




.1 "/11 1 .'i/l lt .II,'II. / ./<.') 
1,11":1".1 1'111": h) [I ' /1,, /1. <Ilia t/Il ' 

/ ,,' I·tl .11I hi' .\/.lIlia 1l1", '1I 111) 

'~I~ ( 

JOHN SMEA TON, FRS 

Edited bv 

PROFESSOR A. It". SKE.\/PTO.\.T 

Department of Ci\'il Engineering 
Imperial College of Science and Technology 

University of London 

BRITISH LIBRARY 

LENDING DIV IS ION 

31 MAR 1932 

82/07650 

Thomas T cltord Limitcd 
London. 1 l) ~ 1 



I 

.HILLS .-lSD .\lILLII"O RJ-: 

~--FALl 

80AIIDS 

CROWN OF 
THE fAll 

lAY 

LOW BREAST WHEEL 

OVERSHOT OR PITCHBACK WHEEL 

Fig. 8. Sm eatOl /'s typical walcywiz ee /s (dr,llI 'iIlX by P .. '\·. Wi lso rz , Trans. Nc\\"­
(o m en Soc. , 30 ) 
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there were to be 36 buckets. Smeaton required "the rising boards to 
be 41/2 inches broad, and the breadth of the bucket board such, that the 
point of one bucket m ay advance to the centre line of (he heel of the 
next bucket, and the cutting edge to be thrown to the outside". 

A decision would also have to be made about the number of buckets 
o r float boards on a given wheel. Early in his career Smeaton stated 
tha t with breast wheels the minimum criterion W.1 0 ensure th at 
"one float entered the curve before the preceding one quitted it", 7 

Analysis of his designs reveals that he regarded a circular pitch of 
about 1 ft as satisfactory-that is there w ould be one Noat, o r bucket , 
per foot of perimeter circumference, though fo r w eels exceed ing 
about 20 ft this pitch was increased somewhat. The diameter of a 
wheel relates, of course, the rotation al speed in re\'olutions per 
minute to the peripheral velocity in fee t per second. Smeaton appea rs 
to have used the la tter as a fundamental parameter, saying in 1759 that: 

" Experience confirms that a veloci ty of 3 feet in a second is applicable to 

the highest overshot wheels, as well as the lowest ... hown'er ... I have 
seen a wheel of 33 feet high, that has moved very steadIly and well wi th a 
velocity but little exceeding 2 feet. ,, 7 

In a letter to Mr Wha tm an abou t his papcrm ill in Kt,l1t, written in 
1787 , however, he sa ys: 

'" have now gone (hro' the Calcu lation for your nllll at Loose. and have 
settled the sketch for the wheel, the water trough. and (he shuttle . .. , 
propose the wheel to be 1 <) feet diameter or heigh t. to be - fee t out and out 
and 4 ft. 8 in. wi thin the shrouds and to make 4 I II turns a minute."" 

This would give a peripheral velocity of 4. 7 ft l s , and indeed his later 
practice appears to ha ve been to use somewhat g reater peeds of this 
order. 

Power transmission 

Smeaton desig ned mill m achinery for a variety of purposes. Shafts 
and gea rin g tran smitted ro tary m otion to th e common rac(' stones for 
g rindin g corn, edge-runner stones for oil-m ill s .and gunpowder 
m an ufacture, and for driving ro llin g, slitti ng . and bo ring- mi ll s in 
ironworks . Reciproca ting power tak e-off \\' as requ red fo r water 
pumping, furnace blo \\'ing engines, and sa \\"111 ill . Stamp mills , 
fulling stocks and fo rge hammers v\-e re tripped by rotating cam 
drums . 

In his corn- mill designs Smeatol1 fo ll owed com nu n pract ice in 
hav in g a \"{~ rtl c al " pit-whcel" fixed to the \\" ater\\ ' ~l"t'1 axle \\'hi cb 
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for w hich others would contract to supply materials and carry out the 
construction. He described his own role thus: 

" They who send for me to take m y advice upon any scheme I consider as 
my paymasters; from them I receive my propositions of "what they are de­
sirous of etfecting; \\·ork with rule and compass, pen, ink, and paper, and 
figures, and give them my best advice thereupon . "10 

Smeaton regarded drawing as an importan t part of his work sa ying: 
"the rudest draft will explain Visible things better than many 
words";lt and again: " I do not think it within the compass of human 
knowledge, to form the best possible Design at once. Things are far 
better finished by touching and retouchin g as is usual. and necessary 
to the greatest Painter. " I~ John Farey, a friend ofJessop, described the 
activi ty of the third- floor drawing office: 

"Mr. Smeaton Wa5 a man of laborious habits and made all his drawings 
with his own hands . ... His eariiest designs, which were executed under 
his own inspection. show signs ofha\·ing been lIsed as wo rking drawings 
. . . [but] After he became more established and employed a draugh tsman 
he still continued to dra \\" th n lines of all his d rawings to the propa scale in 
pencil on cartridge paper. .. These sketches were fair copied on drawing 
paper by the draught man \1r . Wm. Jessop at fir st and afterwards Mr. 
Henry Eastburn. and .'v1r. S eawn 's daughters frequentl\· assisted in the 
shadows and fini hmg, in indian ink which was very well executed. "13 

The collection of Smeaton' s excellent dra wings in the lib rary of the 
Royal Society are amongst the earliest exam ples of their kind. That 
Smea to n intended them to be used on site as scale drawings is clear 
from a typical remark in a report: 

"The position and shapes of the other parts will be readily determined 
from the eye, or by measurement from the design; but it mus t be carefull y 
observed, that wherever the measures marked upon the plan differ from 
those resulti ng from he sc.!le , the figured measures are to be adhered to. " 14 

The assistants mentioned abo \·e are the only ones Smeaton h ad in 
his offi ce th roughout his career. Indeed, u p to the mid- 1760s he effec­
ti vely had none, fo r when : illiam Jessop arr ived in i 759 it was as a 
pupil aged 14 and he ranked as a qualified assis tant only from 1767 
llntil he set up on his o wn in 1772. I ; Henry Eastburn followed Jessop 
as a pupil in 1768 and. after I years' training, stayed on at A usthorpe 
un til about 1788. :- Thus. as Smeaton explains in reply to a letter 
asking ifhe had a \·dcancy fo r a pupil: 

"I have ne\·er tru t 'cl m \· r uta tlon in business our of my o \\·n hand, 0 

APPENDIX III 

List of Works 

It is important to determine which of Smeaton's many designs w ere actually 
carried out and, where possible, to provide dates of construction. Much care 
has therefore been taken in compiling the following tables, but we cannot 
claim that they are complete and accurate in all respects. 

Smeaton himself drew up a list in 1780 of wa termills and w indmills execu­
ted to his plans (Reports, Vol. 2, pp . 439-40). These are tabulated here, 
together w ith two horse-mills and the winding machinery at Griff and Long 
Benton collieries . After 1780 our list is based on evidence from Smeawn's 
letters and diaries and from notes by John Farey on the drawings and in Rees' 
Cyclopaedia . 

Apart from his experimental engine Smearon designed seventeen steam 
engines, as well as remodelling the engine at York wate rworks and improv­
ing som e others. Of the sC\·enreen, there is clear evidence that nine were 
built, and their completion dates are given in the table. It is probable that the 
four other engines listed were const ructed . Of the rest, orie was not built and 
we have found no information, positive or nega tive, on three others. For the 
reco rd , these were designed for collieries at Dunmore Pa rk in 1778, Kinnaird 
1778-79, and Thwaite 1779-60. 

Ample evidence exists for the civil engineering works; in the form of 
minute books, Smeaton's own writings and, in man y cases , the works them­
selves. It is possible, however, that one or two have been missed . 

Design dates are taken from reporrs andlor drawings. Construction dates 
have been checked from original sources such as Smeaton's letters and 
minute books. Where we have been unable to es tablish a date within a year or 
so it is simply omitted . 

Li ttle information appears to be ayailablc on the actual cos t of mills in the 
eighteenth century; but Telford in an unpublished manuscript (in the Institu­
tion of Ci vil Engineers iibrary ) gives the following figures for mills erected 
about 1789 in Shropshire : w atermil! with two pairs of stones £350 including 
the buildin g and machmery: with two w heels and four pai rs of stones £650; 
windmill with two pai rs of stones £500. John Farey in his Treatise (London, 
1827, pp . 232-3) gi ves detad of the COS t, amountin g to £2,000. ofa medium­
sized steam engine (4 111 . dia . cYlinder) built in the 1770s, this including the 
engine house and pumpin g machiner\" . For canals and drainage schemes the 
tabulated cos ts include land purchase. pa rli amentary and other charges . For 
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most of the other civil works, the cost relates to construction only. Com­
parisons with modem figures are difficult to make, but it may be mentioned 
that in Smeaeon's day a building craftsman earned about 15s (£0. 75) per 
week, a resident engineer's annual salary typically ranged from £50 to £120 
depending on the scale of the works, and the unit cos t of excavation rarely ex­
ceeded 6d (£0.025) per cubic yard in soft ground. 

An idea of the rates of construction achieved can be gained from (i) the 
piers of the harbours at Se Ives (1767- 70) and Aberdeen (1775--80) where in 
both cases about 8,000 tons of masonry were built per year; (ii) the ex­
cavation of approximately 380,000 ell. yd/year on the forth &: Clyde Canal 
(1 768-70), equivalent to something like 750 cu . yd/man per year, and (iii) the 
steam returning engine and winding machinery at Walker colliery (1783) 
were built and brought into operation 8 months after delivery of the draw­
mgs. 

Locarion 

Halton, Lancs 
Wakefield 
Wakefield 

Colchester 
Hounslow Heath 
Kew Gardens 
Stratford, E. London 
Thornton , Fifeshire 
Kilnhurst Forge 
Kilnhurst Forge 
Kilnhurst Fo rge 
Carron ironwork s 
Sowerby Brid ge 
Knouch bridge , York s 
London Bridge 
Wandsworth 
Keswick 
Carron ironwork s 
Thorcsby 
Tel11pknewsam 
Carron ironworks 
DaIry, nr Edinburgh 
Walthal11 Abbe\ 

Mills and other machinery 

SouY(e 

of 
power 

water 
,\vatcr 

wind 

water 

water 
2 horses 

water 
\vater 

water 
water 
water 
water 

water 

water 

water 

\vater 

water 
water 
water 

\vater 

water 
\VateT 

w ater 

flour 
flour 

oil and 
wood 
fulling 
C ' f'per 
\V3 tcr 

water 
paper 

blowing 
hammers 

slitting 
blow in g 
fulling 
flour 
wa ter 

flour 
gri st 

blowing 
water 

\vatcr 

bonng 
flour 

powder 
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Walfrwhul s 

No . Type D,am 
(jr) 

no details 
LB 20 

smock mill 
LB · 14 

2 HB 16 
A rchimec' .·· screw 

LB 10 
OS 15 

4 LB 15 
2 Ul 15 

LB 18 
HB 27 

1 . Ll:l 12 

2 OS 11 
1 US 32 
3 LE 14 

L 13 16 
OS 211 
OS 7 

pressure cnglllc 
2 LB III 

OS 11 
LB IS 

DfS(~1I Builr 

1753e 
1754~ 

1754 1755e 
1760--61 e 
c. 1760 e 
1761 1761 
1762 1763e 
1763 e 

} 1765e 

1764 e 
c. 1766 
1767 e 

1767-{)8 1768c 

1768 e 

1769 
176l} 
1769 
17fl9 
17711 
1771 
1771 

e 
e 

1770e 
1770 

1771e 
c 

c 

LocariOfl 

Worcester Park 
Griff colliery 
Leeds 
Woodhall, Northumb. 
Coquet ironworks 
Scremerston 
Hull 

Carron ironworks 
Long Benlon colliery 

Carsha.lton 
Deptford 
Cardington 
Seacroft ironworks 

Gospor! 
Wan]ock Head mine 
Austho~ (Sykdield) 
Carsha.llOn 
Beaufo rt ironworks 

I.)eptfo rd dockyard 

Newc.stle-on-Tyne 
Newcast1e-on-Tyne 
Walker colliery 

Waren, Northumb. 
Loose, Kent 
Carshalton 
Wandsworth 
Custom House, London 
Waddon. Surrey 

APPE?><DIX 111 

SouTa 
of 

power 

water 
water 
wind 
water 
water 
water 

water + 
steam· 
water 

water + 
steam 
water 
water 
water 

water + 
steam 

2 horses 
\vater 

wind 
water 

\V3.tcr + 
steam 
~I a[cr + 
stcanl'* 

\\"ater 

wllld 
\Va[cr + 

steam 
water 
water 
water 
water 
2 Illcn 

\o\"a tcr 

PurpOst 

powder 
windin 

fun! 
gnst 

roUmg 
gnst 

otI 
cla y 

winding 
oil 

w;iler 
/lour 

blowing 
water 
lead 
oil 

/lou r 

bluwlll g 

flo ur 
snutT 
flour 

wmding 
/lour 
paper 
paper 

oll 
crane 
flour 

I 
2 

2 

2 

WoruU/heels 

Type Diam. Desigll 
(ft) 

OS 9 1771 
OS 37 1774 

5-sail mill 
OS 32 
HB 15 

1774 
1775 
1776 

N 11 1776 

OS 27 1776 
LB 18 1777 

OS 30 1777 
LB 18 1778 
LB 16 1 77~79 

LB 8 1779 

OS 30 1779-80 
horse-gin 1779-80 

Budr 

e 

e 
1776e 

e 

177& 
e 

1777 
e 
e 

I780e 

LB 14 1780 I780e 
5-s3il mill 1781 

2 OS 8 1780--82 1783 

OS 42 1780--82 

OS 30 1781 
1781 
178 1-82 

c. 1784 

1782 
1782 

OS 24 
5-s3il mill 

OS 
OS 
OS 
LB 
LB 

OS 

30 1783 1783 
21 1783 1785 
19 1787 
15 1789 1790 
16 1789-90 

1789-90 
8 1789-91 

OS = o\·ershot; US = undershot ; N = . O<5e. L B = low breast; 
water + steam = waterwhecl with returntrl~ ("ngmc, 

HB = high breas t. 

steam* = steam engine not dt'signed bv Smcaton. 
e = III Smeaton's 1780 iIst of "mIlls eX t',uted· ·. 

The following mills for which no datc.'s han ' been found are 111-

eluded in Smeaton's list of "mill l'wcutcd", drawn up in 17~(). 
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Source Waterwheels Civil engineering works 
Localion of Purpose No. Type Diam. 

power (fl) Design Consm.ulion Cost (£) Resident engineer 

Nine Elms wind flint Eddystone Lighthouse 1756 1756-59 16.000 JosiasJessop 

Barking wind wood no details Calder &. Hebble 

Heath water pumping no drawings Navigation 1757,1759, 1760-70 75,.000 Joseph Nickalls, ! 760--61 

Ridge water wood no details 1767 John Gwyn } 
Honeycomb water ? flour no drawings Matthl3S Scot! 1762-{)5 

Bretton Furnace water blowing HB 20 James Brindley, engineer 

Hounslow Heath water powder LB 16 in charge. 1765-M 

Bussey, Perthshire water flour OS 13 Luke Holt } 
Horsley water wire } Roberr Cur 176~ 70 

Horsley water tllt 
no drawings London Bridge 

Alston . Cumb. water grist OS 30 foundations 1763 1763 

Whi t tle water grist no drawings Coldsueam Bridge 1763-{)5 1763-{)7 6,000 Robert Reid 

Throckley water grist no drawings jt76S-68 Matthias Scot!, 1765-74 
Potteric Carr Drainage 1762, 1765 .1772-77 Henry Cooper, 1774-77 Welbeck water pumpmg OS 4 
Perth Bridge 1763-{)9 176&-71 23,000 John Gwyn 
AdJingfieet Drainage 1764 1767-72 7,000 John Grundy, engineer in 

The total numbers in the above lists are: 
charge 

David Buffcry, assistant 
windmills 6 St Ives hubour 1766 1767- 0 9,500 Thomas Richardson 
watermills 46 engineer-contractor 

watermills with returning engines 6 River Lee NH'lganon 1766 1767- 1 Thomas Yeoman, 

horse-mills 2 engineer in charge 
Edward Ruble. aSSis tant , 

winding engines 3 176~71 

Ure avigulOn&. 
Ripon CanaJ 1766 1767-72 16,500 John Smith 

Forth &. Clyde Canal 
(Grangemouth- 1767-72 1768-77 164,000 Robert Mackcll 

Steam engines Gl.c;gow) AJex. Stephen, aSSistant 
Eyemouth harbour 1767 1768-70 

Localion Pz;rpose Cylinder diam- Design Sello work Newark fiood arches 1768 1768- 0 12,000 

eter (in.) R ye harbour. new channel 1763-{)4 1 76~ 3 19,000 William Green 
Spurn Lighthouse 1767, 1770 1771-76 8,000 William Taylor, 

engineer-coIl tractor 
New River Head water supply 18 1767 1769 Porrpatnck harbour 1770,1774 1771- 10,000 John Gwyn, 1771-75 
Long Benton colliery pumpIng 52 1772-73 1774 BanffBndge 1772 1772- 9 9,000 James K yie 
Chacewater mine pumpIng 72 1774-75 1775 Stonehouse Creek Bridge 1767 1773 
Krons tad t docks pumpIng 66 1774-75 1777 Aire & Caldcr 
Long Bcnton coll iery winding* 26 1777 1777 Na n gallon. new cuts 1771 177:>- 9 30.000 WdliamJessop. engmeer 
Lumley colliery pumpIng 34 1777 and locks m cha rge 
Gateshead Park colliery pum pIng 60 1778 ( 1779 John Gott . reSident 
Seacroft foundry blowing* 30 1779-80 ( 1781 engineer 
Middleton colliery pum pmg 72 1779-80 A berdeen harbour. 
Carron ironworks returning 72 1780 ( 1780 north plC'r 1770 177: J 16.000 JohllGwyn 
Beaufort ironworks blo wing* 36 1782 Peter hea d harbour 1772 1775-81 6,O()O John Gwyn 
Bourn Moor colliery pu mpIng 72 1782-83 Dunip>ce da m 1773 ( 1775 
Walker colliery winding* 36 1783 1783 Amcsbury Turnplke 

Bndge 1775 17T 2.0()() 
* Returning engine with w aterwhed. Nent torce le "e! 1775 177l>-
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