526784 

45 9日25 95 857375 145 3但8625 195 7414875 245 147佣125
46 97336 96 884736 146 3112136 196 7529536 246 14886936 
47 103823 97 912673 147 3176523 197 76453ï3 247 15侃，0223
43 110592 98 941192 148 3241792 198 7762392 248 15252ω2 

295 25672375 345 41063625 395 61629875 445 88121125 495 

11111222223412Z2207586052Z3753393494799785 3 2 9 6 
25934336 346 41421736 396 62ω9136 钊8 88i16536 4佣
26198073 347 41781923 397 62570773 447 89314623 497 
26463592 348 42144192 398 63ω4792 钊8 89915392 498 
26730899 349 4~508549 399 63521199 449 90518849 499 

49 117649 99 970299 149 3307949 199 7880599 249 15438240 

46生
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R E D P A T H, B R 0 W N . & C 0 ., L 1 M 1 T E D. 
R E D P A T H, B R 0 W N ' & C 0 ., L 1 M 1 T E D. 

CUBES OF NUMBERS FROM 500 TO 749. 
CUBES OF NUMBERS FROM 750 TO 999. 

No Cllbe No. Cube No. Cube No Cube No. Cube 

No Cube No. Cube N。 Cu be No Cube No Cube 

500 125000000 550 166375000 600 216000000 650 274625000 700 343000000 
501 125751501 551 167284151 601 217081801 651 275894451 701 344472101 
502 126506008 552 168196608 602 218167208 652 277167808 702 3也5948408

'503 127263527 553 169112377 603 219256227 653 278445077 703 347428927 
50~ 128024064 554 17003146韭 604 220348864 654 279726264 704 348913664 

505 128787625 555 170953875 605 221445125 655 281011375 705 350402625 
500 12955县216 556 171879616 606 222545016 656 2823ω416 706 351895816 
5J7 1303238占3 557 172808693 607 223但8543 657 283593393 707 3533932也3
503 131096512 558 173741112 608 224755712 658 284890312 708 354894912 
509 131872229 559 174876879 609 225866529 659 286191179 709 356400829 

510 132651000 560 175616000 610 226981000 660 287496000 710 357911000 
5 11 133!32831 561 176558生81 611 228099131 661 288804781 711 359425H1 
512 '1:3也217728 552 17750占328 612 229220928 662 290117528 712 36ω!!128 
513 135005697 563 178占(;3547 613 230346397 653 291434247 713 362467097 
514 135796744 55也 179406144 614 231475544 654 292754944 714 363994344 

一 一
750 421875000 800 512日 00000 850 614125000 900 729000000 950 857375000 
751 423554751 801 513922401 851 616295051 ω1 731432701 951 860085351 
752 425259008 802 515849608 852 618470208 902 733870808 952 862801408 
753 426957777 803 517781627 853 620650477 903 73631432267 垒 953 865523177 
754 428661064 804 519718454 854 622835864 904 738763 954 868250664 

755 430368875 805 521660125 855 625026375 905 741217625 955 87ω83875 
756 432081216 806 523606616 856 627222016 906 743677416 95由 873722816 
757 433798093 807 525557943 857 629422793 907 746142643 957 876467493 
758 435519512 808 527514112 858 631628712 908 748613312 958 879217912 
759 437245甚79 809 529475129 859 633839779 909 75108由429 959 881974079 

760 438976000 810 531441000 860 636056000 910 753571000 960 884736000 
761 440711081 811 533411731 861 638277381 911 756058031 961 887503681 
762 442450728 812 535387328 862 640503928 912 758550854297 8 962 890277128 
763 4441949J7 813 537367797 863 642735647 913 76104 963 893056347 

515 136590875 565 180362125 615 232608375 665 294079625 715 365525875 
516 137:388096 566 181321496 61日 233744896 666 295408296 716 36706161)6 
517 133183U3 557 18228甚263 617 234885113 6由7 296740旧63 717 368601813 
518 138991832 553 183250主32 618 236029032 6由69自 298077632 718 370146232 
519 1;197.3359 569 184220003 619 237176659 299418309 719 3716949;;9 

520 140508000 570 185193000 620 238328000 670 300763000 120 373248000 
5H 1占1*20761 571 186163韭11 631 239483001 671 302111711 721 374805361 
532 1422366白 572 1871盛9248 622 240641848 672 3034但448 722 3763670娼
523 1*3055667 573 188132517 623 2H804367 673 304821217 723 377933067 
524、 143877824 574 18911922占 624 24297062县 674 306182024 724 379503424 

754 445943744 814 539353144 864 644972544 914 763551944 964 895841344 

765 447697125 815 541343375 865 647214625 915 766060875 965 898632125 
766 449甚55096 816 543338496 866 649461896 916 768575296 966 90142861)6 
767 451217663 817 5韭5338513 867 651714363 917 771095213 967 904231003 
768 452984832 818 547343432 868 653972032 918 773620632 968 907039232 
769 454756609 819 549353259 自由9 655234909 919 776151559 969 9098532ι9 

770 456533000 820 551368000 870 658503000 920 778688000 99770 1 
912673000 

771 458314011 821 553387661 871 660776311 921 781229961 9154986]] 
772 4600996甚8 822 555412248 872 663054848 922 783777448 972 918330ω8 
773 461889917 823 5574组767 873 665338617 923 786330467 973 9211673J7 

525 144703125 575 190109375 625 244140625 675 307546875 725 381078125 
'523 U5531576 576 191102976 6~6 245314376 676 3α8915776 726 382657176 
527 146363183 577 192100033 627 246491883 677 310288733 727 38占240583
528 147197952 578 193100552 63自 247673152 678 311665752 728 385828352 

.529 148035889 579 19H 04539 629 2'48858189 679 313046839 729 38742ω89 

774 463684824 824 559476224 874 667627624 924 788889024 974 924010424 

775 465484375 825 561515625 875 669921875 925 791453125 975 926859375 
776 467288576 826 563559976 876 672221376 926 794022776 976 929714176 
777 469097433 827 565609283 877 674526133 927 796597983 977 932574833 
778 47091095~ 828 5676由3552 878 676836152 9~8 799178752 978 935441352 

530 148877000 580 195112000 630 250047000 680 314432000 730 389017000 
.531 1ι9721291 581 196122941 631 251239591 681 315821241 731 390617891 
53骂 150568768 582 197137368 632 252435968 682 317214568 732 392223168 
533 151419437 583 198155287 自33 253036137 683 318611987 733 393832837 
534 15227330'1 584 199176701 634 254840104 654 320013504 734 395440904 

779 生72729139 829 569722789 879 679151439 929 801765089 979 938313739 

780 474552000 830 571787000 880 681472000 930 8ω357000 980 941192000 
781 韭76379541 831 573856191 881 683787841 931 806954491 981 944076141 
782 478211768 832 575930368 882 686123968 932 809557568 982 946966168 
783 480048687 833 578009537 883 688465387 933 812166237 983 94986~OP7 

535 153130375 585 200201625 635 256047875 685 321419125 735 397065375 
536 153990650 58ô 201230056 636 257259456 686 322828856 736 398688256 
537 15485H53 537 202262003 637 258474853 687 324242103 737 400315553 
538 155720872 588 20329,\472 638 259694072 688 325660672 738 4019主ï2i2
539 15659口819 589 204336469 639 260917119 689 327082769 739 403583基19

540 157464000 590 205379000 540 262144000 690 328509000 740 405224000 
541 158340占21 591 206425071 541 263374721 691 329939371 741 406869021 
542 11569021020300808 7 592 207474688 642 264609288 692 33332188713去858587 742 408518488 
543 593 208527857 643 265847707 693 743 41017组07
544 160989184 594 209564584 644 267089984 694 334255384 744 411830784 

545 161878625 595 210但4875 645 268336125 695 335702375 74-5 413493625 
546 162771336 596 211708736 546 269586136 696 337153536 746 415150936 
547 163657323 597 212776173 647 270640023 697 338608873 747 416832723 
548 164566592 598 213847192 648 272ω7792 698 340068392 748 418508992 
549 165469149 59由 214921799 549 273359459 699 341532099 749 420189149 

754 481890304 834 580093704 884 690807104 934 814780504 984 952763Ð04 

785 483736625 835 582182875 885 693154125 935 817400375 985 95567J625 
786 485587656 836 584277056 886 695506456 936 820025<56 986 95858[;2[6 
787 487443403 837 5863762.吕3 887 697864103 937 822656953 987 9615创8CB
788 48~303872 838 588480垒72 888 700227072 938 825293672 988 964430272 
789 491169069 839 590589719 889 702595369 939 827936019 989 967361669 

790 493039000 例。 592704000 890 704969000 940 830584000 990 970299000 
791 494913671 841 594823321 891 707347971 941 833237621 991 97324227J 
792 496793088 842 596947688 892 709732288 942 835896888 992 976191488 i 
793 498677257 843 599077107 893 71212J957 943 838561807 993 979146657 
794 500566184 844 601211584 894 714516984 944 841232384 994 982107784 . 

795 502459875 845 603351125 895 716917375 945 843908625 995 985074875 
796 50,1358336 846 605495736 896 719323136 但6 846590536 996 988C47936 , 
797 506261573 847 607645423 897 721734273 947 849278123 997 991028973 
793 508189592 848 809800192 898 724150792 948 851971392 998 904011 992 , 
799 510082399 849 611980049 899 728572699 949 854670349 999 9970029日9
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R~D PATH, B R OWN & C 0" , LIMlæ~D: ' R E D P A T H, B R 0 W N & C 0" L 1 M 1 T E D, 

CUBES OF NUMBERS AND FRACTIONAL CUBES OF NUMBERS AND FRACTIONAL 
PARTS. PARTS. 

No, 。 t t t 生 § t t No, No 。 t t t 告 t 去 t No, __ -""_ 
二

一
二 二

。 '0019 '0156 '0527 '1250 '2441 4219 6699 。 31 29791 30152'8 30517'6 30885'3 31255'9 31629'4 32006'0 32385'5 31 
1 1 1'424 1'953 2'600 3'375 4'291 5'359 6'592 1 32 32768 33153'5 33542'0 33933'6 34328'1 34725'7 35126'4 35530'2 32 
2 8 9'596 11'391 13'396 15'62号 18'088 20'797 23'764 2 23 35937 36346'9 36760'。 37176'1 37595'4 38017'8 38443,4 38872'1 33 
8 27 30'518 34'328 38'443 42'875 47'635 52'734 58'186 3 34 39304 39739'1 40177'4 40618'9 41063'6 41511 '6 41962'8 42417'3 34 
4 64 70'189 76'766 ; 83'740 , 91'125 98'932 107'172 115'857 4 35 42875 43336'0 43800'3 44267'9 44738'9 45213'1 45690'7 4617l'7 35 
5 125 134'611 144'703 ' 155'287 166'375 177'979 190'109 202'779 5 

36 46656 47143'7 47634'8 48129'2 4862Ï'1 49128'4 49633'2 50141'4 36 
6 216 229'783 24垒 ' 141 259'084 274'625 290'775 307'547 324'951 6 37 50653 51168'1 51686'7 52208'8 52734'4 53263'5 53796'1 54332'3 37 
7 343 361'705 381'078 40l'131 421'875 4县3'322 465'484 488'373 7 38 54872 55415'3 55962'1 56512'6 57066'6 57624'3 58185'6 58750'5 33 
B 512 536'377 561'516 587'428 614'125 641'619 669'922 699'045 自 39 59319 59891'2 60467-1 61046'6 61629'9 62216'8 62807'5 63401'9 39 
9 729 759'799 791'453 823'975 857'375 891'666 926'859 962'967 9 40 64000 64601'9 65207'5 65816'9 66430'1 67ω7'1 67667'9 68292'5 40 

10 10时) 1037'97 1076'89 1116:77 1157'62 1199'46 1242'30 1286'14 10 

11 1331 1376'89 1423'83 : 1471'82 1520-87 1571'01 1622'23 1674'56 11 
12 1728 1782'56 ~;;;，;; I 阳 11 1953'12 2012'31 2072'67 2134'23 12 
13 2197 2260'99 2326'20 2392'66 2460'37 2529'35 2599'61 2671'15 13 
14 2'744 28t8'16 2893‘64 2970'46 3048'62 3128'15 32ω'05 3291'33 14 
15 3375 3460'08 3546'58 3634'51 3723'87 3814'70 3906'98 4000 '75 15 

41 68921 69553'3 70189'5 70829'5 71473'4 72121'2 72772'9 73428'5 41 

42 74088 74751'5 75418'9 76090'3 76765'6 77445'。 78128'3 78815'6 42 

43 79507 80202'4 80901'8 81605'3 82312'9 83024'5 83740'2 84460'1 43 

44 85184 85912'1 86844'3 87380'6 88121'1 88865'8 89614'7 90367'7 44 

45 91125 91886'5 92652'2 93422'2 94196'4 94974'8 95757'6 ' 96弘4'6 45 

16 4096 4192'75 4291'02 4390'80 4492'12 4594'99 4699'42 4805'42 16 
46 97336 98131'7 98931'6 99736'0 100545 101358 102175 102ω7 48 

17 4913 5022'17 5132'95 5245'35 5359'37 5475'04 5592'36 5711'34 17 
47 103823 104654 105489 106328 107172 108020 108873 108730 47 

18 5832 5954'35 6078'39 6204'15 6331'62 6460'84 6591'80 6724'51 18 
48 110592 111458 112329 113204 114084 114968 115857 116751 48 

19 6859 6995'27 7133'33 7273'19 7414'87 7558'38 7703'73 7850'94 19 
49 117649 118552 119459 120311 121287 122209 123134 124065 4骨

20 8000 8150'94 8303'77 8458'49 8615'12 8773'68 8934'17 9ω6'61 m 5J 1250口。 125940 126884 127834 128788 129746 130710 131678 60 

21 9261 9427'36 9595'70 9766'04 9938'37 10112'7 10289'1 10467'5 到 51 132651 133629 134611 135599 136591 137588 138590 139596 51 

22 10648 10830'5 11015'1 11201'8 11390'6 11581'5 11774'5 11969'7 n 52 140608 141624 142创6 143672 144703 145739 146780 147826 52 

23 12167 12366'5 12568'1 12771'9 12977'9 13186'1 13396'5 13609'1 23 53 148877 149933 15ω94 152060 153130 1542佣 155287 156373 53 

24 13824 140U'1 14260'5 1钊82'2 14706'1 14932'4 15160'9 15391'8 24- 54 157464 158560 159661 160767 161879 162995 164117 165243 54 

25 15625 15860'5 16098'5 16338'7 16581'4 16826'4 17073'9 17323'7 25 55 168375 167512 168654 169801 170954 172112 173274 174443 55 

26 17576 17830'7 18087'9 18347'5 18609'6 18874'2 19141'3 19是10'9 26 56 175616 176795 177979 179168 180362 181562 182767 183977 56 
27 19683 19957'6 2023t8 20514'6 20796'9 21081'8 21369'2 21659'3 m 57 185193 186414 187640 188872 1901ω 191352 192600 193853 57 

28 21952 22247'3 22545'3 22845'9 23149'1 23455'1 23763'7 24075'0 m 58 195112 196376 197646 198921 200202 201488 202779 204076 58 
29 24389 24705'7 25025'2 25347-4 25672'4 26000'1 26330'6 26663'9 29 59 205379 206687 208001 2ω320 210645 211975 213311 214653 59 

30 27000 27338'9 27680'6 28025'2 28372'6 28722'9 29076'0 29432-1 30 6a 210000 217353 218711 220075 221445 222821 2组202 2251,88 ω 
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R E D P A T H, B R 0 W N & C 0. , L 1 M 1 T E D. R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D, 

CIRCUMFERENCES OF CIRCLES. CIRCUMFERENCES OF CIRCLES. 

Diam 。 告 去 告 t 去 t Diam 

• 
]Jiam 。 t 主 t t t t t Diam 

。 '3927 - 785生 1-178 1-571 1 -963 2-356 2-749 。 一一
二

1 3-142 3-534 3-927 4-320 4-712 5-105 5-498 5-890 1 
2 6-283 6-676 7-069 N61 7-854 8 -247 8-639 9-032 2 
3 9-425 9-817 10-210 10-603 10-996 11-388 11-781 12-174 3 
4 12-566 12-959 13-352 13-744 14"137 14-530 14-923 15-315 4 
5 15-708 16-101 16"493 16-886 17-279 17-671 18-064 18-457 5 

51 160'22 160'61 161'01 161 '40 161'79 162'18 162'58 162'97 51 
52 163'36 163'76 164'15 164'54 164'93 165'33 165'72 166'11 52 
53 166'50 166'90 167'29 167'68 168'08 168'47 168'86 169'25 53 
54 169'75 170'04 170'43 170'82 171'22 171'61 172'00 172'39 54 
55 172'79 173'18 173"57 173'97 174:36 174'75 175'14 175'54 55 

6 18-850 19-242 19-635 20-028 20-420 20-813 21'206 21'598 6 
7 21-991 22-384 22-777 23-169 23-562 23-955 24-347 24'740 7 
s 25-133 25-525 25-918 26-311 26-704 27-096 27"489 27-882 8 
9 28-274 28-667 29-060 29-452 29-845 30-238 30-631 31-023 9 

10 31-416 31-809 32-201 32'594 32-987 33-379 33-772 34"165 10 

56 175'93 176'32 176'71 177'11 177'50 177'89 178'29 178'68 56 
57 179'07 179'46 179'86 180'25 180'64 181'03 181'43 181'82 57 
58 182'21 182'61 183'00 183'39 183'78 184'18 184'57 184'96 58 
59 185'35 185'75 186'14 186'53 186'92 187'32 187'71 188'1 0 59 
60 188'50 188'89 189'28 189'67 190'07 190'46 190'85 191'24 60 

11 34-558 34-950 35-343 35-736 36-128 36-521 36-914 37-306 11 
12 37 -699 38-092 38-485 38-877 39-270 39-663 40-055 40-448 12 
13 40-8县1 41-233 41-626 42-019 42"412 42-804 43-197 43-590 13 
14 43-982 44-375 44-768 45-160 45-553 45-946 46-338 46-731 14 
15 47-124 47-517 47-909 48-302 48-695 49-087 49-480 49-873 15 

61 191'64 192'03 192"42 192'82 193'21 193'60 193'99 ]94'39 61 
62 194'78 195'17 195'56 195'96 196'35 196'74 197'13 197'53 62 
63 197'92 198'31 198'71 199'10 199吐9 199'88 200'28 200'67 63 
64 201'06 201'45 201'85 202'24 202'63 203'03 203'42 203'81 64 
65 204'20 204'60 204'99 205'38 205'77 206'17 206'56 206'95 65 

16 50'265 50-658 51-051 51-444 51-836 52-229 52-622 53-014 16 
17 53-407 53-800 54-192 54-585 54-978 55-371 55-763 56-156 17 
18 56-549 56-9U 57-334 57-727 58-119 58'512 58-905 59-298 18 
19 59-690 60-083 60-476 60-868 61'261 61-654 62-046 62-439 19 
20. 62-832 63-225 63-617 64-010 64-403 64-795 65-188 65-581 20 

66 207'35 207'74 208'13 208'52 208'92 20国'31 209'70 210'09 66 
67 210'49 210'88 211'27 211-66 212'06 212'45 212'84 213'24 67 
68 213'63 214'02 214'41 214'81 215'20 215'59 215'28 216'38 68 
69 216'77 217'16 217'56 217'95 218'34 218'73 219']3 219'52 69 
70 219'91 220'30 220'70 221'09 221'48 221'87 222'27 222吧6 70 1, 

21 65-973 66-366 66-759 67'152 67"544 67-937 68-330 68-722 21 
22 69-115 69-508 69-900 70-293 70-686 71-079 71-471 71-864 22 
23 72-257 72-649 73-042 73"435 73-827 74-220 74-613 75-006 23 
24 75-398 75-791 76-184 76-576 76-969 77"362 77-754 78-147 24 
25 78-540 78-933 79-325 79-718 80-111 80-503 80-896 81-289 25 

71 223'05 223-45 223'84 224'23 224'62 225'02 225'41 225'80 71 
72 226'19 226'59 226'98 227'37 227'77 228'16 228'55 228'94 72 
73 229'34 229'73 230'12 230'51 230'91 231'30 231'69 232'C9 73 l' 
74 232'48 232'87 233'26 233'66 234'05 234'44 234'83 235'23 74 
75 235'62 236'01 236"40 236:80 237'19 237-68 237'98 238'37 75 

26 81-681 82-074 82'467 82-860 83-252 83-645 84-038 84"430 26 
27 8!"823 85-216 85'608 86'001 86'394 86'786 87'179 87'572 27 
28 87'965 88'357 88'750 89'143 89'535 89'928 90'321 90'713 28 
29 91'106 91'499 91'892 92'284 92'677 93'07υ 93'462 9~'S55 29 
30 9世248 94"6.0 95'033 95'426 95'819 96'211 96'604 96'997 30 

76 238'76 239'15 239'55 239'94 240'33 240'72 241"12 241'51 76 
77 2组 90 242'30 242'69 243'08 243'47 243'87 244'26 244'65 77 1, 
78 245'04 245'44 245'83 246'22 246'62 247'01 247'40 247'79 78 
79 248'19 248'58 248'97 249'36 249'76 250'15 250'54 250'93 79 
80 251'33 251 '72 252.11 252'51 252'90 253'29 253'68 254'08 80 

31 97'389 97'782 98'175 98'567 98'960 99'353 99'746 100'14 31 
32 100.53 100'92 101'32 101'71 102'10 102-49 102'89 103'28 32 
33 103'67 104'07 104"46 10生85 105'24 105'64 106'03 106-42 33 
34 106'81 107'21 107'60 107'99 108'38 108'78 109'17 109'56 84 
35 109'96 110'35 110'74 111'13 111'53 111'92 112"31 112'70 35 

81 254'47 254"86 255'25 255'65 256'04 256'43 256'83 257'22 81 
82 257'61 258'00 258'40 m益 259'18 259'57 259'97 260'36 82 
83 260'75 261'14 2陆1'54 261 262'32 262'72 263'11 263'50 83 
84 263'89 264'29 264'68 265'07 265'46 265'86 266'25 266'64 84 
85 267'04 267'43 267'82 268'21 268'61 269'00 269'39 269'78 85 

36 113'10 113-49 113'88 114'28 114'67 115'06 115'45 115'85 36 
37 116'24 116'63 117'02 11N2 117'81 118'20 118'60 118'99 吉I
88 119'38 119'77 120'17 120'56 120'95 121'34 121'74 122'13 38 
39 122'52 122'91 123'31 123'70 124'09 124'49 124'88 125'27 39 
40 125'66 126'06 126'45 126'84 127'23 127'63 128'02 128'41 40 

86 270'18 270'57 270'96 271'36 271'75 272'14 272'53 272'93 86 
87 273'32 273'71 274'10 274'50 274'89 275'28 275守 67 276'07 87 
88 276'46 276'85 277-25 277'64 278'03 278'42 278'82 279'21 88 
89 279'60 279'99 280'39 280'78 281'17 281'57 281'96 282'35 89 
90 282'74 283'14 283'53 283'92 284'31 284'71 285'10 285'49 90 

41 128'81 129'20 129'59 129'98 130'38 130-77 131'16 131"55 41 
42 131'95 132'34 132'73 133'12 133'52 133'91 134'30 134'70 42 
43 135'09 135'48 135'87 136'27 136'66 137'05 137'44 137'84 43 
44 138'23 138'62 139'02 139'41 139'80 140'19 140'59 140'98 44 
45 141'37 141"76 142'16 142'55 142'94 143'34 143'73 1令H2 45 

91 285'88 286' 2吕 286'67 287'06 287'46 287'85 288'24 288'63 91 
92 289'03 289'42 289'81 290'20 290'60 290'99 291'38 291'78 92 
93 292'17 292'56 292'95 293'35 293'74 294'13 294'52 294'92 93 
94 295'31 295'70 296'10 296'49 296'88 297'27 297'67 298'06 94 
95 298'45 298'84 299'24 299'63 300'02 300'41 300'81 301'20 95 

46 144'51 144'91 145'30 145'69 146'08 146'48 146'87 147'26 46 
47 . 147'65 148'05 148'44 148'83 149'23 149'62 150'01 150'40 47 
48 150'80 151'19 151'58 151'97 152'37 152'76 153'15 153'55 锦
49 153'94 154'33 154'72 155'12 155'51 155'90 156'29 156'69 49 
50 157'08 157"47 157'86 158'26 158'65 159'04 159'44 159'83 50 

95 301'59 301'99 302'38 302'77 303'16 303'56 303'95 304'34 96 
宫I 304'73 305'13 305'52 305'91 306'31 306'70 307'09 30N8 9'1 
98 307'88 308'27 308'66 309'05 309'45 309:84 310'23 310'62 98 

" 311叫J2 311'41 311'80 312'20 312'59 312'98 313'37 313'77 99 
100 314'16 314'55 314'94 315'34 315'73 316'12 I 316'52 316'91 100 
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AREAS OF CIRCLES~ 
AREAS OF CIRCLES. 

Diam. 。 告 士 音 告 告 号 t Dlam. 
Dio.m. 。 告 告 告 告 量 主 号 Diam. 

一 一

一一一一一一
一 51 20县2'8 2052'8 2062'9 2073'。 2083'1 2ω3'2 2103'3 2113'5 51 

。 '0123 ω91 1104 1963 .3068 '4418 6013 。

1 7854 .9940 1 '227 1'485 1"767 2'074 2'405 2.761 1 

2 37··10462 9 3'547 3'976 4"430 4'909 5'412 5'940 6'492 2 

3 7'670 8'296 8'946 9'621 10'321 11'045 11'793 3 

4 12'566 13'364 14"186 15'033 15'904 16'800 17'721 18'665 4 

5 19'635 20'629 21'648 22'691 23'758 24'850 25'967 27"109 5 

52 2123'7 2133'9 2144'2 21545 6 iiiii 2175'1 2185'4 2195'8 52 
53 2206'2 2216'6 2227'。 2237 2258'5 2269'1 E2Z37696-·。6 53 
54 2290'2 2800'8 2311'5 2322'1 2343'5 2354'3 54 
E晶 2375'8 2386'6 2397'5 2408'3 2419'2 2430'1 2441"1 2452'。 55 

56 2463'0 2474'0 2485'0 2496'1 2507'2 2518'3 2529'4 2540'6 56 
57 2551'8 2563'0 2574'2 2585'4 2596'7 2608'0 2619'4 2630'7 57 

8 28274 29'465 30'680 31'919 33'183 34"472 35'785 37"122 6 

7 38'品85 39'871 41' 2由2 42'718 44'179 45'664 47"173 48'707 7 

s 50'265 51咀49 53.456 55'088 56'745 58'426 60'132 61'862 8 

' 63'617 65'397 67'201 69'029 70'882 72'760 74'662 76'589 9 

10 78'540 80'516 82'516 84'541 86'590 88'664 90'763 92'886 10 

58 2642'1 2653'5 2664'9 2676'4 2687'8 2699'3 2710'9 2722"4 58 
59 273垒'0 2745'6 2757'2 2768'8 2780'5 2792'2 2803'9 2815'7 59 
60 2827"4 2839'2 2851'。 2862'9 2874'8 2886'6 2898'6 2910'5 60 

吁 61 2922'5 2934'5 2946'5 2958'5 2970'6 2982'7 2994'8 3006'9 61 
62 3019'1 3031'3 3043'5 3055'7 3侃8'。 3080'3 3ω2'6 3104'9 62 

11 • 9;;'033 97'205 99'402 101'62 103'87 106'14 108'43 110"75 11 

12 113'10 115'47 117'86 120'28 122'72 125'19 127'68 130'19 12 

13 132'73 135'30 137'89 140'50 143'14 145'80 148'49 151'20 13 

14 153'94 156'70 159 生8 . 162'30 165'13 167'99 170'87 173'78 14 

15 176'71 179'67 182'65 185'66 188'69 191-75 194'83 197'93 15 

68 3117'2 3129'6 3142'0 3154'5 3166'9 3179'4 3191'9 3204"4 63 
64 3217'。 3229'6 3242'2 3254'8 3267'5 3280'1 33239925·8 3 3305'6 64 
65 3318'3 3331"1 3343'9 3356'7 3369'6 3382'4 3408'2 65 

63 3421"2 343世2 3447'2 3460'2 3473'2 3486'3 3499'4 3512'5 66 
67 3525'7 3538'8 3552'。 3565'2 3578'5 3591'7 3605'。 3618'3 67 

16 201'06 20!'22 207'39 210'60 213'82 217'08 220'35 223'65 16 

17 226'98 230'33 233'71 237"10 2!0'53 243'98 247"45 250'95 17 

18 2;;!'!7 2;;8'02 2il1'59 265'18 2ò8'80 272"45 276'12 279'81 18 

19 233'53 287'27 2iJ1'0生 294'83 298'65 302'49 3日 6' 35 310'24 19 

20 314"16 318'10 322'06 326'05 330'06 334'10 338'16 342'25 20 

68 3631'7 3645'0 3658'4 3671'8 3685'3 3698'7 3712'2 3725'7 68 
69 3739'3 3752'8 3766'4 3780'0 3793'7 3807'3 3821 '。 3834'7 69 
70 3848'5 3862'2 3876'0 3889'8 3903'6 3917'5 3931'垒 3945'3 70 

71 3959'2 3973'1 3987'1 4001"1 4015'2 4029'2 4043'3 ω57"4 71 
72 4071'5 4085'7 4099'8 4114'。 4128.2 4142'5 4156'8 4171'1 72 

21 346'36 350'50 354'66 358'84 363'05 367'28 371'64 375'83 21 

22 330'13 384"46 388'82 393'20 397'61 402'04 406"49 410'97 22 

23 415'48 420'00 424'56 429'13 433'74 438' 36 443'01 447'69 23 

24 452'39 457'11 461'86 466'64 471'44 476'26 481'11 485'98 24 

25 会90'87 495'79 500'74 505'71 510'71 515'72 520'77 525'84 25 

73 4185'4 4199'7 4214"1 4228'5 4242'9 4257"4 4271'8 4286'3 73 
74 4300'8 4315'4 4329'9 4344'5 4359'2 4373'8 4388'5 4403'2 74 
75 4417'9 4432'6 4447-4 4462'2 4477'。 4491'8 4506'7 4521'5 75 

76 4536'ó 4551-4 4566"4 4581'3 4596'3 4611'4 4626'4 4641'5 76 
77 4656'6 4671'8 4686'8 4702'1 4717"3 4732'5 4747'8 4763'1 77 

26 530'93 536'05 541'10 546'35 551'55 556'76 562'00 567'27 26 

27 572'55 577'87 583'21 588'57 593'96 599'37 604'81 610'27 27 

28 615.75 621'26 626'80 632'36 637'94 643.'55 649'18 654'84 28 

29 650'52 665"23 671'96 677"71 683"49 689'30 695'13 700'98 29 

30 705'86 712'76 718'69 724'64 730'62 736'62 742'64 748'69 30 

78 4778'4 4793'7 48ω'0 4824"4 4839'8 4855'2 4870'7 4886'2 78 
79 4901'7 4917'2 4932'7 4948'3 4963'9 4979'5 4995'2 5010'9 79 
80 5026'5 5042'3 5058'。 5073'8 5089'6 5105'4 5121'2 5137"1 80 

81 5153'0 5168'9 5184'9 5200'8 5216'8 5232'8 5248'9 5264'9 81 
83 5281 '。 5297"1 5313'3 5329-4 5345'6 5361'8 5378'1 5394'3 82 

31 754"77 760'87 766'99 773'14 779'31 785'51 791'73 797'98 31 

32 801'25 810'54 816'86 823'21 理9'58 835'97 842'39 848'83 32 

33 8:;5'30 861'79 858'31 874'85 1'41 888'00 89皇 62 901'26 33 

34 907'92 914'61 921'32 928'06 934'82 941'61 948'42 955"25 34 

35 932'11 969'00 975'91 982'84 989'80 996'78 1003'8 1010'8 35 

83 5410'6 5426'9 民43'3 5459'6 5476'。 5492"4 5508'8 5525'3 83 
84 5541'8 5558'3 5574'8 5591"4 5607'9 5624'5 5641 '2 5657'8 84 
85 5674'5 5691'2 5707'9 5724'7 5741'5 5758'3 5775'1 5791'9 85 

86 5808'8 5825'7 5842'6 5859'6 5876'5 58920 ·5 5910'6 5927'6 86 
87 5944'7 5961'8 5978'9 5996'。 6013'2 6030'4 6047'6 6064'9 87 

36 1017'9 1025'。 1032'1 1039'2 1046'3 1053'5 1060'7 1068'。 36 

37 1075'2 1082'5 1089'8 1097'1 1104'5 1111'8 1119'2 1126'7 37 

38 1134'1 1141"6 1149'1 1156'6 116会2 1171'7 1179'3 1186'9 36 

39 1191'6 1202'3 1210'。 1217'7 1225'4 1233'2 1241'。 1248'8 39 

40 1256'6 1264'5 1272'4 1280'3 1288'2 129.62 1304'2 1312'2 40 

41 1320.3 1328.3 1336'4 1344-5 1352.7 1360.8 1369.0 1377- 2 41 

42 1385'4 1393'7 1402'。 1410'3 1418'6 1427'0 1435'4 1443'8 42 

43 H52'2 1460'7 1469'1 1477"6 1486'2 1494'7 1503'3 151a 43 

44 1520'5 1529'2 1537'9 1546'6 1555'3 1564'。 1572'8 1581'6 44 

45 1590"4 15ω'3 1608'2 1617'。 1626'0 1634'9 1643'9 1652'9 45 

46 1661'9 1670'9 1680'0 1680'1 1698:~. 1707"4 1716'5 1725'7 48 

47 173占 9 1744'2 1753'5 1762'7 1772'1 1781'4 1790'8 1800'1 47 

48 1803"6 1819'0 1828'5 1837'9 1847'5 1857'0 1866'5 1876'1 4P 

4由 1895'7 1895'4 1905'。 1914'7 1924"4 1934'2 19t5'9 1953'7 49 

50 1963'5 1973'3 1983'2 1993'1 2003'。 2012'9 2022'8 2032'8 E晶

86 6082'1 6099-4 6116'7 6134'1 6151'4 6168'8 6186'2 6203'7 88 
89 6221'1 6238'6 6256'1 6273'7 6291'2 6308'8 6326'4 6344'1 89 
90 6361'7 6379'4 6397"1 6414'9 6432"6 6450'4 6468'2 6486'0 " 
91 6503'9 6521'8 6539'7 6557'6 6575'5 6593'5 6611'5 6629'6 91 
92 6647'6 6665'7 6683'8 6701'9 6720'1 6738'2 6756'4 6774'7 92 
93 6792'9 6811'2 6829'5 6847'8 6866'1 6884'5 6902'9 6921'3 93 
94 6939'8 6958'2 6976'7 6ω5'3 7013'8 7032'4 7051'。 7069'6 94 
95 7088'2 7106'9 7125'6 7144'3 7163'0 7181'8 7200'6 7219'4 95 

96 7238'2 7257"1 7276'。 7294'9 7313'8 7332'8 773S 51·8 7370'8 96 
97 7389'8 7408'9 7428'0 7447'1 7466'2 7485'3 04'5 7523'7 97 
98 7543'0 7562'2 7581'5 7600'8 7620'1 7639'5 7658'9 7678'3 98 

" 7697'7 7717"l 7736'6 7756'1 7775'6 7795'2 7814"8 7834'4 99 
1ω 7854'0 7873'6 7893'3 7913'0 7932'7 7952'5 7972'2 7992'0 100 
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USE OF THE MATHEMATICAL TABLES 
(pages 442 也0463).

LOGARITHMS AND ANTILOGARITHMS 
(pages 442 to 445) 

The 10ga1'ithm 01' " log " of a llumber consists of an in也ege1' and a decimal 
The Integral Part is 1'efe1'red to as the Index; and is de t.e1'mined 

by the following 1'ules :一

Rule (α) If the numbet whose log is 1'equi1'ed contain one 01' more integ1'al 
figur四 the index is always le38 by one thall 他e numbe1' of integ1'al figures 
itl the numbe1' and is always p03itive. 

Rule (b) If the numbe1' is wholly a decimal 也he index is numerically 
grea!e" by one thall 他e number of ciphers afte1' the decimal point and is always 
negat!ve. 

The Decimal Part of a log is called 也he Mantissa and is found f1'om t.he 
Tables, pages 442 and 443 

To FIND THE LOG OF A GIVEN NUJ\1BER OF 4 DIGITS. 

Asce1'tain index by 1'ules (α) 0 1' (b) above. 

R u1e (c) To 直ud ma'ltissa, find the firs也也wo digits of the given number ill 
lef也 hand colnmn. Pass along horizontal line and 1'ead nurnber in ve1'tical J凶e
headed by 也hird digiιAdd 也he number in. the same ho1'izontal line in the 
"l\1ean Djfferences" colllmn headed by the fourth digit. The 1'esult is 也he
1'equired mantissa 飞~-hich， wi也h the index and decimaf point p1'efixed, is the 
1'equired log. 

Exa悦3自，7，e8 '一

(1) Required log 4875'。
T.here are 4 自gUl'es befo1'e decimal poin也:. index =3 

F1'om log tables 487 = '6875 
Diffe1'ence for 5 = 4 

log 4875'0 =3'6879 
(2) Requi1'ed log '04875 
The1'e 国 1 臼iphe1' af也e1' decimal poin也:. index =2 (i.e.-2). 

From log tabl础 487 = '6875 
Diffe1'ence for 5= 4 

log '04875 =2'6879 
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LOGS AND ANTILOGS-(cont向阳d).

Negative Index.-No仁e that the mantissa of a log IS 也lmys positM 
hence 也he log of a decimal is 也he algebraic sum of a po白'tive mantissa anCl a 
negative index. Thus:-一

2'6879= '6879-2. 

ANTILOGARIl'HMS 
(pages 444 , 445). 

Having obtained 也e log of aIEy ezpresslon, to andd1e number correSPOIldlng 
to this log use t.he antilog tables i卫 a similar manner 北o tha也 descl'ibed above. 

NOTE.-In referring to the anti10g tables th电 indêx of the 川en 网 h气s n0t 

::LiztiiztiZ边e m?SLETttdezTU飞ttTih罚;;2:η
the 品ecimal point by the conve1'se of Rules (α) and (的，

Ex刷ηple8一 、

(3) Find numbe1' co1'responding 也o the log 5'6879 
From antiloe: tables numbe1'=4875. 
Numbe1' of figures=(index十1)=5+1=6.

Required numbe1'=487,500 

(4)Find number correspondiEgtothe log 3·5503. 
From antilog tables numbe1'=3551.. 
Numbe1' of ciphe1's=(>ndex-l)=3-1 =2. 

Requi1'ed number= '003551. 

To PERFORM MUl"TIPLICATION BY USE OF Loas. 

Rule ((1) Add 也he logs of the factors 

Example (5)-Requi1'ed 3切1 x .04875. 
log 3'551 =0'5503. 
log '04875=2'6879 ι 

Sum=ï'2382 (Note manipulation of indices.) 
Product=antilog of sum. 

='1732. 

To PERFORM DIVISION BY USE OF LOGs. 

Rule (e) Sub也1'act 也he log of the divisor from 也he log of 也he dividend. The 
.rem剧llder is the log of the quotient. 

E xample (6)-Requi1'ed '3551-:-48'75 
log '3551 = 1'5503 
log 48'75=1'6879 

Re血ainder =3'8624 

(No饨皿ma血P归甲ula咛品iωon?于f nega川也创tiv
indiCes.J 

Qu的ient =antilog of 1'emainde1'. 

= '007285. 
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LOGS AND ANTILOGS-(contimted) 

To FIND ANY POWER OF A NUM1IER BY USE OF LOGs. 

?1\l1~ (f) ~ultiply. th!:)<:>g ~f the. nu.mber. by the e:cp~ne的 of 也he power to 
which it is 也o be raised. This gives the log of the required power. 

Exa响.ple (7)-Req回red (3'551)' 
log 3'551 =0'5503 
X 4 4 

Product =2'主012
Power=antilog of product 

=159'0. 

To FIN.D ANY ROOT OF A NUMBER By 'USE OF LOGS 

Rule (g) Divide the log of the number' by 也he exponent of 也he roo也 which is 
to be ex也racted. This gives the log of the required root. 

8 

Exa-mple (8)-Required 飞14'875
log 4'875=0'6879 

Q 0 年79uotient= 一-一=(1'2293

Root=antilog of quotien也
=1 '695 

Exa响ple (9)-Required ""'004041. 。

log '004041 =3'6065. 
=0'6065 - 3. íNote 泪皿ipula也ion of indices.) 
=2'6065-5. 

2'6065-5 
一5'一 =0也13- 1.

Quotient =1'5213目
Root =antilog of quotient. 

=0'3321 
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MATHEMATICAL TABLEs-(continued). 

TRIGONO岛1ETRICAL TABLES 
(pages 446 to 457) 

The t ables of sines, cosines, e也c . ， give the required func也ion for any angle 
less thän 900

• 

The method of using the tables is similar to that described for logs. 

1n the sine and cosine tables 也he decimal poin也 i~ no色 shown. as a.1l 
values are less than unity. 

Care mu的 be t a.ken tha.t in using- th3 _cQsine , cosecant, and cotangent 
tables for a.n angle cOl1taining al1 odd number of minutes, the mean dillerence be 
subtracted, no也 added as in 也he other t a.bles. 

In the tangent, cotange时， cosecant, ~nd secant tables , the 
decimal P(.il1也 is showl1 il1也he fir的 column 0111y, except in the cases where 
t.he variation of 也he func也ion is so rapid that an approximltte value only ~~n 
be given. The integer (if any) is -also given iñ - the first c?!umn.... The 
latt.;'r is to be prefixed-to aÍl valües in the corresponding horizontalline with the 
followng exception :一

Rule (li) Where values in any of the horizontallines are printed in itαlic8 the 
integer to be prexed is 

(α) Whel1 diffcrences have to be added, greater by one than the number 
in the lef也 hand column corresponding. 

(b) When 也he differences ha ve to be su btracted, lesB by one 也han the 
number in the left h a.nd colum卫 corresponding.

Exa.-mple (10)-Required tan 63。妃'
From tables tan 630 24' = 1'9970 

Difference for l' = 15 

tan 630 25'=1'9985 
Example (ll)-Required tan 630 32'. 

1n 也he tabJ，四 oppo曰te 630 and under 30' read 0057 
CorrespondiIig integer in 且rst column is 1. 

tan 630 30'=2'0057 
Difference for 2' = 29 

tan 630 32'=2'0086 

Note that 也he addi也ion or subtraction of the difference for odd minutes 
occasionally causes 也he alteration of 也he corresponding integer as in e皿mple (12) 

Exa.mple (12)- Required tltn 630 27' 
F.romt晶bl凹， tan 630 24'=1'9970 

Difference for 3' = 44 

tan 630 27'=2 '0014 
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MATHEMATICAL TABI,ES-(Concluded). 

SQUARES AND SQUARE ROOTS 
(pages 458 to 463). 

The Tables of Squares afford a rapid means of finding approximately 
也he square of any number from 1 to 9999 

The tables are used as previously de( cribed for logs. The posi也ion of the 
ùecimal poin也 is fixed by a rough mental calculation. 

Example (13)-Required (98创气
Opposite 9'8 and u且der 3 read 96'63 
Now 98'3=10 x 9'83. : . (98'3)2=三102 (9'83)2=100 x 96'63. 

=9663. 

Tables of Square Roots , It will be no也iccd 也hat two tables of sqna1'e 
toots are given 

Rule (i) TABLE 100 也o 999'9 (pages 460, 461) will be used ;--
(α) for the square root of a number greater than unity if 他e number of 

digi也s before 也he decimal point is odd ; 
(b) for 也he square root of a number less than unity if the number of 

ciphers 3ft刨出e decimal point is odd 

‘ Rule (k) TABLE 1000ω9999 (p何回 462， 463) will be used ;一

(c) for the square root of a number greater than unity if the number of 
digits 1efo[e the decimal poin也 1S even; 

(d) for the square root of a number less than unity if 他e numbel' of 
ciphers aft臼也he decimal point is zero or even. 

A rough mental calculation will enable the position of 也he decimal point in 
the square -to be fìxed. 

Exampl由一

(14) Required .J983'1 

There are 3 digits before poin仇二 Table 100 to 999'9 is used 
Square Roo也=31'35

(15) Required .J'09831 

There is 011e cipher after point, " same Table is used 
Square Roo也='3135.

(16) Required .J98'31 

There are 2 digits before poin飞:. Table 1000 to 9999 is used. 
Square Root=9'915. 

(17) Require~ .J '9831 

There are no ciphers after point. .. same Table 1S used. 
f\quare Roo也='991 5.
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DECIMALS OF AN . INCH FOR EACH 1 j64th. 

l j32nd~ l j64ths Decimal Fraction lj32nds 阳 Fraction 

一

1 '015625 33 '515625 
1 2 '1)3125 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 1 生 '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 
II 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 

27 '421875 59 '921875 
14 28 '4375 7-16 30 60 '9375 15一-16

29 '453125 61 '953125 
15 30 '46875 31 62 '96875 

31 '484375 63 '984375 
16 32 '5 1-2 32 64 l' 1 

479 



R E D P A T H , B' R 0 W N & C 0" L 1 M 1 T E D , REDPATH, BROWN & CO" LIM .f TED , 「
DECIMALS OF A FOOT. DECIMALS OF A FOOT. 

For each 1/64位 of an inch. For each 1/64th of an inch. 

Tn ch 。" 1" 2" 3" 4" 5" 6" τ" S" S" 10" 11" Inch 0 " 1" 2" 3 " 4" 5" 8" 9" 10' 11" 

一
。 '0833 '1667 '2500 3333 '4167 '5000 '5833 '6667 7500 '8333 '9167 

,', '0013 '0846 1680 2513 '3346 '4180 5013 '5846 '6680 '7513 '8346 '9180 ~建喜, '0430 1263 2ω6 '2930 '3763 ·韭596 '5430 '6263 '7ω8 -7930 -8763 '9596 

3 ~ '0026 0859 1693 2526 '3359 '4193 '5026 '5859 '6693 '7526 '8359 '9193 n '0443 '1276 '21ω '29垒3 '3776 '46ω '5443 '6276 '71ω '7943 -8776 '9609 

，飞事 '0039 '0872 1706 2539 '3372 '4206 '5039 '5872 6706 '7539 '8372 '9206 ~~ '0456 '1289 '2122 '2956 '3789 '4622 '5456 -6289 -7122 '7Q56 '8789 '9622 

TS '0052 0885 1719 -2552 3385 4219 -5052 -5885 -6719 -7552 -8385 

，$'5'冒冒
霉，事 -0065 0898 1732 '2565 -3398 '4232 -5065 - 专制赔 -6732 %65 -8398 9232 

; , '0469 '1302 '2135 '2969 '3802 '4635 '5469 '6302 '7135 '7969 '8802 '9635 

'0482 '1315 '2148 '2982 '3815 '4也8 -5482 '6315 '7148 '7982 "8815 '9648 

I II ~ 

:i'1 0078 -0911 '1745 '2578 -3411 -4245 -5078 -5911 6745 -7578 8411 '9245 '0495 '1328 '2161 2995 '3828 -4661 '5495 '6328 '7161 '7995 '8828 '9661 

ô\ 0091 -ω24 '1758 -2591 3424 '4258 -5091 -5924 '6i58 -7591 '8424 -92C8 

4 -0104 -0937 -1771 2604 3437 -4271 '5104 '5937 '6771 '7604 8437 9271 

ä: 0508 '1341 '2174 '3008 '3841 '4674 -5508 '6341 '7174 '8008 ‘ 8841 '9674 

t '0521 '1354 '2188 '3021 '3854 '4688 '5521 '6354 '7188 -8021 '8854 '9688 

哥，辜 '0117 -0951 1784 -2617 3451 '4284 -5117 -5951 '678! '7617 '8451 -9284 u '0534 '1367 '2201 -3034 '3867 4701 '5534 '6367 '7201 '8034 = '9701 

兰1里 '0130 -0964 -1797 '2630 -3464 '4297 -5130 -5.964 '6797 '7630 '8464 -9297 H '0547 '1380 '2214 '3047 '3880 4714 '5547 '6380 '7214 '8047 '8880 '9714 

H '0143 -ω77 '1810 -2643 3477 '4310 5143 '5977 6810 '7643 -8477 '9310 '0560 '1393 '2227 '3060 '3893 '4727 '5560 '6393 7227 '8060 '8893 '9727 

也 -0156 -0990 -1823 -2656 '3490 '4323 '5156 '5990 '6823 -7656 '8490 9323 tI '0573 '1406 2240 '3073 '3906 '4740 '5573 '6406 '7240 '8073 -8906 '9740 

l~ -0169 '1003 1836 -2669 -3503 -4336 -5169 '6003 '6836 -7669 8503 -9336 " '0586 '1419 '2253 '3086 '3919 '4753 '5586 '6419 '7253 '8086 '8919 '9753 

~1 吉 '0182 '1016 '1849 '2682 '3516 '1349 , '5182 -6016 -6849 7682 -8516 9349 

it -0195 -1029 '1862 '2695 3529 -4362 '5195 -6029 -6862 '7695 -8529 9362 

'0599 '1432 '2266 '3099 '3932 '4766 '5599 -6432 '7266 '8ω9 '8932 '9766 

tl '0612 'U45 '2279 '3112 '3945 '4779 '5612 '6445 '7279 '8112 '8945 '9779 

t -0208 -1042 '1875 '2708 '3542 '4375 '5208 '6042 '68;5 '7708 -8542 9375 t '0625 '1458 '2292 '3125 '3958 '4792 '5625 '6458 '7292 '8125 '8958 '9792 

-0221 '1055 1888 '2721 '3555 '4388 '5221 -6055 6888 '7721 -8555 9388 ~~ '0638 '1471 '2305 '3138 '3971 '4805 '5638 '6471 '7305 '8138 8971 -9805 

'1 ~ '0234 '1068 1901 '2734 '3568 -4401 -5234 '6068 -6901 -7734 8568 -C401 i! '0651 '1484 ' 2318 '3151 '3984 '4818 '5651 6484 '7318 8151 1, '8984 '9818 

0247 '1081 -1914 '2747 -3581 '4414 -5247 '6081 -6914 '7747 -8581 9414 I! -0664 '1497 '2331 '3164 3997 '4831 '5664 '6497 '7331 -8164 8997 '9831 

,!>s -0260 -1094 -1927 2760 -3594 -4427 -5260 '6094 -6927 7760 -8594 'C427 +li '0677 '1510 '2344 '3177 '4010 '4844 '5677 '6510 '7344 '8177 '9010 '9844 

'0273 -1107 '1940 '2773 3607 '4440 52n -6107 '6940 -7773 -8607 '9440 iì 0690 '1523 '2357 -3190 '4023 '4857 '5690 '6523 '7357 '8190 '9023 '9857 

~ ~ -0286 -1120 '1953 -2786 -3620 '4453 -5286 -6120 -6953 '7786 '8620 'J453 i~ '0703 '1536 '2370 '3203 '4036 4870 '5703 '6536 '7370 '8203 '9036 '9870 

-0299 -1133 -1966 '2799 '3633 -4466 -5299 -6133 '6966 7799 -8633 '9466 u '0716 '1549 '2383 '3216 -4049 '4883 5716 '6549 -7383 '8216 '9049 ,9883 

2 -0312 -1146 '1979 '2812 '3646 '4479 '5312 '6146 '6979 '7812 '8646 9470 t '0729 .1562 2396 3229 -4062 '4896 '5729 '6562 '7396 '8229 '9062 '9896 

Rl -0326 '1159 '1992 '2826 '3659 '4492 '5326 '6159 '6992 '7826 '8659 9492 u -0742 1576 ' 24ω '3242 4076 '4909 5742 '6576 '7409 8242 '9076 '9909 

E ‘" '0339 '1172 '2005 '2839 3672 '4505 5339 '6172 '7005 '7839 '8672 '9505 !! '0755 1589 -2422 '3255 '4089 '4922 5755 '6589 -7422 -8255 '9089 '9922 

zt -0352 -1185 2018 '2852 '3685 '4518 ' 53号2 6185 '7018 '7852 8685 '9518 u '0768 '1602 '2435 '3268 '4102 '4935 '5768 '6602 '7435 '8268 '9102 '9935 

手毛 '0365 '1198 '2031 '2865 '3698 '4531 '5365 '6198 '7031 '7865 '8698 9531 u '0781 '1615 '2448 ' 3281 '4115 '4948 '5781 '6615 '7448 -8281 '9115 '9948 

22 : 0378 -1211 2侃4 2878 '3711 4544 " 5878 '6211 '7044 '7878 '8711 '9544 u '0794 '1628 '2461 '3294 '4128 '4961 '5794 '6628 '7461 '8294 '9128 9961 

32 '0391 '1224 '2057 -2891 3724 4557 '5391 '6224 '7057 '7891 '8724 9557 0807 '1641 '2474 -3307 4141 '4974 '5807 '6641 '7474 8307 '9141 '9974 

H '0404 '1237 2070 2904 '3737 '4570 '5404 '6237 '7070 '7904 '8737 9570 ~~ '0820 '1654 '2487 '3320 '4154 '4987 '5820 '6654 -7487 '8320 '9154 '9987 

告 -0417 '1250 '2083 '2917 3750 '4583 '5417 '6250 '7083 '7917 '8750 958:1 1 t-oooo 
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R E D P'A T H , B R 0 W N & C 0., L 1 M 1 T E D. R E D P A T H, B R 0 W N, & C 0. , L 1 M 1 T E D, 

BRITISH WEIGHTS AND MEASURES WITH 
METRICAL EQUIVALENTS. 

METRIC UNITS AND BRITISH 
EQUIVALENTS. 

METRIC ABBREVIATIONS. 

LINEAR 1\哑EASURE. Linear MSeqausaurre e Cubic Measure of 
Weight Measure Measure Capacity 

Mile Furlong3 Poles Yards Feet Inches MetricaI 
Equivalents l;"， ~kilometre km'~sq. kilometre m3 =cub. metre kl~k世olitre kg"， ~ k丑ogrammc

m=IDctre h.α~hectare dm3 = 11 decimetre hl ~hectolitre gm,= gl'umme 

1 8 320 1760 5280 63,360 1609'31 m 
1 40 220 660 7,920 201'16m 

1 5'5 16'5 198 5'03 m 

dn, ~ decímetre a = are C1n3=" ccntimetre l=litre dgm ~ decigramme 

cm, =ceutimetl'c m2 =sq. metre ' mmB = 11 millimetre dl ~ decilítre cgm = cen tigra.mm e 
l 3 36 91'44 cm 

, I 12 30 '48 cm 
用，m. = millimetrc dnt 2 = " decimetl'c cl~ccntil比rc mgm,= milligramme 

. 1 2'54 C1凡 cm,2 = " centimetre 

m.m 'l. = " millimetre 

SURVEYING MEASURE (Linear) , LINEAR MEASURE. 

MiIe 
Fur- Chains Poles Yards Feet Links MetricaI 

Iongs Equivalents 
Kilometres Metres Decimetres Centimetres MilIimetres British 

Equivalents 

1 1000 10,000 100,000 1,000,000 6214 mile 
l 8 80 320 1760 5280 8000 1609'31 m 

1 10 40 220 660 1000 201'16m 
1 10 100 1,000 3'281 feet 

1 4 22 66 100 20'12111 1 10 100 3281 foo也

l 5'5 16'5 25 5'03111 
1 3 4'54 91'44 cm 

1 10 3937 illCh 

1 1'51 30'48 C11l 1 '03937 illCh 
1 20'12 c阳

SQUARE MEASURE. 

SQUARE MEASURE. 
. 

SKquHa0r· e 
Hectares Are啤 sMqeutarere s 

SDqueeair. e sCqeunatri-e SMquilalir. e British 

metres metres metres metres Equivalents 

SMquiale re SCqhuaainre s 
Sq. Poles 

SYqauradrs e SFqueeat re SLqiunakrs e MetricaI Acres or 
Perches Equivalents l 100 10,000 1,000,000 3861 sq. mile 

1 100 10,000 1,000,000 00386 " mile 

640 6400 102,400 3,097,600 258'99 hα 
1 100 10,000 1,000,000 1076 " feet 

1 10 160 4,840 43,560 100,000 4046'71 m' 1 100 10,000 1,000,000 10'76 "fee也
l 16 484 4,356 10,000 404'67 m' 

1 30'25 272'25 625 25'29 111' 1 100 10,000 '1076 "feet 

I 9 20'7 '836 m' 
1 2'3 928'99 cm' 

1 100 '1550 JJ inch 

I 404'67 cm' 1 阳5 Il 111 ch 1I 
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R E D P A T H , B R 0 W N & C 0 " L 1 M 1 T E D , 

BRITISH WEIGHTS AND MEASURES WITH 11 
METRICAL EQUIVALENTS. 

CUBIC MEASURES. 

Cubic Cubic Cubic Metrical 
Yard Feet Inche唱 Equivalents 

27 46,656 '764 .m3 

1 1,728 '029 m3 

1 16'386 cm3 

. 
CAPACITY. 

Quarter Bushels Pecks Gallons Quarts Pints Oubic Metrical 
Inches Equivalents 

l 8 32 64 256 512 17,757'6 290 '781 1 
1 4 8 32 64 2,219'7 36'3481 

1 2 8 16 554'9 9'0871 
1 4 8 277'5 4'5431 

J 2 69'4 1'136 1 
1 34'7 ' 5681 

l 16'386 rn1 

AVOIRDUPOIS WEIGHT. 

Ton Cwts. -Qrs. Stones Lbs. Ounccs Drams Metrical 
Equivalents 

20 80 160 2,240 35,840 573,440 
LO16·048 kkkkggggm m m m I 4 8 112 1,792 28,672 50'802 

1 2 28 448 7,168 12'700 
I 14 224 3,584 6'350 

I 16 256 453'59 gm 
16 28'35 gm 
1 1'77 gm 

484 

k ilo 
hecto 
deh 

R E D P A T H, B R 0 W N & C 0., L 1 M 1 T E D, 

METRIC UNITS AND BRITISH 
EQUIV ALENTS. 

8IGNIFIOANCE OF PREFIXES. 

= 1000 
= 100 

10 

deci 
centi 
milli 

CUBlC MEASURE. 

1 cubic m etre = 1,000,000 cm3 = 35 '32 cub , feet . 

= '1 
= '01 
= '001 

1 cubic centimetre = 0 '06103 cub. inches. 

1 litre = 

1 litre of water = 

CAPACITY. 

1000 cm3 = 0 '03532 cub , feet. 
= 0'2201 gallons , 

1 k.θ= 2'205 lbs , 

WEIGHT. 

1 Tonne = 1000 kg = 0侃43 ton , 

1 Kilogramme = 1000 gms = 2 '205 lbs , 

1 gramme = 0 '03527 oz. 

EQUIV ALE~TS OF MOMENTS OF INERTIA AND 
SECTION MODULI. 

Momen~ of Inertia in iDCh units = '02403 x Moment of Inertia in cm units , 

" " " cm units =41咀98 x " " "inch units. 
Modulus of Section in iDCh units = '06103 x Modulus 0 1: Section in cm units , 

.. .. " cm units = 16'3860 x " .. "inch units , 
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R E D P A T H, B R 0 W N & C 0" L 1 M 1 T E D , RED P AT H, ' BR OW N & C 0., LIMI T E D. 

EQUIVALENTS OF FEET AND' INGHES EQUIVALENTS OF FEET AND INCHES 
IN MILLIMETRES. IN MILLIMETRES. 

』♂cc也 0 " 1" 2" 3" 4 " , 5" 6 " 7 " 8 " 9" 10" 11" F凹b

。 25 生 50'8 76'2 102 127 
1 305 330 356 381 406 432 
z 610 635 660 686 711 737 
s 914 940 965 991 1016 1041 
4 1219 1245 1270 1295 1321 1346 

152 178 203 229 25垒 279 。
457 483 508 533 559 58全 1 
762 787 813 838 864 889 z 

1067 1ω2 1118 1143 1168 1194 3 
1372 1397 1422 1448 '、 1473 1.499 4 

5 1524 1549 1575 1600 1626 1651 
8 1829 1854 1880 1905 1930 1956 
7 2134 2159 2184 2210 2235 2261 
8 2438 2484 2489 2515 2540 2565 
9 2743 2769 2794 2819 2845 2870 

1676 • 1702 1727 1753 1778 , 1803 5 
1981 2007 2032 2057 2083 2108 6 
2286 2311 2337 2362 2388 2413 7 

, 2591 2616 2642 2667 2692 2718 8 
2896 2921 2946 2972 2997 3023 9 

. 
10 3048 3073 3099 3124 3150 3175 
11 3353 3378 3404 3429 3454 3480 
12 3658 3683 3708 3734 3759 3785 
13 3962 3988 4013 4039 4064 4089 
14 42日57 4293 4318 4343 4369 4394 

3200 3226 3251 3217 3302 3327 10 
3505 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 

15 4572 4597 4623 4648 4674 4699 
16 4877 4902 4928 4953 4978 5004 
17 5182 5207 5232 5258 5283 5309 
18 5486 5512 5537 5563 5588 561~ 
19 5791 5817 5842 5867 5893 5918 

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 

20 6096 6121 6147 6172 6198 6223 
21 6401 6<26 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 

62-18 6274 6299 6325 6350 6375 20 
6553 6579 6604 6629 6655 6680 21 
6858 6883 6909 6934 6960 6985 22 
ï163 7188 7214 7239 7264 7290 23 
7467 7493 7518 7545 7569 7594 24 

25 7620 7645 7671 7696 7722 7747 
26 7925 7950 7975 8001 8026 8052 
27 8230 8255 8280 8306 8331 8357 
28 8534 8559 8585 8610 8636 8661 
29 8839 8864 8890 8915 8941 8966 

7772 7798 7823 7849 7874 7899 25 
8077 8102 8128 8153 8179 8204 26 
8382 8847012 7 8433 8458 8484 8509 27 
8686 8737 8763 8788 8814 28 
8991 9017 9042 9068 9093 9118 29 

30 9144 fE941764 9 9195 9220 9246 9271 
31 9449 9500 9525 95"1 95亏6
32 9753 9778 9804 9829 9855 9880 
33 10058 10083 10109 10134 10160 10185 
34 10363 10388 10414 10439 10465 1ω90 

9296 9322 9347 9373 9398 9423 30 
0601 9627 9652 9677 • 9703 9728 31 
9905 9931 9956 9982 10007 1日 032 32 

10210 10236 10261 10287 10312 10337 33 
10515 10541 10566 10592 10617 10642 34 

35 10668 10693 10719 10744 10770 10795 
l6 10973 10998 11024 11049 11074 11100 
37 11277 11302 11328 11353 11379 1140占
38 11582 11607 11633 11658 11684 117ω 
39 11887 11912 11938 11963 11989 12014 

10820 10846 10871 10896 10922 10947 35 
11125 11151 11176 11201 11227 11252 36 
11429 11455 11480 11506 11531 11556 37 
1173县 11760 11785 11811 11836 11861 38 
12030 12065 12ω。 12116 12141 12166 39 

40 feet ~ 12192 mlllimetres 40 fee也 ~ 12192 mlllimetres. 
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R E D P A T H , B R 0 W N & 0 0., L 1 M 1 T E D. RÊ'DPAT.H, BROWN & 00., L'IMITED. 

EQUIVALENTS OF INCHES IN MILLIMETRES. EQUIV ALENTS OF INCHES IN MILLIMETRES. 
Rising by 32nds of an inch to 13 inches. Rising by 32nds of an inch to 13 inches . 

、J

lnches 。 τ飞E 11古 -l.雪 t 告宣 -f1I 古

。 '794 1'587 2'381 3'175 3'969 4'762 5'556 

, 
士 ~Q1: f蕃 技 t H 古拉 I~

一
6'350 7"144 7'937 8'731 9:525 10'319 11'112 I 11'906 i 0 

1 25"400 26'193 26'987 27'781 28'574 29'368 30'162 30'956 31 '749 32'543 33'337 34"131 34'924 35'718 36'512 37'3ω 1 

2 50'799 51"593 52'387 53'180 53'974 54'768 55'561 56'355 57'149 57'943 58'736 59'530 60'324 61'118 61'911 62'705 2 

3 76'199 76'992 77"786 78'580 79'374 80'167 80'961 81'755 82'549 83'342 84'136 84'930 85'723 86'517 87"311 88'105 s 

4 101'60 102'39 103'19 ! 103'98 104'77 105'57 106'36 1Oi"15 107'95 108'74 1日 9'54 110'33 11H2 111'92 112'71 113'50 4 

5 127'00 127"79 130'17 130'97 131'76 132'55 133'35 134'14 134'94 135'73 136'52 137'32 138'11 138'90 5 

6 152'40 153'19 153'98 154'78 155'57 156'37 157'16 157'95 158'75 159'54 160'33 161'13 161'92 162'72 I 163'51 164'30 6 
‘民

7 177'80 178'59 179'38 180'18 180'97 181'76 182'56 183'35 18集 15 18品 94 185'73 186'53 187'32 188'11 188'91 189'70 7 

s 203'20 203'09 204'78 205'58 206'37 207'16 207'96 208'75 209'55 210'34 211'13 2'1.1 '93 212'12 213'51 214'31 215'10 8 

9 228'60 229'39 230'18 230.98 231'77 232'56 233'36 234'15 234'95 235'74 236'53 237'33 238'12 238'91 239'71 240'50 9 

10 254'00 254'79 255'58 256'38 257'17 2"57 '96 258'76 259'55 260'35 261'14 261'93 262'73 263'52 264'31 265'11 265'90 10 

11 279'39 280'19 280'98 281'78 282'57 283'36 284"16 284'95 285'74 286'54 287'33 288'13 288'92 289'71 290'51 291'30 11 

12 切1'79 I 阳9 306'38 307"18 307'97 308'76 309ι56 310'35 311'14 311'94 312'73 313'53 314'32 315'11 315'91 316'70 12 

lnches. 去 tt 击 13 t H t~ 言§ t 拉 H t§ t -J~ H it lnches 

一 一
。 12'700 13"494 14'287 15'081 15'875 16'668 17"462 18'265 19'050 19'843 20'637 21"431 22'225 23'018 23'812 24'606 。

1 38'099 38'893 39'687 40'481 41'274 42'ω8 42'862 43'655 44'<<9 45'243 46'037 46'830 47'624 48'418 49'212 50'005 1 

2 63"499 64'293 65'086 65'880 66'674 67"468 68'261 69 '055 69'849 70'642 71'生36 72'230 73'024 73'817 74'611 75'405 2 

3 88'898 89'632 90'486 91'2日。 92'073 92'867 93'661 94"455 95'248 96'0!2 96'836 97'629 98'423 99'217 100'01 100'80 3 

4 114'30 115'09 115'89 116'68 117"47 118.27 119'06 119'85 120'65 121'<< 122'24 123'03 123'82 124'62 125'41 126'20 4 

5 139'70 140'49 141'28 142'08 142'87 143'67 144'46 145'25 146'05 146'84 147'63 148'43 149'22 150'02 150'81 151'60 5 

6 165'10 165'89 166'68 167'48 168.27 169'07 169'86 lïO'6á 171吐5 172'24 173'03 173'83 174'62 175'42 176'21 177"00 6 

7 190'50 191-29 192'08 192'88 193'67 194"47 195'26 196'05 196'85 197'64 198'43 199'23 200'02 200'82 201'61 202"40 7 

s 215'90 216'69 217'48 218'28 219'07 219'87 220'66 221'45 222'25 223'04 223'83 224'63 225'42 226'21 227'01 227'80 8 

9 Z皇1'30 242'09 242'88 243'68 244"47 245'26 246'0陆 246'85 辛17"65 248'<< 249'23 250'03 250'82 251'61 252"41 253'20 ' 
10 . 266'70 267"49 268'28 269'08 269'87 270'66 271'46 272'25 273'05 273'84 274'63 275"43 276'22 277'01 277'61 278'60 10 

11 292'10 292'89 293'68 29甚'48 295'27 296'06 296'86 . 29ï'6& 298'<< 293'24 300'03 300'83 301'62 30~'41 303'21 304'00 11 

12 31 ï-49 318'29 319'08 319'88 320'67 321'46 322'26 323'C5 323'84 324'64 325'43 326'23 327'02 327'81 328'61 329'40 12 

13 inches ~ 330'19 millimetres. 13 inches~330'19 millimetres. 
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R E D P A T H, B R 0 W N & C 0 " L 1 M 1 T E D, 
R E D P A T H, B R 0 W N & C 0.. L 1 M 1 T E D, 

EQUIVALENTS OF MILLIMETRES IN INCHES. EQUIVALENTS OF MILLIMETRES IN INCHES. 

MilI i- lnches MilI i- I llche, Milli- Inches Milli- Inches MilIi- Inches metr田 metres 皿etres 皿etres metres 

卫ill i - lnches E日lli- Tnches M且li- Inches MilIi- Inches l\1illi- Inches I1 rnetres 口letres metres metres metl'es 

一 -
一 -

1 '039 51 2'008 101 3'976 151 5'945 201 7'913 
2 '079 52 2'047 102 4'016 152 5'984 202 7'953 
3 '118 53 2'087 103 4'055 153 6'024 203 7'992 
4 '157 54 2'126 104 4'ω5 154 6'063 204 8'032 
5 '197 55 2'165 105 4'134 155 6'102 205 8'071 

9'882 301 11'850 351 13'819 401 15.788 451 17.ï 56 
252 9'921 302 11'890 352 13'858 钊Z 15'827 452 17'795 

。'961 303 ll'929 353 13'898 403 15'866 453 17'835 
254 10'000 304 Il '969 354 13'937 404 15'906 454 17'874 
255 10'039 305 12'008 a臼 13'977 405 15'945 455 17'914 

6 '236 56 2'205 106 4'173 156 6'142 206 8'110 
7 '276 57 2'244 107 4'213 157 6'181 207 8'150 
8 '315 58 2'283 108 4'252 158 6'221 208 8'189 
9 '354 59 2'323 109 4'291 159 6'260 209 8'228 

10 394 60 2'362 110 4'331 160 6'299 210 8'268 

10'079 306 12'047 356 14'016 4ω 15'984 456 17'953 
lO'1l8 307 12'087 357 14'055 ωq 16'024 457 17'992 
10'158 308 12'126 358 14'095 408 16'063 458 18'032 

259 10'107 309 12'165 359 14'134 409 16'103 459 18'071 
260 10'236 310 12'205 360 14'173 410 16'142 460 18'llO 

11 433 61 2'402 111 4'370 161 6'339 211 8'307 
12 472 62 2'441 112 4'409 162 6'378 212 8'347 
13 '512 63 2'480 113 4'449 163 6'417 213 8'386 
14 551 64 2'520 114 4'488 164 6'457 214 8'425 
15 '591 65 2.559 115 4'528 16吕 6'496 215 8'465 

261 10'276 311 12'244 411 16'181 461 18'150 
10'315 312 12'284 362 1 14'252 412 16'221 462 18'189 
10'35占 313 12'323 363 1 14' 291 413 16'260 463 18'229 
10'394 314 12'362 364 1 14'331 414 16'299 464 18'268 
10'433 315 12'402 365 14'370 415 16'339 465 18'307 

16 '630 66 2'508 116 4'567 166 6'535 216 8'504 
17 669 67 2'638 117 4'606 167 6'575 217 8'543 
18 '709 68 2'677 118 4'646 168 6'614 218 8'583 
19 '748 69 2'ïl7 119 4'685 169 6'654 219 8'622 
20 787 70 2'756 120 4'724 170 6'693 220 8'661 

21 827 71 2'795 121 4'764 171 6'732 221 8'701 

10'473 316 12'441 366 14'410 416 16'378 466 18'347 
10'512 317 12'480 367 14'449 417 16'417 467 18'386 

11 ~~ 10'551 318 12'520 368 14'488 418 16'457 468 18'425 
10'591 319 12'559 369 14'528 419 16'496 469 18'465 !I 2:;Õ 10'630 320 12'599 370 14'567 420 16'536 4,70 18'504 

11 271 10'669 321 12'638 371 14'606 421 16'575 471 18'M~ '[ 272 10'709 322 12'677 372 14'646 组Z 16'614 472 18'583 
22 '866 72 2'835 122 4'803 172 6'772 222 8'740 273 10'748 323 12'717 373 14'685 423 16'654 473 18'622 
23 906 73 2'874 123 4'843 173 6'811 223 8'780 274 10'787 324 12'756 374 14'725 424 16'693 474 18'662 
24, 945 74 2'913 124 4'882 174 6'850 224 8'819 10'827 325 12'795 375 14'764 425 16'732 475 18'701 
25 '984 75 2'953 125 4'921 175 6'890 225 8'858 

26 1'024 76 2'992 126 4'961 176 6'929 226 8'898 
10'866 326 12'835 376 14'803 426 16'772 476 18'740 

277 10'906 327 12'874 377 14'843 427 16'811 477 18'780 
27 1'063 77 3'032 127 5'000 177 6'969 227 8'937 
28 1'102 78 3'071 128 5'039 178 7'008 228 8'976 
29 1'1县2 79 3'110 129 5'079 179 7'047 229 9'016 
30 1'181 80 3'150 130 5'1l8 180 7'087 230 9'055 

278 10'945 328 12'913 378 14'882 428 16'851 478 18'819 
279 10'984 329 12'953 379 14'921 429 16'8晴。 479 18'858 
280 11'024 330 12'992 380 14'961 420 16'929 480 18'898 

31 1'220 81 3'189 131 5'158 181 7'126 231 9'095 
281 11'063 331 13'032 381 15'000 431 16'969 481 18'937 
282 11'102 332 13'071 382 15'040 432 17'008 482 18'97, 

32 1'260 82 3'228 132 5'197 182 7'165 232 9'134 
33 1'299 83 3'268 133 5'236 183 7'205 233 9'173 
34 1'339 84 3'307 134 5'276 184 7'244 234 9'213 

283 11'142 333 13'110 383 15'079 433 17'047 483 19'016 
284 1l'181 334 13'150 384 15'118 434 17'087 484 19.055 
285 ll'221 335 13'189 385 15'158 435 17'126 485 19'095 

35 1'378 85 3'346 135 5'315 185 7'284 235 9'252 

36 1'417 86 3'386 136 5'354 186 7'323 236 9'291 
286 11' 260 338 13'228 386 15'197 436 17'166 486 19'134 
287 11'299 337 13'268 387 15'236 437 17'205 487 19'173 

37 1'457 87 3'425 137 5'394 187 7-362 237 9'331 288 11'339 部S 13'307 388 15'276 438 17244 488 19'213 
38 1'496 88 3"465 138 5'433 188 7'402 238 9'370 289 11'378 339 13 '347 389 15'315 439 17'284 489 19'252 
39 1'535 89 3'504 139 5'472 189 7'441 239 9'410 2创 11'417 340 13'386 390 15'354 钊0 17'323 4创 19'292 
40 1'575 90 3'543 140 5.512 190 7'480 240 9'449 

291 11'457 341 13'425 391 15'394 441 17'362 491 19'331 
41 1 '614 91 3'583 141 5'551 191 7'520 241 9'488 292 11"496 342 13'465 392 15'433 442 17'402 492 19'370 
42 1'654 92 3'622 142 5'591 192 7'559 242 9'528 293 11'536 343 13'504 393 15'473 443 17'441 493 19'410 
43 1'6臼3 93 3'661 143 5'630 193 7'598 243 9'567 
44 1'732 94 3'701 144 5'669 194 7-638 244 9'606 
45 1'772 95 3'740 145 5'709 195 7'677 245 9 创6

294 11'575 344 13'543 394 15'512 444 17'480 494 19'449 
295 11'614 345 13'583 395 15'551 445 17'520 495 19'488 

46 1'811 96 3'780 146 5'748 196 7'717 248 9'685 
47 1'850 97 3'819 147 5"ï87 197 7'756 247 9'724 
48 1'890 98 3'858 148 5'827 198 7'795 248 9'764 
49 1'929 99 3'898 149 5'866 199 7'835 249 9'803 
50 1'\)69 100 3'937 150 , 5'9日6 200 7'874 250 9'8甚3

2锄 11'654 346 13'622 396 15'591 44a 17'559 496 19'528 
297 11'693 347 13'662 397 15'C:;0 447 17'599 497 19'567 
298 11'732 348 13'701 898 15'669 448 17'638 498 19'606 
299 11'772 349 13'740 S锦 15'709 449 17'677 499 19'646 
凶。 ll'811 350 13'780 400 15'748 450 17'717 500 19'685 

490 
1、 491 
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一→一

EQUIVAl,ENTS OF MILLIMETRES IN INCHES. EQUIVALENTS OF MILLIMETRES IN INCHES. 

ll:Iilli- lnches Milli- Inches ~\Iilli- Int hes h且11;- l nches ll:IiI1i- IuchC's metres metres metres me也res metres mEIeitIrlle-s Inches ~lilli- lnchcs 口B3Eebllrie-s Inches l，;t;.~S I Inches I ~~;:es I Inches metres 

一一
二

-一
501 19'72" 551 21'693 601 23'662 651 25'630 701 27'599 
502 19'764 552 21'732 602 23'701 652 25-670 702 27'638 
503 19'803 553 21'772 603 23'740 653 25'709 703 27'6i7 
5例 19'843 554 21'811 604 23'780 654 25'748 704 27'71í 
505 19'882 555 21'851 605 23'819 655 25'788 705 27'756 

751 I 29'567 I 801 I 31'536 851 I 33'504 901 35'473 951 I 3i'441 
752 I 29'607 I 802 I 31'575 852 I 33'544 902 35'512 952 I 37'481 

853 I 33'583 903 35'552 953 I 3,'520 
754 I 29'685 I 804 I 31'654 854 I 33'622 904 35'591 954 I 37'559 
755 I 29'725 I 805 I 31'693 855 I 33'662 905 35'630 955 I 37'599 

506 19'921 556 21'890 606 23'858 656 25'827 706 27'796 
507 19'961 557 21'929 607 23'898 657 25'866 707 27'835 
508 20'000 558 21'969 608 23'937 658 25'906 708 27'874 
509 20'040 559 22'008 609 23'977 659 25'945 709 27'914 
510 20'079 560 22'0生7 610 24'016 660 25'984 710 27'953 

756 29'764 806 31'733 856 33'701 906 35'670 956 37'638 
757 29'803 807 31'772 857 33'740 907 35'709 957 37'677 
758 29'843 808 31'811 858 33'780 908 35'748 958 37'717 
759 29'882 809 31'851 859 33'819 909 35'788 959 37'756 
760 29'922 810 31'890 860 33'859 910 35'827 960 37'796 

511 20'118 561 22'087 611 24'055 661 26'024 711 27'992 
$5112 3 20'168 562 22'126 612 24'口95 662 26'063 712 28'032 

20'197 563 22'166 613 24'134 663 26'103 713 28'071 
514 20'236 584 22'205 614- 24'173 664 26'142 714 28'110 
515 20'276 565 22'244 615 24'213 665 26'181 715 28'150 

761 29'961 811 31'929 861 33'898 911 35'866 961 37'835 
762 30'000 812 31'969 862 33'937 912 35'906 962 37'874 
763 30'040 813 32'008 863 33'977 913 35'945 963 37'914 
764 30'079 814 32'048 864 34'016 914 35'985 964 37'953 
765 30'118 815 32'087 865 34'055 915 36'024 965 37'992 

516 20'315 566 22'284 616 24'252 666 26'221 716 28'189 
517 20'355 567 22'323 617 24'292 667 26'260 717 28'229 
518 20'394 568 22'362 618 24'331 668 26'299 718 28'268 
519 20-433 56~ 22'402 619 24'370 669 26'339 719 28'307 
520 20'丢73 570 22"441 620 24"410 670 26'378 720 28'347 

766 30'158 816 32'126 -866 34'095 916 36'063 966 38'032 
767 30'197 817 32'166 867 34'134 917 36'103 967 38'071 
768 30'236 818 32'205 868 34'174 918 36'142 968 38'll1 
769 30'276 819 32'244 869 34'213 919 36'181 969 38'150 
770 30'315 820 32ι284 870 34'252 920 36'221 970 38'189 

521 20'512 571 22'481 621 24"449 671 26'418 721 28'386 
522 20'551 572 22'520 622 24"488 672 26'457 722 28'425 
523 20'591 573 22'559 623 24'528 673 26'496 723 28'465 
524 20'630 574 22'599 624 24'567 674 26'536 724 28'5ω 
525 20'669 575 22'638 625 24'607 675 26'575 725 28'544 

771 30'355 821 32'323 871 34'292 921 36'260 971 38'229 
772 30'394 822 32'362 872 34'331 922 36'300 972 38'268 
773 30 甚33 823 32'402 873 34'370 923 36'339 973 38'307 
774 30'473 824 32'441 874 34'组。 924 36'378 974 38'347 
775 30'512 825 32'481 875 34'449 925 36'418 975 38'386 

526 20'709 576 22'677 626 24'646 676 26ι614 726 28'583 
527 20'748 577 22'717 627 24'685 电m 26'654 727 28'622 
528 20'788 578 22'756 628 24'725 678 26'693 728 28'662 
529 20'827 579 22'795 629 23'764 679 26'733 729 28'701 
530 20'866 580 22'835 , 630 24'803 680 26'772 730 28'740 

776 30'551 826 32'520 876 34'488 926 35'457 976 38'426 
777 30'591 827 32'559 877 34'528 927 36'496 977 38'465 
778 30'630 828 32'599 878 34'567 928 36'536 978 38'504 
779 30'670 829 32'638 879 34'607 929 36'575 979 38'544 
780 30'709 830 32'677 880 34'646 930 36'615 980 38'583 

531 20'906 581 22'874 631 24'843 681 26'8ll 731 28'780 
532 20'945 582 22'914 632 24'882 682 26'851 732 28'819 
533 20'984 583 22'953 633 24'921 683 26'890 733 28'859 
534 21'024 584 22'992 634 24'961 684 26'929 734 28ω8 
_535 21'063 585 23'032 635 25'000 685 26'969 735 28'937 

781 30'748 831 32'717 881 34'685 931 36'654 981 38'622 
782 30'788 832 32'756 882 34'725 932 36'693 982 38'662 
783 30'827 833 32'796 883 34'764 933 36'733 983 38'701 
784 30'866 834 32'835 884 34'803 934 36'772 984 38'741 
785 30'906 835 32'874 885 34'843 935 36'811 985 38'780 

536 2l'l03 586 23'071 636 25'040 686 2.7'008 736 28'977 
537 21'142 587 23'110 637 25'079 687 27'047 737 29'016 
538 21'181 588 23'150 638 25'118 688 27'087 738 29'055 
539 21'221 589 , 23'189 639 25'158 689 27'126 739 29ω5 
540 21'260 590 23'229 640 25'197 690 27'166 7ω 29'134 

786 30'945 836 32'914 886 34'882 936 36'851 986 38'819 
787 30'985 837 32'953 887 34'922 937 36'800 987 38'859 
788 31'024 838 32'992 888 34'961 938 36'929 988 38'898 
789 31'063 839 33'032 889 35'000 939 36'969 989 38'937 
790 3l'103 840 33'071 890 35'040 940 37'008 990 38'977 

541 21'299 591 23'268 641 25'236 691 27'205 741 ~?'!?~ I 
542 21'339 592 23'307 642 25'276 692 27'244 742 29'213 
543 21'378 593 23'347 643 25'315 693 27'284 743 29'252 I 
544 21'418 594 23'386 644 25'355 694 27'323 744 29'292 
545 21'457 595 23'425 645 25'394 695 27'362 745 29'331 

791 31'142 841 33'l11 891 35'079 941 37'048 991 39'016 
792 3l'181 842 33'150 892 35'118 942 37'087 992 39'055 
793 31'221 843 33'189 893 35'158 943 37'126 993 39'095 
794 31'260 844 33'229 894 35'197 944 37'166 994 39'134 
795 31'299 845 33'268 895 35'237 945 37'205 995 39'174 

546 21'496 596 23'464 646 2号 433 696 27'402 746 29'370 
547 21'536 597 23'503 647 25'473 697 27'441 747 29'00 
548 21'575 598 23'543 648 25'512 698 27'481 748 29 岛"
549 21'614 599 23'582 649 25'551 699 27'520 749 29'488 
550 21'654 600 23'622 650 25'591 700 27'559 750 29'528 

796 31'339 846 33'307 896 35'276 946 37'24-1 996 30'213 
797 31'378 847 33'347 897 35'315 947 37'2&! 997 39'252 
798 31'咀8 848 33'386 898 35'355 948 37'323 998 39'292 
799 31'457 849 33'425 899 35'30品 949 37'363 999 39'331 
s∞ 31'496 850 33'-16& 900 35'43~ 950 37'生02 1000 3~'370 

492 493 
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EQUIVALENTS OF FEET IN METRES. EQUIVALENTS OF METRES IN FEET. 

1 Foot= '3048 01 1 MetJ'e 1 Metl'e = 3'2809 Feet, 

Feet '0 l '2 '3 '4 '0 6 I 7 8 '9 Metres '0 1 '2 3 '4 5 '6 '7 ! '8 '9 
二二

1 '3048 。 3353 '3657 3962 4267 4572 4877 '5181 5486 5791 
2 '6096 6401 6705 7010 7316 '7620 'ï925 '8229 '8534 '8839 
3 9144 9449 9753 1'0058 1'0363 1'0668 1'0973 1'1277 1'1582 1'1887 
4 1'2192 1'2407 1'2801 1'3106 1'3411 1'3716 1'4020 1'4325 1'4630 1'4935 
5 1'5240 1'5544 1'5849 1'615去 1'6459 1'6764 1'7068 1'7373 1'7678 1'7983 

1 3'28ω 3'6090 3'9371 4'2652 4'5933 4'9213 5'2494 。'5775 5'9056 6'2337 2 6'5618 6'8899 7'2180 7'5461 7'8742 8'2022 8'5303 8 '8584 9'1865 9 ' 51盈6
3 9'8427 10'1708 10'4989 10'8270 11'1551 11'4831 11'8112 12'1393 12'4674 12'7955 
4 13'1236 13'4517 13'7798 14'1079 14'4360 14'7640 15'0921 15'4202 15'7483 16'0764 
5 16'4045 16'7326 17'0607 17'3888 17'7169 18'0449 18'3730 18'7011 19'0292 19'3573 

8 1'8288 1'8592 1'8897 1'9202 1'9507 1'9812 2'0116 2'0421 2'0726 2'1031 
7 2'13:16 2'1640 2'1945 2'2250 2'2555 2'2860 2'3164 2'3469 2'3774 2'4079 
8 2'4384 2'4688 2'4993 2'5907 2'6212 2'6517 2'6822 2'il2ï 
9 2'7431 2'7736 2'8041 2'8346 1 2'8651 2'8955 2'9260 2'9565 2'9870 3'Olï5 

10 :3'0圣79 3'0784 3'1089 3 ' 139也 3'1699 3'2003 3'2308 3'2613 3'2918 3'3223 

6 19'6854 20'0135 20'3416 20'6697 20'9978 21'3258 21'6539 21'9820 22'3101 22'6382 
7 22'9663 23'2944 23'6225 23'9506 24'2787 24'8067 24'9348 25'2629 25'5910 25'9191 
s 26'2472 26'5753 26'9034 27'2315 27'5596 27'8876 28'2157 28'5438 28'8719 29'2000 
9 29'5281 29'8562 30'1843 30'5124 30'8405 31'1685 31'4966 31'8247 32'1528 32'4809 

10 32'8090 33'1371 33'4652 33'7933 34'1213 34'4494 3岳'777ñ 35'1056 35'4337 35'7618 

. EQUIV A'LENT OF SQUARE INCHES IN EQUIVALENTS OF SQUARE CENTIMETRES IN 

f SQUARE CENTIMETRES. SQUARE INCHES. 

1 Square Inch=6'4514 Square CentimetJ'es 1 S(jl1'l'e Celltimetre = '15ñO 01 1 S(jl1are Inch , 

吕Iqnucharees 。 I 2 I '3 7 '8 9 Cent imetres '2 '3 '4 5 ' 6 '7 8 町9

1 6'451 7'096 7'7生2 8'387 9'032 9'677 10'322 10'967 11 '612 11Z8-27ω~I I 2 12'903 13'548 14'193 14'838 15 '483 16'128 16'774 17'419 18'064 
3 19'354 19'999 20'644 21'289 21'935 22'580 23'225 23'870 24'515 25'160 
4 25'805 26'451 27'096 27'741 28'386 29'031 29'676 30'321 30'967 31'612 
5 32'257 82'902 33'547 34'192 34'837 35'482 36'128 36'773 37'418 38'063 

1 1550 1705 '1860 '2015 '2170 2325 。 2480 2835 2790 '29丢5z 3100 3255 '3410 3565 '3720 3875 '4030 '4185 4340 4495 
3 '4650 4805 '4960 5115 '5270 5425 '5580 '5735 5890 6045 
4 6200 6355 。 6510 6665 6820 6975 '7130 '7285 '7440 '7595 
5 7750 '7905 '8060 8215 '吕370 '8525 8880 8835 8990 '9145 

6 38'708 39'353 39'998 40'644 41'289 41'934 42'579 43'224 43'869 44'514 
7 45'160 45'805 46'450 47'095 47'740 48'385 49'030 49'675 50'321 50'966 
8 51'611 52'256 52'901 53'546 54'l91 54'837 55'482 56'127 56'772 57'417 
9 58'062 58'707 59'353 59'998 60'643 61'288 61'933 62'578 63'223 63'868 

10 64'514 65'159 65'804 66'449 67 '094 67'739 68'384 69'030 69'675 70'320 

6 '9300 '9455 '9610 9765 '9920 1'0075 1'0230 1'0385 1'0540 1'0695 
7 1'0850 1'1005 1'1160 1'1315 1'1470 1'1625 1'1780 1'1935 1'2090 1'2245 
8 1'2400 1'2555 1'2710 1'2865 1'3020 1'3175 1'3330 1'3485 1'3640 1'3795 
9 1'3950 1'4105 1'4260 1'4416 1'4571 1'4726 1'4881 1'5036 1'5191 1'5346 

10 1'5501 1'5656 1'5811 1'5986 1'6121 1'6276 1'6431 1'6586 1'6741 1'6898 

EQUIVALENTS OF SQUARE FEET IN SQUARE 岛!lETRES. EQUIVALENTS OF SQUARE METRES IN SQUARE FEET. 

1 SquaJ'e Foot= '0929 01 1 Square Metre 1 Square Metre=10'7643 Square Feet 

SqFuenab re o I ' 1 '2 I '3 '7 '8 9 
Souare 
Met,res '3 I '4 '5 6 '7 '8 9 

一一
二二

1 '0929 1 '1022 1115 1 '1208 '1301 1 '1393 1 '1486 1579 '1672 1765 
2 '1858 1951 '2044 '2137 。 2230 2322 '2415 2508 '2601 2694 
3 去787 2880 '2973 '3066 。 3159 '3251 3344 3437 '3530 '3623 
4 3716 3809 ω3902 '3995 '4088 4180 4273 '4366 '4459 ·丢5!\2

5 斗645 去738 4831 4924 '5017 510防 '5202 '5295 '5388 5481 

1 10'764 11'841 12'917 13'994 15'070 16'146 17'223 18'299 J9'376 20'452 
2 2l'529 22'605 23'681 24'758 25'834 26'911 27'987 29'064 30'140 31'216 
3 32'293 33'369 34'446 35'522 36'599 37'675 38、，751 39'828 40'904 组'981
4 43'057 44'134 45'210 46'286 47'363 48'439 49'516 50'592 51'669 52'745 
5 53'821 54'808 55'974 57'051 58'127 59'204 60'280 61'356 62'433 63'509 

自 5574 5667 5760 5853 5946 8038 6131 6224 6317 'ijHU 
7 '6503 '6596 '6689 '6782 '6875 '8967 '7060 '7153 7246 '7339 
自 自 7432 '7525 '7618 '7711 '7804 '7896 '7989 8082 8175 '8268 
9 。 8361 '8451 '8517 '8640 '8733 '8825 '8918 '9011 '9104 9197 

10 9290 '9383 9476 '9569 9662 '9754 '9847 9940 1'0033 1'0120 

6 64'ó8H 65'662 66'739 ti7'815 68'且由2 89'968 7l'044 72'121 73'197 74'27公
7 75'350 76'427 77'503 78'579 79ι656 80'732 81'809 82'885 83'962 85'038 
8 88'114 87'191 88'267 89'344 90'4~0 91'497 92'573 93'649 94'726 95'802 

' 96'879 97'955 99'032 100'108 101'184 102'261 103'337 J04'414 105'490 106'567 
10 107'643 108'719 109'796 110'872 111'949 113'025 114'102 115'178 116'254 1J7'331 

494 495 
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EQUIVALENTS OF POUNDS IN KILOGRAMMES. EQUIVALENTS OF KILOGRAMMES IN POUNDS. 

1 Pound ~ '45359 01 1 Kilograrume. 1K丑ogramme~ 2'2046 POU l1ds , 

Pounds '0 '1 2 '3 '4 。 '6 7 '8 9 Kilogrammes 。
ry 3 4 。 6 7 8 9 

一 一二

1 4536 '4989 8生43 '5897 6350 '680占 7257 '7711 '8165 
11-·8376619518 0 4 

2 9072 '9525 9979 1'0433 1'0886 1'1340 1'1793 1'2247 1'2701 
3 1'3608 1'4061 1'4515 1'4969 1'5422 1'5876 1'6329 1'6783 1'7236 
4 1"8144 1'8597 1'9051 1'950主 1'9958 2'0412 2'0865 2'1319 2'1772 2'2226 6 ~ I ~I~ I ~ I ~I~ I ~I~I~I~ 

6 2'7216 I 2唰叫 2'8崎…明 S咽1 I 3'嗣 M蛐 1
7 3'1751 I 3'2205 I 3 ' 2旧 3'3山 3'3566 I 3ω19 I 3 组73 I 3"4927 I 3'5削3"5叫
8 3·62873674137195376483-81023B5553900939463399164004993赳7002 6 9 4'0823 I 4"1277 I 4'1730 I 4'2184 I 4'2638 I 4'3091 I 4"35韭5 I 4'3998 I 4'4452 I 4 

10 4'5山5臼邸3衍岳访o I 4 ' 5叫叩叫5拇蚓阳813 I 4'6叩叫叫6但m跚2纺跚6创6 I 4'6阳 4'71η7174 

1 2'2046 2'4251 2'6占55 2'8660 3'0865 3 ' 306回 3'52ï4 3'7479 3'9683 4'1888 

2 4'4092 生6297 4'8502 5'0706 5'2911 5'5116 5'7320 5'9525 6'1729 6'3934 

3 6'6139 6'8343 7'0548 7'2752 7'4957 7'7162 7'9366 8'1571 8'3776 8'5980 

4 8'8185 9'0389 9'2594 9'4,799 9'7003 9'9208 10'1413 10'3617 10'5822 10'8026 

5 11'0231 11'2436 11'4640 11'6845 11'9050 12'1254 12'3459 12'5663 12'7768 13'0073 

6 13'2277 13'4482 13'6687 13'8891 14'1ω6 14'3300 14'5505 14'7710 1生'9914 15'2119 

7 15'4323 15'6528 15'8733 16'0937 16'3142 16'53全7 16'7551 16'9756 17'1960 17'组65

8 17'6370 17'8574 18'0779 18 '298生 18'5188 18'7393 18'9597 19'1802 19'4007 19'6211 

9 19'8416 I 20'0621 I 20'28气却削 20'7如 20'9439 21'1644 21"3848 21'6053 21'8258 

10 22'0462 I 22'2667 I 22'4871 I 22'7076 I 22'9281 23'1485 23'3690 23'5894 23'8099 24'0304 

EQUIVALENTS OF POUNDS PER SQUARE INCH IN . 
KILOGRA1\哑MES PER SQUARE CENTIMETRE • 

EQUIVALENTS OF KILOGRA岛!lMES PER SQUARE 

CENTI1\哑ETRE IN P O UNDS PER SQUARE INCH. 

1 Pound per Square Inch ~ '07031 01 1 Kilogramme per Square Centi皿etre ， 1 Kilogramme per Square Ccntimet刊~ 14'2228 PO l1nds per Square 1nch 

Pouuds 。 1 '2 3 4 '5 6 7 8 
Eielor gSraqmuamre es 。 1 '2 '3 4 5 6 ' 7 8 9 

P CenMInerJre 
一 一一

一→

1 '0703 '0773 0844 '0914 0984 1055 1125 1195 1266 1336 2 '1406 1476 1547 1617 1687 '1758 1828 '1898 '1969 。 20393 '2109 2180 '2250 2320 '2390 '2461 2531 '2601 '2672 '2742 4 '2812 2883 '2953 3023 3094 '3164 3234 '3305 '3375 '3445 s '3515 '3586 3656 3726 3797 '3867 3937 '4008 '4078 4148 

1 14'223 15'645 17'067 18'490 19'912 21'334 22 '757 2生 179 25'601 27'023 

2 28'446 29'868 31'290 32'712 34'135 35'557 36'979 38'402 39'824 41'246 

3 42'668 44'091 45'513 46'935 48'358 49'780 51'202 52'624 54'047 55'469 

4 56'891 58'314 59'736 61'158 62'580 64'003 65'425 66'847 68'270 69'692 

5 71 '114 72'536 73'959 75'381 76'803 78'226 79 创8 81'070 82'492 83'915 

6 4219 '4289 '4359 '4429 '4500 '4570 '4640 4711 4781 '4851 7 4922 4992 '5062 '5133 '5203 5273 '5344 5414 5484 '5554, 8 '5625 '5695 '5765 '5836 '5906 '5976 '6047 6117 6187 '6258 9 6328 6398 6468 '6539 '6750 '6820 6890 6961 10 7031 7101 7172 'ï242 7312 I '7382 7453 7523 7593 '7664 

6 85'337 86'759 88'181 89'604' 91'026 92'448 93'871 9只'293 96'715 98'137 

7 99'560 1日 0'982 102'404 103'827 105'249 106'671 108'093 1vY'516 110'938 112'360 

B 113'783 115'205 116'627 118'049 119'472 120'894 122'316 123'739 125'161 126'583 

9 128'005 129'428 130'850 132'272 133'695 135'117 136'539 137'961 139'384 140'806 

10 142'228 143'650 145'073 146'495 147'917 149'340 150'762 152'184 153'606 155'029 

EQUIVALENTS OF POUNDS PER FOOT IN KILOGRAMMES EQUIVALENTS OF KILOGRAMMES PER METRE 

PER 1\哑ETRE. IN POUNDS PER FOOT. 

1 POIlI1C! P盯 l'oot ~ 1 '48819 ~ Kilogrammes per Metre 1K臼ogram皿e per Metre~ '67196 of 1 Pound per Foot , 

Pounds 
。 l '2 3 4 υ 庐， '6 '7 8 9 pcr Foot 

Milogrammes 。 l 守2 '3 '4 5 6 '7 ' 8 9 
per Metre 

一一一一二

1 1'4882 1'6370 1'7858 1'9346 2'0835 2'2323 2'3811 2'5立99 2-6787 2'8276 2 2'9764 3'1252 3'2740 3'4228 3'57f7 3'7205 3'8693 4'0181 4'1669 4'3158 3 4"4646 4'6134 会7622 4'9110 5'0599 5'2087 5'3575 5'5063 5'6551 5'8039 4 5'9528 6' 1.016 6'2504 6'3992 6'5480 6'6969 6'8457 6'9945 7'1433 7'2921 5 7'4410 7'5898 7'7386 7'8874 8'0362 8'1851 8'3339 8 '4827 8'6315 8'7803 

1 6720 7392 '8063 8735 9407 1'0079 1'0751 1'1423 1'2095 1'2767 

2 1'3439 1'4111 1"4783 1"5455 1'6127 1'6799 1'7471 1'8143 1'8815 1'9487 

3 2'0159 2'0831 2'1503 2'2175 2'2847 2'3518 2'4190 2"4862 2'5534 2'6206 

4 2'6878 2'7550 2'8222 2'8894 2-9566 3'0238 3'0910 3'1582 3'2254 3'2926 

6 3'3598 3'4270 3"4942 3'5614 3'6286 3"6958 3'7630 3'8302 3'8973 3'9645 

' 
6 8'9292 9'0780 9'2268 9'3756 9'5244 9'6732 9'8221 9'9709 10'1197 10'2685 7 10'4173 10'5662 10'7150 10'8638 11'0126 11 '1614 11'3103 11"4591 11'6079 11'7567 B 11'9055 12'0544 12'2032 12'3520 12'5008 12'6496 12'7984 12'9473 13'0961 13'2赳99 13'3937 13'5425 13'6914 13'8402 13'9890 14'1378 14'2866 14-43ó5 14'5843 ]4'1331 10 14'8819 15'0307 15 '1796 15'3284 15 '4772 15'6260 15'774吕 15'9237 16'0725 1日'::!~13

6 4'0317 4'口989 4"1661 会2333 4'3005 4'3677 4'4349 4'5021 4'5693 4'6365 

7 4'7037 4-7709 4'8381 4'9053 4'9725 5'0397 5'1069 5'1741 5'2341 5'3085 

8 5'3757 5'4428 5'5100 5'5772 5'6444 5'7116 5'7788 5'8460 5'9132 5'9804 

9 6'0476 6'1148 6'1820 6'2492 6'3164 6'3836 6"4508 6'5180 6'5852 6'6524 

10 6'7196 6'7868 6'8540 6'9212 6'9883 7'0555 7'1227 7'1899 7'2571 7"3243 
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A Steel Frame Building 
(B川ness Pren 
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A Steel Frame Building. 
(Faclory Pγemts曰. )
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APPENDIX 1. 

LONDON COUNTY COUNCIL BUILDING 

ACTS AMENDMENT. 
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London County Council (General Powers) 
Act, 1909. 

PART IV. 

ÁMENDMENT OF LONDON BUILDING ACTS. 

!?e6._nit!on.of 20. In this Par也 of this A的也he expression "the 
Ä~f~:~lpal princi pal Ac饵" means 出巳 London Building Acts 1894 

也o 1908. 

Int.!'rp!etati~n 21. Words and expressions used in this Part of 出.1 S
and effect of 
他i~ P~~tC~fAct. Act sha11 unless the context otherwise requires bear the 

meani丑gs assigned to 仁hem in the principal Ac也s and 
也hose Åcts and this P岛的 of this Act may be cited to­
geth巳r as the London Building Acts 1894 to 1909. 

For 也he purposes of this Part of this Act the expression 
" pi11乱r" sha11 ullless 。他erwise stated mean a metal 
pi11ar 缸ld sha11 i.nclude a11 colum卫s and stanchions or an 
assemblage of columns or sta丑chions properly riveted or 
bolted toge也.er and 也，he expression " girder " sha11 mean 
a metal girder or joist and 出e expression " tri.bunal of 
appeal" means the tribtmal of appeal as const.ituted 
by 也is Par也 of 也is Act. 

22 . Notwi也hstanding anything co丑tained in 也he

principal Acts requiring buildings to be enclosed with 
wa11s of the 仁hick丑esses and of 也he materials t,herein 
respe的ively described 此 shall be lawful to erec也 subj巳的

也o the provisions of this section buildings wherein the 
loads and 白esses are transmitωd through ea.ch storey 
to the fou且clations by a skeleton framework of metal or 
pa的1y by a skeleton framework of metal and par也ly by a 
party wall or party walls bu也 buildings so erected shall 
(subject to any exemp也ions contained i旦出e principal 
Acts or any of them) be subject to and comply w:ith all 
such provisions of the principal Acts or any of them and 

Provisions with 
respect to 
buildings of 
îron and steel 
ske1eton 
construction. 
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Londoη Gountγ Gouncil (Generα1 Powers) Act, 1909. 

:!_'!.v!~io~~ with fl.anges thereof and p1ates and a丑gles con-respect to 
. b~iídlñg.s: etc. nected therewi也h may be of any thickness not 

Iess than two inches : 

(5) Al1 pillars and girders (other than pillars and 
girders in the externa1 walls of a bu让ding) shall 
be protected from the 乱的ion of fire by being 
encased 切也he satisfaction of the district sur­
veyor and to a thick卫巳ss of 丑。也 1esB 也han two 
inches in brickwork terra-co的a co丑crete meta1 
1athi丑g and p1aster or cemen也 but the casing 
on 也he upp巳r surface of the upper 丑ange of all 
girders and on the 10wer surface of all sub­
sidiary joists may be of any thicknesB 卫ot 1esB 
than one inch. W ood firrings shall not be used 
in connexion with a丑y such casing. Provided 
that this subsection shall 丑的 app1y in the 
case of bui1dings of on1y one storey and no也
more 出阳也wen可-fìve feet in height : 

(6) Every girder shall be secured against buckling 
whenever the 1ength 0:1"" the girder exceeds 
thirty times 也e width of the compression 
h吨e and the web of every girder shall be 
secured agains也 buckling in every case in which 
the depth of the web exceeds sixty times the 
thickness thereof : 

(7) The span of a girder shall not exceed twenty-four 
times the depth of the girder un1ess 也e ca1-
cl由ted de fl.ection of such girder is 1ess than 
one four-hundredth par也 of the span: 

(8) Wherever two or more girders are aηanged a10吨­
side and close1y adjacent to one another and 
are intended to act t.ogether they shall be fìxed 
together by means of iron separators and bolts 

一
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London Gounty Gouncil (General Powers) Act, 1909. 

or py riveted dates or in any other 叩ally ;:.'!.".!~!o?: witb 
mcmt manner approved by the disMctSur-rstz;。

veyor. Separators or pIa阳 or 0出er memLLb 
actmg as 町arators shall not be placed a七二
dlstance apaMexceeding ave tlimes 也e depth 
of the girders 也o which they are at也ached and 
shall also be .Placed immediately over all 
upports and immediateIy under or at all 

concentrated loads : 

(9)AIl girders forsupporbing external walk shall be 
p1aced at the fl.oor level of a s切rey or at a dis­
tance of 丑的 more 也，han fìve feet above or beIow 
such fl.oor level : 

(10)Riveta shall be used in all cases where reasonably 
practicable but where bolts are UBed they Shan 
xtend through the fuIl thicImess of 出e nuts 

attached thereto and the nu切 shaIl in all cases 
be so secured 副 to avoid the risk of their be­
Comng loose.The distance from the edge ofa 
lv川她叫o川e to the 吻叫E阳

or membershdl not be less than the dia­
meter of the rive也 or boIt. Rivet岳 shall be so 
plaMthat their mtreB Bhall not be clOFρ; 
白gether than three times 也he diameter of th 
pvets-Thopitchof rivets shall be measurEd 
m a continuous straigh也 line and such 阳aigh也
line pitch in .girders pillarsanqroofwork Bhall 
n的 exceed six也een times the 也ickness of 也he
thInnest plate bsr or member through which 
they pass: 

(11)-(A)Anezternal wall my be of mythich. 
not less than eight and a half inches for the 
topmost twenty feet of its height and thirte 
inches for the remainder of‘ its height below 

:x.* 
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Provisions with 
resoect to 
buildings, etc 

Londoη County Council (General Powers) Act. 1909. 

such topmost twenty feet. Provided 也hat a less 
也hick卫ess shall be allowed in a且y case in wruch 
under the London Building Act 1894 such less 
出ickness is prescribed but that nothing in trus 
subsec也ion sha11 override any of the require­
ments of this section in regard to the 址lick­

ness of casing in connexion with pi11ars and 
girders and 也at in any case in wruch an external 
wall or portion of an external wall is not su p­
ported or ca盯ied or secured by metal frame­
work . within the limits of heigh也 and leng也

prescribed by the Firs也 Schedule to the London 
Building Act 1894 for the purpose of deter­
mining the truckness of walls such ex也ernal wall 
or portion of external wall sha11 be of a thick­
ness no也 less 也han that prescribed by such 
schedule: 

(B) All party wa11s sha11 be of the 也ickness
prescribed by the principal Acts : 

(c) All brickwork and work in which t巳ηa­

cotta concre也e stones tiles or other similar 
materials are used sha11 b巴巴xecuted in Portland 
cement mortar and shall be bedded close up t。
由e metal framework without any intervening 
cavity and all joints sha11 be made fu丑 and

solid. The cement 80 used sha11 be in accord­
ance with the British standard 8pecifi.cation 
from time to time in opera也ion. Provided 
that in party wa11s (exclusive of any parts 
也hereof immediately surrounding met品1 frame­
work) or oth巳r internal brickwork Dot con­
s忧ucted to carry loads or stresses provided for 
under this section lime mortar may be used in 
accordance with the provisions of the p到noipal
Acts and anv bye-law8 in force t.hereunder : 
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London County Couηcil (General Powers) .Act, 1909. 

(12)一(A) No plate or bar in any 由el or wrough也 222mswith
iron pillar shall h any part be less than a bu阳中，邸，
quarter of an inch truck and the bases of all 
such pi11ars sha11 be at right angles 也o the axis: 

(B) All joints in such pi11ars sha11 he close 
bu忱ed with cover-plates - properly riveted and 
all joint吕 between such pilÎars- sh~ll be properly 
axed and made and unleBSUIlavoidable no 
joint shallbe made between s叫 pillars ex呵也
别 or as near as may be reasonably practicable 
to the level of a girder properly se~~ed to such 
pi11ars : 

(c) The foot of every such pillar 8ha11 have a 
proper base-plate riveted the~eto with sufficien也
gusset pieces to distribute properly the load on 
the foundations and the 伊sset pieces sha11 
ha ve sufficie的 rivets to transmi也 the whole of 
the load on to the base-plates : 

(n) Where any 8uch pillars are buil也 up hollow 
the cavi也ies sha11 either be fi.lled up with con­
crete or be covered in at both ends by me切.1
plates rive切d thereto: 

(13)一(A) The width of every cast-iron pi1lar sha11 be 
no也 less than fi.ve inches and 也e metal of wruch 
such pi11ar is composed shall not be in any part 
of 16ss truckness than 他ree-quarters of an inch 
or one-twelfth of the leas毛时dth of such pi11ar 
(whichever shall be the greater) : 

~B) . The cap and base of every 8uch pillar shall 
be ill one piece with the pillar or be connected 
thereto with a properly t~ned and bored join也
8U组ciently fi.xed : 
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London Oounty Oouncil (General Powers) Act, 1909. 

(0) The ends of all such pillars shall be at 酌"吧?nswith
right ang1es 切 the axis : b~ïfcÌi;'gζetc. 

(D) A11 joints be也ween such pillars shall be a也
or as near as m.ay be reasonab1y practicab1e t。
也he 1eve1 of a girder proper1y secured to such 
p山ars and shall be fì.xed and m.ade with not 
fewer than fo旧 bo1ts of not 1ess diam.eter 也han

the 1eas也 thickness of m.eta1 in the pi11ar. If 
m.ore than four bo1ts 晶re used the diameter of 
the bo1ts m.ay be reduced propor也ionate1y but 
no bo1也 shall be 1ess 也1a.n three叩1岛的ers of an 
inch in diam.eter : 

(E) The base of every such pillar sha11 have 
'such area as m.ay be necessary to distribute 
proper1y the 10ad on the foundations : 

(14) The base of every pillar sha11 be p:r;oper1y bedded 
80 a8 to transm.it uniform.1y the 10ad upon such 
pillar to the foundations : 

(15) The stress in any meta1 interposed between the 
ends of a superimposed pillar and a pillar 
beneath shall not exceed 也1e stress on the super­
imposed pillar and the 1ea的 width across such 
interposed m.eta1 shall not be 1ess than the 
1east wid出 of 出e superim.posed pillar : 

(16) Al1 ftoors and staircases (together with their 
enc10sing wa11s) shall be construc能d throughout 
of fìre-resisting m.ateria1s and be carried upon 
suppo抗日 of 鱼罚-resisting m.aterials : 

(17) Al1 structura1 meta1work com.prised in the ske1e­
也on fram.ework of a building shall be cleaned 
of all sca1e dust and 100se rust and be 也hor­

ough1y coa也ed wi也h one coa也 of boi1ed oi1 tar 
or pain也 before erec也ion and afte l' erection 
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sha11 receive at 1east 0丑e additiona1 coat. 
Where such m.eta1work is to be em.bedded or 
encased in brickwork terra-co悦a concrete 
的one 创es or other incombustible ma能rials
one coat of Port1and cemen也 wash of adequate 
consistency a pplied af也er erection may be 
used in lieu of co矶s of oil tar or paint : 

(18)一(A) The dead 10ad of a building 8ha11 COnsi8t of 
the actua1 weight of walls :fl.oors roofs parti也wns
and all other permanent cons也ruction comprised 
in such bui1ding : 

(B) The superim.posed load in respec也 of a 
building shall consist of all 10ads other 也han
the dead 10ad : 

(0) For the p旧pose of calcula也ing the 10ads on 
foundations pillars (including brick pillars) piers 
wa11s fram.ework girders and other construc­
tions carrying 10ads in buildings the super­
im.posed load on each :fl.oor and on 也1e roof 
sha11 be estim.ated as equiva1ent to the follow1 

ing dead load :一

For a 盘。or intended to be used wholly or 
principa11y for the purposes of hum.an habita­
tion or for domestic purposes seventy pounds 
per square foot of :fl.oor area ; 

For 晶:fl.oor intended to be used wholly or 
principally for the p盯pose of an 。但ce or a 
counting-house or for any sim.ilar purpose one 
hundred pounds per square foot of ftoor area ; 

For a fl.oor in也ended to be used wholly or 
principally for 也1e purpose of a workshop or 
retail shop one hundred and twe1ve pounds 
per square foot of ftoor area ; 
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For every floor in a blúlding of 也he ware- Pro丁，isions with 
house class not intended to be used wholly b川i司ings， etc. 
or principally for any of the purposes afore-
said 丑ot less than two hundred and twenty-
four pounds per square foo也 of floor area. 
In every building of 也he warehouse class a 
notice shall be exhibited in a conSpiCuOU8 

place on each storey of such building stating 
出.e maximum superimposed load per square 
fo的 which m岛y be carried on the fl.oor of 
such s也orey;

For a roof 也e 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 pressur巳) shall be estimated 
a也 twenty-eight pounds per square foo也 of

sloping surface ; 

For all other roofs the superimposed load 
shall be estimated at :fif可-six pounds per 
square fo的 measured on a horizontal plane : 

Provided出的 if the superimposed load on any 
floor or roof is to exceed tha也 herein-before 
speci:fìed for such floor or roof_ such greater load 
shall be provided for pursuant to subsection (2) 
of 也his section : 

Pro飞ided also 也ha也 in the case of any fl.oor in­
也ended to be used for a purpose for which a 
superimposed load is no也 speci:fìed in this sub­
sectíon 也he superimposed load to be carried on 
such fl.oor shall be provided for pursuant 也o

the said subsection (2) : 

(19) For the purpose of calculating the total loadω 
be carried on foundations pillars (including 
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brick pmars)piers and wans in buildings of 
more 也an two storeys in heigh也 the super­
imposed loads for 也he roof andMpmoststgrey 
Shan be calc11IMed in fun in accordance mth 
the last preceding subsection of this sectiol1 

but for the lower storeys a reduction d 
the superimposed loads shall be allowed as 
follows:一

For the storey nex也 below the topmost 
storey a reduction of :fìve per centum ~f the 
hn superimposed load for such nextstorey 
calculated as aforesaid ; 

For the next succeeding lower storev a 
reduction of ten per centum of 也e lull 
Buperimposed load for such storey calculated 
as aforesaid and for each succeeding lower 
storey a further reduction of ave per cent11皿
of the full superimposed load for each such 
storey calculated as aforesaid. Provided 
always that the to也al reduction in respect 
of any storey shall not exceed 缸也y per 
centum of the full superimposed load for 
such storey ; 

No such reduction as aforesaid shall be 
allowed h the case of a building of the ware­
house class : 

(20) All buildings shalL be so designed as to resist 
safely a wind pressure in any horizontal direc­
tion of n的 less than 也irty pounds per square 
fo的 of the upper two帽thirds of the surface of 
such buildings exposed to wind pressure : 

(21)一(A) The working stres!!es on pillars of cast-iron 
or mild s也eel du电 to 也he loads thereon (other 
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than stresses induced by widpremure)shall trrzwith 
not exceed those specifìed in the two nex也 buiídiõgs ，- etco 
following tables according to the several ratios 
therein specifìed or a proportionate load for 
intermediate or other ratios :一

Ratio of Len2th 
to least Radius 

01 Gyrationo 

20 

30 
40 

50 
60 
70 
80 

Ratio 01 Length 
to lea盹 Radius

01 Gyratlon 

20 

40 

60 
80 

100 
120 
140 

160 
180 
200 

210 

CAST-IRON PILLARSo 

Working Stresses In Tons per Square Inch of N et Sec也lono

Hi耶d Ends.laft:3唱;11EA.l BothEnωtlxed 

305 4 0。 405 
300 305 400 
205 300 305 
200 205 300 
105 2 0。 205 
100 105 200 

05 1'0 105 

MILD STEEL PILLARSo 

Worklng Stresses In Tons per Squnre Inch of Sectlono 

Einged Ends |aft:3唱AI苦z~ol Both Ends tlxedo 

40。 500 6 0。

305 405 505 

3 0。 4 0。 500 

205 305 405 

2 0。 300 400 
1 0。 205 305 
。00 200 300 

1 0。 205 
。00 1-5 

。05

00。
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(B) The working stresses on wrought-iron pillars 
due 也o the loads thereon (other than stresses 
induced by wind pressure) shall no也 exceed
two-也hirds of the stresses herein-before specifìed 
with respec也 to mild" s也eel p沮ars:

(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 p岛的 of such 
pillar when added to all other stresses at that 
part shall in no case exceed the working 
stresses specifìed in this subsection : 

Provided that working stresses exceeding 
those sp巳cl企巳d in paragraphs (A) (B) and (0) 'of 
this subsection by n的 more than twenty-fìve 
per centum may be allowed in cases in which 
such excess is due to stresses induced by wind 
pressure: 

(D) The eccentric load of a pillar shall be con­
sidered to be distribu饥d uniformly over the 
area of the cross section of such pillar at 也he
nex也 lower level at which such pillar is 企xed
and secured in 也e direction of eccen忧icity:

(22) The working stresses of iron and s也eel (exωp也 m
the case of pillars as herein-before provided) 
吕hall no也 exceed the following :一

Working S也re88es in Tons per Square Inch. 

Tensiono Co皿pression. Shearingo Bearing 
一一

Cast-iron 105 8 105 10 

Wrought-iron 0 5 5 4 7 

Milds也eel 705 705 505 11 

(23) In the case of any rivet used in double she缸也e
working shear on such rive也 shall no也 exceed
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one and three-quar也er times the worki丑g shear Provisions with 
allowed under this section on a like 盯ei when LS应:Lrete
used in single shear : 

(24) The pressure of foundations on 也he natural 
ground shall not exceed the following : 

Natural bed of Bof也 clay or w的 or loose sand 
Natural bed of ordinary clay or con.fined sand 
Natural.be~ of compact gravel, London blue clay 

。r chalk 

Tons per 
Square Foot. 

。
d 

4 

(25) The pressure on concrete foundations shall no也
exceed twelve tons per square foot : 

(26) No disengaged brick pillar shall have a heigh也
without proper lateral supports of more t han 
six times its least width but any such pillar 
with proper lateral suppor仁s ma y ha ve a height 
between such su ppor也s not more than twelve 
times the lea的 width of such pillar. Such wid出
shall in no case be less than thirteen-and-a­
half inches : 

(27) The pressure on any brickwork shall not exceed 
也he following :一

Blue brick in cemell也 mortar

Hard brick (including London stock) in ceme且也
mortar 

Ordinary brick in cement mortar 

Tons per 
Square Foot. 

12 

8 

5 

(28) The Council may prescribe the matei:ials and the 
proportions of 也he materials to be used in any 
concrete provided under the provisions of this 
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section to which the provisions of the ~rin?ipal 
Acts or any of them.or any byelaws in force 
thereunder do not apply : 

(29) It shall be lawful to make any addition to or 
al也eration of or to do other work ωin or upon 
a building in accordance wi仙也he pro叽sions of 
this section provided that 他e loads and stresses 
in the part ~ of ; b~ldi~~ so added or ~lt~red 
or to in or upon which s品h other work is done 
are 也ransmitted from the roof to the founda­
tions by a skeleton framework of metal 0: 
partly by a skeleton framework of me协1 and 
partly by a party wall or par也y walls and the 
prov{sions ot thi; section ;hal( in all respects 
apply to such part of a building as if the same 
were a separate building : 

(30) Any structural metal hereafter standardised by 
也he Engineering Standards Commi的ee as before 
mentio~ed shaÌÍ be used in the erection of build­
ings or additions alterations or 0由er workmade 
or done under the provisions of thi_~ .s严ecω也饥ω1ωO
only su咄b问Jecω也 tωo such- terms and condi饥ons as 
也he Council may think 勘也o attach either 
generally or in any particular case to 也e use 
of such meωl but any person dissMistied with 
any term or conditio~ att~ched by the Council 
may appeal to the tribunal of ~ppeal. A丑Y
person failing 也o comply with any such 也erm
or co且也tion a伪ached by the Council or h 
他e eve且也 of appeal) by 也he 也ribunal of appeal 
shall be liable to a penal也y 也o b6 recoverable 
in a summarv manner no也 exceeding twen也y
pounds and t卢 a daily penal也y no也 exceeding
the like amount : 

一
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(31) In theωe of the erection 们 new building of pJSoswith 
metal ske1eton fr晶mework or the making of any ï,ñlídiñgs.- etc. 
add.ition or alteration or 也e carrying out of 
other work under the provisions of 也s section 
也he notice required to be served on 也e d.istric也
S旧vevor under sec也，ion 145 of the London 
Build.ing Act 1894 sha11 be accompanied (A) 
in 也e case of a new bui1ding by p1ans and 
sec也ions of su伍cient de协i1 to show the con-
struction thereof toge也her with a copy of 也he
ca1culations of 也e 10ads and stresses to be 
provided for and particulars of the materia1s 
to be used and should such p1ans sections 
ca1cu1a也ions or particu1ars be in 也e opinion of 
the d.istric也 surveyor not in su伍.cient detail the 
person depositing the same sha11 furnish the 
d.istrict surveyor with such further p阱1a叩ns 吕阴
tωlOns 吕 cωa1cu叫丁1让tlations沼s 0盯r p归晶r剖叫也创1C∞u1ars 乱臼吕 he 巳 m乱叮y 
reasonab1y requ田ire and (B叫) i迦丑 the case of an n 
altera也悦ion or addition or other work a 吕 afore­
s盹乱缸i诅d by such P抖lans secω也创10丑ns ca1culations and 
particulars as the d.istrict surveyor may reason­
ab1y require : 

(32) The d.istrict s旧veyor m叼 for the purpose of due 
suuervision of the construction of a build.ing 
require to be furnished 币th reasona b1e proof 
as to the quality of metal to be used in such 
construction and may if not furnished wi也
sucb proof or for any other reason require 也e
bui1der or other person causing or directing 
the w,ork to be executed to make any tes饵
which the district surveyor may consider 
necessary and to drill any pillar (in a11 cases 
迁 re乱son乱b1y practicab1e before the same is 
encased) at any point to 3scertain it自由ickness:
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(33) Any person dissatisfìed wi也h any requirement of 
the distric也 surveyor under this section may 
wl也in four也een days of 也.e date of the service 
of a notice from 也e d.istric也 S旧veyor of such 
requirement appea1 to a pe悦y sessiona1 ∞urt 
who may make an order a伍rming such re­
quiremen也 or otherwise and every builder or 
。他.er p巳rson failing to comp1y wi也 any such 
order sha11 be 1iab1e to a penal也Y (to be re­
coverable in a summary manner) not exceeding 
也wenty pounds a day during every d晶Y of 也he

con也inuance of 如he non-compliance with such 
order: 

(34) In order to facilitate the erec也ion of bui1dings 
of meta1 ske1eton framework i也吕ha11 be 1a wfu1 
for the Counci1 to modify or waive any of the 
requirements of subsections (3) (4) (5) (8) (9) 
(11) (12) (B) (17) (20) (24) and (26) of 他18
悦的ion upon and subject to such terms and 
cond.itions as they may 由ink 岛 and any 
person dissatisfìed wi也h the refusa1 of the Coun­
ci1 to modify or waive any of such require­
ments or wi也h any 也erm or condition which 
也.e Council may attaòh to any modifìcation or 
waiver m叮岛ppea1 to the tribuna1 of appeal. 
A且y person failing to comp1y wi也h any 也erm or 
condition 的tached by 也h巳 Counci1 or (in the 
event of appea1) by the tribuna1 of appea1 tò 
such mod.ifìcation or waiver sha11 be 1iab1e to 
a penal也Y to be recoverab1e in a summary 
manner not exceeding 乞wenty pounds and 也o
a dai1y penal也y no也 exceed.ing the like amoun也:

(35) If也he Counci1 within the period of one month or 
in the even毛 of such period of one month com­
mencíng or expiring on any day between the 
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eighth day of Au胖的 and the fourteen也 day ~~~V~~~o?_:; with 
of September (b。由 inclusive) then within a b~ï日沾s， etc. 
period of 也wo months after the receip也 of a 
written application for the modifìcation or 
waiver of any of 出e requirements of 也lS

section which 也he Council are empowered to 
waive or modify failωgive no也iωto the 
applicant of their refusal or gran也 thereof the 
Council shall be deemed to have granted such 
a pplica tion. 

23.一(1) The Council m叮 make re事llations wi也 Pow~r. ~o make 
re.spe的 to the construction of buildings wholly or partly i~需fJns as 
of reinforced concrete and with respect 旬出.e use and ~~ιzzq 
composition of reinforced concrete in such construction 
and for the purpose of framing such regul剖ions may 
carry out such investigations and make such tests 晶B

they may deem necessary and the provisions of this 
section and of any such regula也ions shall (subject to 
anyexemptions contained in the principal Acts or any 
of them) have e登ect notwithstanding any provisions of 
'the said Acts or any of them or any byelaw i且 force
也hereunder which may be inconsisten也也herewith or 
contrary 也hereto.

(2) Subject to such regula悦ons as aforesaid buildings 
may be cons切mc也ed wholly or partly of reinforced con­
cre也e b时 except as provided. by this section or by such 
regula也ions buildings so constructed shall (subject to 
any exemptions contained in 出e principal Acts or any 
of them) be subject to and comply with all such pro­
visions of 也.e said Acts or any of 也em and of any bye­
laws in force thereunder as may not be inconsistent 
with or contrary to 也he provisions of 也his section or 
any re♂lIa也ions in force 也hereunder.

(3) No such regul前ions shall have any force or e查ect
unless or until they shall have been submitted to and 
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tzziEn?:te cor曲med at a meeting of the Council sub叫阳lt to that 
tozuz品创 which the regulatIons shall have been madenor shall 
mCrete-any such repIMionshave my force or dec$11n也il 山

same shall have been allowed by 也，he Local Governm创业
Board. 

. (4)The Council shall give to the Surveyors, IBMIM­
tion the 1n山山n of ci材1 E昭neers 也he Royal In­
Btitute of British ArchIteds and the Concrete Institute 
notice of their intention to applyωthe Local G 
men也 B。于rd for allowance of any regulations made under 
this section 

(5) A11 regulations made and confìrmed and allowed 
as aforesaid shall h published in theLodon Gaze4e 
md printed an4hung up at the County Hall and be 
open 也o public mpmtion WIthout paymeuand copiB 
:tmof shall be dehmd to my 阳on applying for 

n payment of such sum no也 exceeding t 
P?ce as the Council shall dimdand such regula也 ns
Wlien so published shall come into operati n 
date to be 缸ed by the Local Government Bo缸din
a110wing the 吨吐atiops and the productiOBof a pmted 

py of such regulahOIlsauthenticated by the seal of 
the Council shall be evidence of theeEStence and of 
the due making allowance and publIcation of such 
regulations in an prosecutions or other proceediEgsmd E 

the same without add1101Elg proof of suchmal or of the 
f?ctof such making codrInation allowance of publica­
tion of Buch regulations. 

TMSPartdiAct24.-The foregoing provisions of thisPart of this Act 
EErEarts and anyregula也ions in force thereunder shalI be deemed 
ah:川 ωform part of Part VI. of 也he London Buil也ng Act 
Z句.·tZJt1894ad this Part of this Adand my rez m 

the principal Acts to the said Ac也 of 1894 or any Part 
thereof shall be construed accordingly. 
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25.一(1) For the purposes of 出is Part of this Ac也 the !~!~~，;，al_<ot 
tribunal of appeal sha11 consist of 出e three members of 叶、-"怡叩
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 也here being a丑 equality of votes in 
the 忧ibunal of appeal on any matter arising under this 
Part of 也his A的 the member acting as the chairman of 
such tribunal for the time being sha11 have a second or 
casting vote. 

• (3) Regulations made or to be made under section 184 
of 也he London Building Act 1894 shall apply to appeals 
under this Par也 of 也is Ac也也o the tribunal of appeal. 

(4) Subject to 也he provisio丑s of 也is section the pro­
visions of section 156 and sections 175 to 186 (inclusive) 
of the Londo且 Building Act 1894 sha11 apply to the 
tribunal of appeal and appeals thereto under this Par也
of this Act as if the tribunal of appeal referred to in 
those sections were the tribunal of appeal constitu切d
by 也his Par也 of this Act. 

26.一(1) Where under the provisions of this Part of !~c~~_~~~~< {ee 
this Act or any regulations in force thereunder any ;~;~ÿ~~ih 
building is erected or any addition or alteration or other cert&lß c&ses. 
work is made or done to or on any building the distric也
surveyor shall be enti也，led with regard to such buil也ng
addi也lOn 乱lteration or other work to a fee equal to 也wo
and a half times 也e amoun也 of the fee specifìed wi也
regard to new buildings in Part I. of the Third Schedu1e 
也o the London Bui1ding Act 1894 calcu1ated as follows :一

New Build仰伊·

Upon the area and height of the bui1ding as specifìed 
in the said Part I. of the said Third Schedule. 
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Additio饥s.

Upon the area and height of the addition (including 
也herein such portiOII of the b111ldiIIg as may be 
s也.ructur品11y aHected by any alteration or 0也her
work necessitated by or involved in the making 
of the addition) as 迁 such addition had been a 
new building of the same area and height. 

Alterαtio饵Sα饥d other 环'orks.

Upon the area and heigh也 of 也he portion of the 
building structurally aHected by 他e alteration or 
other work (not necessitated by or i丑volved in 
也e making of an ad也ion) as if such portion had 
been a new building of the same area and height. 

Provided 也hat in calcu1ating the fees payable under 
this sec也ion no regard shall be had to the proviso con­
tained in 址1e said Part 1. of the said Third Schedule. 

Provided also that the fees payable to the district 
surveyor in respect of arches or 如e-resisting :fioors over 
or under public ways the formation or closing of open­
íngs in party walls and on chimneys and :fiues shall be 
those specifìed in the said Part I. of the said Third 
Schedu1e. 

(2) One孔fth 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 
也he London Building Act 1894. 

(3) Subject to the provisions of this section all 也e
provisions of 也he 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 Pa1't of 也his Act and any ~.~'::~~~_ 
reg叫ations in force thereunder shall not apply in the p.仰~;~Oand 
case of the erectiòn or altera也ion of 0 1' the making of an ngnts. , 

addi也.ion to or the doing of 0也her wo1'k 也o in or upo丑 any

building in acco1'dance with the p1'ovlSlons of the 
principal Acts and no也mgm 也is Par也 of this Act or in 
any regulations in force 也h巳reu且der shall take away or 
prejudice any powers rigl由 privileges or exemptions 
vested in or enjoyed byany person under the pri.ncip岛1

. Acts or any of them. 

London County Council (General Powers) 

Act, 1923. 

Clauses ，'elevαnt to Steel F，.αme Buildings. 

5 .一(1) In order to facilita也e the erection of buildings !'!.~V!~~o.'~s with 
of metal skeleton framework it shall be lawful for the b;:'iídi;;g.~-of 
Council to modify 0 1' waive upon 也he subject 协 such zaznst el 
也erms and conditions as they 也hink fìt any of 也he 1'equire- construction 

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) (0) and (D) of subsection (12) of section 22 
(P1'ovisions wi也h resp巳ct to buildings of iro且 and steel 
skel，巴也on construc创on) of the London Coun也y Council 
(General Powers) Ac也 1909.

(2) A丑y person faili丑g to comply with a丑y term or 
condition attached 也o any modifìcatio丑 or waiver under 
this sec也，ion shall be liable on summary conviction to a 
penalty not exceeding 也wen也y pou且ds and in the case 
of a con年inuing o:ffence to a further penalty no也 exceeding
the like amount for each day on which the o:ffence con­
tinues after convic也，ion 也hereof .

(3) The provisions of this section shall be deemed to 
form part of Part VI. of the princi pal Act 
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lNTRODUOTION 

CONTENTS 

BEAMS 

PILLAllS 

PAGES 
lV-X 

1-2 

3-91 

IIlISCELLANEOUS STRUCTURAL TABLES AND DETAILS 

GENERAL NOTES AND FORMULÆ 

93-247 

249-367 

369-437 

439-497 

499-510 

MATHEMATICAL TABLES, WEIGHTS AND MEASURES 

PHOTOGRAPHS 

APPENDIX 1. (LONDON COUNTY COUNCIL BUILDING ACT) 511-532 

(Numbers refer 也o pageιRoman numerals, i-x, refer 也o the .introductorv 
pages precedi且g 也he tables.) 

ABBREVIATIONS, mddc sysM, 
483 

A(lcjdental eccentricity, 405, 414 
Addresses-

branch offices, v 
。值ces ， works and stockyards , iv 
registered 0伍ce， lV
telegraphic addresses , iv-v 

Alignmen也 charts
pillars, L.C.C. stresses, 240-241 
- Moncrieff Formula, 166-167 
l'oofs, wind pl'essure, Duchemin 

formula, 337 
Allowances一
compou丑d girders , ri ve也 heads ， 86-87 
一一- holes, 87-88, 437 
- pillar8, rivet head8 , 243 
二一- hole8, 244 
rolling margin, ix. S ee also jootnotes 

to tαble.' 
Angle of inclination of lattice ba囚 ， 423，

425, 426 
Angle and plate girders , tables , 64-67 
Angles.一

as beams, notes , 88 
- tables, 68-79 
centroids , positions of, 258-266 
dimensions, 258-267 
elld, for beam connections , 272-281 
holes in, spacing for, 258一266

Angles (coηti四饥ed) . 
properties , 258-267 
reference m也rks ， 258-266 
阔的ruts ， notes， 243 , 244, 247 
-一也ables ， L.C.C. s也resses ， 208-215 
• Moncrieff Formulæ, 134-141 
as ties, safe loads on net areas. 

tables, 304-308 
weights per foo飞 258-266

A且也ilogari也hms， notes, 475-476 
-协bles ， 444-445 
Applications of 

alignment char钮 ， p丑lars ， 417-418 
一- wind pressure, 388 
coef丑cients ， deflection ， beams , 389-392 
- eccentl'icity, pillars, 41 6-418 
-leng饨， stress and reactions, l'oofs, 

338-339 
formulæ for arms of eccentricity, 

pillars, 410-411 
- for bending moments, 1'eactions 

也nd shea1's, 385 
- for deflection of beams, 389-392 
- for equivalent tabula1' loads , 

beams, 384 
-一一- 一. - pilla1's, 407-408 
- fo1' steel grillage foundations , 432-

433 
- fo1' . va1'iations of tabula1' con. 

ditions , beams, 384 
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Applica也ions of (continued)一
~ formulæ fo1' val'iations of tabular 

condi也ions ， pillars , 407--408 
- for web buckling of beams, 394 
-for weigh也 of roof truss and cove1'-

ing, 338 
loads on l-foot span, 88- 89 
一 fo1' l-inch plate b1'ead饨， 88-89
mathematical 也ables ， 474--478 
moments of resistance tables , 55 
l'ivet pi也ch 也ables， 38 , 41 , 44 , 47 , 

48 
sec也ion moduli fo 1' l-inch plate 

breadth, 88- 89 
Areas-

allowances fo 1' l'ive也 holes ， beams , 
87, 437 

一- - - - pillars , 244 
‘ B1'itish Standa1'd Sec也ions ， 251-270 

cil'口les ， 472-273 
1'ound and square s也eel ba1's , 314 
sections , va1'ious , fo1'mulæ fo1', 358一

361 
Axis and Axes一

in compound sections , fo1'mulæ fo l', 

435--436 
in crane gan也1'y gi1'de1's , 341 , 343 
no仁es ， 87 , 88, 244-247 , 373, 376, 393, 

410--412, 414--418 
positions of, in standa1'd sectio118 , 

255-271 
in various sections , formulæ for, 

358-361 

BAm wmgM of 巾1 used in 
calculations, ix 

B乱的en plates on pilla1's and s也1'uts ，
proportions and spacing, 
423--427 

Ba材ened p山ars ， 8ee Pillars ， 口om­
pou丑d ba仁tened

Beams-
See (1180 Angles , Ohannels , I -Beams , 

Girders , Compou卫d a.nd 
Tees 

Fo1' reference marks, dimensions, safe 
loads and p1'operties, 8ee 
tables , 4- 83 

bea1'ing plates , 399--400 
bending momen屯， 8ee Bending 
condi悦ons of load血g， ge丑eral， 379 

fo 1'也abula1' loads，豆， 86, 370 
definition , 372-373 
deflection, L.O.O. regulations , 514 

Beams (continued)一
def!ection , no也es and formul缸， 90-91 ，

375, 388-393 
dis也ribution of s也1'ess ， 373 
economical conside1'ations affec也ing

design, 377-379 
end angles , 272-281 
end connectio118 也o pillars，也ypical

de也ails ， 288-289 
- suppo1't , x, 370-371 
eqlúvalen也 tabula1' loads , fo 1'mul缸，

382-384 
- moments of resistance, formul昂，

387 
explana也，ions of the 也ables ， 84-91 
extreme 且bre of，丑。也es ， 373
factors of safety, 381-383 
fishpla也es ， 282-283
general fo 1'mul臣， 354-357 , 433--434 
lateral suppo1't , 382 
- - L.O.O. 1'egulations , 514 
laws of equilibriu血， 373- 374 
•- for st1'eng也h， 375 
loads on 1-foo也 span， notes , 88-89 
modulus of sec悦on， notes and 

fo1'mulæ; 88- 89, 244 , 376, 
378 

mome丑ts of inertia, notes and 
formulæ , 87-88, 358-361, 
376 

一- of 1'esistance , notes and fo1'mul阻，
84- 85, 375, 384, 387 

一一一-一- tables , 50-55 
neu也ral axis , notes on, 373. See αlso 

Axis 
properties , not曲 371. See al80 

Properties 
reac也iOllS ， no也es and formul缸， 355-

357, 374, 385 
selection of se巳tions ， notes , 85, 381, 

386 
shea1'ing fo1'口e ， 8ee Shear 
stiffene1's for, notes , 395 
- for , typical de协巾， 288-289
support皿g brick walls, no也田， 380. 

393 
variations of 协bularcondi也ions ， notes 

and formul臣， 382-384
worki丑g stress ，五， 86
- - L.O.O. regulations , 523 

Bearing plates , notes and fo1'mulæ, 399-
400 

and shearing values for grou:p~ _ of 
1'ivets and bol饵 ， 318-321 
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Oent1'al axis 01' axes. 8ee Axis Bea1'ing and shea1'ing values fo 1' 1'ive也
and bolts; 316-31 7 • -- fo 1' rivets and bol饨， L.O.O 
regulations, 523-524 

Cent1'es of application _oj eccen优lC
loadíilg, 410 -412 

Cent1'oids-
Bending moment-

crane gan也ry gi1'de1's , 348 
de直nition， 375 

posi也ions of，皿 channels ，也ngles and 

diag1'ams and fo1'mul缸， 354-356
example of calculation, 385 
genel'al fo1'mulæ, 433--435 
maximum _ a~d minimum, posi也10118

of, 375 

tees. 255-271 
• - in c∞ompound gi1'让1'd归e白l'风号
二二 f岛o1'mul凶居， 358-361 

Channels一
as beams , notes. 邸， 87
- tables. 58-59 

compound, tables, 60-63 
no也es and fo1'mulæ, 354, 356, 375. 

384-385 
pil~al's ， eccent1'ically loaded, 412--413 
• latticed, 420 

<:ent1'oids , posi也，i ons of, 255---257 
diamete1's ûf 1'ive也S 01' bolωin， 254 ， 

256 
dime118ions. 254- 257 

s也eel g1'illage foundations , 431 
Bolts- - - depths l:Íetween 副le饨， 254， 256

I - f!ange 也hicknes~四 plus fille旬， 254，
也mete1's of, in I-beams an叫 256
L cham也却~;;，25'l~'7 I ~ole~};;~~p~叫 fo1'， 2盹 256

m , sizesmd weights, 327|Mpalm , notes , 26, 244, 245, 
and n础， dim~J?-siõns ' and pa1't i- I -'_ r-'- 247 

c~lars~_3_26 I - tables:i~O. c. st1'esses , 198- 199 
一- weigh饨， :322- 323. I - .:_:__ 'M~~;i;ff~F~-;~'曲， 124-125
阻d rive饵'. shearing and be町ing I prope;ti~;:~î54-257 

values , 31 6.--:31 7 ~ I .':.::. -~~-;;-;~饱 of iner恼，丑的， 255， 257
-一--:::，~1'oups， 318- 321 I 1'efe1'ence ma~k;:254， 256 

8h时mg眨叩二少329 l 9dth阳1
Box platè 与i 1'ders ， 8四 G:ïrders ， plate 'ouw< , ~' f~~~山 299
B1'ac皿g :&LμμiJ2r护俨:?俨俨tti仁创i蚓 纠向lla町盹r
Brack础 for 内 F山la町础盹m吮s凯: ~~~ails and safe I weights ;e~' i;; 也, 254, 256 

10础~ ~84-285 1 zig~oag--li:;;; '~i ωbles ， explana.tio时，
二二 -noM， 413 l 90, 246 
Breadth of c∞omp1'ess 

B坠阳恤阳l'1C削1四叫ckwo此，Z出zZ羊飞吆艺?三μ3饲67， 4挡28 I αω伽1'cle臼 町削ezi骂记2宫铲dω2
- - - L C C. rmeg♂伊ula川tions盹， 5陇24 I"'::_:_ 巳阻ITC…~l~~~';~~倒回 ， 47叨0-47叽
B坠趾ri划仁创tis囚蛐s

l 

n?臼 on p呵盯创也创阳16S田， 371 l d巾口t创阳IOn叽， 岛呻啊P凹P阱且h盹ω&的也创ω伽i汕01盹 388ι-389
l'岛7咀et呻e1'enc臼e m町ks， dimensions and I - deri~~Ú~~:388 

'í)l'?perties ,.250- 271 I - notes, 91 
B削sh w田gh侃 and measm'es 削 I ecc;削哟， 8ee Tables, 95- 237 

metric eq时valen旬， 4_82-49'1 1 - appli~~i'i~~~: 416-418 
Bu口ckl阳i垃in咯1

382 ， 39ω~ 1 一 no阳， 2组46ι二247， 37切0， 414-斗4166 
p出ars， n巾， 373 1 roof tms阻， app且cations， 333一剿，

- web, see Web Buckling. 1 ---- .'~ii38-i39 

C APACITY-
Bl'i也ish meaSU1'e of, 484 

carηing， gil'ders in order of, 50-55 
metric measure of. 485 

Ceil迦gs ， plaste1', note on deflection , 90 

- - derivation, 332-33H 
- - notes, 332 
- - tables. 330-33J 

Columns: ;~ïid -l:;;;J;ci 阳el， bases aud 
caps, diagrams md 口otes ，
16Ô"':163, 234-237 
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Columns, solid round steel (∞仙侧目1)一
design of ca ps for, 419 
乱imensions ， 160- 163, 234- 237 
notes on use of, 243 
properties, 161 , 163, 235, 23_7 
i:'efùence marks , 160, 162, 234, 236 
sizes of slabs for bases and caps, 161 , 

163, 235, 237 
tables of, L.C.C. str田ses ， 234-237 

•i\lI oncrieff Formul圈， 160-163 
weigh也s per foot, 161 , 163, 235, 237 

Component一
normal, wind pressure, alignment 

char也， 337
→一 -110也es and formul白， 336
of pillars , 110tes on centres of, 244-

245 
reactions, roof 也russes ， 331 

Çomposition of girders , 110也es ， 86
-一-p过lars ， no也es ， 243
Compound girders , see Girders , com 

po皿d
- pillars, see Pillars, compow:d 
一- struts , see S也ru旬， compound 
Concentric loading, pillars, definition, 

245 
一一- eq凶vale时， 且otes and formula , 

416 
not锢，直， 245, 371 , 402-409 

Condi也ions ， pillars, ends of, x, 242 , 
371 , 404-405, 406 

-for 恼bulated values , x, 370-371 
Connec也ions一
beams 也o pillars , 288-289 
end angles for I-beams , 272-281 
fishplates for 1-beams, 282-283 
p山ar bracke怡， 284-285
一-Jom饵， 286-287
roof, 290-294 

Contents, general, 1- 2 
- notes, 84, 242 , 370 
Corruga也ed sheets and 直协ings ， gaJ -

vanised, 329 
Cosecan饨， natural，也ables ， 452-453 
Cosines , natural, tables , 448-449 
Cotangents, natural, tables , 456-457 
Coverings, roofs , weights , 334, 362 
Cranes , electric overhead travelling一

dimensions, weights and wheel pres­
s ures ， 也ables ， 350-351 

notes on tables , 352-353 
'-,. .gantries , 

- equivalen毛 stá也ic load, 353 
- gii'ders , average workingstress. 353 

Cranes , electric, overhead travelJing 
(cont阳时卜

gantries , girders , bendi且g moments 
and shears , 348 

一- dimensionsandproper也ies ， 340-
343 

- lateral and longi饥ldinal forces , 353 
- pillars , dimensions and properties , 

344-347 
- loads on, 349 

Cubes of numbers , 464-469 
Curtailment of f!ange plates , 49 , 397-

399 

DEAD I叫 see Loads 
Decimal equivalen恼 fractions

of one foo也， 480-481 
一一- of one inch, 479 

Deduc也ions ， see Allowances 
Defi且也ions and fu且damen协.1 principles 

of s也atics ， 371- 376 
Def!ection一-

a.sy=e也rica.l sections , no t.e 0日， 393 
beams supporting brick walls, per-

mi的ed ratios , 393 
。oeflìcients ， angles , 69- 79 
一句plications ， 388-389 
- deriv创ion， 388 
- note, 91 
一-也ees ， 81 , 83 
de且nition， 375 
formulæ , 91, 355, 357 
- application of, 388-392 
- derivatio丑 of， 388 
L .C.C. regulations , 514 
notes, 90-91 , 375 
plastered ceilings, note, 90-91 , 390 
i丑 practice ， no也es ， 393
zigzag lines of 也ables. explana也ions

of, 90 
Desig11, economical considerations, 377-

379 
Details 

bases and caps, solid round s也eel
colum卫s， 160 , 162, 234, 236 

British Standard Sec也ions ， 250-271 
end angles for I-beams , 272-281 
自shplates for I-beams, 282-283 
gu也ter and downpipe fixings. 295 
pillar brackets , 284-285 
- join恼，. 286-287
typical，由rious ， 2'88- 295 

Dü';meters of bolts or rivets in 1-bE'amR 
ancl Channels, 250- 256 
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Dia:ttoZZU阳5， see Tabl吨 MS|EquMeMcomntic loads, fomula 
boltsmdnuts,3261- 416 
---Lem，327|ubU町 loads ， beams, form uJæ, 382-

I 384 
British Standard 也dons， 25M71| 二 pillars ， formuJæ, 407-4.09 

拙〈服革d struts 牛司嗒￡:?叩c23?;482-
ZF监苦与王乙:2:li革iIZ;存吉iipzpaEY ibv 

g伊酬&创仙l忖v刊van阳E
~50-351 .. 0 ---.---, I -be';;7u84~9i 

← ho阳∞ok bol叫lts归， 32.?^^ -- ------, ~-~ 1;川hemat叫 4盯74-47冗
8 h阳and缸m川叫ail过1 tl阳蛐u由毗1山bing， 3挡~8 .• • __ I P纠illa町叽r巳， 24铛2-.斗2组阳4町7 

P阴ma阳m吨， ba旧时a也忱ten p抖la川仁盹 4铛23427 l rmO叫 t缸仕阳r口rus咱1

迂菲t;:iE峙1部骂2;罔互品迄5 lTP;232辑:?江
sla bs for solid rou且d steel ∞lum且s. I 

161 , 163, 235. 237 
u且its ， 86, 243 

DW&shers, oldinaryand bevelled, 327 
ownpipes 乱nd gutters, sizes, 400401 

FA臼ORS of 毗ty， note盹 3蚓8创l一
382 

一二二 modifications， 383-384 
Fille饵， British Standaí.cl Sections , radii . 

I 250-270 
ECCENTRmy codci叫，叫 一 depths be阿瓦 I-beams an 

ω时bl阳e臼s， 9臼5-23盯7.. . I -,,--- ch;孔皿e由1s ， 2妇50-256山 &圳
μ 

二二二 :旦驼:;泣2:2n?咒:俨~1~.. .. . I卜一阳叫:J♂E;立E防2窍;ε巳2:驴:Fe盹&础山…ms川&阳B
孟二品L出:咒t:2f:r三艺4盯叽叩7飞， 3阳1μ山16 I ~~l~:，~::.:t~~~~， ，~i~~E到，reme仙es

I?~ " .. _ ... I ~ishplates for 1: beams , 282-283 
c_e~tres of appli则ion， 410-412 I ~~ttGgs~-g~l';a;i叫 329

2232JELl8 lFlmge h;if, MIO Of tO BP吨协
generalformulæ for, 412-413 1 _一 一-no阳，414l-LCC mgulabIOES , 514 

| 一- plates, curtailmen乞， 49, 397- 399 
EPIllars，斗 cc regUMimm l - tuch由自由， I.beams , and channels 

ono IDlcal cons血r~t_ions affecting 1 25Ó-256 

一 s盹el圳d;1z缸i;旦:i; :，:Z:2Z:2;2?骂;2: l 一一 plus泊寸s t骂挝;坦33;252be&阳ms川an肌盯时dω1
E蛊i芷::注:2;v;茹J::芷2;且;芷?宫缸Aιz:峦:z;;;，:，;旦:骂12 l F I M s a 向;1?, we I E ht s p e r fM 3 L 

limit, de且nition ， 372 1_ 
modωulus盹， d也e直缸nr拈仁tioωo吨 3_72 I - a捆8 创盹 s宫;互i岛:Y俨10叫础S 0∞n ne创也ta町削re阳e阳盹， 3ω

Electric overhead 也ravelling cran阻 ， 8ee 1 Flexm'e, de缸ition. 372 
r阻四 1 Floor loads , 364-366 

Ellipse of inert风 definiti叽 3~? ___ 1 ::_v.= L~ë~ 鸣叫ations ， 519-521 
End anglesA!?r I-beams, d~tails ， 272-1 - - s~~ αlso Loa也

28I JFO的， cubic, weight of 由此 ix， 362
Ends of b倒血， mppMofx370 l dmimM 町Uvden怡， inch田， 4- 80一

f pilla吨 condi也i~~~- ;;c ;: 242. 371 , 1- U""'J.li'" 4sf 
404-406 . I _ _ _ 

E叫qu叫a剑1 a阻叫叫n吨咐g到les臼, 8阳e臼e 缸gl臼 I - -- m~骂1?, 剑础2. 4 盹 48盹6-48肘7 ， 4-归
Equilibrium, laws of， ~373-374 1- weights ~;~er lin叫， see Weight 

y* 537 



R E D P A T H , B R 0 W N & C 0. , L 1 M 1 T E D. 

Fo1'ce, definition of external, 371 
-一-momen也 of ， 373
一 - positive and negative, 373 

- - - shea1'ing, 374 
Fo1'mulæ-

beams , bea1'ing plates ， 也hicknesses of , 

400 
- bending momen也， cleflection , 1'e­

action , shea1', 348, 354- 357 
- cleflectio丑， 91

applica创on of, 388-392 
一- cle1'ivation of, 388 
-eq回valent tabul町 loacls ， 382-384 
一一- moments of 1'esistance, 387 

且ange plates , cu1'tailment of , 49, 

398-399 
一- comp1'essive st1'ess , 382 
- moclulus of section, 387 

nve也 pitch， 49
. - web buckling, 297, 394 
一一- L. C. C. 1'egula也ions 299 
c1'ane gan位1础， beams , ave1'age wo1'k. 

ing s t 1'ess , 353 
一- - bencling momen也 ancl she町，

348 
- - - equivalent static load, 353 

pilla1's, loacls , 349 
gene1'al, a1'eas of sections , 358- 361 
-ext1'eme 丑b1'e clistances , 358-361 
- moments of ine1'ti乱， 358-361

p1'ope1'也ies of compollilcls , 435--437 
- 1'elations of, 433--435 
mathematical, 440--441 
pillars , eccentric 10叫且g， 412--413 

- cent1'es of application of, 
410--412 

-eq田valent concentric load, 416 
- Iattices and batten plates , 420-

427 
London Coun也Y Council, 406 

-一- - notes on, 408--409 
一- Monc1'ie迁， 164, 402 
一-一- notes on , 403--405, 409 

slab caps, solid 1'ouncl steel 
colum卫队 419

roof 也russes ， reactions, 339 
一-一- weights of, 334 
一- weights of purlins ancl cove1'illg, 

334 
一- wind p1'essu1'e , 335-336 
steel g1'ill包ge fOlmclations , 430--433 

Foundation bolts , dimensions and 
weights of, 327 

loads 011 , ;366, 428 

]t'oundation and m副on1'Y， safe p1'essm、es
on, 367, 428 

一- L.C.C. regulatio邸， 524
steel g1'illage , notes fo1'mulæ a nd 

example, 429--433 
Func也ions，忱地onome仕ical ， 440--441 

f '1 ALVANISED CO l'ruga也ed shee:s 
飞..x and 五ttings ， 329 
Gan t 1'ies , crane , 8ee C1'ane 
Girde1's• 

S ee al80 Beams 
allowances fo 1' 1'iv的 holes ， 87- 88 
a1'eas of, note, 87 
composition of, notes, 86 
compound, channels, two , plated, 

也ables ， 60-63 
c1'ane , gant1'y, tables , 340- 343 
1-beams , one , pl矶时， tables , 8-17 

一- one , plated one fla丑ge， tables , 

56- 57 
一-也wo， platecl，也ables ， 18-27 

→-一也hree， plated, tables , 28-37 
一- and I- bearr田， momen也s of resist­

ance, tables, 50-55 
二一 一-i丑 order of s也reng也h， 也ables ，

巧。-55

- italics of tables , notes , 84, 396 
loacls on l -foot span, application, 

88-89 
一- for l-inch plate b1'ead也h， appJi­

cation, 88-89 
modulus of section, l -inch plate 

b1'eadth, applicatio且， 88-89
- moments of 1'esistance, notes, 84-

85 、

一- tables, 50-55 
in o1'cle1' of st1'eng也h， tables , 50-55 

- rivet pi切h fo1'mula, 49 
一一 -notes ， 84
一一- tables, 38--48 

web buckling，也ables ， 296-297 
bending momen乞， 8ee Bending 
conditions fo 1' tabulated values，芷，

370-371 
crane gant1'y, ave1'age wo1'king st1'e咽，

353 
bending moments and shears , 

348 
一-一- dirnensions and p1'ope1't ies , 340-

343 
一一 lateml and longitudinal forc~s. 

:3 !5:l 

538 

11 
J I 

R E D P A T H, B R 0 W N &; C 0. , IJ 1 M 1 T E D. 

。H由1'8 (continued )• I f-BEAMS-
tailme?_t_ ()f _ flange pla阳， 49， 11 拙 beams 川剧 86

397-399 ' I ~ 
dωd由巾ec削叫Gω由ti旧1皿叫O
d阳rm 叽 s跚e臼etωαωbl阳e臼8 I d叫1咀阳am毗阳1'S叫of 巾ets 01' b协Oω耐巾1t.'只 】川n吵2fíO0 a! consiclera也.ions affecting I '-~~'~-252 

dω阳曲町s剑i伊， 8臼5， 37叫7刊~ . __ - -0 I cl也imensiOl叽 250-253 

2::Pz:芷出斟二乓:zι:2业:泣立
tω圳&叫lics佣 of ωtables臼， 阻呵P纠I阳叩孔也挝tio阳O
loa叫ds on 1 扣Oωt S叩P阳盹， a吨i?pli，出cat仁创lOns川， 2 5 2 

P阱la毗 n♂孟萝p -- '1 阻削d 胆胆酬.cl叫 momen盹也臼s of 1'es回i~ta皿nc
1 tables of, 50- 55 - tables, 64-67 1 

二巾e创仁也ts叩pacm吗 3汩15 I 阳叫d忖gil'cl吧哇S' 1m1n川10盯1'd阳e盯r of s盹也h阳1'en咀咀enρ抽队h礼， ω 

芝古吭;:n窍吕J俨俨俨彷耐咐le臼S l ?Er叮咋:f骂罕lt节;;:ιT吉需吭:::;::穹巳;站右 亏讯A一m
毗cω也创h伽iω阳01川f, n丑削1
shea1', 8臼 Shear . -_. I "~U.QO 171 

黯:泣如IL可注:1iI1gJ叫函证主;骂fForm由 94-97
晚 m-395 1 -moments O"f 归ine圳a凯， 丑m吨毛， 25贝1 ， 25臼3 al山lu飞u田阳1e臼sf扣01川1.山h吁pla怡灿b1'eadt也"仙h， 8盹8一斗8叫 时e町1'e阳1'en扭nc四ema町削rl血l

ariati旧阳10町O町ns of the- tabula1' con也ions . I ;h叫ng all~ bearing values of 由础
。阳 andformul臣， 382-38叫阻d bolts in. 318-321 

igl叫e1' f叫 note， 8ι87|shear LCC 吨~;Ú~~s~ t~bJes and 
电zag lin~~ of tables , éxplanations of, 1 ~-~.._， ~f~:~巾， 298-299

G仙la叫 rmO 2 Wm创吨啡g队h
一 缸阳ld 8血h削m哼坚dd制创阳ai1山丑山S， 1'O∞O吨1口293ω~ . I w吨h协ts P阳e旧l' f阳o∞ot飞， 250 ， 25252 2 
G1'i1lage foundatiOlls , ' n的盹 formu叫 Zlg叫 lines of tables , explanat.ions 

口demmple， 429433|of， 90， 246y
-web buckling andshe&I H lum , 296JImpDM loads, seeLoads 

299IEcjkg decimal 叩ivalents ， 479 
二均L.C. C 吨叫白山削a创叫ti叫O

I 1ner 挝阳风&战， ellipse of, cle 缸itio 日 , 376 
Gutωr 呵护npi pe fixings, d的山p 卜 moments of, allowances fo 1' r ivet 

holes, 87-88 
-一:- sìzes;. 400-:,W,1 _ I -_二 B1'itish and m创rJc co 
Gyration，平也US of, defìn阳I1， 376 l factors 4856 
- -- notes on 时ative 吨， 244 小- - - Briti~hSta~d~1'd sections, 251 -

271 
HAmMLMi弯， clin1ensions aucl 卜二- compouncl gi巾s， 阳风 87-

igh缸， 328 I -- -88 
H-beams , 8ee r=-beaÍns 十←一 ---8阳e田毗口也iOllS 旷川也仙ho叫cl of 盹ω叫Jcu仙1叶巾l a-
He创啕i泣gh饨 且z器;俨ng， pilla1's, no毗t旬盹e

l一 - • d也e岛1址i也挝tion丑, 376 
Holes , allowances f吨叽 88， 244， 437 十-二二 formulæ， 358-361 
- flange th阳eS8es at，丑otJ， 87L---grdm， 937，风 6山. :141 
- spacing fo1', B1'i也地 Standa1'cl I "--343 

BMiOES， 250-270 ←二- plates, 302- 303 
H勘。∞o咄川k bolts恼， g伊galvan乱阳ni8盹叫e

weIghts , ~~il I iõo":iôî 
Hooke's LMFs note， 372l---rMmgl田， 302-303
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Inertia , moments of, relative axes , notes, 
87-88 

一 时也 momen旬 of， 1. beams and chan . 
nels, 251-257 

lnstitution of Structural Engineers, 
load 1'ecommendations, 364-
367, 428 

Intentional eccent1'ici也y， notes, 414 
Jtalics of tables, beams, explanations 

of, 84 
一一- pilla1's, explanations of. 2且4白

J O M S 叩la町盹r
Joists, see 1. beams 

KILOGMMS 切 pOUll缸， ω7
一- per met1'e to pou且ds pe1' foo也，

497 
-pe1'吨ua1'e centim的1'e 也o potUlds per 

squa1'e inch, 49归7 

LATBRAL 叫port of beams凯， no。阳
86, 370, 382 

Lattice bars and batten plates, notes 
and fo1'mul昂， 419-427

Latticed pillars , no也e on b1'acing, 242 
See Pillars, la毛毛iced

Laws of equilib1'ium, 373-374 
- fo 1' streng出 of beams, 375 
Length coefficients, 1'oof 也russes ， 330-

331 
Lewis bolts and nuts, dimensions 副ld

飞veights ， 327 
Loads-

angles and flats as 创es ， ne也 areas ，
304-310 

beams , de直且i创on， 86, 372 
- equivalent 也abuh町， 11otes, 382-

384 
- girders，盹fe dist1'ibuted, see 

tαbles， 3-83 
- ma沮mum， notes , 90 , 396 
- mi.ni.mum, notes, 366 
• l.foot span, notes, 88-89 
- l.inch plate bread恤， notes , 88- 8!l 
- relative axes, 110阳 87-88
calculation of, notes , 379-380 
chequered pla也es ， 328 
conditions fo1' tabulated，卫， 86, 242 , 

370..371 
。1'ane g也nt 1'y pillars , 349 
cranes, elec忧ic overhead travelling, 

350-351 
dead, notes, 379一380

Loads (continued)-
end angles fo1' I.beams, 272-281 
fou丑da也ions， 367, 428 
- L.C.C. 1'egulatio11s , 520-521, 524 
floors, 1'oofs , etc., Ins也itution of 

Struc毛ural Enginee1's , 1'e. 
commendations, 364- 367 

-一- L.C.C. 1'egulations, 519-521 
lifts 01' elevators, 366 
li.ve, notes on, 379-380 
moving, 353, 366 
partitions , allowances fo 1', ::lß6 
pillars, b1'ackets, 284-285 
- columns，的1'uts ， safe concen~ric， 

see Tables, 94一23'7
- concentric, de直ni.tion ， 245 
- eccentric, cen也res of a pplicatio口，

410-412 
一- definiti.on, 414 
一- examples of calculatioll , 416 

418 
一- general fo1'mul埠， 412-413
一 - no恤， 414
→ eq创刊lent concen毛巾， fO l'illuJa fo 1', 

416 
- and foundations , 366 
一- - 一- notes, 428 
- L.C.C. regulations, 520-521 
- staircase and cor1'idor, 365 
- s也&也ic， defini也ion， 371 
一- tables of weigh比 of mate1'ials, 3G2-

363 
- tabulated, basic condi也i ons ， 370-

371 
Loga1'i也hms ， tables, 442-443 
一- notes on use of, 474-476 
London Coun也y Cou卫cil Amendmen也 of

Building Act, 511- 532 
London Cou且也y Council l'egulatiollR 

pilla1's:--
alignment char旬， 240-241 
columns，的1'u钮， 饱bles ， 168-237 
formulæ fo1' st1'esses , 406 
g1'aph of working st1'esses , 238 
references to, x , 242 , 299 , 367, 370 ‘ 

380, 390 , 394, 406-409. 417. 
428, 433, 437 

tabu l a也ed loads , condi也ions fOI 
371 

variations of the tabular condi也ione ，
not田， 407-409

working stresses, table, 239 
web buckling and shea1' values. 208-

299 
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MA 早归G四， 时h问gι，
Masonry a町‘盯阳nd fo 旺nda也tions . safe 

p1'essu1'es , 367, 428 
••• L. C. C. 1'egula仁iorÍs ， 524 
lVIate1'ials , val'i.ous ， 比ble" ;i -weights , 

362-363 
lVIathematical tables, 442-473 
- - notes , 474-478 
Measu1'es and weigh饨， Bl'i创sh，、，vith

metric equivalen饵， 482-497 
Metric weights and - ~~~;~~~~-wi他

Bl'itish equivalen钮， 482-497
- system, abb1'eviatiol1s, 483 
→- equivalen饱 fol' 'properties of 

sections. 485 
-二 ~igni~c~tion of p1'efixes , 485 
lVIodulus of el岛的icity， definition, 372 
二二→丑0饨， 372

一- of sec也ion， allo飞;vances fo 1' rive也 holes .
87-88 

-一 →- - Bri.tish and me.t1'ic equivalents, 
conversion factonî. 485 

---B1'i也ish Standa1'd SecÜon~~ 251 -
271 

--- defi且ition， 376 
- - - notes and formulæ. 387 
--- forl也ch plate breadth, notes. 

88-89 
-一-1'ela也ive axis , notes. 244 
~oment of a fo1'ce, défini.ti-a'~一 373
lVIoments of ine1't风 see Ine;ti~，;;~ments 

of 
Moments of 1'esis切nce， see R臼is也nce‘

moments of 
lVIoncrieff !o1'mulæ, I>illa1's, 402 
--二 alignment ëha1'ts: 166-167 
-二- colum卫队 at1'uts, tables. 94-

163 
一-- g1'aph of 飞.vo1'king st1'esses , 

164 
- - - no.tes , x , 242 , 403-405年 409
-一- tabulated lòads, c~年也ions

371 
- - - variations of tabular con . 

di也ions ， notes , 407-409 
- - - wo1'king s也ress臼， table , 163 
-- -Zlgz何 lines of 饲bles: notes. 
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Nuts and bolts, dimensions and par. 
ticula1's, 326 

一-- weigh饨， 322-323 

0FFma曲曲S盹 iv-v
Ove1'h~ad travelling c1'anes , see 

IJra.nes 

PANEL leE队叫叫ulatioJ1 of 
339 

!:arallel beams, notes, 395-396 
~e1'manent set, clefini也ion . 372 
Photog1'aphs of wo1'ks .and typical steel 

stl'uctu1'es, 499-5l(l 
Pilla1's­

S ee αlso Colum卫队 solid round steel 
and S也1'uts

alignment cha1'旬 ， 166-1 67.240-241
allowances fo1' 1'ive也 holes. '244
angles a~d _ tees in bUi ldings. not田，

243 
- 也ables of, L.C.C. s也.1'esses. 208-215 
·一- - Monc1'ieil' Fo1'mulæ. 134-141 
a1'e阳 of， notes. 244 
?,rm o~ ecc~nt1'icity， definition, 414 
base plates 'and be~Í也gs， areas, 367 
:-.-:- - ~ L. C. C. regulations, 524 
batten pla也es on, proportions 80nd 

spacing, 423-427 
ba也t~ned， ~ee compound (below) 
b1'ackets, details. 284-28'5 
- loads 0丑， 284":'285
-:- note_ on p1'ojection, 413 
chaηnel，也ables of, L.C. C. s也resses，

198-199 
一- - Monc1'ieff Formul血. 124-125 
compound-

angles，也wo， back to back，也ables ，
L.C.C. st1'esses, 216-227 

一- - - - Moncrieff Formul昂，
142-153 

angles，也wo， battened， ωbles . 
L.C.C. s也1'esses ， 228-231 

-一- - Moncl'ieff Fo1'mulæ. 
154-157 

cbannels， 也wO， la伪iced 01' ba抗ened ，
也ables ， L.C.C. stresses, 200 -
201 

--一- Moncrieft Formulæ, 
126-127 

。h也nnels， 也有心， plated, 也ables，
L.C.C. at1'essês, 202-207 

- - - - Monc1'ieff Formulæ. 
128-133 
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Pillars (ωttinued)一
compound-

composi也ion of, notes, 243-245 
1.beams, one, plated, tables , L.O.O 

stresses , 172-183 
一一一- MoncrieH Fo1'm111æ, 98-

109 
I.beams, t wo , 1仙也iced 01' battened , 

tables , c1'ane gantries, for , 
344-347 

-一-一一 一- L.O.O. s也resses， 1 84一
185 

一一一- Monc1'ieH Formul臣，
110- 111 

1.be1'ms，也wo ， plated, tables, L. O.O 
s也resses ， 186-197 

-一 - - Moncrielf Formnl缸，
112- 123 

rlve也 pitch， notes, 243 
• spaciJ1g of component members , 

notes, 244-245 
concent1' ic and eccentric 10旺ling

combined, note, 418 
- loading, defìn山on， 245 
conditions of ends , no也es ， x , 242 , 371 , 

404-40ö 
- for 协bulated loads, 371 
connections of beams to, details, 288-

289 
crane gantry, loads, 349 
一- tables, 344-347 
definition, 373 
de也ails of, typical, 284-289 
eccentrici也y coefficien饨 ， see tα bl时，

95-237 
一 - applications of, 416-418 
一- de1'iva也ion of, 413 
-- no阳， 246-247， 370， 414-416
eccentric loading, centres of applica. 

也ion of, 410-412 
一- definition, 414 
一- examples , 416-418 
一- general formul血， 412-413
- - notes, 414 
equivalent concentric 10叫， formula., 

416 
tabnlar loads , formtù缸， 407-409

explan乱也ions of 仁he 也ables ， 242-247 
白的 ends， no恼， 404-405
fO l'mulæ, 402, 406 
fOlUldations , calculation of loads 0日，

366, 428 
- safe p1'essures 011, 367, 428 

L.O.C. regtùations, 524 

Pillars (continued)一
1.beams, tables of, .L.υ C. s tresses, 

168-171 
一一- Moncrielf Formnl晤， 94- 97 
1也alics of 也ables ， explana.tions, 246 
join饨， de也a让s ， 286-287
J 018饨， see 1.beams, 
latticed, see compound (above) 
一- Iat也ices ， proportions a.nd spaciJ1g 

for, 419-427 
llote on braciJ1g, 242 

• various formnlæ for, 419-427 
limitiJ1g heigh饵， notes , 24ι246 
loads 0丑， notes , 428 
London Cou且也y Council stresses一

alignment charts, 240-241 
formulæ, 406 
graph, 238 
notes. 五， 242
table of \Vorking stresses, 239 
tables of properties and safe loads , 

168-237 
tabulated loads, condi毛ions for, 371 
variations of tabular conditiollS, 

notes, 407-409 
moduli of section of, see Tables, 95-

237 
一-一-一-- no也es ， 244
Moncrie任 Formulæ

alignment charts, 166-1 67 
cond由ion of ends , notes, 404 
formul缸， 402
graph of \Vorking s也resse8 ， 164 
notes，豆， 242, 403-405, 409 
table of 飞;vorlting stresses, 165 
也ables of properties ancl safe loac\s 

94-163 
tabnlateclloads, conditions , 371 
variat ions of t abular conclit ions. 

notes, 407-409 
zigzag liJ1es ofωbles， notes , 246 

overall dimensions, no饨s.244-245
radius of gyration, definition, 376 
一- -一- no也es ， 244
ra也io of slenderness , definition, 24fi 
selection of, notes, 381 
solid round steel, notes, 160-163 , 23 -1 

237, 243, 419 
solid J'ound s饨el ， 也ables. L.('.(' 

stresses, 234-237 
• 一- Monc1'ie仔 Form吐血， 1 日n

163 
stresses, working. tabl邸， L.C. C'. 

stresses. 239 
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P山brs (C叫阳e，~)~ . " ,_ • I n UALITY of steel，民 370
ur se$0222号Jblm， MOEGrIeg l 飞-一- L. C.O. regula也ions， 513 

superimposecl, note, 24铛2 
t切阳e盹e， tabl阳e臼s， L.C.C. s由t仕r臼陋se盹s凯， 232一-23岱3 I pADIUS of 直缸11e盹也怡s， B岛挝ri汕也ish St也饵阳&阳nd巾&缸削r时d - M.胁o丑nCI曰1'1e

&缸阳山目m削iat耐也创i;扣;启斗立且飞让Fe 协tabu山la阳&刷町r ∞con出邮削也创ion叫n
I Sect也创10田, 251-271 

W吨MperfMJlotm， 243|-一- definition, 376 
'耶ag llIIes of tables， explamhnsJ 一- :-. relative axes , notes , 244 

且也chofA: SMR付出 I Rag bol钮'dm…ns and weigh帆
Plaste1'ed ceili略， notes on de丑剧iOI1， 1 Range of st~巾， ix 

ω协一斗9I 1 R&川副山也创阳i臼o of 阳d也e1'ne盹 d巾efin比副阳1旧o盹n叽， 2组45
Pla川t切问e咔gi叫巾盯e1's凯， t饨abl田 of， 6←6们7 归 α耐ls叫S叫10 1 R;~削cω毗t创阳1

GωH川毗1'c町叫咖cl巾:le阳i怡阳e臼1's ， P.抖I川阳~_， ___ . , . 1- b盹皿盹， e缸xamp.阱.1e of 阳叫毗1m阳lcul叫飞ul削lat耐也创ion ， 3拥8】
PI旭a山怆阳s， ch叩e1'ed， 也m~nsions ， weigh叫二-1'ul臼 for.374

andMfe loads， 3281 -formUB， 3比-357
- and fI_~ts， weigh臼 perf~~t，_~I_I-__313 1_ ~叫 331 ， 339
二 cur川阳rtai协a创叫l让1m削 of 直fl_ang盼e， 4甜9， 阳， 39佣9 1 Re~ωta阳阳&缸ngle盹 momen盹也饨s of iJ1叫盯圳7风 3切02ι-n也 of iJlertia ~of， 300-303 I -. ~. .---0.--' 3M 

~orts， shippiJ1g, i忖v l Rb阳ef旬erence ma1'ks , B1'川_.it凶b创恤蛐ish础h S创伽b阅a山l'、吐d Pos田叩si也创1ω叫o倪I
.nd 也阳础毗， 2拙5臼5-271- -.- ' ---0.-- 1 胁1归

es 白
Pounds boMOFrammm， 496lRe思ste1'ed 。但G;MEl叫 iv
- perfootto kilog1'amm叫erm仙e， 4叫 R阳tance， moments of, definit.ion of 
- pe1' square inch to . kilog 1'ammes' pe叫 '375 υ

叫ua1'e centimet吨 4?~_ ~ 1 一一-町~valent tabula1', 387 
prd x四 used iJ1 m 的r川y血~，-485 I ~ 二 -g♂ird时ders a町阳n阳副lC
ιSUl'e ， 吨叫 onmne gMEY--- no毗 84-盹阳，阳

EJ?!s， 35M53sm 叫 Rivet he山， allowances , 8凹， 243
一二 l二=-.dimensions, 326 

- safe on m臼on吼 3叽 ~28 1- h伽叫lowances f叫回阳's， 的斗8，
- mdz on buadings,366J'437 
- - 011 roo_fs, 332-339, 365 I I - - - - pilla1's, 244 
一一一- L.C.C. r唁由tions，但0.-:-523 1 .一- fla11ge 他icknes础川， 87
properbim'22鸣放阳da1'd Sect叫卜p灿， c∞叩om叫mp归oun叫dg胆i1'阳:'de盯叫r

I 38, 41, 44，~ 47, 48 
-cal叫ation of, not曲， vii, 371 十二---formnl缸， 49
-compound sectIons, notes aEd l----notm, 84, 396 

fo 1'mulæ昆， 43臼5-43幻7 -' 1_•---- 阳灿bl阳臼盹， 3扭8-48
z:E坦础E2出1J::z口rz;t?说 b四αm叫?

一→&阻nc时【cl d归i阳me叫nsio删;19 of P.1'ß.np cr~ _11+.1'U I - Sp阳ac叫Clll吨g， 皿叫llimum 阳叫gg阳町e1's ， 315 S 01 c1'阳e gant1'y 卜一 - no也es ， 396 
grdm, 340343 Rivets d阳的el's of, iJ1 1. beams and 

- - ~ - latticed pilla1's fo1'臼阳叶 , -.-d~~~ls:'250:_i56 

-寸g叫…创dlz缸2白E2，f;若Jt♂;trJ 「 ggrm叫O咿站u2宫骂Jd b阳阳e阔刷a削1'111
二主芒叫咒:巳;忍忌泣，妇如叫
-一一m旬， 86， 24必3 I ~---..--o 3讪

2刽1 P 1'opol'tions of láttice bars ancl batten I _ _ _ _ 
PUl'l旧川I叫l i凶盹n

P肉lat毗t怡e川2山7 l t A ]g ;弘2￡: C 叩lati川州也创阳阳阳i归ion叽n
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Rolli且g margin, ix 
Roof一

coverings, weigh恼。f， 334, 362 
deta让s ， 290-294
一 of rive也 spacing， 315 
glazing and shee也ing de也ails ， 293 
gu也ter and downpipe 直xings ， 295 
一-一- sizes, 400-401 
loacls, 334-335, 365-366 
一-一- L.C.C. regulations, 520 
purlins, details , 290, 293 
trusses，也agrams， 330-331 
- explanatlons and applications of, 

也he tables, 332-33,9 
- formula for weight, 334-
-length, stress and reactio且口。-

efficients, tables , 330-331 
一- wind pressure, 335-337, 365-366 .•- - L.C.C. regulations, 520 
一-一- 一- reac也ions， 331 
ventila也ors ， details, 294 

Roo包且g nails and screws, 329 
Rounds , areas and weights per foot, 314 
- solid steel columns，协bles， L.C.C. 

stresses, 234-237 
一- - Moncrietl' Formul昂， 160一

163. 
- 8ee α180 Columns , solid round steel 

ci AFE loads, see Loads o - stress , 8ee S也ress
Secan饵， natural，比bles ， 454-455 
Section modulus, 8ee Modulus of sec也ion
- properties, notes on calculation, vii, 

371 
一- calculation of, for compound, 435-

437 
一一 formulæ， 358-361 
- selection of, notes , 85, 3鼠， 386
- units of dimensions, 86, 243 
Sec也ions ， British Standard, dimensions 

and properties, 250-271 
- minimum used ill roof design, 339 
Separators , notes, 395-396 
S的， permanent, de且ni也ion， 372 
Shear on crane gan也ry girders, 348 
- definition, 374 
- example of calculation, 385 
- formulæ and diagrams, 355, 357 
- T. beams and channels, tables and 

formulæ, L.C.C. regulations, 
298-299 

-- location of zero poin也， 374-
- notes, 374 

Shearing and bearing values for 1'ivets 
and bol饨， 316-321

-一- - for rivets and bolts , in 
groups, 318-321 

Shee也i丑g bolts, 329 
- and glazing details, roof, 293 
- rivets, 329 
Sheets, corrugated and 直也也illgS ， gal. 

vanised, 329 
Shipping por旬， iv 
Sines，卫atural，比bles， 446-447 
Sizes , British Standa1'd Sections, 250-

271 
• 8ee Dimensions 
- slabs fo 1' solid round s也eel columns, 

161 , 163, 235, 237 
Snow, on roofs, 365 

weight, 363 
Solid rou卫d s也eel columns, tables of, 

L.C.C. s也re③ses ， 234- 237 
→一- - tables of, Moncricll' FOJ飞

m吐血， 160-163
一一一 - 8ee al80 Columns 
Spacings-

holes , B1'itish S也andard Sections, 250-
270 

la毛毛ice bars and batten plates , 423-
427 

rivets, 315, 396 
Span一

etl'ec也ive， no也e ， 86
maximum for deflectio丑，丑。饨， 90
mi卫imum for various rivet pi也ches ，

no也es ， 84, 396 
一一一一- tables , 38-48 
一 shear aud web buckling, note, 

90 
Splices, pillars, 286-287 
Squares, areas and weights per foo飞 31 4-
-notes on 也ables ， 478 
- of numbers, 458-459 
一- roo屯， 460-463
-- no也es on tables, 478 
8协nchions， 8ee Pillars 
S也andard 也hick丑esses ， no饨， 87
Static load, de自卫1也ion ， 371 
一 -equivalen毛， 353
Statics, fundamental principles of, and 

defini也ions， 371-376 
Steel, quali也y， ix, 370 
一- L.C.C. regulations. 513 
•. weight; ix, 362 
Sti任eners， deta诅s， 288-289
- notes, 90, 395 
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~tocks， range of, ix 
~tock yards- and

o 

works. ix 
S train: defi且i创on. 372

Stru钮，卢ee al80 Pillars (continued)一
飞vorking st1'esses，也able of. Moncrietf 

Formulæ. 165 8也r~ngth， beams:laws for, 375 
- I.beams _~nd girders: in ordeJ: of. 

50-55 
- ultima饨， definition, 372 

~upe1'imposed loads.' 8~; Loads 
Support,- beams, ' c-~~dit'i-;;~l~ of, X 

370-371 
--no旬， 370
Stress-

一-- la也eral， no也es. 382 

coef丑cien也~<fo1' r~~~ ~~:nbers ， appli. 
tio且， 338-339

二- tabular con也tions ， modificatious. 
383-384 

-一- - - notes, 332-335 
一-- - tables, 330-331 
definition of, 371":372 
dis也ribution of. 373 

TABLES，叫叫t8. 1-2 
Tabular conditi~~;， - variatious 

of, beams, 382":384 
一:----p江lars ， 407-409 
!angen饵， nâturar; t~ble;: 450-451 
Lees-shearing and bearing. 31 6-321 

--二 L.C.C. regu1àtions, 523 
working, avemge for cmne gantry 

girders; 353 
• for beãms，五， 86

as beams, notes , 87 
- tables, 80-83 

r:_--一::- L.C.C. regula也ions 今 523
- and factor of safe也y， 381二383
一- for pillars, L.C.C. ;~营ulations . 522 
---饨!?_les of, L. C. Õ. regula也ions ，

239 
- - - tables of, Moncriell' Formulæ. 

165 . ' 
Struts, 8ee al80 P血Ms
alignmen也 charts fo1', L. C. C. stresses. 

240-241 -., 

二-- Moncrieff Formul缸， 166-167 
angles, ta_bIes of, L.C.C. stre~s~;.-2Õ8':_ 

215 
二- - Monc1'iell' Formul担 134一

141 
- bahned, see compound (below) 
ba也ten plates on, proportions a'nd 

s.pacing, 423-427 
compound-

angles，也wo， back 也o l;>ack, tables of, 
L. C. C. stress臼， 21 6-227

----ωbles of, Moncrieff For 
mul缸， 142-153 

- - battened，切bles of, L.C.C. 
stresses, 228- 231 

一-- tables of, Moncrieff Form 
ul缸， 154-157 

~o~dition of ends, note. 243 
defi丑itio且， 373

气号nt1'oids ， positions, 269, 271 
<llmensions , 268-271 
holes in, spacing for , 268, 270 
properties, 269:271 
reference mark二， 268， 270
as s也ruts， notes, 243 , -244.247 
-tabl由， L.c.è. stl:四se;， 232-233 
- - Moncrieff Fo1'mul牛 158-159
~eights per foo也 of， 268，豆 70

:!;elegraphiê addresse~'-i~-::_'''; 
Tenslle 的reng饨， ul也ima饨， defini tion. 

372 
---note, 370 • 
Thicknesses~ 

~atten plates, 423-424 
bearing plates, notes and formulæ. 

399-400 
~ritish Standard Sections, 250-271 
flanges a也 rlve也 holes， noté, 87 
1attFce bars , 423 ----, 
slab caps, IÌo也es_ aud formula, 419 

Ties, angÏes and fla饨， safe loads on net 
也reas ， 304-310 

Z血ngl臼， solutión of, 441 
Tngonometrical expressions, eαU1va. 

lents and-function二.44Ô--441
- tables, 446-457 - -, 
-no也es on use of. 477 
:!;rllsses, 290-295, '330-339 
Tu bing, handr~il， cli;;ensious an d 

weights, 328 tees , tables of, L. C. C. stresses. 232-
233 -- I TT 

-7运 TZrieEFormula 阳叫 ULTIM.组出铲 or 巾， dc 
S邸， ubl of, LOOl IJn叩al angles, 8ee Angl 

tress盹 239 _. I u;;if~;呻 dist巾uted Eads, see Loads 

545 

飞



R E D P A T H , B R 0 W N & C 0. , L 1 M 1 T E D. 

Units of dimensions, 86, 243 
- of properties, 86, 243 

VARMNSofMb山 c叫也10118 ，
beams, no也es ， 382-384 

一一一- pillars, notes, 407-409 
Ventilators, roof, de也ails ， 294
Vel'tical shear, de直nition ， 374. S ee αl80 

Shear 

W山， brick, b叩S 叫P叫，
note, 393 

→→一- 10ads， 380
一 - weigh饵， 362
Washers, bevelled, dimensions ancl 

weigh饨， 327
- galvanised, weights, 329 

ordinary, dimensions and weigh也s ，
327 

Web buckling, L.O.O. regulations, 514 
一- notes, 90, 393-39韭， 430-432
一- tables and formul埠， 296-297
一→ 一一 L.O.O. regulations , 298-299 
Webs, British S也andard Sections, 

thicknesses, 250-257 
- centres of, compou卫d P让.lars ， I­

beams, two, 111-123, 185-
197, 344-347 

一- -一 一- and distances between, notes, 
244-245 

- dist乱时es between, compound pillars, 
channels，也wo， 127-133， 201-
207 

Weigh饱一
bolts and nuts, 322-323 
一- 一- - Lewis, 327 
一一- galvanised hook, 329 
一一 --she的ing， 329
Bri也ish and metric, 484-485, 496-497 
Bri也.ish S也andard Sec也ions ， per foot, 

250-270 

Weights (contÌ1med)一
~equered plat田 ， 328
còmpoünd girders , per foot, llotes . 

86-87 
-，- p过lars ， per foo乞， notes, 243 
electric overhead travelling cranes, 

350-351. See αl800ranes 
flats and plates, 311-313 
handrail tubing, 328 
materials, various, 362-363 
na让s and screws , galvanised sheeting, 

329 
rivets , 324 

galvanised shee也ing， 329
rolling margin, ix 
roof coverings, 334, 362 
- trusses, formula, 334 
rou卫ds and squares, per too飞 314
shee饵， galvanised corrugated, 329 
8毛而el， ix, 362 
washers, ordinary and bevelled, 

327 
- galvanised shee也ing， 329

Wind pressure, alignment chart, 337 
- - D)lchemin formula , 336 
一一 on buildings, 366 
一- on roofs, 332-339, 365 
- - L.O.O. regulations , 520-523 
Working stress, 8ee Stress 
Works addresses, iv 
• photographs, 499-510 
- and stockyards, ix 

YOUNG'S mod山， dωefi血自finiti

Z EmR O PFo imE中he 缸盹， location of, 374 
Zigzag lines, explanations of, 

beams, 90 
一一一- pillars, 246, 405 
一一一 -rive旬， 315-317
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