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FORGUWORD

One of the oldest and most notable examples of a medieval hospital is the 9" century
Benedictine monastery of St Gall which included an infirmary and supporting
facilities. For many centuries looking after the sick was carried out by religious orders.
The development of hospitals has been described by architectural historian Nikolaus
Peysner [HBT, chapter 9). But little is recorded about the engineering services in early
hospitals. {Some examples of early medieval hospitals, all of which were still in use in
the late 1960s, are shown in the photographs which follow.] A Florentine named
Filarcte produced an intended scheme for the Ospedale Maggiore in Milan in the early
1460s, Water was to be stored in a cistern and conducted through vaulted passages
along the wards and then down to a river. Another set of passages were to contain
lavatory seats with aceess by trapdoors between the beds.

The conditions in many carly hospltuls were frightful, sometimes with four or more
patients in a single bed. A late 17" century attempt to improve conditions was the
radial plan propesed by Antoine Desgodets which employed an octagon centre and
sixteen radiating wards. The centre was to carn a dome “which served the purpose of
sucking out used air.” In Great Britain, the 18" century saw a drumatic rise in the
building of hospitals including famous London establishments such as St
Bartholomew's, St Thomas’s, and Guy’s.

in 1773, the Frenchman Jean-Baptiste L¢ Roy described a ward as “a machine for
treating the sick.” His scheme had wards with ample ventilation ducts in the reof since
lack of ventilation was though to be 2 major factor in the high mortality rates then
being experienced in some hospitals. Earlier work on which this may have been based
was the book by the Englishman, Stephen Hales (A Description of Ventilators” of
1743.) In 1774, Antoine Petit produced a similar scheme, a series of radial wards
linked to a high central dome and ventilating tower.

During the Crimean War, Florence Nightingale demonstrated the importance of
proper hygiene when she reorganized the military hospital at Scatari, reducing the
death rate by some 40%. However, despite her impassioned pleas, in the design of the
new military hospital at Netley, near Southampton (1856-63), her recommendations
were ignored. However, a revolutionary design was Brunel’s prefabricated hospital
for the Crimea.

The design of Viectorian hospitals in England saw increasing emphasis on providing
warming and ventilation, proper sanitary and washing facilities, and kitchens and
laundries. In some wards heating (and ventilation) continued to be provided by
fireplaces with opening windows and in man ny places this continued until Edwardian
times. However, the last gquarter of the 19" century saw the increasing use of hot
water heating by radiators.



In the United States, hospital development was spurred on by the Civil War, many
examples of Union facilities being found in and around Washington DC. American
examples from the 1880s and 1890s indicate that many heating and ventilation
installations were in advance of those of the same period in England.

One interesting aspect of engineering services in hospitals relates to Operating
Theatres {see Appendix-1] where radiator heating and ventilation by opening windows
continued into the 1930s, with some early examples having open fireplaces.
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1. Grownd-piar of monastery at 8t. Gall, Extract by W, Horn (),

1 monastery chapel, 2 cloister, 5 infirmary, ginfirmary chapel, § kitchen and bathkose of infirmary, 6 blood-letting house, 7 doe-
tors” howse, 8 garden for medicinal ierbs, o house for distinguished guests, 10 kitchen, bakery and brewery for distingwished guests,
11 house for pilgrims and the poor, 12 kitchen, bikery and brewery for pilgrims, 23 dweliing for travelling Haspirallers, 5.4 admi-
nistrator of pilgrims’ house, 13 and 16 entrance halls for o and 11,

Plan of Monastery of St Gall, ¢.820 [TCEH, fig. 1]
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Beaune (Cote-d’Or), France: Hétel-Dieu, interior of hospital hall [TCEH, plate 133].
Built 1443-51, considered one of the most beautiful medieval hospitals in Europe.
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Napoli (Campania), Italy: Ospedale di 8 Maria della Pace [TCEH, plate 215).
Originally a palace in 1500. In 1571 donated to Friars for a hospital, but converted to
monastery, combining chapel and hospital, opening in 1620.

Converted and extended with barrel-roofed ward ¢.1765.
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Prato (Toscana), Italy: Spedale della Misericordia e Dolce [TCEH, plate 219].
One of the wards, complete with heating stove and very tall flue.
Founded 1218, additional building 1250, renovated and converted ¢,1700 and after.
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Siena (Toscana), Italy: Ospedale di S Maria della Scala [TCEH, plate 226].
Considered the best preserved medieval hospital in Italy.
Main buildings 13" century, frescoes c.1442.
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ot laper hospitals, are firss men-

tioned in the 6th ceatury. Dorved

fresm the latin fiospes, which means
the guest o host, the rerms hospital, hos-
pice hostel ind botel all represent the
functiony of the medieval hospital. Other
terms hiving a slmilar meaning include
atmshiouse, asylum, orphanage, foundling
fome, guest Thovse for pilgrims and
travellers, and poor house.

During the establishment of the early
biospitals, monnsteries: played an impor-
tunt tole, A parchment pian from (he
eh century shows‘that the Benedictine
Abbey of 81 Gitll win designed 1o nclude
o separate infirmary for the sick, Simi-
latly. records show that Cluniac and
Chsteretisn houses also lad tielr own lo-
firmiry. Eveatunlly it became the task
of specanl luy frirernitiex 1o look after the
sick

Fuunﬂlmg hospitals ard lazar hoases,

By the 0th and 1lith centuries the
militury orders had made thesr impress-
ion. in particular that of $1 John of Jeru-
salem, otherwise known s the Hospi-
tullery, who founded hospitals in Jewus
safem, 0t Acre, on Cypros, smong
others, In time the responsibilty for pro-
viding and {eoking alter hospitals passed
from e religious orders 100 manicipul
councls,

developments

Aance

First aid

Brian Roberts delves ance more into the CIBSE archives and
reveaés thatservices in hospitals goes back as far as the Renaissance
penod,

Agove i)

The most mportamt Itndion R
hospital was the Ospedale Maggiore in
Mitan designed by Fiigrete m 1456, Built
1o the then new cruciform plan, it was
intended that water should be stared in
a cutern and condocted through vauited
passages, with a foll along the words; and
down to the river. Another set of passages
cquipped with lavatory scats were to be
introduced with access arearged Vi 1rap-
doors between the beds. These designs,
along with many of Filarete's ornginal
eas, were changed conssdernbly over the
Ve :

At the end of the 17th century,
Antoine Desgoders had developedthe -
dial hosgtal plan, comprising an octagon
contre with 16 rediting wards. The centre
carnied & dume desfgned (o1 the puspose
of sucking out used air, while lavatories
were 10 be installed in the inner angles
between the rudiating wards with more
wilds running round the penphery. In
1756 the pavifion design was introduced,
incorporating widely spaced separate buil-
dinps (o minmmise risks of cross-infection.
Designs of this type include Stonchouse
In Plymoutl (1756) nnd Lariboisicre in
Parig (15839).

1o Brituin, the Wth century produced
an unprecedented ¢rop of hospital de-

icndreen s Genranmedical Dok of 1566 Three pliyscins dre dugnoung 2 Bnest

centre, While angacn s wing off 3 ey, ot the vistruments Ying 2l aver the oo On tha rear
wall can B Sene e heating Apar s whch uppesrs o be 2 "hichalofnt o nadoney stove.

Below: Dresagyd s ot hanical “Loeiig whes"of 134,

velopments. The medieval London
hospitals of St Battholomew's, St
Thomis’s and Bethleliem (Bedlany) were
rebult, und new hospitals astablished in-
cluding Westminster (1719), Guys
(1720}, St George's (1733), the London

Hospital (1740, the Middlessex (1745)
and St Luke's (1751} Many of the pro-

‘vineial hogpitals were built in the second

half of this century.
A survey of hospital conditons al this
tume prodeced the following comments;

[ref FA].
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U1 Eondon Hospital: “Thete are no cist
ems for wutc:_um vanits are. oftan
offensive.”

121 St Bartholonsew's: *The wards.. were
eean...the windows weré open."*

st Thomas's: “The wards were fresh
and clean. there were no water
closets.”!

L1 St George's: “Tlse Xitchens. Mre
(mdcrybond and weére neither neat nor

elean.™
[ Leeds! "l'hklwnromlebathmpﬂnla
In the. K‘nmm

Early bospitats usually had fireplaces or

stoves, ul! "uu;hsomcbodwbwiwut 0

ull. Hot wnlvhnﬁng praved popular in

Bnglandundgrullylm d the French

engineet, Péclel And 50 it was ander

his tecommendation that & pressurised hat

water hystem, oduxw& Koowh i 4 Per-

kins system, was instalied in thc
~ Charenton Hospml in 1840,

In Frasee, a development of steam.

heating was the mixed systom, whereby
“stenm wis wsed (0 higat walcr in radiators
or calorifiers, The intention was 10 over-
come the high uid uncontroliable surface
femprature. nssoctated with pure steam

tian, This syatem’ wis fine used in
the famous Prison Mazas in 1850 and wis
also utitined in the Hospital
TLuriboiriere.

“The water i the stoves was heated by
steam diring the diy andt allowed 1 caol
af night, from ardund 93°C fo {oom
temperiture, thuy effectively cceating
yery mly exumple 0f & thermil storige

ln msom Ahe haspital at St Galea
prrovided with & ceniral boilerhouse
whh steum being distributed to associated
buildings: This. woilld now be cal-
Iesd i roup scheme, in which all the buil-
dings are! under. eommnn ownership add
the drmncasbcmm Them not i great,
“The steam wan used 1o heat hot water in
the main l‘mllding and for nir heating in
thie remainder,

The' dilﬁeuuy of secnving an adequate
clreulation of hot water (o U heating sys-
tem bocame Appirent x}uhe eurly oo, V-
oy formu OF steam injection apparatis
wers devised 1o sccelerate the circulation,
(one such system being instatled i a Dub-
Jie anylum in 1890,

Ventitation

Hent os the motive powor for ventilation
‘dates from the 16t comuty when its use
i mines wis deseribed byt Agricoli. De-
seuliers, in 1723, used it for the Hoass
of Commons, and Sit George Paul also
used 1t in the early 1800 15 ventilate »
hiospital:

A M Fleming of Glingow propised
o system of ventilation far “haopitals, i
which a1 aspirating chimney wis ysed 1o
draw air from the top or back of the hedy
by meuns of tubes.

Around IMU. Ioming also M n
protoype of a ventilated hospital b;d,
which could be mmdwimnmhﬁ
msthine for the clothes of pauunu w
an infectioun disease.

TM ywrlsso 101875 pmm 1o be

j of the stove to; pmvil!c :ﬁe aeeamy

I,
wmh-niml devices for moving air hiid
been used in 16th century mines. These
consisted of paddie-bladed devices tumed
by men or amimals, o possibly by witer
B ) 230 “"‘;#.iﬁ"“m'&?‘

o in 1734, comy n
anical fan, ot *‘fanner?, which had &
wheel diumetet ol 2 A i The fien who'
;umed thes wheel were illed the vepsi-
ltors,

In 1758 Swphen Hales used u bellovs
far ventilating hospitals wnd ships, Com-
priving o box 3 x 13 wad
claitned tht this ventilator could expel
air b the nitte of 6 tunn per minute with'
two men working at the fever {abou (12
m'/s). Hales fgwin used fitnk at the Courity
Hospital, Winchestes | nml ut St Gearge's
Hospital, London:

The system consivted of an extaciing.
Itm,\pouwrd by a windmifl' ficed
on the fop of te. hospﬂal connecied
‘bf 0 wm) vel. ’i"wwlfbg
foul air w. &
war plapnied 20, ot fresh air would
Ceame, i viw ward doors to avoid
- discamyort from cold alr passing

dhroigh the windows,

Unfortunately, this system (s apt 1o go
out of uctlcm' just y\:hcn it was m:;t

I 1784 the bopper window was fiest
used by Mr Whitehurst of Derby, at St
“Thot's Hospital, to. promate natural
vertilacion aud kvoid drsaghte. The
schete proved most successfil and 4 sub-
mﬂu reduction inthe mortality, rate

J

Neil- Amotﬂmmqhmd un luummdc
wir pump at & Yoek : lly
10 enable ventilition at

at night without the
ueed for artendance. A ﬁgnmcnhl Leatute
) stor-

dledcvlvemiuméf

sge. During the day water wils pumped
into the tank by exhaust stean). At mght
it wis ased to drive the iir pump when
:g':lhér “source tb( powcf was avail

oned tor n eﬁw jni-,.wu“n o fover
gt o ““:h‘,’.:“ .
ba W, water'p the
vitiated uir was 10 be: paneprlhmush &
furnace before Aischarge to the atimos-
phere. During-this process the windows
had 1o remain closéd Wirds of this type
were appiently bulle ut Astwerp and
Bauhnon. tugether with @ few th En-

duh-ﬂhn vmﬁnm:mn [

Mﬂhts&W(l w71

[ref FA].
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Refrigeration and alr

condi
M well wuml ice. somo. chemical
{0 the early
ghynimnu und cnmhequbnuy vme used in

‘nu: American Civd War mmulmd
the development of the aqua-pmmonia
nhsorption fachine which was pitented

| byFbrdImmdMlM AL the time.
the confedericcy had been depnvod of itn
stipplies of mmnl ice from the north by
the Union biockade, and 4 sutber of
Care# machives were smupgled in, One
wsch machine was srocted and Operuied
i 1 convnlesceat llmpim ll.Augusu in
Geargia fn 1863,

Paor (o this, in 18.8. the.  working prin-
ciples of u cold-uir mechine had bees
a:g:lned b Trevitbick. Hm 1t Wi

Gorrie, ¥ docmr e Honda, who
;::um the fiest. r‘:d mnchine in ozfs«
¢ solight to reduce the sutfaring of pa-
Henis expoved fo b wnquura. and
was sonvinged of dil“: value of fee packs
‘and caeled rooma 1o the treatment of vel-
low. fever patients,
Gnnic's mihine sonsisted ofu coftr-
with i main cylinder, 20 wm in
diame(cr. and o umaller cxpansipn
’ A ):.u‘n:{ o amlduwl”
. remayed by in water, alr,
; - el 2hace ’4‘"' compruug 0 abour 200 kb, waa i
CAOUND PLAN Floor ~“ Do dHk QI'MG‘ rected 1 b witec-sdoled receiver, During
A,;- 20 4;6,/2‘% the final expansion of the ulr n the et
: pansion eylinder, salt water was injected
ok and’ thensby: coiled to shout -7°C, for
uge in an sce-muoking vessel,

The use of um!emmud fimnels in
order (0 cool buildings via evaportion
was attenmpited by the Beitish Army in
Tndin when, in 1824, a Dt Jeffreyd tood
0] ventllalcqndeool W boapytal at Ciiywn-
mt by means of & long, large tannel,

wever, this proved tokiceesshul since.
the cooling mrfaeemddcpmolmeluuad
were isuificent.
' w}}z’-m m in the ?dy xw;el:lu-
ury, alst empl nnunemolm ot
In"ordur 10 supply, fresh wir (o the Derby
Infirasary; while Sylvester applicd sitnilar
Abowr, D Sanweryon's proposed desias of 1860 methods at Wakefied Asylum a year of
fide mechabicd exaract for i Lrosurward ina |.u,
feverhortal In the USA a pioneer of ait-cooling
systoms was Alfred Wolll who was 1o-
spomible for implemeating an lce-
melting plant ut Carnegic Hall (n 1890,
Howaver, It Wi probiably nog until 1899
that the first medical application, & brine
coil_sysiem, was successfully infrodiiced
Mor the dissecting yoom at Corm!l Mz dical
Cenlnc
M Rate s FUHSE MASHRAT M A 1
By dranor A HAmowsr vl tharman of the
{ONSE Her fage Greup, '

......
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