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1. INTRODUCTION

The names of Vitruvius and Frontinus do not represent
great persons who succeeded in the scientific devel-
opment of hydraulics. Here they are dealt with, because
they are authors of books by which we get knowledge
of principles of planning, construction, operation and
management of Roman hydraulic structures. The most
famous of these structures are the water bridges. Some
of them are even several kilometers long. They represent
the peak standard in technology, which we can still
admire today. In comparison to the Greeks, the great
achievement of the Romans is the improvement of
technology not in the field of science. Therefore it is
logical that the great scientists of the renaissance
reactivated the ideas from the Greek while the Roman
heritage of technology was handed via Byzantium and
the Osmanic world to modern times, as it is stated
by van Buren (1955) when commenting on the water
supply system of Constantinople.

2. VITRUVIUS
2.1 Life

The architect and author Vitruvius described the
principles of planning of hydraulic structures in his
ten books De Architectura. Not very much is known
of the author Vitruvius himself. He seems to be born
about 84 B.C. If the thesis of Thielscher (1961) is right,
then Vitruvius is identical with Lucius Vitruvius Ma-
murra. Catull gives more information about this person.
Following this idea, Vitruvius was praefectus fabrum
in Caesar’s army and was thus responsible for all tasks
of the pioneers. He had seen much of the Roman
Empire during the wars under Caesar’s and later
Augustus’s reign. In this time he had to carry out
various tasks with regionally different materials. He
also had the opportunity of studying various techno-
logies and structures even in distant provinces. Ob-
viously Vitruvius decided to write down all his know-
ledge and experience when he resigned from the army
as an old man. His intention was certainly supported
by the fact that he was sponsored at the personal request
of Augustus’s sister. It is still undecided when he finished

23

his books. It is also not known when he died. But
it is unlikely that he lived longer than the end of the
first decade B.C.

2.2 The treatise in general

At the beginning of his script Vitruvius ponders on
the self- esteem of an architect — the term engineer
as distinguished from that of an architect did not exist
at that time. The main part of the book reflects the
various stages of planning for a new settlement, be-
ginning with the selection of the area, continuing with
the infrastructure, the big monuments and public
buildings. He also describes the construction of private
houses. In this context, he also considers the different
materials found locally. At the end of his books, he
deals with the construction of clockworks and ma-
chines.

With respect to hydraulics, his remarks on water-
lifting devices and water-mills in his last book are of
special interest to us. He describes the shaduf which
is still used today, for example in Egypt, the Archimedic
screw, a bucket chain and the water-wheel as devices
for water lifting as well as water power. The following
section will particularly concentrate on book VIII
concerning the different elements of water supply.

2.3 Construction of aqueducts

After an introduction about the importance of water
for every creature in general, Vitruvius reflects on water
quality. In this respect he mainly refers to other reports
by mostly Greek authors. Besides correct observations
concerning judgements of water quality (purity, cool-
ness), properties are associated with the liquid which
might be understandable in the light of the ancient
ideas of mythology but which are naturally wrong.
Today we may smile about thoughts that, for example,
illness of the feet are caused by drinking bad water.

Vitruvius continues by describing methods of de-
termining the location of springs. He recommends
correctly the observation of intensive evaporation at
flora and fauna.

In the next chapter he tells us the method of levelling
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SROTION A-H

Oer Kiausbrunnen der Eitelleilung Kdins

{Colonia Agrippinensium)

fior an aqueduct by mcans of u chorobates, which is
comparable with a water balunce. Then he writes of
the canstruction of an agueduct, As he does ot pllow
a clear pattern, certin parts of s text arc open 10
diffcrent interpretations.

The single ¢lements are shown in the systematical
skotch (Fig 1), Every agqueduct will start ar its adit or
spring. The essentiil construction details are pot re-
ported upon by the author but rather the respective
items for percolation wells, which have w be con-

Fig2 The Klisbunnen - ssoonstiction (Habere
1972

structed slternatively in case no watercan be conducted
from springs. A typical example for such-a percalation
well was found and reconstructed in the course of the
agueduet for Cologne from the Eifel mountains, the
so-called Kinusbrunnen (Fig2)

According to Vitnuvius the collected water is con-
ducted in the aqueduct, mostly a vaulted channel (Fig.3)
with a slope of ‘not less than 1200, This recommen-
dation would have caused high velocties in the carefully
polished cross-section. But only in very mountaimous
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areas channels with & slope higher or equal w 1:2(K
caun partly be confirmed for Roman aqueducts. Often
the slope was much smaller, As an example of this
the agueduct of the ancient city of Nimes in France
may be mentioned. Its slope is mostly about 1:5000,
by far less than the recommendition of Vitmvios,
“ensterbusch (1964) thus corrected and supplemented
“the- respective part in Vitruvius’s seript sccording (o
W companson with Plinys Fisiory of Nanre w “the
shope should ot be mare than 1:200 and not less than
LABO" (sicilicus = 1:48). This supplement seems to
fit in much better wath the archasological evidence,
Hills and mountains as hindrances along the course
of aqueducts ure 1 be crossed by tunmels, according
o Wittdwius” romarks, The construction of tunnels was
ool few in Roman times. For instance, the fumons
tunnel of Bupalinos on Samos existed aleeady for nearly
506 years when the Homan suthor lived. But his
recommendabion 1o cross soil by a0 tonnel and 1o
strengthen jts crosssection: wis now. - An excellent
example for this method is proved along the course
of Pergamon’s Aksi-channel (Garbrecht & Fahlbusch
1978}

The opposite kind of obstacles along agqueduocts

. naturally are villeys. To overcomie these Vitruviis

supoests three aliernutives.
1. Diversion around the valley in case the extension
of the course is not oo long
2 Construction of bridges
1. Construction of pressure conduits.
The first alternntive means no specil effort, The bridges
of the secomd alternative are the monumental evidences
of the high standard of Roman hydraulic structures,
An example is the most fumous bridge, the Pond du
Gard with its three staries in the cours: of the aqueduet
ol ancient Nimes (Figd), The thind alternative again
implicd no new development. A pressure conduit was
ulready constructed in Pergnmon in hellenistic tumes
which had 10 bear a pressure of nearly 20 bar. But
Vitruvius® descniption gives us an idea of how people
tried to explain the phenomena of communicating tubes
i Roman times. And this wis partly very mystenious,
According o the uanslation of Fenstertnsch he writes |
(Fig.5)
H‘?;m:hc vitllevs are wade, the conduit. will be
fead down hill, When it reaches the bottom ol the
vitlley n substructure is 1o be consirocied on W level
that the conduit can be kept on this level as long as
possible. This will be the belly, which s called koilia
by the Greek. When the condiit comes 10 the other,
mclinmg part, the water will swell duc 1o the long
distance antd will thus be pressed uphill to the top,
In case there is no belly in the bottom of the vallews
dnd no heriaontal substructure but g knee, then (he
watet will break through and destroy the connecting
Joints of the tobes. Funhermore colliguinra hive 1o
be apphed in the belly inorder 1o release the air pressure,

This tex mdicates that Vitruvus knew the effect
of the ponciple of communicating tubes bt pop s
reason. Ohwiously be was aware that shirp bends in
the course of pressure conduits are especially endan-
gered, But ngain in this aise be didn't reeoamtze the
reason, Le. the devintion of the resullam from e axial
direction

The unkvown word colluvaria in the Tatin text,
which was modified by Fensterbusch o colliguiaria,
m the last guoted sentence has been wadely speculated
upat. By another comparison with the respective 1oxt
in Plinys History qf Nature it scems correct to identify
towers with this device, which bore an open tink on
its top. The pressure conduil emptied on one side imo
this tank and on the opposite side the water fowed
intey the following conduil. These towers luve been
constructed an horizontal or vertical bends in the coumse
of the conduit, They served for the vertilution as well
a5 to avond the abovementioned forces which threa-
tened to destroy the pipes in these benids. Two cxumples
ol these towers are still 1o be scon i Aspendos, an
the southern const of Turkey (Figh),

Vitruvius rocommends the applicition of clay —
as well as leaden pipes for pressure conduits. The firw
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Tabdo 1. Stendardmed msares of Roman pipes ave. to Vitruvius

]

Fome of pips [nnet dizmenes Circumference Aren of cross-section
i bgitl) (i) ictighely® {emi {digitly * wemd) uinatinge

5 eptdbeniriic 1.59 284 5 9.25 1.59 h.Bl 162
8 oclonarii 2.5% 4.7 8 148 5,049 1743 415
10 damarin IR B9 1] 185 T.5% 724 i 4B
5 quimam b 478 §.83 15 27,18 17.91 61.28 14.59
20 vicenurin .37 LR n 7.0 i1.83 T0R923 25.94
30 tricennria 9,55 17.67 3 554 TLE2 24511 38.35
40 gundragennra 1273 23.55 i 4.0 137,32 43575 103,75
S0 quinguagensrin 15.92 29.44 0 y2 s 198 %4 680 k6 (8201
B sotopenaria 2547 47,11 BO 148.0 509.30 1743.08 41502
100 centenaria 3183 SB.R9 100 165.0 795.78 372345 hdH 44

*Source of pame

hadd 1o be sealed in the joints by a lime-oil mortar.
Hor the other pipes plates of lead had been bent around
sd cylinder and soldered dt the joinis. This method
resuited i the tvpical drop-like shape (Fig. 7). The
author seems o be the first person who reparts about
a system of mine different standardized tvpes of pipes
{Tble 1), The name of the smgle pipe denved from
the width of its unbended pline, Le. from the cirocum-
ference of the tube, As the standard length and the
respective minimum weight i also mentioned, the
thickeiess of the tube-wall coidd be determined to be
about 6 mmni.

Agueducts terminated in the cities in a distribution
structure, a so-called castel. According to Vitruvius
the water was distributed from here to the public pools
and founting, n order to supply the population
Furthermare the conduity 1o the baths and for prvate
persons were connected with the castle In arder to
ensure the supply for the population, private persons

should only get water if the demand of firstly the
populstion und secondly of the baths was covered.
This prrangement was obviousty invented by Vitruvius,
since the construction of such o castel could not be
confirmed by archaeological findings up to date.

24 Waier purtfication

From the hydmulic poimt of view another aspect in
Vitruvius' book VI seems to be of special interest,
In case neither spring nor wellwater Is availiible for
the supply of the population, the author recommends
the construction af cisterns. Again this wis no news;
Cisterns have been used in the mediterrancan area
centunies before the Romans. But Vitruvius extraor-
dmanty sugmests a combined system of two or thee
cisterns which are only separated by walls. made of
opis staninum, Le d porous mixture of lmestone and
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gravel, The author reports that water will be purified
by infiltranon from one csterm through guch o wall
into the next one Withowt exapgeration thise sug-
geitions are nothing elie but o deseription of water
purificanon by means of filters. v seems: that the cistern
of Ampunas i Spuin had been constructed i this

way (Fig8, Lamprecht 1984)

25 Jmporsanee of Vigruvie

It 15 anopen question whether Vitruvius® recommin-
chirtions have been used in practice. An answer canno)
be gven, Chornels, bridges, pressure conduorts: have
been constructed dll over the Roman Empire. We dio
not know whether the discussed 1ext has been used
as oguideline at these works, But o s a faet (ha
later on, authors who deall with the water supply of
Rome like Pliny or S0 Fromtinus quoted or a1 Jeast
mentioned Vitruvius. This may mdicate that his books
were well known amang people who were ineresied
in technical subjects.

Undoubtedly the [0 books on Archifectire are of
great importanee for the research on lstory of avil
design as authentic evidence of the an of contruction
in antiguiy.

3. FRONTINUS
11 Life

The second author o be deall with 15 Sextus Julius
Frontimus. He became ymportant for the development
of the art of hydmulic construction becatse of his two
bowtks D aspuiechactu irbds Romae. Again only a linde
is known about this Roman author, He was bom
presumably about 35 A D, He probably. ormnated
lrom the class of kniphts (Fek 1982). Obviously he
was very successful in hik public carcer. Tacitus men-
tioned him first, when he opened the session of the
aty council as pritor. He became consul, governor
of the province of Britannia and later on of Asin. He
must have hid an excellent relationship with the
emperors Neeva and his successor Trgan, becase he
wits extrnorchinadly honowred by not only 8 second
but even a third consulate, the las one together with
the emperor himsell. Frontinus died 103 or 1M ALD.
Frontinus wrote scverl [reanses, Le. two on sur-_
veymg which are partly passed on to ws, one on
crafiiness in wars, the srotegemais, another one on
the art of war, which i Jost, and i least the o
mentioned hooks on the water supply of Rome.
Especially with this treatise he won great fame. The
fisllowing remarks sre hased on the trunslation of the
bewoks by Kilhine (1982,

3.2 The treanse De agaehactis bty Rowmuze

Fromtinus introsduces himsell in the first book abaout
the syueduets of Rome as a thorough and careful head
of an office. After he wits appointed cumulor aquarim
in 97 A.D. by emperr Nerva he first of all wrote
down all informution available on the water supply
system of Rome in order 1o become acqumpted with
his pew task and abo to inform his successors. Thus
even plans and maps were deawn From the existing
sysiem.

Then he describes the nine differen agqueducts whicle
were in operation when he got his official position. |
He reports the origin und destination, the elevnticn
there, and the length above and below surface of the
course of every channel. Thus the reader 1s miormed
about all the agueducts, which are listed m Table 2
After Frontinus' death the Trotang and  Alesandring
have been constructed. Their data are added in Table
2 The whole system is shown in the map (Fig:21 in
paper ' Hidmulic and hydrological concepts in wntig-
wity').

Frontinus contines with the description ol the
svatern of sinndordized pipes; which was used for the
distribution of water (Table 3), This system was more
detmiled than its predecessor. It wiis also the basis for
the determinavon of the discharge. He explains the
system hitherto used, und the munipulations he dis-
covered,
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Table 2. Rome's aqueducts socosding to N Smith

2

Nume Pat= Length (ki) Crosssection Helght

Tatal  Below  Above  Hridpe fm?y (mMSL

wirfsce  surfice

Appia 312 BC 76 68 08 009 069x 168 20 Springs tn Anlo Valley
Amio Vitus 272 LT LRI i 091= 229 s Anio Hivey
Mt rcia 44140 912 80 08 104 152x259 %9 Springs in Anio Valley
Torpuila 126 154 Ha s 8.2 0.76x 1.07 Al Spriongs near Alban Mouniain
i 13 218 124 08 96 O&lx152 635 Springs near Alban Mountathe
Vigo 19-21 20.8 19.2 0.4 1.2 D61« 1,78 20 Springs in Anio Valley
Alsleting 12 18 124 - 4 115239 17 Lake Aluletimit
Clwudia IS AD  BRE 36 k2 4 0.9 x .94 67 Springs in Amio Valley
Anio Novuy  38:52 6.4 718 24 112 1.22x 274 70 Anle Hiver
Tralan 109117 591 mi 1.30x 239 73 Springs nonr Lako Sabating
Alexandring 226 224 12.8 72 2d - - Springs & Sassn Belle
Tuble 3 Standardized meawires of Roman pipet sccording to Frontinus 1 dind

Timngte dismetor Clecnm fetencr Aren of coodsseotion

Name of pipe dighth (em) digiti (em) difii* quinariue (em?)
5 quinaria Sfa~ 231 393 T.37 W & 1 1.00 4.0
b senary fifd = .78 72 872 5 5 B 144 haos
7 weplenaths 4= L) S.SB"J 10,18 L4 1.96 812
B octonarin Bla= 10 629 1163 EN 2:56 10.73
10 demaria 10/4= 463 T84 14.54 4.71 4.00 16.80
12 duodenaric 12/4* 5.5% 9.41 17 44 7.07 5.76 24,19
L5 qubmamy denmng 15/4% 694 .79 21.80 11,04 00 iT.E0
20 vieemnirg 4 5.25 1522 .07 18.63 L.00 720
20 vicenuris 5.08 L] 15185 .32 0~ I6.26 BHA45
25 vicanum quinum 564 10.44 1733 3180 s 20.37 #5 56
30 tricennrin 18 11,44 19.42 a9 o .43 10262
35 tricenuimn quimim B.AT 1235 10.98 3881 L g 28,51 119.74
40 juadragenaria 114 1320 2342 41.47 40~ 1258 13685
45 rjuadrgenim quinum 1.57 14.00 2379 44.00 5~ 3665 153,94
S0 quinguagenatia 7,99 1476 500 4639 i1y 4073 171,08
55 quinguagenum quinim BA? 1548 2.4 48,64 ise 4480 188 1o
60 sevagennrin W74 1617 1744 5080 B> 48.87 205.20
6 siXupemim giimum 9.00 16,82 28 58 S2.88 6e* 5204 22237
70 tepluagenaria D44 17.46 29,67 54 B8 e 57.02 13947
75 peptuayenum ¢ Linwm 9.7 | B08 M 5681 . 61.09 25654
B0 octogenaria 10.0% 1867 T 58.63 " 65.17 33770
BA octogenum gulnum 140 19.24 1269 flhdT &51 69,24 290,79
90 nonagenaria 1070 19.80 3364 62:23 B 73.31 30790
95 numagenum quingm 1L0o 2034 1436 63.93 95+ 7.8 325M
100 t b 11.28 20.87 35 45 BA60 Ly #las M0
120 censemum vicemin 12.36 22.86 1843 71.54 120* 97.75 410.55

*Source of name

Frontinus second book reports on the results of
dischurge measurements i the single aqueducts and
the compar with former records. He lists the
quantities, which have been distributed to the different
types of structures such as basins, fountaing, pools,
baths, et amd furthermore the classificanon of the
water for pubhie use and for licensed private consump-
tion. Especially this pan gives us detailed information
tm the hydmulic rueture of the ancient capital
The treatise erminates with remarks on legal oblig-
tions for the construction, maintenance, and protection

of the aqueducts as well as penal codes in case of
disrespect spainst emperor’s orders.

33 Dischorge megsurentents

Those pantsin Frontinus® books dealing with hvdraulics
are to be examined here in detail, e, opecially his
statements on discharge messurements. In. Roman
times, the dischurge obviously was equated with the
discharged cross-section. The dimension was the qui-



0 Hevming Fahibwsoh

nariis. This expression signified the smallest pipe which
was used (see Table | and Table 3). According o
Viouvius o quinaria was a pipe of ¢ ciroamference
of five digits, or more exactly of a leaden plate having
a width of five digits. This plite was bent around o
cylinder and soldered at the joinl. Thus the circum-
ference determined the name of the single pipes in
Vitrovius' system. According to Frontinus® system a
pipe with a diameter of five quarters of a digir wos
calledd  gunarnin, s cross-section wis - nearly 40 5
smaller than the comesponding one of Vitruviies, The
new, moare detailed system desenbed by Fromtinus
consisted ol in total 25 standundized pipes. Herein the
narme signified the dimmeter in guaners of 4 digit up
oy the vicenama. Thai is @ tube with a diameter of
20 guarters of a digi. For bigger pipes the namie
represented the cross-section o sguare dmgns. The
partcalars of the whole system with respect 1o diameter,
crcumference and cross-section m Romam as well as
in mvetnie messures are Heted in Table 3

In principle, Vitruvius® and Frontines' discharge
mezsurernent systems do not differ. Both aim ar the
determination of cros-sections. But it has 1o be
emphasized that Frontinus® measurements have been
miuch more uccurnte. He determines the cross—sections
of the dreular pipes by taking into account o fractional
number of 2277 for e, Vitruvius used m his treatise
the less accurate value of 25/8 which 15 easier 10 use
for clculanons. Frontinns cnbazes Vitrovins" system,
beciuse of the lack of exacdtness, when he states, that
bended plates will be compressed an their inner surfaces
while their outer ones are stretched. But the reported
deviations between both systems are so small that they
can be neglected, On the other hand the observation
of them by Fromtinue emphasizes the particulsr ac-
ouracy of the curator which he mentioned at the
beginming of his treapse as typmcal for his character.

As nlready stated both authors discussed  here de-
termined the discharge by measuring cross-sections.
In modern dimensions squure meters have been me-
asured instead of cubic melers per second. This fict
is readly ustonishing, Liguid measures had been known
for a Jong time, In Rome the amphora as gauge was
standardized. The determination ol time, even in small
periods, was in common use for centunes. Thus it seems
10 be curions that the dimension of the discharge, i.c
the volume per ume umt was nol detected. This
dimension can be considered as product of the pa-
ramelers cross-secton and velocmy. These single pa-
rameters were also well known m Roman times. But
the product obviously niot. For discharge measurements
the crisssections were determined, not the elapsed
time. Thus also the product could not be caleulited

Oy the ather lumd Frontinus was aware of the fact
that the discharpe depends on the velocity, at Jeast
qualitatively. He reports this verbatum, He also states
absolutely correctly, that the velocity depends on the
slope mna channel, since hugher pressures couse higher

Fig®. Culix (Photo: Peteolien O Taaks 1972)

discharge rales in pressure conditits. He even reeognized
when investipating the manipulations of the water
distribution devices thal an enlarpement of their cross-
sections inreased the outflow from g wnk. In order
o prevent such nmsance in future, irm, unbendable
stnndardized outflow-pipes, made of bronze, so-called
calices, had been mvented (Fig9) Frontinus also
observed that the direction of the curment 1o the outflow
opening influences the discharge through the calix,

It can be concluded that the curstor had intensive
knowledege of hydmulic relationships. In this coniexi
it replly séems 1o be curiows that he made — compared
with our knowledge — the ermror of nol taking the
velocity o account when determuning the discharge.

It has been attempted 1o calculate the velocities and
the discharge mtes of the different aguedocts in the
vicimity of Rome according to the knowledge of
hvdmulics of today (Fabilbuseh, 1982), This caleulation
wias based on Ashbys (1935) measurements of the
rectangular channels {(width and slope) and Frontimus
records of the dischorged areas, The resulls wre lsted
in Table 4. The folowing agueducts were running in
the vicinity of the city partly above each other or
respectively parallel:

l. Amo vetus

2 Marom, Tepuln, Juln above each other

3, Amio Novus, and Claudin above each other
(Fig. 10 shows an anists view of the intersection of
(2} amd (3),)

When comparing the results of the velocity calen-
fation the minimum da differ by nearly 22 %, ie
v = 0,72 m/s at the Tepuls 1o v = 092 mss ot the
Clandia. [t hardly seems o be understandable il
siich & careful person as Frontmus: denounced on
maccuracy of less than | % when determining cross-

10
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Tubte 4. Estimation of discharge in Rame and determinotion of dischangs por gulneds

A b bt b Al ] It L ¥ 0 (5]
Avjuedue Ared stcarding  Whith  Depth Widih Ases  Slope Hydre radioy Foiction  Yelecity ||II.-.']‘I.I._1';I Q':ilnum
‘o Frontinug sosdad Channet with with 2 ) min-mas® min-max® minmn®
g tor il Al rust of Ticaemt
Adlilsy A
(Quuimurtsl  (m? (m}  (m) imi dm? (% dml dmd {mfal (i) {1/s)
Agus Appia 1825 Q7T L6T (4G 05" 030 T0-75 LT T4 OLERDST 029030
Asjuil Anilo 1362 0.99 DB& 114 (e O:BR (K0S 031 29 S0-55 DR4-00R 0744099 (03]-0.41
Velin
Agun Marcli 2944 .24 07§ LAS 065 1.07 013 0317027 S0-5% 0.76-090 OB1-1.01 028038
Agun Tepula 445 19 N6} (30 13 013 075 07077 013004 (0304032
Anqud Tubis 1 206 051 DAag L0} 013 020 10-75 (LRG-0.92 OLad4-0d7 036009
Ague Vigo 2504 F0S: 133- 0T D25 0.36 1075 056060 059063 024035
Agquy Clmpidi 33172 139, L1412 Lo4 127 013 O.3- 037  S0-55 0O .08 LI7-147 D30.44

* The differences 3t caused by takimt into account calenreaus craets and diiVorent friction coefTictents

g 1 Iiternctiomn of the
conmue ol five meppediacts
et Busme [padevtiing bs
oo Themier, Deulbichies
Musicuirn, Milochm)

sections; bul omitted a deviation of the veloaty o
about 20 % although he knew its mfluence ar leasi
ualitatively,

We do hot know what the measunng devicss, (he
so-citlled mensum, looked like. According o 4 note
in Frontimis’s text on the discharpe determination a
the Appu. the width and depth was measured in the
reciangulnr channel. The spot where these measure-
ments have been cumed out, was selected according
ti the author with view to a certain necessary veloaty
of the water. Thus it scems possible that he hagd tried
o instill equal flow conditions ut the respective me-
asuring spots, e.g by an equal dope, Thus he coukd
have tried 10 diminate the measuring mistakes due
to different velocities he knew about. But as long as
there 13 no archaeplomeal evidence m this respect this
ilen 15 pure specabation,

Acconding o Hodge (1984) opinion, this mensurn
might have been construeted as o slhuice gate in order

to force supercritical flow when being anderlown: This
would hove only been possible within certain lmits
il & constanit difference wis kept between the upstream
and the downstream water level mt the gte with 4
submerped hydmulic jump. The diffeence in heud was
to be fined in the different chiannels and their changing
dischorpe rates In order to gunrdntes 1his the gate
must huve beenndiustable: But such a procedure would
have been far too comphcated m view of the knowledge
about hydmulics in Roman times. For sure Frontmus
wortlel have reported such messurement methods i
they would have been applied.

34 Relatowship between Fromtinus and Feron af Al-
axandria

The real comrelation, that the dischorpe is the prodict
betwoen cross-section and veloaty, has been described
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for the fimt time nearly unequivocally correetly by
Heron of Alexandria in his Dioptra (translation by
Schime 1909) It is not’ known when Heron lived.
Assumptions stretch from the second century B.C, 10
the second century A D, Heran wrote, like Frontinus,
d treatise on surveyving Single parts of both authors
are redlly similar (Cantor 1890). Apparently the soc-
eessor knew the text of his predecessor; In case this
statement s troe and refers not only 10 the hooks
on surveying, it may be conchided from the above
arguments that Heron did not live before Frontinus,
(therwise the extremely thorough and careful curator
acuarum would certainly hivde used Herons knowledge
when determining (he discharge in the agueducts of
Rome. His influence in the capitnl would have enabled
Itim 1o be informed relntively quickly on request with
the scientific understanding avaitable.

Heron's discovenies led 1o theoretical guestions in
mithemancs, bur it does not seem clear whether they
were applicd m measuring pmctice in Roman times,
Il the Osmanic waler supply system of the frmer
Canstantinople sepresents the divect herltage of Rome
via Byzantium then this measuring method was not
uged in practice, There the water had been distributed
accarding 10 the dischurped cross-sections until the last
cantury (Cecen 1975)

A5 dmportance of Frontim

“The expenditure for 3 grive monument is unnecessary,
The remembrance fir us will continue, if we earned
it by our life® Thus Eck (1982) quotes from the
testament of S Frontinus.

We got from this greal Roman the most detalled
writtén. information whout water supply. in antiquity,
Obviousty this was the peak of knowledge i water
supply technology for many centuries. The reference
m Leupolds (1724) treatise ‘Schanplatz der Wasser-
baukunst’ can hardly be i differently.

The importance of Frontinus’s books for the histos-
rical research in the different fields — from engineering

1o law — need not be emphasized. These books seem
10 be the best evidence for the statement of the curalor
in his testament. He |s still remembered after nearly
2000 vears and will nlso be in future,
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