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Introduction 
 
The privately owned Kingston Water Works Co., now the Pump House Steam Museum at Kingston, 
received its charter on May 30, 1849, one of two waterworks in Ontario, then known as Canada West, and 
one of four in British North America 1. Almost fourty years later the company was run down and serving 
the citizens poorly; there were continuing typhoid and cholera epidemics and the water pressure was not 
high enough for firefighting. When major fires continued to devastated the city and disease was 
unrelenting, the City of Kingston, after lengthy debates in Council, took over the private water works in 
1887. Pressure from its citizens, as well as the threat of much higher fire insurance premiums for the city 
contributed to a determined effort to acquire a modern efficient waterworks. 
 
Much is known about the social and political history of the Kingston Water Works 2.  There are extensive 
minutes of council and committee meetings in the Queen’s archives that illuminate the civil, medical and 
political interactions pertaining to the waterworks. Less is recorded about the engineering of the local 
infrastructure and the technical challenges faced by the contractors and civil engineers.  This paper aims 
to fill that gap. It explores the engineering history of the intake or suction pipe, which was intended to 
provide clean and disease-free water for human consumption. It includes the manufacture of the riveted 
pipe, field assembly, testing and laying of the finished product, and its connection to the pump house. The 
article also analyses the technical setbacks and manipulations of the contract. 
 
 
Background 

 
The waterworks started as a private company in 1848 with a pump driven by a walking beam steam 
engine. The intake pipe was only 200 feet long. The water was pumped to a reservoir at the highest point 
in Kingston at the intersection of Colbourne and Barrie Street (current elevation of 21.36 meters above the 
street level at the pump house). The reservoir was often not full, and would only give sufficient pressure 
in the downtown area, but not near the reservoir itself. Later, water towers would be constructed to 
improve the pressure throughout the city. The short intake pipe drew water from the severely 
contaminated shore of Lake Ontario and did little to improve water quality or prevent cholera and typhoid 
epidemics among the citizens. 
 
The city assumed ownership of the private water works company in 1887. In 1890, a new pump house, in 
a prestigious architectural style called Romanesque, was completed and a new steam engine with a water 
intake pump was installed, Figure 1. The 200 feet intake pipe of the old pumping station was used at first 
and then, under pressure of citizens and public health officials, later extended to 1200 feet from shore. It 
became obvious that this was still insufficient to draw uncontaminated water from the lake and council 
approved plans to extend the suction pipe to 2450 feet. In 1911, the “old” 200-foot inshore pipe, dating 
from 1848, was replaced with a German made pipe3. 
 
It is known that the riveted suction pipe consists of two main sections that were installed over a period of 
four years from 1891 to 1894. The first 1,200-foot section was contracted to Mr. Rousseau, a 
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manufacturer from Montreal, Quebec. Rousseau owned the Canadian Bridge and Iron Company in 
Montreal. The iron plate for the pipe manufacture came from Scotland. This contract did not work out; it 
was late in completion and the pipe leaked badly. City council did not accept the work and took legal 
action. It was three years later lifted out of the water and sold by the contractor as scrap. A local supplier, 
The Canadian Locomotive and Engineering Company at Kingston, took on the task to replace the rejected 
intake pipe with plate ordered from England4.  
 
A local volunteer diving team went out in the late fall of 2008 and photographed, videoed and measured 
the suction pipe, and analysed the results. The pipe has a diameter of 24 inches, with a distance of 50 feet 
between bolted flange connectors, and 11 “courses”, (riveted pipe sections), between the flanges. Courses 
are approximately 58 inches long and connected with radially riveted lap joints in a “stove pipe fashion”. 
The total length is 2510 feet with a small wooden crib at about 1360 feet and a large crib, forty feet square 
and thirty feet high, at the outer end. The vertical intake piece with screen filter extends just above the 
crib thirty feet above the lake bottom; the depth of the lake at this location is sixty feet 5, see Figures 2a, b 
and c. 
 
 
A Brief History of Metal Conduit 

 
“Iron” pipe was made of wrought iron. Wrought iron is purified from pig iron, the result of reducing iron 
ore, and is capable of being deformed to useful shapes. It is an alloy containing carbon and many elements 
such as silicon, phosphorous and sulphur along with other contaminants at trace levels.  Used in large 
quantities during the industrial revolution, it was slowly replaced by steel starting in the mid 1800s. Steel 
is low in carbon, contains lower slag and oxides, has more strength, and is alloyed in endless variations to 
match specific engineering requirements. It could also be made in larger tonnages, and with greater 
economy than wrought iron. 
 
Cast iron was also used for making pipe; it is even today. However, it is brittle and therefore suitable for 
specific applications such as municipal water distribution in buried pipe that is not subjected to 
temperature changes and mechanical abuse. It is more corrosion resistant and the special joints between 
sections are cast integral with the pipe. 
 
Iron pipe was first used on an industrial scale to pump water from mine shafts to the surface when this 
became possible with the introduction of steam engine driven pumps in the early 1700s. In addition, the 
increased need for water in agriculture, industry, and for consumption, required closed conduits leading 
from a source such as a lake or a river.  To do this efficiently and in large quantities, iron pipes became 
the preferred conveyance system. Transportation of oil from the early oilfields in North America to 
refineries and beyond further increased the demand for pipe and as a result industrial processes to make 
metal pipe became more sophisticated. 
 
Riveted pipes could be made locally in small workshop, but had several drawbacks. They leaked if not 
properly manufactured; the flow of the liquids in them was slowed by the protruding rivet heads inside the 
tube, and they could only be made in short sections or “courses”, that had to be joined by inserting one 
end of a course into the slightly larger end of the receiving course and fastened with a radially riveted lap 
joint. 
 
In 1825, welded wrought iron pipes were made in England from red hot plate or strip that was pulled 
through a die, also called a “bell”, which brought the edges together under high pressure to form a 
longitudinal weld 6. The advantages of welded pipe were clear: it had a smooth inner surface, which 
promoted better flow of the water. Therefore the diameter could be slightly smaller than a riveted pipe for 
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the same quantity of liquid flowing through the pipe. It could also be made in longer, uninterrupted 
lengths because the process was continuous and only depended on the maximum length of plate available 
from the rolling mills. However in the late 1800s it was not yet widely available in North America, 
 
In 1891, city engineers and council had looked at welded pipe for the intake pipe of the Kingston Water 
Works Company, but the pipe was difficult to procure and the costs were prohibitive. Cast iron pipe was 
also discussed and, while extensively used for water distribution, it was rejected for the intake pipe most 
likely because the brittle pipes offered little resistance to an anchor that might be accidentally dragged 
across it, and the temperature differences near the shore would cause expansion and contraction that 
compromised the pipe connections and would caused leaking. The process of laying cast iron pipe in short 
sections, in sixty feet of water was also difficult and fraught with uncertainties. Costs may also have been 
a factor and, as well, at that time cast iron pipes were difficult to source. 
 
 
A Troubled Contract 

 
Mr. Rousseau was the lowest bidder and the City of Kingston signed the contract for a 24-inch diameter 
riveted iron intake pipe extension on January 9, 1891. The contract stipulated that the pipe had to be 
operational by August 1, 1891. The contract was problematic from the start. One day after his tender was 
accepted and the contract was signed, he contacted City Council asking for $1000 more, a substantial 
sum, because he had made an error in the original quote of $8,725 for “material and laying”. His request 
was rejected. This put Rousseau in a difficult position since his budget for this project was now twenty 
percent short. 
 
On August 1, 1891, the deadline for the contract, the pipe was still in Montreal. Rousseau was asked to 
pay the penalty of $1000 7, 8. Rousseau’s relationship with city engineers and council members rapidly 
deteriorated and became difficult and litigious. 
 
Rousseau’s shop was likely not well prepared for the large order. The fact that he was the lowest in price 
and made a substantial error in his cost estimate seems to indicate that his business was poorly managed 
and lacked resources. This is supported by the fact that he bought a riveting machine from Toronto to 
assist in making the pipe, but it broke down soon after. The iron plate that Rousseau had ordered was 
shipped by steamboat from Scotland but arrived late, and only part of the plate was on board. The 
remainder was shipped later.  There is evidence that on many occasions, he deviated from the 
specifications in the contract and took short cuts that compromised the integrity of the product. 
 
The following description of manufacturing technologies for the making of iron pipe is based on 
references that present the best practices in the late 1800s. At each stage, Rousseau’s work is compared 
with these best practices and this will explain why the Rousseau pipe failed and was in the end rejected by 
the City of Kingston. 
 
The iron that Rousseau ordered from Scotland would have been made in a hot rolling mill, Figure 3. It 
started with a sandwich of two blooms, pieces of wrought iron one inch thick, about fourteen inches wide 
and three to four feet long. In between these blooms were pieces of scrap and smaller bars, tightly packed 
together. The sandwich would be about eight to ten inches thick. This combination was heated to welding 
heat, which gave the mass of wrought iron a bright red to orange glow. It was then rolled to four and a 
half inches thick, and then, in several more passes through the rolling mill, it was reduced to the width of 
the plate, which would have been a maximum of sixty inches. The final rolling process turned the 
wrought iron slab into a long plate, sixty inches wide and with the desired thickness 9. For Rousseau’s 
order the thickness was 3/8 inch.  It is unknown in what length the plate was shipped to Montreal; most 
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likely it could have been ordered to a length closely matching a multiple of what the shop needed for each 
course, in this case twenty feet. From volumetric calculations starting with the wrought iron sandwich, the 
mill could roll plate been between eighteen to twenty four feet long. 
 
At Rousseau’s shop, the plate would be sheared to a length equal to circumference of the of the twenty-
four inch diameter pipe, including two and a quarter inch for the lap joint; this amounts to just over 80 
inches. The width of the plate would be trimmed from 60 inches to 58 inches to remove rolling mill 
defects at the edges and to accommodate small variations in the original width that were a result of the 
rolling process. Fifty-eight inches was the standard length of the courses that made up the flanged pipe 
sections shipped to Kingston. The trimming and shearing where done on a large hydraulic shearing 
machine with a long hardened tool steel knife pressing vertically down on the plate which in turn was 
supported by a horizontal frame and the lower cutting edge. This would not have been a difficult job for 
Rousseau’s men; every metalworking shop had a break press. Figure 4. 
 
The carefully trimmed plate was called a “skelp”.  One longitudinal edge of the skelp needed bevelling for 
a process called “caulking” or “fullering”, Figure 5 a, which followed immediately after the course was 
riveted.  Bevelling was done on horizontal planers that would move a cutting tool along the plate and 
machine thin layers of iron from the edge to make a “scarf”, Figure 5 b.  At a crucial meeting of the Water 
Works Committee, an alderman stated: “The pipe is not properly scarfed and this is the cause of its 
inefficiency.” 10. This is evidence that Rousseau skipped the procedure possibly because he was in a hurry 
to finish the contract, and because it involved an expensive machining operation. He may have thought 
that a simple riveted lap joint would be good enough for a low-pressure suction pipe. If Rousseau had not 
bevelled the outside edge of the lap joint, then caulking and “fullering” would not be effective. This 
omission proofed fatal in the final pressure test. 
 
 
After trimming and bevelling, the rivet holes with a nominal diameter of ¾ inch would be punched 11. 
Distance to the edge of the plate was a standard value of one and one half times the rivet diameter. The 
distanced between the rivet holes was standardised to between 2 and 2.5 times the rivet shank diameter. 
This was based on achieving maximum engineering strength and tightness in the single riveted lap joint. 
The punching of the holes required great precision because after the plate was bend into a cylinder the 
holes near the edges of the lap joint needed to align to facilitate the insertion of the rivets. Best practice at 
the time required: “All punching of plates shall be done by automatic and accurate multiple punching 
machine and not through a frame or template”.  This required expensive and specialized machinery and it 
is unlikely that the Rousseau workshop would have a dedicated machine, Figure 6. Most likely he used 
the frame or template method, involving a simple hole-punching machine. A template of the desired 
pattern guided the punch operator to the correct locations for the rivet holes. This led to less precision and 
poorer line-up of the rivet holes in the lap joint. While it affected the overall quality of the riveting, it 
would not on its own have caused excessive leaking of the suction pipe. 
 
The punched plate would have been bend in a machine that had two support rolls on which the plate 
would rest and one bending roll on top of the plate midway between the support rolls. By increasing the 
pressure of the top roll, and moving the plate between the rolls, it slowly bent into the desired cylindrical 
shape, Figure 7. When the two rows of punched holes met up, the holes at each end of the course would 
be lined up by inserting a slightly tapered dowel. This assured that the edges of the lap joint were parallel, 
that all punched holes would line up, and that the ends of the pipe would be in one plane. Tolerances for 
misalignment of the holes would be on the order of 1/64 to 1/32 inch. The rivet holes at both ends would 
be left open so that they lined up with the end hole of the next course when two or more courses were 
riveted together. 
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The course was now ready to be hot-riveted. This should be done with a hydraulic riveting machine 
exerting 20 to 30 tons compressive force on each rivet, Figure 8 a and b.  First several holes along the 
longitudinal rivet line would be bolted together to make sure the plates were tightly compressed during 
riveting. When the hot rivets cooled, they contracted and pressed the lap joint ever more tightly together. 
After riveting, the bolts would be removed and those locations riveted next. The riveting machine most 
likely would have a frame similar to a large C, with a throat of sufficient depth to accommodate the 
standard length of the course. See Figure 8a and b. Rousseau would have heated the rivets in a small 
furnace or in a portable blacksmith’s fire. However, it is reported that Rousseau’s riveting machine, which 
he had purchased from Toronto had broken down during the manufacturing of the pipe 13. Rousseau 
explained to the Water Works Committee: “Gangs of men were employed night and day at the work. 
People who live in the vicinity of the foundry can testify to this fact because they were kept awake at 
night by the noise made by the riveters.” It appears that to keep the work going, courses were riveted 
manually. If this were the case, the lap joint would not have been as tight as if it were hydraulically 
riveted. Also the quality of riveting would be determined by the skill and judgement of his workers and 
not by the consistency of a machine operation. This may have seriously affected the tightness of the 
suction pipe. 
 
After riveting, the outside bevelled edge, or scarf, should be “caulked”14, a process involving a blunt 
chisel, Figure 5. The boilermaker compressed the base of the bevelled outside lap joint into the metal of 
the pipe wall by hammering it with the chisel. The iron of the lip of the scarf and the immediate 
underlying area of the pipe wall, were plastically deformed and brought in intimate contact, making a 
perfect seal. “Fullering” is a similar process, but involved the full thickness of the bevelled edge. We 
know that Rousseau did not scarf the edge of the plate and therefore the caulking would not be effective. 
Most likely, he skipped this important procedure entirely, which seriously affected the tightness of the 
pipe. Remedial caulking in the field did not achieve the desired result. 
 
Best practice required the individual courses and assembled sections to be pressure tested in the shop. The 
pressure tests involved plugging the open ends of each “course” and filling it with water. A pressure gage 
on the plugs would indicate the attained pressure. The test was repeated on an assembled section.  The test 
was again repeated in the field when the full length of pipe had been assembled. During testing 
representatives of the purchaser may be present to certify the validity of the tests. While this could be 
done inexpensively and with little effort, evidence shows that Rousseau chose not to. Rousseau referred to 
a report by a Montreal inspector who represented the city engineer and who, according to Rousseau, had 
said:  “The work of constructing the pipe had been well done.” In the same paragraph Rousseau stated: “If 
he had asked for a test at the works he (Rousseau) would have willingly complied.”  In later evidence the 
city engineer quoted from the same inspector’s report adding: “but had not made a test by hydraulic 
pressure.” This would become an expensive omission because later field-testing was much more costly, 
and the pipe spectacularly failed repeated pressure tests that were part of the contract. 
 
Standard practice required the assembled pipe section to be coated inside and outside with a bituminous 
coating developed in England by Dr. Angus Smith in about 1840. The proprietary coating was assumed to 
consist of coal tar distilled to the consistency of melted wax with about five to six percent of linseed oil. 
Pipes coated in this manner were found in “perfect condition” after thirty-five years of service. The 
coating was normally applied in hot baths with the pipe section immersed in the liquid bitumen and 
linseed mixture. Lifting the pipe section slowly into a vertical position would shed excess coating. The 
dipping process may be repeated to build up a desired coating thickness. Upon arrival in Kingston, the 
coating was damaged and scraped off in many places. This showed poor handling during shipping and/or 
an inadequate coating. It would be unlikely that Rousseau had the large dipping facilities for applying the 
coating; his workers may have applied the coating instead by brushing it on which likely resulted in 
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uneven application of the coating. Furthermore, Rousseau may have cut costs by purchasing a lesser 
quality coating material. 
 
By September 4, 1891 the pipe was in Kingston and subject to pressure testing. One pressure test was to 
reach 75 lbs per square inch, presumably applied to each one of the fifty-foot sections with flanges on 
each end. Figure 9. The 1200 feet assembled pipe required another test at 20 lbs per square inch. Testing 
of the fifty-foot sections was done on land in the presence of the city engineer and other officials. Pipe 
sections would be closed on both ends with a plate and gasket clamped onto the flange; the pipe section 
was then filled with water through an inlet on one of the stopper plates. Once full, a mall hand driven 
water pump would apply pressure. The pressure could be monitored and maintained with a gage mounted 
on one of the flanges. During the testing at 75 lbs per square inch massive leaking occurred and this 
became the basis to reject Rousseau’s work. Rousseau argued that the test of 20 lbs per square inch on the 
assembled pipe ought to be the criterion for acceptance.  He thought that the higher pressure was an 
exaggerated condition.  It is apparent that Rousseau tried to manipulate the different requirements in the 
contract. In the meantime, the laying of the pipe was held up by the unacceptable leakage and Rousseau 
was asked to come up with plans to make the pipe capable of meeting the contract requirements. Tensions 
were rising rapidly. This was reflected in the local newspaper where a reporter for the “Daily British 
Whig” wrote:  “If contractor Rousseau does not make more progress than he has done in the matter of 
getting the new suction pipe ready to be placed in position some of the city officials will be attacked by 
brain fever.” 10 
 
The following weeks turned into high drama in the committee meetings, with the city engineer and three 
aldermen on one side, and Rousseau on the other. There was much at stake. Cholera and typhoid flared up 
and caused many deaths among the citizens of Kingston; city council was desperately trying to extend the 
water intake pipe to get access to cleaner water farther from the contaminated shore. They no longer 
accepted a leaky intake pipe to pump contaminated water into the distribution system. At the same time 
Rousseau was desperate to rescue whatever he could from the important project that had caused him 
already so much financial loss. On the other hand, the Water Works Committee, at the September 4, 1891 
meeting approved a motion that reconfirmed that the contract specifications must be met before the pipe 
was accepted.  
 
Much of that desperation, including interesting technical information, was shown on September 5th, in an 
article in the “Daily British Whig”; Rousseau indicated that he would contest the decision of the 
committee. In the article he said: “ He would have been responsible if a man had not been appointed by 
the department to superintend the construction of the pipe. In reference to the specifications he had been 
allowed to vary, because if he had followed them closely the pipe would not have been made efficient. It 
is not necessary to test the pipe to a pressure of 75 lbs to the square inch. When the pipe is layed, there 
will not be a pressure upon it of one pound to the square inch. He built it according to the instructions of 
Mr. McIntyre, acting as inspector on behalf of the city. He ordered that a certain system of riveting be 
carried out.”  The reporter further quotes: “The foreman of Mr. Rousseau’s works said to him: ‘this 
system of riveting recommended by Mr. McIntyre will not be good.’ Mr. Rousseau replied: ‘It does not 
matter, follow the instructions of Mr. McIntyre’. The pipe was passed by an inspector representing the 
city. He initialled the sections and gave his certificate that they were properly made. Where my liability in 
the matter comes in I am at a loss to know.” 
 
In fact, the pipe was at its deepest point sixty feet below the water surface, and this would amount to a 
hydrostatic pressure of 26.5 lbs per square inch. Near the shore the pipe was at a depth of only a few feet, 
but here the negative suction pressure from the pump would have been much higher than the “one  pound 
per square inch” Rousseau stated. The test pressure of 20 lbs per square inch in the contract was a fair 
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engineering value for the pipe as a whole. At that pressure the pipe should not leak more than 100 gallons 
per hour. Rousseau’s pipe leaked 1250 gallons per hour! 
 
The case ended up in the courts and it continued until 1895. The city did not relent and won the case. The 
“Daily British Whig” 15 reported: “ The wrecking schooner Florence of Quebec, Capt. Edmond Tremblay, 
arrived here yesterday afternoon and tied up at the Grand Trunk wharf. The schooner and her crew have 
been employed by A. Rousseau, of Montreal, to raise the water pipe which that gentleman put down four 
years ago and which the city refused to accept.” 
 
In the mean time, on October 14, 1892, the Water Works Committee accepted the tender of the Canadian 
Locomotive and Engineering Company for a new 1200 feet riveted suction pipe at $4800 for 
manufacturing the pipe and the quote from the Donnelly wrecking Co. at $3250 to lay the pipe.  The plate 
was ordered in England. The pipe was laid and hooked up to the pumps on February 6, in the winter of 
1893. It ran parallel with the unconnected Rousseau pipe. 
 
Laying the pipe in the winter was preferred over the summer, simply because the workers could assemble 
the fifty foot sections on the ice, an ideal working platform. When the pipe was assembled, it could be 
tested for leakage with compressed air, after blocking the ends, and observing possible leaks. Local repair, 
if necessary, was possible. This could not tell how much water would leak during suction, but the fifty-
foot sections had already been tested previously for that criterion. In the spring a channel would be cut in 
the ice and the pipe would be lowered with ropes. Once the pipe was on the bottom of the lake, filled with 
water, leakages could be detected by simply pumping water into the pipe from shore and observing the 
pressure and the amount of water needed to maintain the pressure; a very important test, but easy to do at 
any time it was desired.  
 
In June 1893 it was reported that, “The Water Works Committee accepted the tender of the Locomotive 
works for yet another extension of the suction pipe.” 7 The Collins Bay Rafting Co. laid the 1300 feet 
outer extension riveted pipe on March 21, 1894; this intake pipe extension terminated at 2450 feet from 
shore at a large crib, built from wood, and partly filled with rock. 
 
This was the first time that the citizens of Kingston had access to clean water. 
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Figure 1. The municipal Kingston Water Works, built in 1890,is now the Pump House Steam Museum at 

23 Ontario Street, Kingston, ON, Canada. To the left of this impressive Romanesque building are the 
buildings of the earlier private water works.  
(Pump House Steam Museum collection 992.163.1) 
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Figure 2 a. Intake filter and vertical intake pipe attached to wooden crib, built in 1893, photographed in 
2008. Note the crib is filled with rocks only in the lower part, enough to anchor it on the lakebed; the 

remainder is an empty wooden structure to support the intake pipe.  
(Photo credit: Mike Hill and Adam Rushton, Kingston, ON.)   

 

 
 

 
 
 
Figure 2b.  Part of the riveted water intake pipe at the Kingston Water Works. This pipe was laid in 1893-
94. Note the riveted lap joint running through the middle of the photo and at the left the flange coupling 

between two fifty feet long pipe sections. Zebra mussels are apparent. The lake floor is limestone covered 
with sand and gravel. 

 (Photo credit: Mike Hill and Adam Rushton, Kingston, ON.) 
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Figure 2c.  Pipe connections to the intake pipe near the lakeshore, leading into the pump station. The open 

end is towards the lake. 
(Photo credit: Mike Hill and Adam Rushton, Kingston, ON.) 

 
 

 
 
Figure 3. A rolling mill; at the right an iron “bloom” is hammered in shape prior to rolling in a plate mill. 

This is an 1867 pastel drawing by William Armstrong, represents a nineteen-century iron mill. 
(Photo credit: Metropolitan Toronto Library T-10914) 
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Figure 4. This is an example of a gate shear for cutting and trimming plate. 
(From Shipbuilding Cyclopedia, F.B. Webster, Editor. Simmons-Boardman Publishing Company. New York, U.S. A. 1920.) 

 
 
 
 
 

 
 
 

Figure 5a.  The technique of caulking is shown on the left and ”fullering” on the right. The objective of 
both actions is to make the lap joint tight by pressing the metal at the base of the external “scarfed” edge 
into the pipe wall. This method relies on the localized plastic deformation and hardening of the metal at 

the base of the scarfed edge thus forming a permanent bond.                                                                                                                

(From A Manual of Machine Drawing and Design. David Allan Low and Alfred W. Bevis. Longmans, Green and Co. New 
York, Toronto, 1925) 
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Figure 5 b. This is an example of a plate-planing machine, which would scarf or bevel the edge of a plate. 
Note the carriage that holds a chisel and is moved along the edge of the plate by the screw spindle to 

transform the rotary motion from the belt drive at the left to a linear motion. The nine handles at the top 
clamp down the plate.     

 (From: Knight’s American Mechanical Dictionary, E. H. Knight, Vol. III, published by Hurd & Houghton, Cambridge: The 
Riverside Press, 1877.) 

 

 

 
 

Figure 6. This photo shows an example of a multiple punch machine for making rivet holes.  
(From Shipbuilding Cyclopedia, F.B. Webster, Editor. Simmons-Boardman Publishing Company. New York, U.S. A. 1920.) 
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Figure 7. Example of a roll bending machine for ship’s plate, this is similar to a pipe bending machine. 
However, in the latter case the left end bearing of the top roll could be swung aside to take the rolled pipe 

out of the machine. 
(From Cyclopedia Shipbuilding, F.B. Webster, Editor. Simmons-Boardman Publishing Company. New York, U.S. A. 1920.) 

 
 
 

 
 
 
Figure 8 a. The sketch shows a steam driven riveting machine for pipe making by M. Lemaitre, Paris. The 

lap joint is automatically compressed and then riveted. 
(From: The Engineer’s and Machinist’s Assistant, Plans, Sections and Elevations. Steam Engines, Spinning Machines &c &c. 

Machines for the Most Approved Construction at present in operation. By David Scott. Blackie & Son. Glasgow, Edinburgh 
and London. Queen’s University W.D. Jordan Special Collection, TJ145.S45, 1847.) 
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Figure 8 b. Detail of the Lemaitre riveting machine, the lap joint is compressed. Note the top die “u” 
would next come down, pressing the rivet onto the plate, and then the bottom die will compress the rivet 

from inside through the wedge shaped mechanism “r” and “t”. 
 

 

 
 

Figure 90.  An apparatus to pressure test iron pipes. Note the ends of a pipe to be tested could also have 
been easily plugged with a flange and a gasket. Rousseau would have done the latter in his shop and in the 

field. 
From Knight’s American Mechanical Dictionary, by E.H. Knight . Volume III, 1877. Hurd and Houghton, Cambridge: The 

Riverside Press. 
 
 
 
 
 
 
 
 


