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of them done as pofiible while that favourable feafon Tafted ; but a number of blocks
for the girdle courfe not immediately arifing out of the quarries of a fufficient fize for
the purpofe, about the latter end of July four out of the five caiffon piers were grounded
upon the bottom of the river, and brought above water, when only one of them had any
of the girdle ftones brought and depofited, and this only in part around it ; beginning
from the weftern or up ftream falient point, and extending from thence about half way
round the pier on each fide: in this ftate of things, after a remarkably dry feafon of
fome months, there came 2 violent rapid flood, not indeed a very high oue, but the
river being previoufly empty of water, and the rain which occafioned it falling very fud-
denly, it came down (being alfo urged by a violent wind at weft) with uncommon ra-
pidity; the confequence of which was, that the four caiffon piers, totally unguarded
except as above-mentioned, were all underwathed at the weft end, to the depth of about
15 inches at a medium, at the borders, and fome to a greater breadth and fome lefs ;
but the pier that had the half girdle courfe round the welt point having been found to
fuffer along with the reft, though not in fo great a degree, this induced Mr. Smeaton
to think of a mode of defence not merely terminating upon the upper cruft of the gravel
as the girdle ftones (which this event fhewed was not fufficient to refift the increafed
velocity of the current, when paffing by a new obje@), but inftead of the girdle ftones,
to go fome depth into the gravel ; which it appeared pradicable to do, by driving a
cafing of plank piles to furround every caiffon pier at the diftance of three feet, which
would alfo enable him fafely to underpin the parts underwathed.

To this propoﬁtion (though attended with an addition of expenfe unthought of before,
of between five and fix hundred pounds) Mr. Donkin very readily confented on the
part of Mr, Errington. This was therefore immediately put in hand before further pro-

ceedings were gone upon.

Hitherto T have been particular, as it feemed abfolutely neceffary to give an adequate
idea of the natural difficulties attending this work, and what a very fmall portion of
them were known before it was originally enterprifed by Mr. Gott; how gradually they
unfolded themfelves in confequence of the fteps that from time to time had been taken ;
and how very far all were from being aware of the whole, when the work was begun by
Mr. Errington under the direftion of Mr.Smeaton. _Suffice it therefore to fay, that the
cafing of the damaged piers, and the underfetting of three of them, was proceeded upon:
with the greateft alacrity, and completed that feafon ; nor did any other adverfe accident
happen to the completion of the bridge.

It
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It may be proper to mention that when the firft cafing was completed, which was about
the fifth pier from the north fide, Mr. Smeaton ordered a trial to be made to pump out
the water, which, if practicable, would have afforded the moft eafy way of underfetting
the under-wathed parts 3 but this being attempted, Mr. Pickernell reported, that with four
double pumps and two fingle ones they had not been able to fink the furface of the water
within the cafe above an inch below the furface on the outfide. In this method, however,
the coffer-dam cafes ufed at Perth Bridge were driven fo as to keep the water out of the
foundation pits, when the furface of the river (when the tide was in) was from fix to
feven feet deep upon the bed of the river, and confequently againft the fides of the cafing,
it would thesefore have feemed that there had been fome very palpable defe& in driving
thefe cafes, had not the operations at the fecond pier from the north fide fufficiently
fhewn how extremely open the bed of gravel is to the paffage of water, and how im-
pradicable every method was likely to prove that depended upon the drainage of the
water, for the piers to be placed in the main channel of the river.

Several very rapid and much larger floods than that which did the mifchief happened
in the courfe of the fucceeding winter, particularly one upon the 12th of December, when
the water was within nine inches of the top of the inpoft ; when Mr. Pickernell marked a
fall of two feet three inches, but without any material damage to any thing, which natu-
rally induced ali thofe concerned to proceed in the way they were then going on.

“The feafon of 1779 was begun by new founding the weftern half of the pier, that the
weather prevented from being completed the year before, which was the fifth from the
north, and was done without caiffon or draining the water, by means of an air cheft or
diving machine, that had been very fuccefsfully and conveniently employed in under-
fetting the other five damaged piers ; and the pier before unbegun (being the fixth from
the north) was the next in courfe founded by caiffon ; but with this difference, that the
cafe was firlt drove all except the down ftream falient pointing, before the caiffon was
floated into its place through this opening.

1t would caufe too great a prolixity to defcribe the particular operations of what followed
the difafter of Auguft 1778 ; nor can they be done without reference to figures ; I fhall
therefore proceed to fay that in the beginning of the year 1779, and alfo afterwards while
the arches were throwing, the whole of the cafes were guarded all round by a depofition
of rubble ; and to render it the more effetual againft the torrents that this river then ap-
peared fubjeét to, the up fiream points of the rubble bulwarks were extended to the
length of 30 feet above the falient point of the cafes refpetively.

That
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That the underfetting of the three piers fo treated, was done fo as to be as folid and
effe@tual as the gravel ftratum which the whole ftood upon, as alfo the'new founding of
half of the fifth pier, and the original founding of the fixth, which was the laft founded ;
and that the whole ftood upon one bottom equally capable of fupporting the weight of.
the fuperftracture built upon it, appears from this, that in the whole of the mafonry,
from the time of the accident in 1778 to the time of its total overthrow in the year 1782,
there never appeared the leaft crack or fet in any part of the work, not even i the para-
pets, which to thofe who are well experienced in bridge-building, will appear a remark-
able inftance of the foundnels of the work ; and furthermore, that the whole was fuffi-
ciently guarded againft every accident that could be forefeen or expeéted appears from
this ; that'in the year 1779 2 remarkably rapid flood happened: which Mr. Pickernell
obferved, from marks upon the bridge, above and below, fhewed a fall of three feet nine
inches, occafioning a velocity of above goo fect per minute, which not only pafled
without any material derangement ; but, on the contrary, fuch changes as had been
made in the bed of the river had been for the better, as it had acquired a more equal
depth from fide to fide ; the fhallow parts becoming deeper, and even the deeper parts, by
the depofiting of gravel, had become fhallower, and every flood that happened after, occa-
fioned reports of the fame kind till the laft. In this manner, and with thefe ideas, every
thing was fatisfactorily finithed, and the rubbling completed, according to Mr. Smeaton’s
dire&ions, at or about Chriftmas 1780; and in the beginning of January 1781, Mr,Smeaton
viewed the whole, in the prefence of the magiftrates of the county, who attended for
that purpofe, and found every thing done to his great fatisfaction as well as theirs ; and
as fuch reported it to the county, as being completed according to Mr. Errington’s
ngreemem‘

After all fucceeding floods, every account was of the moft flattering kind ; fo that
previoutly to the laft flood, every perfon concerned therein or therewith feemed perfettly
eafy as to the fecurity of Hexham Bridge.

On Sunday evening the toth of March 1782, there happened in that country a great
downfall of fnow, fo great as to be a foot thick upon the plain ground ; which was imme-
diately fucceeded by a violent hurricane : and ‘as the nature of fnow is to drink up the rain
like a fponge, till it becomes perfectly faturated with water, it then burftsat once like a fnow-
ball in the fire, and may be fitly compared toan smmenfe refervoir, extending over the whole
country, and breaking loofe altogether ; and as the hills, and whole face of this country, are
fteep, comparatively like the roof of a houfe; the water is capable of coming down very
fuddenly ; it then meets altogether, by the jundtion of the two Tynes, a little above Hex-
ham, without having any confiderable flat ground to fpread itfelf upon. The next morning,
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yiz. Monday, March 11th, Mr. Donkin perceiving an extraordinary high flood in the river
(which runs from welt to eaft) attended with a very high wefterly wind, he was led to go
down to the bridge, to obferye the effe@s of the water upon it ; but without thel eaft fup-
pofition of any damage happening thereto; when he obferved, that the water was up to the
top of the dooming (as there called), that is, the tops of the caps of the falient points upon
the piers of the up ftream fide of the bridge, when it fcarcely touched the down ftream fide,
which makes a difference in level in paffing the bridge of no lefs than between four and
five feet, and which, according to the known rules of hydraulicks, will occafion a velocity
of one thoufand feet in a minute ; but yet he was fo far from apprehending any danger to
the bridge, that he had juft fent his fon over it, to the fouth end, with two or three malons,
to examine the ftate of the land-arches there, who reported all fafe, but they had not
returned above five minutes, before he began to obferve fymptoms of failure, when to
his great furprize, « he perceived fome particles of lime fall from the fourth arch, about
the fize of chaff, and the lime coming from thence and no where elfe, he pointed his
obfervations to that part only. That the falling of the lime continued to encreafe in
fize and quantity, for the fpace of a minute ; that foon after he obferved a crack acrofs
the bend of the arch towards the upper fide of the bridge, which crack gradually
widened, and in about a minute more, the fplinters from the {tones in the plain part of
¢ the fpandrel, between the third and fourth arch, which he could perceive fhake, gave
¢ way, and the two arches and a pier fell together ; that the whole bridge was deftroyed
¢ in half an hour,” only two arches remaining whole, and one fell in part in the evening.
Such was the fudden cataftrophe of this much qommended unfortunate bridge.

The fecond queftion is, Whether Mr. Errington was fparing of any thing neceﬁaq
to give fuccefs to that mode of building, which Mr. Smeaton had adopted ?

To this Mr. Smeaton can only bear his teftimony, that he was not ; nor did he ever
hear him find fault with any expenfe, thought neceffary by Mr. Smeaton ; on the con-
trary, he always: exprefled his® withes to have, the bridge completed in the moft fub-
ftantial and effeual manner. - Nor did he ever appear difquieted by the difafter of 1778,
or at the expenfe of what Mr. Smeaton had . propofed as a neceffary addition,, though at
{o confiderable an increafe as five or fix hundred pounds, as has been already ftated.

Thirdly, refpe@ing Mr. Pickernell, whether he did to the beft of his power and know-
_ledge, execute'to a reafonable and poffible extent, what was directed by Mr. Smeaton ?
~And to this Mr. Smeaton thinks it but juft to fay as a witnefs, that he always looked on

Mr. Pickernell throughout the whole proceeding, as a perfon particularly attentive to
execute
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execute orders and diredtions given by him, and upon whofe capacity for that purpofe,
he could fafely vely, aftet having fhewn him the mode of going about any new operation,
and upon whofe reports of thefe operations, he could alfo fafely rely; and as the general
workmanthip of the bridge has been applauded by many, and difcommended by none,
it feems there is only one point in which Mr. Pickernell’s execution of Mr.Smeaton’s
ofde}s can be called in queftion, and that is refpecting the driving down of the cafes of
piles, round the caiffon piers, to 2 proper depth ; it is therefore neceffary to flate this
‘matter particularly. M

‘Mr. Smeaton’s written inftruétions were as follow ; ¢ The length of the piles fhould
<« conform to the depth of the water ; I would not wifh the fheeting piles round the welt
¢ ‘end, and the firlt bay of the return on each fide, to go into the ground more than
<« about ten feet, and if they do not drive kindly, muft be contented with lefs; from
< thence, each bay may be gradually lefs ‘depth into the ground, fo that round the down
< ftream pointing feven feet will be fufficient. If the gage piles drive kindly, they may
< be longer by eighteen inches or two feet than the fheeting, but if not, they need not
< be above one foot longer.” 4 A

To the above, in the courfe of the work, Mr. Pickernell reported, that having driven
the piles of the fifth pier from the north, which was the firlt towhich the cafing was
applied, the gage piles went down very well and entered two or three inches ata ftroke,
but when he came to drive the plank piles, they could not be got into the ground more
than from five to feven feet,

He further reported in the courfe of this bufinefs, in regard to the fheet piling of the
feventh pier from the north (or fecond from the fouth fide) which was the laft cafing driven
of the four damaged piers ; that the bed of the river at the fouth fide, is entirely full of
large flat ftones, fuch as they got out of Oakwood bank quarry, which have been the
ruins of the boats’ landings, taken away by floods and ice from time to time, and thofe
ftones had obftructed their fheet piling round that foundation, and had occafioned many
blof them to go out of their places at bottom, fo that fundry cavities were occafioned thereby,
more than in the laft. :

Thefe were the reprefentations of Mr. Pickernell, concerning his execution of Mr. Smea-
ton’s orders, refpecting the piling ; fo that if they were driven‘to 2 Tefs depth, ‘or int any
manner lefs effectual than as above reprefented,' Mr. Pickernell muft anfwer’ to it, ‘as
Mr. Smeaton was totally 'undcqﬁaimed therewith, nor was any infufficiency i’ this part of
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the work ever fuggefted to him by any perfon whatfoever during the courfe of the work,
or fince, till he heard of an oppofition to Mr. Errington’s bill for relief from his
obligation:

But whether in reality Mr. Pickernell did this part of the work equal to the above
reprefentation of it or not, that the ftanding or falling of the bridge may not be wholly
left to reft at Mr. Pickernell’s door, Mr. Smeaton, in juftice to Mr. Pickernell as well as
himfelf, thinks it neceffary to declare, that for the reafons already affigned, (as well as
the verification thereof during the courfe of the work, by every flood that happened)
fo great and abfolute was his dependence upon the application of Oakwood bank quarry
yubble, asan ultimate defence to controul the violence of the Tyne’s floods (no part of it
laid round the coffer dam foundations, having ever been moved) ; that provided the piles
of the cafings were but driven into the ground, fo far as to fix faft therein, and fo clofe
together, that though the cafes might not hold water, they might retain the gravel from
being wathed out through the chinks from under the piers ; he had not the leaft doubt
of preventing any material damage ever being done to the pile work, by the application
of the faid rubble to furround them. This fentiment, however, though it dictated that
part of his inftrutions, « get the bays of fheet-piling at the weft end of the piers down to
< ten feet if you can, if you cannot, we muft be contented with lefs;” and alfo made

“Mr. Smeaton contented with what was above reported to him, as the moft imperfeét part
of the performance ; yet he never communicated this opinion to Mr. Pickernell, or any
other perfon ; left the workmen from hearing thereof, might be induced to fatisfy
themfelves with doing lefs than otherwife they might be capable of, in the way of getting

_them down as far as they could.

Y¥héther Mr. Smeaton’s opinion, concerning the fecurity of Oakwood bank quarry
rubble; was well or illfounded,’ will be further examined in the fequel ; but this is cer-
tain, that the driving of the cafes not being compléted before the middle of September,
and being then very defirous to take advantage of the fecurity they afforded, to get ‘the
piers underfet, if poflible, or otherwife fecured before the heavy winter floods came on,
he concluded, that if the experience of thefe floods fhould fhew a need of greater ftrength
and defence, it might be added in the courfe of the next feafon.

This autumn of 1778, in reality, alforded the experience of a confiderable number of
floods, amongft which, the laft, which was of December 12, was a capital one, and the
higheft that had been fince the great inundation of 1771 ; and the water on the welt or
up ftream fide of the bridge, was within nine inches of the top of the impoft of the fecond

pler
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pler froth the north, wl}‘en at the eaft end it was one foot three inches below it, fo that
the fall was then no lefs than two feet three inches, and which would produce a velocity
of above feven hundred feet per minute. ‘

After the water was fubfided foas to afford a full examination, Mr. Pickernell reported
the effect ; ‘viz. that there were but very few of the rubble ftones removed from where
they were thrown in vound the foundation ; what were moved, were from the weft
fhoulders ; but that from the third pier to the north, round which no ftones had been
depofited, it had torn up the gravel from the falient point and weft fhoulders, to the depth
of three feet; and that from thence to the ftones that were laid round the fecond pier,
it had deepened the bed of the river full eighteen inches, (which before was too fhallow) 5
but as to all the other part of the river’s bed, he could not perceive it altered in the leaft.

The experience therefore of thefe floods, and particularly that of the rzth December,
all concurred in proving, that the Oakwood bank quarry rubble was a fufficient defence
againft every violence of the Tyne: fo that it did not appear neceflary to introduce any
new mode of defence, but only to apply the rubble in the moft effectual manner ; and as
the weft fhoulders appeared to be the parts that the greateft ftrefs came upon, Mr. Smeaton
ordered that the water might not meet with fo fudden ‘an oppofition there, but be more
evenly, flopingly, and gradually brought thereupon, that the weft falient points of the
rubble fhould be extended weftward of the falient points of the cafes refpecively, to the
length of at leaft thirty feet 5 which was accordingly executed by Mr. Pickernell upon all
the caiffon piers.

4thly, We come now to the fourth and laft queftion, viz. Whether under all the ex-
perience and knowledge of the fubject as it now flands, the prefent bridge fhould be
attempted to be reinftated, or a new one built at Hexham ?

"This queftion is indeed of far the moft material import ; for it is of little confequence
to the public, in the prefent ftate of things, whether Mr. Smeaton misjudged of the fub-
jelt? Whether he was deceived himfelf, or was deceived by others ? Or, whether
Mr. Pickernell did or did not do his beft, towards a full execution of Mr. Smeaton’s
orders, in regard to the driving the cafing piles? Nor is it of any confequence to know,
that in point of art; but without any regard to, or limitation of expenfe, a bridge is
poffible to be built: the true queftion is, Is it fitting for the county to undertake it ?
Suppofing the Treafurer in poffeffion of whatever fum can be recovered from Mr. Erring-
ton, in confequence of his obligation, will it not (like Sir Walter Blackett’s three thoufand

4 pounds)
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pounds) be a temptation to the county to fpend fill much larger fums upon an unfruitful
projedt; and it may reafonably be fuppofed, that the whole county ftock is not an unlimited
fum; nor can it be properly expended in the ereclion of a bridge at one fingle
paffage.
It is now known for a certainty, what, was not, and could not have been known before
the cretion of this bridge, that there is a poffibility of natural caufes being fo combined,
" as to produce a flood fo large, and of fo fudden a nature, as to produce a velocity of the
water exceeding one thoufand feet in a minute; and whether even this may, or
may not, be the uttermoft limit of Nature, is notin the power of any man to cals
culate :~— 3

“That the velocity of feven hundred and twenty feet per minute, arifing from a difference
of two feet three inches, as per flood of December 1778, was fufficient to tear up and
remove the natural bed of gravel, which forms the bed of the river in this place, wherever
there was .a particular fet upon it, but was not cabable of moving or materially derang-
ing the defences compofed of Oakwood quarry rubble. j \

That the velocity of nine hundred and thirty feet, refulting from a difference of three
feet nine inches, in a flood of the 1ft of December 1779, {ill made not the leaft altera-
tion in the defences, nor: to any part of the bed of the river, fave that the rubble ftones
depofited at the third pier where the current had torn up the natural gravel in the flood
of December 1778, were now wrecked full and covered with gravel, and reduced to the
Tevel of the adjacent parts. Another flood fucceeded this in the compafs of ten days, that
rofe within eight inches as high as the former, but in this nothing happened of any kind ;
in fhort, the bridge being now ereted, as far as it was concerned with the water, all the
arches cleared, and the defences completed, after a confiderable number of great floods,
and nothing happening in confequence, every one feemed fo entirely fatisfied of the ftability
of the bridge, that even the Gilligate people, Mr. Pickernell obferved, ceafed their vifits,
who before had conftantly, after every flood, come to infpedt, in hopes of finding fome-
thing correfpondent to their prayers and wifhes for the downfall of the bridge.

Mr. Smeaton. was, however, agreeably furprifed on haying  this account, that  the
£all of water had been fo great, and no harm enfued ; for had it been poffible for
him. to be apprifed of fuch a fall before hand, he never fhould have recommended
to Mr. Errington to have undertaken to ere@ a bridge upon that bed of ng'\»vel-
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It therefore at this time appears plain, that though the Oakwood bank rubble will lie
fill, and refift a velocityof the water of nine hundred and thirty feet in a minute,yet it is ca-
pable of being all removed and carried away by the velocity of the water of, or a little ex-
ceeding, one thoufand feet per minute; a velocity refulting from a difference of forty-four,
as it was or upwards in the flood of March 1782 ; and that the gravel bed itfelfis capable
of being torn up by a much lefs degree of velocity ; the queftion then is, How in fuch
Ticuation a foundation ¢an be laid And ‘effeGttally fecured 2

Shall we attempt to build a wall acrofs the bottom of the river, according to Mr.
Wooler’s propofition ? Experience has fhewn in the building of the laft bridge, that the
gravel is of fo open a nature in the main channel of the river, that it is impra&icable to
drain off the water. Mr. Smeaton means not to put limits to the invention and ingenuity
of men; but neither his obfervation, experience, nor invention, has hitherto fuggelted any
effectual method of founding fuch a wall, without draining off the water ; and the fame-
will apply to the penning the bottom acrofs the river.

But for a moment, fuppofe the thing done: this wall or this apron, mutt have a termina-
tion ; and wherever it terminates, experience fhews, a rapid current will form a deep hole,
to twenty, or even thirty feet depth, and upwards; and if the gravel under the foundation-
gets loofe, the downfall of the whole is the confequence.

2dly, Suppofe we attempt to build it in an excavation upon piles encafed, as was done
at Perth, the fame difficulty arifes; we cannot get out the water ; and if done, as
rubble will not lie to defend it, the gravel bed being fcooped out, beyond all pradti-
bility of driving piles, the piers being fapped, the fame unfortunate circamftance muft
enfue.

3dly, Suppofe we attempt it by excavation with ballaft lighters, and drive down piles
even with the bottom of the excavation pits; to found the piers upon ; which may doubtlefs
"be done, without: taking off, or drainage of the water ; ftill, if neither the bed of gravel
itfelf, nor: quarry rubble,’ is capable of efifting the violence of: the current, when the
gravel bed is deftroyed or deranged, fo that the piles are laid bare, the pillars will be fapped,
and deftrution equally enfue : nay, even fuppofe the piles could be encafed without. tak-
ing off the water, yet this is only giving the river a little more work to do ; for if rubble
is carried away, as we find it muft be, it is no defence ; and we do not know the depth to
which the gravel can be fcooped out and excavated by the violence of this river ;
the
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the foundations therefore, however deep, can be ultimately fapped, ‘and the fame ruin
enfue. "

In fhort, turn ourfelves which way we will, nothing feems certain in this bufinefs,
but a. very great expenfe, how commenfurate with the county’s funds, muft be left to
thofe to judge of who know them : but this Mr. Smeaton will take upon himfelf to fay,
that he fees no way of making foundations for a bridge to ftand upon, for the whole fum
in which Mr. Errington {tands obligated to the county, that is likely to be attended with
any certainty of permanency, much lefs alfo to build a bridge upon thofe foundations, for
the fame fum.




