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It has been our experience in dealing with Engineers, Purchasing 
Agents, and other representative men in industry, that they are laboring 
under the disadvantage of not having their data in relation to standards 
for Rivets and Riveting in one volume. The use of Rivets as fasteners 
has generally been looked upon as an abstruse subject. There are no 
hand books devoted exclusively to Rivets, with standard specifications, 
rules and tables therein, and accordingly we are issuing this volume 
hoping that it will fill a need, and become a serviceable book for persons 
engagedinthedesignofrivetedjoints, the purchase of rivets, and for the 
man actually driving this type of fastener. 

THE S. SEVERANCE MANUFACTURING COMPANY, 

Glassport, Pennsylvania. 

Established 1828. 

First Edition. Copyright 1920. 
S. Severance Mfg. Co. 
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L SEVERANCE. 

Machine for Making Bolts. 

No. 268, Patented July 11, 1837, 

Cut 3. 
The patent issued on the first American Bo t and Rivet Making Machine. 

Granted to the founder of this Company in 1837. 
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S. SEVERANCE. 

Spike and Rivet Machlne, 

No. 43,712. Patented Aug, 2, 1864. 

3isrl. 

Cut 4. 

Another basic Patent issued to this Company on Machinery £or Rivet Manufacture. 
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CHAPTER I. 

EARLY HISTORY OF THE RIVET INDUSTRY 

The S. Severance Matmfacturing Company have been manufacturing 
rivets since 1828—^almost for a century. The business was founded by 
L. Severauce who had, previous to that time, invented a rivet making 
machine. We were unable to obtain a copy of the first patent, which 
would have been numbered among the very first patents issued by the 
United States Goverument, due to the destruction of Pateut Office Records 
by fire many years ago. ' On page 2 we illustrate the Patent Drawings of 
Patent 268 granted to L. Severance in 1837, covcriug other ideas of the 
founder of this Company on'machinery for the manufacttire of Bolts 
and Rivets. 

L. Severance located in Pittsburgh in what is now kuown as the Point 
District and continued the business until his death in 1854, being succeeded 
by his son, Samuel Severance, who carried on the manufacture of Spikes 
and Rivets under the name of S. Severauce in the original plant in the 
Point District until October, 1899. A more advantageous location for 
manufacturing was found in Glassport, Pa., at this time and the plant was 
moved. At the death of S. SeveranCe, in 1900, the business was contiuued 
by his sons under the name of S. Severance, a copartnership, and on May 
23d, 1902, the company was incorporated under its present name, The 
S. Sevérauce Manufacturing Company. 

During the early days of manufacture, the machines developed by 
L. Severance were used in addition to making rivets, to make spikes, bolts 
and other articles in a more or less crude and small way. Then the re-
quirements of the country were small aud the product then turned out 
eamed a reputation for quality and workmanship. 'Vírought iron was 
used entirely in the manufacture of rivets uutil about 1887, when soft 
steel was iuvestigated and after numerous experiments and the sur-
mounting of 'a great many discouraging obstacles, it was decided to use 
Dead Soft Steel exclusively in the manufacture of otu: Boiler Rivets. 
During the years 1890 to 1895 we advertised and exploited very strongly 
the "S.S." Soft Steel Boiler Rivet, and the missionary worlí that accom-
plished such good restilts were vigorously carried on. We were the first 
company to put on the market a Soft Steel Boiler Rivet aud to sell it as 
such. We used a very special grade of Dead Soft Steel that was rnade 
under the most rigid inspection and our rivet was the ouly Steel Boiler 



THE S. SEVERANCE MANUFACTURING COMPANY, 

Rivet that was equal to the service that Boiler Rivets eutered into at that 
time. It took much educational work aud strong salesmauship to estab-
lish the place of the Steel Rivet, the consumer gradually coming to under-
stand its use and finally adopting it, so that now all rivets are made of 
Open Hearth Steel, with but few exceptious. 

We have continually tried to improve quality and workmanship and 
have readily adopted any process or material that would teud towards 
the making of a superior grade of rivets. 

Our plant, *located at Glassport, 18 miles above Pittsburgh on the 
Monongahela River, is one of the most modern in the world and every 
facility and advantage that tends towards the mauufacture of good 
product is there. Our prpximity to Pittsburgh gives us many advan-
tages, such as the best Soft Steel, Natural Gas for heatiug rivet stock in 
manuíacture, and the most skilful labor. 
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CHAPTER II. 

S T E E L 

Steel is an artificial complex substance lyiug between carbonless 
wrought iron on one hand, and high carbon iron or cast iron on the other 
hand. I ts chief characteristics in comparisou to wrought iron is i ts 
freedom from slag and greater homogenity, whiîe in comparison to cast 
iron it possesses properties due to physical and structural condition vast ly 
different from cast iron. The propcrties of steel are due to its iuternal 
chemical composition. Steels are graded according to the amount of 
carbon t h a t they contain, aud a tabulat ion is as fpUows: 

Dead Soft Steel Carbon not over. 
Low Carbon Steel Carbon uot over. 
Medium Carbon Stcel Carbon from.. . . 
High Carbon Steel Carbou above. . 
High Carbon Tool Steel, . . .Carbon above. . . 

.12 

.25 

.26 to .60 

.60 
1.25 

As a chemical compound steel is composed of relatively ptu-e iron and 
iron carbide. Iron carbide is the substance formed by the carbon in the 
steel uniting chemically with iron to form a chemical compouud FejC, 
aud which is the substance tha t gives steel i ts characteristic properties. 
The more the carbou present the greater the amount of iron carbide, henee 
sehsitiveness to heat t reatment, hardeniug, e t c , while the less the carbon 
the less the amount of iron carbide prcseut and the approach to pure irori,' 
with the added desirability of freedom from slag, aud possessiug great 
homogenity and ductility. The other constituant in steel, relativeiy ptu'e 
iron, canuot be considered absolutely pure, as other compounds are formed 
by Manganese, Silicon, Sulphur and Phosphorous, and existing as i m -
purities tieing held iu solid solution in the steel. Excessive amotmts o£ 
auy of these impurities cause undesirable properties in steel. 

For rivet making, steel should be as low in carbon as possible, bu t n o t 
under .08, and low in all impurities, bu t possessiug great homogeuity and 
ductility. In order to uuderstand the ef ects of the impurities and o ther 
iugredients in steel the followiug should be noted. 

CARBON 

The gcneral cffect of carbon in steel is to give it great tenacity. The 
tensile streugth is increased approximately 6000 pounds per square inch 
for each iucrease in .10 carbon. A steel with .10 carbon content will 
show a teusile strength of approximately 50000 pounds per square inch, 
while a stcel having 1.00 carbon conteut will have a tensile s trength of 
approximately 100,000 pounds per square inch. Steel with .20 carbon 
coutent begins to show an appreciable hardening effect when heated t o 
the critical poiut aud cooled quickly. In the normal s ta te steel does no t 
show evideuce of brittleness until .70 carbon conteut is reached. Wit l i 
increase in carbon content the elongatiou or ductility of steel decreases, 

* 
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MAKGANESE 

The strength and the elastic limit in low carbon steels are increased 
to a certain extent by Manganese. Manganése effects a resistance to 
shock. It coimteracts the .red shortness in steel caused by Sulphur. 
Manganese is added to steel after tapping from the Open Hearth Fumace 
in the form of Ferro Mánganese, and it performs the functiou of absorbing 
oxygen in the molteu steel. It abso prevents to a large extent the coarse 
crystalization iu steel due to sulphur and other impurities. Steels low iu 
Sulphur and Phosphoras require less Manganese than those contaiuing 
higher amounts . Manganese gives to steel the property of hot ductility. 
I t is, however, advisable to keep the Manganese as low as possible, but 
not under .30, and at the same time producing a sound steel and one thát 
wiU roU properly. In steel the maximum temperature to which it may be 
reheated is increased by Manganese, owing to the resistauce 'of Mangnese 
to the separation of the stee crystals wheu the steel is again cooled. 
Manganese increases the tensile strength of steel in proportion to the 
carbon content. For a .35 Manganese steel add 650 pounds per square 
inch to the tensile strength for a .10 Carbon steel, and add 100 pounds per 
square inch to this base figure for each increase in .05 carbon. Thus for a 
.40 Carbon, ,35 Maugauese steel, thc addition would be 1250 pounds per 
square inch to the tensile streugth of the .10 Carbon steel. For each 
increase of .05 Manganese above the base .35 Mauganese, add 650 pounds 
per square inch to the base 650 of the .35 Manganese steel, and also add 
the 100 pounds for each .05 carbou. Thus for a .60 Manganese, .40 Carbon 
steel the addition would be 4500 pounds per square inch. 

SULPHUR 

Excessive sulphur causes steel to crack and tear in rolling or in hot 
•workiug, and tho term "Hot or Red Shortness" has been applied to de-
seribe this efîect. High sulphur lessens the weldiug capacity. Mau-
gaucse has a high chemical aíHuity for sulphur, forming Manganese Sul-
phide in molten steel. Manganese Sulphide segregates and collects 
between the steel crystals, and thus produces seams, if present in excessive 
amounts. Red Shortness is probably caused by this Manganese Sulphide 
which has a lower melting point thau steel itself, and thus in hot working 
or rolíiug the Manganese Sulphide may melt, reducing the cohesion 
between steel crystals to such an extent as to cause cracks and tearsj 
Sulphur in steel ranges from .020 to .100, the higher figtue being used for 
steel to be used in Automatic Screw Machines, and kuown as Screw Stock, 
a steel of good machining qualities but otherwise poor. It is customary to 
specify steel with sulphur not over .050. Sulphur iucreases the tensile 
strength but Httle, éach .010 increa,scs in sulphur content iucreasing the 
tensile streugth approximately 500 pouuds per square inch. 

PHOSPHOROUS 

Excessive Phosphorous causes a coarse crystaKzation in stee!. It 
causes no trouble in rolling, but in the cold state and subject to sudden 
shock or vibration high phosphorous steels break very easily. The lower 
the temperature and the higher the phosphorous in steel the more brittle 
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the steel, hence the term "Cold Shortness" has been applied to deuote 
this property. High carbon intensifies this bad eí ect due to the high 
phosphorous. Phosphorous reduces the elongation and the ductility of 
steel, and while not so appareut in the usual tension test, is very pro-
nounced in vibratory or impact testing máchines. AII steels should be as 
low iu phosphorous as possible, it being usual to specify .040 or under. 
The apparent increase in tensile strength of sfeel due to phosphorous 
amouuts to approximately 100 pouuds per square inch for each increase 
in .001 of phosphorous, tbis being for steels up to .12 carbon content. For 
steels from !12 to .25 carbon the iucrease amounts to 150 potmds per square 
inch for each increase in phosphorous of .001. 

COPPER 

The ehief efilect of copper is to cause Red Shortness, and over .50 to 
eí ect the weldiug power of steel. Copper and high sulphur in combina-
tion produce bad effects. If sulphur is lovf, no bad efEects from High 
Copper arc manifest, and Copper Bearing Steels are advocated for anti-
corrosion properties. Copper causes no physical changes as usually 
measured. Copper is not usually preseut in Rivet Steel. 

ALUMINUM 

The tensile strength of steel is only slightly affected by alvuniuum, 
and the ductility is not dimiuished. When used to qtiiet steel a very little 
of the altmiinum combiues with the steel itself. The quantity of alum-
intun used to quiet steel when casting amouuts to from j to f of a pound 
per ton of steel, the amotmt used varyiug with'the grade of steel, the 
amouut of oceluded gases in the molten steel, aud the temperature of the 
molteu steel. Alumiutmi is added in the stecl ladle directly after tapping, 
and often in the moulds, beiug added to the molten steel teemiug into the 
moulds to prevent blow holes and to reduce segregation. Aluminum 
increases soundness iu ingot tops, kiUs wild heats, preveuts oxidation, 
and increases the tensile strength by inducing homogeuity iu the steel. 
Excessive amounts of alumiuum causes excessive pipe, and should be 
avoided, and excessive additious of aluminum added to the moulds is 
harmful due to the probability of alumiuum oxide agglomerating with the 
steel, and thus weakening it. Aluminum is not determined in the usual 
chemical aualysis of steel. 

SILICON 

Silicon teuds to remove occluded gases and oxides from steel, and 
thus prevents blow holes, yielding homogenity, soundness and toughness. 
It increases the tensile strength and reduces the ductility. Silicon neutral-
izes the injurious tendencies of Manganese, and steels containing Silicon 
are better able to stand wear and crushing from continual pounding. 
The usual amotmt of silicon present in structural steels amotmts to .025 
nd is not usually reported in the chemical analysis of such steels. 
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NICKEL 

Nickel in steel increases its streugth, ductility, toughness and resist-
ance to abrasion and shock. I t also increases the ratio of elastic limit 
to tensile strength. Nickel steels are made by adding Ferro Nickel or 
Nickel Ore to the Open Hearth steel bath . Ordinary Nickel Steel is a 
low carbon steel, containing under .40 carbou and up to 3.50 nickel. The 
welding power of Nickel Steel decrcascS with increase in uickel content, 
but nickel steels all forge well, An addition of 2.00 uickel to a steel wili 
increase its streugth to uearly double tha t of a simple carbon steel, of t h e 
same carbon conteut. This increasc in strength is however dependent 
on proper heat t reatment for this result. 

CHROMIUM 

Chromium added to steel increases the elastic limit, hardness aud 
resistance to shock and alteruate stress. I t is a very fine grained steel and 
is priucipally used iu stocls t o b e heat treated. ChromiUm tends to reduce 
crystaline growth. In the rolled or forged condition Chromitun Steels are 
like plain carbon steels of like carbon coutent. 

TUNGSTEN, MOLYBDENUM, VANADIUM 
Tungsten, Molybdenum, Vanadium, and other rare metals added to 

steel, providc particular properties, bu t are never used in the production of 
structural, boiler, or steels required for Ship construction. Their field is 
found iu tools, machiue parts, and their properties are developed through 
heat t reatment . 

MANUFACTURE OF STEEL 

Practically all of the steel used for rivet manufacture is made by the 
Basic Open Hear th process. Open Hear th heats are made coutaining as 
high as 200,000 pouuds of metal in a single heat. l u this process stecl and 
pig rou are melted in a fumace operating on the r'egenerative method of 
btirning fuel. The melted mCtal is worked down to a low carbon content 
by adding iron orc to the bath, and a slag high in lime is produced to 
remove phosphorous from the metal charged. The oxygen in the iron ore 
bttrns out the carbon in the molten metal, producing a practically pure 
melted iron, bu t one heavily charged with oxygen and gases. Molten 
steel dissolves gases similar to the manner in which water does, bu t when 
steel solidifies and coois these gases pass of . In order to insure of perfect 
degasification, and to regulate wheu and how the gases pass ofE, Fer ro 
Mauganese is added to the Open Hearth heat, either iu the furnace directly 
before casting, or iu the ladle, A worked down heat will contain ,05 
carbon, ,05 mangauese, ,030 sulphur, and ,030 phosphorous, and after t h e 
addition Ferro Manganese it will be ,10 carbon, ,45 manganese, ,040 
sulphur, and ,030 phosphorous, The quantity'of Perro Manganese addec' 
to a dead melted Open Hear th heat containiug 50 tons of molten metal wiL 
amount to approximately 300 pounds, this in order to yield a steel with 
a mangancse content of from ,30 to .40, Ferro Manganese also addp 
carbon to the steel and 5 % of the total weight of Ferro Manganese addec' 
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can be relied upon as entering the steel as carbon, When high carbon 
steels are made the carbou is added through the use of Molten Pig Iron 
which is added to the dcad melted steel in thé furuace, and the furnace 
immediately tapped, Approximately 3 % of the weight of Molten Pig 
Iron added as recarburizcr appears in the steel as carbon, Observed 
temperafures of stecl flovong from au Opeu Hear th furuace are approx-
imately 3000 Fahrenheit, 

Steel for rolling of structural shapes is usually cast iu largc size open 
top moulds, and "k i l l ed" during the pouring by the addition of aluminum, 
This t rea tment removes blow holes, and limits segregation, Steel for 

1 plates is also top poured iuto moulds and t h e ' ' Riming In, ' ' taken particular 
note of, in order t ha t the blow holes shall bo at Iea.st f inch from the walls 
of the resulting iugot, In thc manttfacture of steel for rivets, this soft 
steel is likewisc cast in open top moulds, and properly "R imed In ," to 
produce deep seated blow holcs, The steel mu.st be properly worked in 
the furnace, the siag must be in good condition, and thc temperature 
correct, otherwise on tapping the stecl will rise in both the ladle and in the 
motdds, and not properly " R i m In ," This follows for both a sluggish 
cold steel, and for one tha t is too hot, and blow holes very near the surface 
of an ingot would result, When such a stccl is rolled these blow holes 
near the surface are forced through the surface, become oxidized, and in 
rolling greatly elougated, producing surface defects such as slivers, scabs, 
cracks, seams, aud laminations. If tho blow holes are deep seated and 
approximately } " inside the surface, and if they are clean and free from 
slag and oxides they weld perf ectly in the rolling and slabbing aud cause 
uo trouble. In plates in particular, surface defeets are common on ac-
count of the great redúctiou from ,slab to plate, aud the great surface area 
exposed, and care in steel making is highly importaut . 

AII steel tvill pipe more or less in the process of cooliug, and cropping 
of the head is the only way of eliminating this defect. The specification 
of a certain amount of crop in per cent. is not always correct as difiierent 
steel mills have a range in skill, thoschaviug the grcatcr skill wiU produce 
sound steel with a small amount of cropping to remove pipe. The ef ect 
of temperature a t pouriug, aud the efieet of alumiuum are points to con-
trol to produce the miuimum pípe, Piping is caused by shrinkage due to 
the cooling of the steel iu the ingot, and resttlts in cavities arrauged along 
the central axis of the ingot, I t is always present a t the top of thcingot , 
known as primary piping, or further dotvn in the body of the ingot, kuown 
as secondary piping, Piping m a y appear in the rolled bar as a small hole, 
sometimes large enough to be seen, bu t often appearing only as a small 
dark line, which might be easily taken for a tear in the metal, The cause 
of such defects is not sufficieut cropping, 

Segregation is a gatheriug togcther of a mass of any one of the ele-
meuts tha t make up steel and is usually found iu the center of the ingot or 
rolled bloom, bar or billet, In a fractured specimen it can be detectcd by 
the difference in color, Chcmical analysis is the sure test for this defect, 

The cause of extcrnal defects, cousisting of seams, laps, folds, slivers, 
has been mentioned, They may be prevented by chipping out the defects 
as they appear in the bloom or billet, and prior to roUing into rivet rod, 

11 
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MECHANICAL WORKING OF STEEL 

The steel iu ingot form must be shaped, ând its s t ructure aud physical 
properties are dependent on the eare used in this working, roiling, or 
forging. The heating and soaking in the soaking pits prior to the f rst 
rolling in the bloomer or slabber are important , and eaeh subsequent heat-
ing and rolliug must be done with intelligence and eare. The finishing 
temperature should be doue so as to produce a good grained steel. After 
roUing to shape, or in the case of plate, either universal or sheared edge, 
the material is straightened. The effeet of cold work is not sévere and 
mucii straightening is done at a fair heat. In the case of Rivet Rounds 
they are not straightened, bu t are allowed to straighten from hot bar to 
the cold undisturbed on a fiat hot bed. In the rolling of Rivet Rounds 
another defect may here appear in Guide Marks, as this material in passing 
thxough a coutiuuous miU, is guided between the roUs by cast steel guides 
which if not properly adjusted m a y seore the red hot bar. l u the process 
of hot roUing i t is impossible to produce a perfectly round bar, and for 
t ha t ma t te r i t is impossible to produce a shape precisely to dimensions. 
Standard dimensions aud variatious therefrom have been compiled by the 
Association of American Steel Mauufacturers, and which are quoted below. 

The Association o£ American Steel Manufacttirers 
Adopted 1910 

S T A N D A R D ALLOWABLE VARIATIONS I N T H E SIZE O F HOT-
R O L L E D BARS 

ROUNDS, SQUARES, HEXAGONS 

Over 3 " 
Over 1" 
O v e r 2 " 
O v e r 3 " 
Over 5 " 

Up to and iucludiug 
1" 
2" 
3 " 
5" 
8" 

Vari 
Under 
.007 
.010 

A 

Lation in SÍze 
Over 
.007" 
.010" 

FLATS 

Width of 
Flats 

Up to and 
including 1" 

Over 1" up to and in-
cluding 2 " 

Over 2 " up to and in-
c luding4" 

Over 4 " up to and in-
cluding 6 " 

Variation 

Width 

Under 

1 'i 

'33' 

T6 

Over 

1 V 

32 

A' 

TG 

a 
33 

Variation in Thickness, Under and Over 

Thickness of Flats 

- Q ' and 
under 

, 0 0 6 ' 

,008" 

.010" 

.010" 

Over 3%" 
uptoK' 

, 0 0 8 ' 

, 0 1 2 ' 

.015" 

. 0 1 5 ' 

Over Yi' 
up to 1 ' 

.010" 

,015" 

,020" 

, 0 2 0 ' 

Over 1 ' 
up to 2 ' 

A' 

1 II 
32 

A" 
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The S, Severance Manufacturing Company foUows closely the Ladle 
Analysis of all heats of steel entering into the mauufacture of thcir rivets. 
Our rivets are made to eonf orm to the required Standards aud Specifications 
to whieh they are purehased, aud our miU connections are such that the 
closest cooperation exists. lu addition to eertainty of our rivets being 
to chemical requirements, and to physicál Sp'ecificatiotts, otur inspection 
of Rivet Rounds aud Rivet Stoek for surface insures our eustomers of 
smooth workmanlike rívets. Inspection is made on all of our raw maferial 
for seams, slivers, pitting and guide marks, aud cheek measurements for 
roundness are periodically made, residting in the production of uniformity 
in our rivets. Our final iuspection of the finished rivet prior fo packing 
into kegs, or sacks, is a double insurance for a perfeet product. 
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CHAPTER m 

CHEMICAL AND PHYSICAL TESTS 
lu order to cover the subject of rivet material complotely the foUowing 

methods of chemical tests are given. Modern chemical analytical methods 
have reached a high degree of perfection. Correct sampling is highly 
important. 

SAMPLING FOR LADLE ANALYSIS 
A sample of the steel from the ladle af ter tapping from the Open Hearth 

Fumace is takcn by means of a hand ladle, and this cast into a small test 
ingot. Drillings are made in this test iugot by using a drill J" to f" in 
diameter, the drill carefully operatcd without applicatiou of water, oil, 
or any cooliug lubricaut. Care is takeu that no dirt, scale, grease or any 
foreign matter gets mixed with the drillings. 

CARBON 
Carbon iu steel is determincd by two methods, the color method, and 

the combustion method. The color mcthod is an approximation while the 
combustion method is exact, but for low carbon stee s nnder ,35 carbon the 
color method is found to closely agree with the eombustion method In 
case of controversy the combustion method should iuvariably be used, 

COLOR METHOD 
In determining earbon by the Color mcthod, 0.5 grams of the steel 

driUings are placed in a large test tube, and 10 cc of dilute Nitric acid (50%) 
added. At the same time 0.5 grams of a standard steel of kuown earbon 
content, which has been determiued by the Combustiou method are placed 
in another tcst tube and 10 cc of dilute 50% Nitric acid added, Both test 
tubes properly marked are placed iu a Water bath and boiled gently until 
the steel is dissolved, Wheu the solutiou is complete both test tubes are 
rembved from the Water bath and placed in cold water, Both solutions 
are now diluted to the same volume, vis 50 cc, and compared in color in a 
eolorimeter, Dilute the most intense in color until the color in both tubes 
is the same, The carbon content in the steel being analyzed is directly 
proportioual to the dilutation made, 

COMBUSTION METHOD 
lu the Combustion method, 2,0 grams of fine Steel chips are packed on 

a bed of Alundum, iu a porcelain or nickel boat. The boat and contents 
is transferred iuto the combustion tube of a Carbon train, previously 
heated to approximately 1800° P, the tube being of poreelain, quartz or 
platinum. After a lapse of about one minute the boat is up to the temper-
atture of the tube, when oxygen of 97% or higher purity is admitted, so that 
the chips burn completely, but uot violently. The burning is complete 
in two minutes at the most, and the Carbon Dioxide produced is swept out 

14 
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into a Meyer tube containing a saturat d solution of Barium Hydrate, 
by admission of about 2 liters of oxygen in not more than 6 minutes. In 
eiiarging the Meyer tube, four bulbs are filled with Barium Hydrate solu-
tion, and then water free from COs added to fill the remaining three or 
four bulbs in the tube to the proper level., The Meyer tube is then de-
tached, fastened to a filtcr, aud the Barium Carbonate filtered outo an 
Asbestos pad. Cotmection is so made that the Meyer tube is washed, 
some 150 ec of Wash water being used. The Filter pad is transferred to a 
Flask, and the filter carefully wáshed, an excess of N/10 Hydrochloric 
acid added from a pipette. 3 drops of Methyl Orange indicator (2%) are 
added, aud the excess acid titrated against N/10 Sodium Hydrate. The 
carbon is calculated, 1 cc N/10 HCL being equal to 0,0006 gr, carbon, 

MANGANESE IN STEEL 
1,0 grams of the drillings is placed in a 200 ce flask, aud 50 cc of 

Dilute Nitric acid (18%) added. The flask is heated uutil the steei is 
all dissolved' land oxidcs' of Nitrogeu driven off. The solutioir is then 
cooled and 0.5 grams of Sodium Bismuthate added to oxidize all carbon, 
The contents of the Flask is then heated until the pink coloration dis-
appears, Sulphurous acid is added uhtil the solution is clear, and then 
boiled to expell all surplus Sulphurous aeid, The solution is then cooled 
to room temperature, aud au excess of Sodium Bismuthate added (2 to 3 
grams), and agitated for>séveraI mihutes, : Add 50 cc Dilute Nitric acid 
(3%), and filter through asbestos into a 300 ee flask, Wash the asbe,stos 
well with cold 3% Nitric acid, Ruu into the fUtrate 50 cc of standard 
Sodium Arsenite, or sufQcient to" discharge the pink coloration of the 
permanganate sôlution, Thé titrate bâck to just pink by a staudard 
solution of Permanganate, Havingthis determined the number of cc 
of standard Sodium Arsenite reqtiired to react the Mangancse in the 
sáinple,' calculate the percêntage of Mangauese iu the steel, Speed can be 
obtained by making the standard Sodium Arsenite solution so that 1 cc 
is equivalent tq 0,10%, Manganesc in the 1,0 gram sample taken, 

SULPHUR IN STEEL 
Take 5,0 grams of the steej. drillings and place iu a flask fitted with a 

two-hole stopper, Through one hole in this stopper there passes a thistle 
tube, and through the other a delivery tubê, The delivery tube- con-
nects with a smaller flask eontaining Ammoniacal Cadmium Ghloride 
solution, iThe Hydrogen Sulphide evolved is absorbed by the Cadmium 
Chloride, aud 10 ec of Cadmium Ghloride, diluted with .150 cc of water 
should be contained ,in the absorption flask, Pour through the thistle 
tube into the flask, 80 ce of dilute Hydrpchloric aeid, Warm the flask so 
that the steel dissolves rapidly. Boil for about ^ minute, until all the 
yolatile Sulphur Cpmpounds íiave been passed over into the absorbant 
Cadmium Chloride. Empty the Cadmium Chloride solution into a 500 cc 
beaker, carefully washiug out all values. Add 5 ec of Starch solution and 
40 ee of dilute Hydrochloric acid, to just render the solution acid and dis-
solve the' Cadmium Sulphide.' Stîr gently,'aud titrate at once with 
Standard Potassium lodate soliitioh to a blue end point. ' The Standard 
lodate solution is so made that 1 cc equals .0005 grams of Sulphur. As a 
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5 gr. sample was takeu, each 1 cc of this Standard represeuts .010 Sulphtír 
in the steel. Thus the uumber of ee of Standard Potassium lodate re-
quired to the eud point times .010 equals the Sulphur content in the steel. 

PHOSPHOROUSIN STEEL 
Take 5 grams of the steel drillings and place them in a 300 cc flask. 

Add 75 eo of Dilute Nitric acid (50%) and warm, finally bringing to a 
boil. While still boiling add 12 ec of Potassium Permanganate solution 
(2J%) and heat until Manganese Dioxide preeipitates. Add Ammonium 
Bisulfite solutîon (3%) to dissolve this precipitate and boil until clear and 
brown fumes cease to come off. Cool to room temperatures, and add 100 
cc of Animonium Molybdate solution. Shake for 3 miuutes aud filter 
and wash three times with Nitric acid (2%). Wash the preeipitate with 
Ammouium Hydrate (10%), filtering iuto a 150 cc beaker contaiuiug 10 cc 
of Hydrochloric acid (39%) and 0.5 grams of Citric acid. Add 30 ec 
of Ammonium Hydroxide (28%), cool and theu add 10 cc of Maguesium 
Chloride mixture, slowly and with agitation of the solution. Stand for 
two hours, filter, and wash with Ammonium Hydroxide (10%), Ignite 
and weigh, Redissolve in 5 cc of Nitric acid (32%) with 20 ec water, 
filter and wash with warm water, Ignite and weigh, The differeuce in 
the two weights represents pure Magnesium Pyrophosphate, containing 
27.84% Phosphorous. 

SAMPLING FOR CHECK ANALYSIS 
Correct sampling for check aualyses are as important as requirements 

for Ladle aualysis. In order to standardize the methods the Association 
of American Steel Manufacturers have prescribed methods, whieh are 
quoted i'n toto below. 

THE ASSOCIATION OF AMERICAN STEEL MANUFACTURERS 
Adopted 1912. 

MANUFACTURERS' STANDARD PRACTICE. 
STANDARD METHODS OF SAMPLING FOR CHECK ANALYSIS 

INTRODUCTION 

It is a recognized fact that the different parts of a piece Of steel are 
liable to vary in comJ)osition. This variation occurs principally betwéen 
the center and the outside, and to a slighter exteut is depéudent upon the 
position of the piece iu the ingot, and the size of the ingbt. 

Where a sufEoient number of check analyses haVe been made from 
drillings properly taken at different points in the heat to fepresent it fairly, 
their average has been found to compare favorably With the ladle analysis, 
which is fhe analysis of a small test ingot takeh at any time diiriug the 
pouriug of the heat. . . . 

From this it is evident: 
1. That the ladle analysis is more representative of the composition 

than auy siugle aualysis of the finished material. 
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2. That drilliugs for check aualysis to be fairly represeutative should 
be taken at a point intermediate between the outside aud the center of 
the eross-seetion. 

3. That a sufficient number of check analyses of different pieces 
should be madc to afford a fair average to compare with the ladle analysis. 

1. POINTS TO BE OBSERVEDIN THE SAMPLING OF MATERIAL 
FOR CHECK ANALYSIS. 

a. Each heat in a lot shall be considered separately, and pieces for 
sampling shall bc taken to represent the heat as fairly as possible. 

b. Samples must be drillings or chips cut by some maehine tool with-
out the application of water, oil or other lubricant, and shall be free from 
scale, grease, dirt or othcr forcign substance. If samplcs aro takeu by 
drilling, the size of the drill shall not be not less than J " nor more than j " 
in diameter. 

c. Samples must be uuiformly fine and each must be carefuUy mixed 
before analysis. 

d. In referring samples to the manttfacturer or other analysts for 
eheck analysis, a piece of full-size section, when possiblc, should be sub-
mitted rather than cuttings, unless the latter are specially requested. 

e. Where material has been subjected to heat treatmeut other than 
annealing or simple cooling, subsequeut to its manufacture, it should be 
annealed before sampling, 

f. Check analyses are uot represeutative of the original material 
when its composition has been altered in any way by some operation such 
as case-hardening, overheating, etc, 
2, METHODS OF OBTAINING SAMPLES FOR CHECK ANALYSIS, 

Material has beeu divided into the followiug classes, depending upou 
the manner of sampling, 
I, Material Subject to Physical Requiremeuts, 

Samples for check aualysis sliall be taken from a tcst specimeu, 
Where it is reqttired to make additional check aualyses, samples shall be as 
indicated under II, 

H, Matcrial Not Subject to Physical Requirements: 
(a,) Speeial cast, rolled or forged, semi-finished or finished material of 

large size, such as ingots, blooms, biUets, slabs, rounds, shapes, etc, sub-
ject to acceptauce ou check aualysis, 

Samples shall be taken at any point midway between the outside and 
the center by drilling parallel to the axis, In cases where this method is 
not practieable, a piecc may be driUed on the side, but driUings shall not 
be taken until thcy represent the portion midway between the outside 
aud the center, See Figure 1, 

(b), Small or thin material, such as plates, shapes, bars, etc, subject 
to acceptance on check aualysis, 

Material for which the previous mothod is not applicable shall have 
samples for analysis taken entirely through the material at a point midway 
between the outside and the cente'r, or by machining off the entire cross-
sectiou, 
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FiG, 1 Cut 5, 

(c), Commercial material subject to acceptance on ladle analysis, 
The methods described under II (a) and (b) shall apply, exccpt that 

samples shall be taken at any point one-third of the distance from the 
outside to the centcr, 
3, METHODS OF ANALYSIS, 

Analysis shall be made by well-known accuratc mcthods, Carbon 
shall be determined by the combustion method, 

4, REJECTION OF MATERIAL ON CHECK ANALYSIS, 
Any rejection of material ordered to a specific chemical range shall be 

based on the following: 

(a,) The minimum number of samples to be taken from a heat before 
rejection by the purchaser shall be as tollows: 

Weight in Gross Tons, 
5 orless 

10 orlessbutover 5 4 
15orIessbutover 10 5 
Over 15 6 

In case the number of pieces in a heat is less than the number of samples 
given, one sample from each piece shall be considered sufiîcient, 

(b), Separate determinations shall be made on each sample and the 
results averaged, unless they clearly indicate mixed grades, 

PHYSICAL TESTING 
Tcsting to destruction is the supreme test of strength of any material. 

In order to judge whether a metal is suitable for the purpose for which it is 
intended, test pieces are selected and iipon the results of these tests the 
metal is judged as a whole. Chemical analysis is not conclusive in itself 
and accordingly physical tests are usually made on steels eonjunctively 
with the chemicai tests. In physical testing determinations are regularly 
made on a Tension machinei, the tensile strength, elastic limit, elongation. 

Minimum Number of Samples. 
3 
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.aud reduction of area being the points usually recorded, In addition to 
these tests, compression tests, torsional tests, sheariug tests, deflection 
tests, and cndurauce tests are sometimcs made for spccial ptu-poses, 

T H E T E N S I L E S T R E N G T H , sometimes ealled the U L T I M A T E 
S T R E N G T H , is the load per unit of original cross sectiotr a t which rupture 
occurs, As tíie load is applied to a specimen aud it increases iu lehgth, a 
diminutation of cross feection likewise occtirs, At the time of rupture 

. eousiderable "Necking I t i " may takc place, bu t this reduced area should 
not be used in calculating the Teusile strength of the material, Tensile 
strength is recorded in pounds per square iuch breakiug stress, 

T H E ELASTIC L I M I T , as made in commercial tests of Structural 
material is not the t rue Elastic limit, bu t is the Y I E L D POINT, The 
Elastic limit is properly obtained hv means of an Exteusometer, and the 
oad applied by increments of 5000 pouuds tintil thc Elastic limit is nearly 

reachéd, and tiien by iucrcmcnts of tOOO pounds, Readings of the Extenso-
meter are taken after each imposed load, As soou as stress and straiu are 
out of proportion the Elastic limit is reached, Such a process of testing is 
very slow aud not onc tha t could be used in testing large quantit ies of 
R I V E T steel, Structural stcel or plates, The Y I E L D P O I N T is defiued 
as the load per uuit of original cross section at which a marked increase in 
t h e deformatiou of a tcst specimen occurs without an increase iu load, 
I t is usually dctermined by the drop in the beam of the testing maehine, 
or by the use of dividers, l u using the dividers, the divider points are 
placcd in the puuch marks used for elongation measuremeut, aud note 
takeu whcn the stretch of the material just preveuts the points from rc-
entering the punch marks, This point is thc Yield point, and is slightly 
higher in value than the true Elastic Hmit, Another method of determining 
the Yield poiut and especialty t rue in the testing of Rivet Rounds is as 
follows: Rivet Rotmds are covered with RoII scale, as are all hot rolled 
products, and just when the test piece begius to deform out of proportiou 
to the load, this RoII scale breaks, aud .spalls off the test piece, this being 
á reliable iudicatiou of the Yield point, 

T H E ELONGATION is a mcasure of duciUty, For structural 
material the elongatiou is recorded in 8 ", Punch marks cxactly 8 " apar t 
are made on the test specimen, this beiug couvcnicntly doue by means of 
a doublc pointcd prick punch with poiuts fixed 8" apart , Usually two 
pair of punch marks are made on a bar so t ha t if onc set should becotne 
illegible the other would serve as a record, After fracture the broken ends 
of the test piece are matched together aud tíie distance apart of these 
punch marks measured, For example, after pulling a rivet round the 
distance will measure 10.5 inches, or 2,5 inches more than the original 8", 
The percentage elongation is then recordcd by dividiug the 2,5" by 8" and 
multiplying by 100, or in this case giving a figure of 3 1 % as the elonga-
tiou iu 8", Í^aturally; the greater the stretch or elongation the more 
ductile the material, and the softcr thc steel, 

R E D U C T I O N OF AREA, sometimes called the C O N T R A C T I O N 
O F AREA, is obtained by measttring the smallest diameter of the bar 
after fracture. This is naturally a t the point of fraeture, whcre the 
'•'Necking I n " was the greate.st, and several mea.s'uremeuts should be 
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made to get the correct diameter. The measuremeuts are made by means 
of a Micrometer Caliper having poiuted ends and as the fractured ends 
are rough, care should be taken to get thc correct measuremeut. In 
square or obloug pieees this likevrise f oUows, as the departure of rectangular 
specimens from their original cross sectioual shape is more conspicuous 
than for cyliudrical bars. 

FRACTURES: MiU practiee records the type of fractures as i Cup, 
Cup, or Angular Breák. Naturally a FuII Cup indieates a very homo-
genious material, and axial pulling of the specimen. Mueh good material 
will fracture J Cup, due to the load uot being exactly axially applied. 
Description of fracturcs are subject to difi'crent descriptions by different 
observers, but the knowledge gained from fracture appearance makes the 
recording of fractures important. 

GRANULAR FRACTURE. This type of fracture is caused by the 
path of rupture pas.5Íng through the steel grain boundaries, It is met 
with in burnt steel, 

CRYSTALLINE FRACTURE, This fracture should not be eon-
fused wifh a Granular break, because it is through the crystals and not on 
grain boundaries, The fracture appears bright, and is usually an indication 
of brittleness, 

SILKY F R A C T U R E , In this type of fracture the crystals have 
beeu drawn out into threads prior to rupture, The Cup and Coue frac-
tures practically all have a silky appearance, 

AMORPHOUS F R A C T U R E , NO tracc of crystaHzatíou is obser-
vable, and this fracture is found prineipally in annealed specimens, 

LAMINATED FRACTURE, Fractures of-Plate and Structural 
Shapes wiU often have laminated stmctures, They are characteristic of 
transvcrse specimens that show some ductility, 

THE EFFECT OF SHAPE AND SIZE on the results obtained in 
testiug is governed by KICK'S RULE, which is "under identical condi-
tions of stress, bodies of identical material and of geometrically similar 
shape, undergo geometrically similar deformation, 

SPEED OF TESTING, The rate at which speeimens are puUed 
apart has au effect on the result, The American Society of Testing 
Materials states that so long as the speed is kept within ranges of from 1 
inch to 6 ihches pcr miuutc, its influenee is uot observable in the results of 
commercial tcsting, If the rate of loading is too rapid it will iufiuence all 
results giving higher values to tensiie strength in many cases, 

CALIBRATION OF TESTING MACHINES, Testing machiues 
should be tested periodically to see that they record loads eorrectly. Ma-
chiues are calibrated by means of a lever attachment with standard 
weights. 

COMPRESSION TESTS are made in the usual Tension maehine, by 
using a compression attachment, which cousists of a spherically seated lower 
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block, which allows the load to be applied axially, and a rigid face block 
that is attached to the puUing head of the Tension machine. By reversing 
the machine the load is appiied to a specimen. Elastic limit and Final 
failure are usually recorded. 

SHEARING STRENGTH is obtained by using a shearing toolin the 
usual Tension machine, and which consists of a bloek with knives and a 
speeimen rest that is placed ou the table of the Tensiou maehiue. The 
pulliug head of the Tension maehine is fitted with a crushing tool and 
which forccs a knife through the spe'cimeus being tested. For double 
shear recording two lower icnives are placed in the lower block exactly 
1" apart, while the upper kuife is exactiy 1" wide, aud shaped to conform 
to the shape of the speeimen, vis half round for testiug a rouud specimen. 
Shearing value is approximately 2/3 the Ultimate Teusile Streugth, for 
specimens in single shear, while for speeimcns in double shear it is double 
that value. 

TORSIONAL TESTS are made in a special machiue, consisting of a 
movable weighiug eud, with a fixed twisting end, so as to take different 
leugths of specimens. The angle of torsion of the speeimen and the 
number of turns to break the specimen are uoted in degrees. This test is 
not applied to rivet material. 

ENDURANCE TESTING is done to determine the fatígue of metals. 
It is made by rotating a specimeu under a load approximating the elastie 
limit in an extreme fiber of the steel, and noting the rotations until crystal-
ization takes place and the specimeu breaks. This machine gives data of 
value for the proportiouing and use of spccial stecls in machine dcsign. 

IMPACT TESTS are eonducted notably on rails aud axles, and 
cousists in a Drop Tcst of a known number of pounds through a given 
height, thercby imposing a force of a number of foot pounds on a speeimen. 
Small size Impact Testing machines are designed with a pendulum ar-
raugement and are used ou nicked spccimens. No staudards have beeu 
adopted for this form of testing other than those applied to rails aud axles, 

COLD BENDS, Cold bends are made on all rivet stock, and gener-
ally on all structural material, They show whethcr thc matcrial is free 
from seams, whether it is brittle, and whether it vrill tear on the outside 
bent portion, Uuiformity in eonductiug these tests should be adopted, 
and while the Staudard Speeifications of our Engineeriug Soeietics spccify 
Cold Bends, they do not indicate the method of test, A Hydraulic ma-
chine should be employed, and which will give a uniformally applied 
beuding load, The practice of making bends under a steam hammer 
should be diseouraged as this is not fair to the test piece, The blows from 
a slcdge also are variable in intensity aud do uot permit of a flow of the 
mefal, Nicking of test speeimeus prior to beudiug cold is a very severe 
test of conditiou, and the majority of rivet stock that stands the Cold Bend 
Flat on itself will likewise staud this test, although the outside fibers have 
beeu broken, AII rivet material must staud the Cold Beud Test, but it is 
not required to staud the Nick aud Cold Bend Test, lu conducting this 
test therivet material, andin the case of thefinishedrivet, therivet shank 
must be bent through 180" fiat on itself without fracture on the outside of 
the bent portion, 
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HOT BENDS, heated and. qucnched, then bent cold, This test is 
made to disclose Red Shortness, or whether there are hard spots in the 
material, If auy hardening took place it would destroy the value of t h e 
stock as a rivet material, The bends should be made in a Hydraulie machine, 
Queuch test pieces should be heated to a dark eherry red as seen in day-
Hght, aud plunged into fresh clean water a t from 60° to 90° Farenheit, 
As a severe test of conditiou a speeimen might be heated, quenched, theu 
uicked aud then bent 180° flat on itsclf,' Generally a rivet t ha t stands 
the quench beud as required through 180° flat on itseif, WiU stand this test, 

F L A T T E N I N G TEST, A rivet head is flattened hot to a diameter 
24 timcs thc diameter of the rivet shank, and to pass this test must do so 
without fracture or tears on the edges of the flattened portion, . This is 
done by hcating to a full cherry red and flattening with a sledgc or under a 
steam hammer to the required dimension, 

COLD F L A T T E N I N G TEST, Most rivet stock wiU flatten to 2i 
times the diameter of the rivet shank cold, although this tcst is not speci-
ficd, 

U P S E T T I N G TEST, Longitudinal spccimeus shaU stand hammer-
iug dowu eold to J^ their origiual hcight without .showing seams or other 
defects, A small cylinder approximatiug 1" in height is flattened down to a 
34 inch cylinder under a steam hammer, ' -lu conducting sueh a test, 
wheu the cylinder of steel is on the auvil, it should be turned after each 
blow to get a uniformally applied load, As such specimens get hot duriug 
the test, care should be takeu in handling, 

. The above covers a complete description of the tests usually conducted 
on material, but all of which are not applied in testing rivets, The fol-
lowing tabulation gives the test to which structural material is usually 
subjectecl, 

MATERIAL, TESTS , 
Boiler, 

Plate Tension, Forging, Punching, Hot and Cold Bends, 
Shapos, , ,Teusion, Forging, Punching, Welding, Hot and Cold Bends, 
Rivets,, , ,Tension, Beudiug, Forging, Cold Bends, 

Structural, 
Soft Tcnsion, Bending, Welding, Hot and Cold Bends, 
Medium, , Tension, Bending, Welding, Anneahng, Hardeniug, 
High Tension, Beudiug, Hardcning, 

Ship, 
Pla tcs , , , .Tensiou, Puuching, Hot and Cold Bends, 
Shapcs, . , Tension, Forging, Punching, Welding, Hot aud Cold Bends, 
Rivets , , . , Tension, Forging, Flattcning, Hot and Cold Bends, 

MODULUS OF ELASTICITY, When material stretches before 
rupture and up to the Elastic Limit, the ratio of Total Stretch tp Total 
Stress remains ueariy constant, Thus each equal addition of stress pro-
duces an equal additiona stretch, The Modulus of Elasticity for steel is 
stress per uuit of leugth H- streteh per uuit of leugth, and which is fúund 
to be practicaUy a figure of 30,000,000 for most steels, 

The foUowing is a tabulation of the general properties of steel as met 
with in stractural work, 
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PROPERTIES OF STEEL 

Kind 

Sof t 

Medium 

Hard 

Carbon 

,10 

,30 

,60 

Tensile 
Strengt i 

55000. 

65000. 

80000. 

Elastic 
Limit 

30000. 

35000, 

50000, 

Comprcs-
sion 

Strength 

60000. 

65000. 

75000. 

Shearing 
Strength 

48000, 

50000, 

65000. 

Modulus of 
Elasticity 

29,000,000. 

29,500.000: 

30,000,000, 

Thc composition of our Rivet steel has bcen averaged for a large 
number of determinations, Thcsc results are representative of the 
material used during the precedirg year, and of the material being ttsed at 
this time, 

CHEMICAL ANALYSIS 

Carbon , 099 
Manganese 392 
Sttlphur 037 
Phosphorous 0109 

PHYSICAL TESTS 

Tensile Strength Pounds per square inch, ,50784 
Elastic Limit Pounds per square inch, ,30692 
Elongation iu 8" Percent 32.2 
Reductiou of Arca Percent 62,3 
Fracturc J Cup, 
Nature of Fracture Silky, 
Sheariug Strcngth Single, pounds per sq, in , 45000 
Shearing Strength Double, pouudspersq,iu,91000 
Cold Beud , , , , : 180° Flat ou itself OK without fracture 
Quench Bend 180° Flat on itself Without fracture, 
QUenched and Nickcd 180° Flat on itself Without fracture, 
Flattening Test To2Jd iamete rsof shank,Without tears, 

High Ten.sile Rivets, Double Shear, pounds per square iuch, 124900 
High Tensile Rivets, Single Shear, pounds per squareinch, 64250 

The S, Severauce Manufaeturiug Company make rivets to conform 
to the various standard specifications of the Asociati ns, Societies, Inspee-
tion Bureaus, or of the individual. 
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CHAPTER IV 

STANDARD SPECIFICATIONS 

Commencing about 1912 a comprehensive effort was made by the 
various users of material to establish standard specifications. The Amer-
ican Society for Testing Materials was largely responsible for the under-
taking, which originally presented mauy diffieulties. The Assoeiation of 
Ameriean Steel Manufacturers probably started the campaigu for uni-
formity of specification, and the Steel Manufacturers early bencfitted by 
the staudards adopted. Although therc is close agreemeut among the 
specifications for steel uow recognized as standard, there are mauy ,stand-
ards, and probably the uext few years will see some elimiuated aud the 
approach to still more uuiformity. The Government of the United States 
as represented in its various eonstraction departments does not adopt the 
standards as established by the various Associatious, and governmental 
specifications often ,show a marked departure in mauy rcspccts from 
commercial standards. Future standardization would indicate the 
desirability of the Government Departments, such as the Navy, specifying 
material to the staudardized specifications established, 

Ou pagc 25 there is a Tabulatiou showing various standard rcquirc-
ments for Rivet Bars aud Manufacturcd Rivcts, which will indieate the 
agrcement and peculiarities of the several specifications, For more com-
plete uuderstandiug of Rivet Specifications, the Boiler Code Require-
ments of the Americau Society of Mechanical Engineers is quoted as far 
as rivets is concerned, The Staudard Speeification of the American 
Society for Tcsting Materials is quoted in toto, and the requirements of the 
Navy Department, Bureau of Coustruction and Repair, for Boi er Rivets 
are quoted, lu chapters to follow mttch infomiation is given in relation 
to other staudards and other requirements. 



Chemical Analysis, 
C 
Mn 
P, Acid, not over, . 
P, Basic, not over, . 
S, not over, . 

Physical Tests, 
Tensi e strength, . . , 
Yield point, over . . . 

Elongation in 8 ' % min,-

Reduction Area % min, , 

Bends:— 
Cold Bend 
Quench Bends 

Number of test per melt, 
Tension 
Cold Bend 
Quench Bend 

Tests on Manuíactured 
Rivets. 

Rivet Shank Bend, Cold. 
Flattening of Rívet Head 

Hot to 

Number of tests for each 
lot of Rivets. 
Shank Bends 
Flattening tests 

Boiler Code 
A.S.M.E. 

Boiíer 

.30 to .50 

;040 
,045 

45000—55000 
^ Tcnsde 

1500000 .í-TS 

180° Flat 
180° Flat 

2 
2 
2 

180°Flat 
2 | día, of 

R vet Shank 

3 
3 

A,A.S.M. 

Boiler 

,30 to ,50 
.040 
.040 
.045 

45000—55000 
Tensile 

1450000 H-TS 

180° Flat 
180° Flat 

2 
2 
2 

A,S,T,M, 

Boi er 

.30 to .50 

,040 
. .045 

45000—SSOOO 
f Tensi e 

1500000-:-TS 
not exc'd30% 

180°Flat 
180° P la t 

2 
2 • 
2 

1 180° Flat 
: 21 dia, of 
í Rivet Shank 

; 3 
3 

A,S,T,M, 

Structural 

;o6o 
.045 

46000-56000 
f Tensile 

1400000 H-TS 

180° Flat 

1 
1 

A,S,T,M, 

Structural 
Nickel 

not over . 30 
.60 
.040 
.030 
.045 

over 3.25 

70000—80000 
min, 45000 
1500000 H-TS 

min, 4 0 % 

180° F la t 

1 
1 

A,R,E.A. 

Bridge 

'.040 
.040 
.040 

50000 
25000 

1500000 .í-TS 

180° Flat 
NickBendC) 

A.S.T.M. 

Bridge 

;64o 
.040 
.045 

46000—56000 
- TS 

15 00000 V T S 

180° Flat 

1 
1 

A,S.T.M. 

Ship 

;060 
.040 
.045 

55000—65030 
J Tensile 

1500000 ^ T S 

180° Flat 

2 

180°Flat 
2J dia, of 

Rivet Shank 

3 
3 

,NOTE:—A.S.M.E. ^ American Society of Mec ianical Engineers. 
A.A.S.M. = Associatíon of American Steel Manufacturers. 
A.S.T.M. ^American Society for Testing Materials. 
A.R.E.A. = American Railway Engineering Association. 

Quencli bcnds are raade by heatine: the test specimens to a darlí cherrv red as seen Ín davHeht and immersinff in clean water at 80° to 

(*). The Niclí bend specified is made by mcldng the Rivet Bar and 
then bending cold around a diameter equal to t he 'rivet shank. 
The tear must be of a siiky na ture and gradual. 
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SPEGIFICATIONS FOR BOILER RIVET STEEL OF THE A.S.M.E. 
A. REQUIREMENTS FOR ROLLED BARS 

L Manufacture 

PROCESS. The Stee shall be made by the Open Hear th Process. 

IL Chemical Properties and Tests 

CHEMICAL COMPOSITION. The steel shall conform to the follo-wing requirements as to 
chemical composition. 

Manganese 0.30—0.50 % 
Phosphorous. not over 0.04 % 
Siilphur not over 0 .045% 

LADLE ANALYSIS. An analysis to determine thc percentages of carbon, manganese, phos-
phorous, and sulphur shall be madc by the manufacturer from a test ingot taken 
durÍTig the pouring of cach mclt, a copy of which shall be given to the purchaser or 
his representative. This analvsis sha l conform to thc requirements givcn under 
CHEMICAL COMPOSXTION. 

CHECK ANALYSIS. Analyses may be made by the purchaser from fmished baxs, repre-
sentíng eachmelt , which shall conform to the requirements specified in CHEMICi* L 
COMPOSITION. 

III. Physical Propert es and Tests 
TENSION TESTS . (a). The bars shall conform to the following réquircments as to 

tensile properties: 
Tensile strength, Ib. per sq. in 45000—55000 
YÍeld point, min., Ib. per sq. Ín 0.5 Tens. Str. 
Elongation Ín 8", min., per cent.. . 1,500,000 ^ Tens. Str. but need not exceed 

30% 
(b). The yield point shall be determincd by the drop of thc beam of the testing 
machine. 

BEND TESTS . (a). COLD BEND TESTS . The specimen shah bend cold thiough 180° 
fiat on itself without fracturc or cracking on the outside of thc bent portion. 
(b). QUENCH B E N D TESTS . The test specimen, when heated to a light cheiry 
red as seen in the dark (not less than 1200° Farenhe t ) , and quenchcd at once in 
watcr the temperature of which is between 80° and 90'' Farenheit, shall bend 
through 180° f a t on itsclf without cracking on the outside of the bent portion. 

T E S T SPECIMENS. Tension and Bend tcst specimens shall be of the full size section of 
the bars as rolled. 

NuMBER OF T E S T S . (a). Two tension, two cold bend, and two quench bend tests 
shal bc made from each melt, each of which shall conform to thc reqitirements 
specified. 
(b). If any test specimen develops flaws, it may bc discarded and another specimen 
substituted. 
(c). If the percentage of elongation of any tension test specimen 'is less than that 
specified, and any par t of the fractuî'c is outside the middle third of the gaged ' 
lcngth, as indicated by scribe scratches marked on the specimen before testing, a 
retest shall be allowed. 

PERMISSIBLE VXRIATIONS IN GAGE. The gage of each bar shall not vary more than 
0.01 inch from tha t specified. 

"WORKMANSHIP AND FINISH 

WORKMANSHIP. The finishcd bars shall be circular within 0.01 inch. , 
FiNiSH. The f mshed bars shall be free from injurious defects and shal] have a work-

manlike finish. 

MARKING 

MARKING. Rivet bars shall, when loaded for shipment, be properly separated and 
marked with the name of the manufacturer and the melt number for identification. 
The melt number shall be lcgibly marked on each test specimen. 

26 



T H E S, S E V E R A N C E , M A N U F A C T U R I N G COMPANY 

/ INSPECTIOPÎ AND REJECT ON 
NSPECTION. The .inspector representing the purchaser shall have free entry, a t all 

times whilc work on the contract of thc purchaser Ís being performed, to all parts 
of the manufacturer's works which concern the manufacttirc of the bars ordered. 
The manufacturer shall aí ord t,he inspector, .free of cost, all reasonablc faciHtics 
to satisfy him tha t the barS ai-e being furnished in accordance with these specifica-
tions. AU tests (except check analyses) and inspcction shalí be made at the place 
of manufactiire prior to the shipment, unless otherwise specified, and shal bc so 
conducted as not to inte fere unnecessarily with the operation of the works. 

REJECTION. (a). Unless otherwise specified, any .rcjection based on tests raade in 
accordance with Check Analyses shall be reported wîthin fiye working days from 
the receipt of samples. 
(b). Bars which show injurious defects subsequent to their acceptance a t t he 
manufacturer's works will be rejected, and the manufacturer shall be notified. 

REHEARING. Samples tested in accordance with Check Analyses which represent re-
jected bars, sha l be preserved for two weeks from the date of the test report. 
I n case of dissatisfaction with the results of t he tests, the manufacturer may make 
claim for a rehearing within t ha t time. 

B. R E Q U I R E M E N T S F O R R I V E T S 
I. Physical Properties and Tests 

TENSION TESTS . The rivets, when tested, shall conform to the requirements as to 
tensile pro,perties specif ed for Rivet Bars, except tha t the clôngation shal be 
measured on a gaged ength not íess t han four times the diameter of the rivet. 

BEND TESTS . The rivet shank shall bend cokl through 180° f a t on itself as shown in 
Figure 1., without crackiiig on the outside of the bent portion. 

FLATTENING TESTS . The rivet head shall f a t ten, while hot, to a diameter 2 /;j times t he 
diameter of the shank, as shown in Figure 2, without cracking at the edges. 

NUMBER of TESTS . (a). When specified, onc tcnsion test shall be made from each lot 
of rivets offered for inspection. (b). Three bend and three flattening tests shall 

.. bc made from each siz-e Ín each lot o£ rivets offercd for inspection, each of which shalL 
conform to the requirements specified. 

FlG. 1 
The Bend Test 

for Rivcts 

FiG 2 
The FlattenÍng 
Tcst for Rivets 

11. Workmanship and Finish 
WoiiKMANSHiP. The rivets sha l be true to form, concentric, and shal be made Ín a 

workmanlike manncr. 
Fi iSH. The finished rivets shal bc free from injurious defects. 

IIL Inspection and Reiection 
INPPECTION. The inspector representing the purchaser shaU have free entry, a t al 

times whilc work on the contract of the purchascr is being performed, to .aíl par ts 
of the manufacturer's works which concerns the .manufacture of the livets ordered. 
The manufacturer shall aHord t.he inspector, free of cost, al reasonable facilities 
to satisfy him tha t thc livets are being furnished in accordance with thcse speci-
fications. AII tests and Ínspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shaîl be so conducted as not to inter-
fere unnecessarily with thc operation of the works. 

REJECTION. Rivets which show injurious defccts subsequent to their acceptance a t 
the manufacturer's works will be rejected, and thc manufacturer shall bc notified. 
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STANDARD SPECIFICATIONS FOR RIVET STEEL FOR SHIPS. 

A 13-14. 

A M E R I C A N SOCIETY FOR T E S T I N G MATERIALS. 

A. REQUIREMENTS FOR ROLLED BARS 

I—Manufacture 

PROCESS. 1. The steel shall be made by the open hearth process. 

II—Chemical Properties and Tests 

CHEMICAL COMPOSITION. 2. The steel shall conform to the foUowing 
requirements as to chemical composition: 

Acid not over 0,060 per cent, 
Phosphorous Basic nor over 0,040 per cent, 
Sulphur ,• not over 0,045 per cent, 

LADLE ANALYSIS, 3. An analysis of each melt of steel shall be made by 
the manufacturer to determine the percentage of carbon, manganese, 
phosphorous and sulphur, This analysis shall be made from a tcst 
ingot taken during the pouring of the melt, The chemical composition 
thus determined shall be reported to the purchaser or his representa-
tive, and shall conform to the requirements specií ed in Section 2, 

C H E C K ANALYSIS, 4, Analyses may be made by the purchaser from 
finished bars representing each melt, The pliosphorous and sulphur 
contents thus determined shall not exceed tha t specified in Section 2 
by more than 25 per cent, 

III—Physical Properties and Tests 

T E N S I O N TESTS, 5, (a), The bars shall conform to the following 
requirements as to tensile properties: 

Tensile Strength, Ibs, per sq, in 55000 — 65000, 
Yield Point, min,, Ibs, per sq, in 0,5 Tens, Str, 
Elongation in 8", min, per cent 1500000 -^ Tens. Str, 

(b), The yield point shall be determined by the drop in the beam of 
the testing machine, 

MoDiFiCATioN OF ELONGATION, 6, For bars over | inch in diameter, a 
deduction of one from the percentage of elongation specified in Section 

5 (a), shall be made for each increase of i inch iu diameter above f inch, 

B E N D T E S T S , 7, , Tlie test specimen shall bend cold through 180° flat on 
itself without cracking on the outside of thc bent portion, 

T E S T SPECIMENS, 8, Tension a^nd bend test specimens shall be of the 
f ull-size section- of bars as rolled, 

NuMBER op T E S T S . 9. (a). Two tension and two bend tests shall be 
made from each melt, each of which shall conform to the requirements 
specified; except t ha t if bars from one melt differ f" or more in di-
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aineter, one tension and one bend test shall be made from both the 
greatest and the least diamcters rolled. 

(b). If any test specimen developes flaws, it may be discarded and 
another specimen substi tuted. 

(c), If thc pcrcentage of elongation of any tension tost specimen is 
less than tha t specified in Section 5 (a), and any par t of the fracture is 
outside the middle third of the gage length, as indicated by scribe 
scratches marked on the specimen before tcsting, a retest shall be 
allowed, 

IV—Permissible Variations in Diameter 

PEEMISSIBLE VARIATIONS, 10, The diameter of bars onc inch or under 
in diameter shall not vary more than 0,01 inch from- tha t specified; 
the diameter of bars over onc inch to and including two inches in 
diameter shall not vary more than 1/64 inch under nor more than 1/32 
inch over tha t specified, 

V—Finish 

FiNiSH, 11, The finished bars shall bc free from injurious defects, and 
sliall have a workmanlike finish. 

VI—Marking 

MARKING, 12, Rivet bars shall, when loaded for shipment, be properly 
separated and marked w i t h t h e name or brand of the manufacturer and 

• the melt numbcr for identification. The mclt number shall be legibly 
marked on each test specimen, 

VII—Inspection and Rejection 

INSPECTION, 13, The inspector representing the purchaser shall have 
free entry, a t all times while work on the contract of the purchaser is 
being pcrformcd, to all par ts of the manufacturer 's works which con-
cern the manufacture of the bars ordcred, The manufacturer shall 
furnish the inspector, frce of cost, all reasonable faciHties to satisfy him 
that the bars are being furnished in accordance with these specifications, 
All tests (except check analyses) and inspection shall be made at the 
place of manufacture prior to shipment, unless otherwise specified, and 
shall be so conducted as not to interfere unnecessarily with the opera-
tion of the works, 

REJECTION, 14, (a), Unless otherwise specified, any rejcction based on 
tests made in accordance "with Section 4 shall be reported within five 
working days from the receipt of samples, • 
(b), Bars which show injurious defects subsequent to their acceptance 
at the manufacturcr 's works will be rejected, and the manufacturer so 
notified, 

REHEARINGS, 15, Samples tested in accordance "with Section 4, which 
represent rejected bars, shall be preserved for two weeks from the date 
of the test report, In case of dissatisfaction with the resuhs of the tests, 
the manufacturer may make cláim for a rehearing •within t ha t time. 
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B. REQUIREMENTS FOR RIVETS 
VIII—Physical Properties and Tests 

T E S T CERTIPICATE OF ROLLED BAR, 
16, A copy of the results of tcnsion tests of the roUed bars from which 

the rivets were made shall be furnished for each lot of rivefs. 
T E N S I O N TESTS, 

17, If the test certificatc rcquircd in Section 16 cannot be furnished 
the rivets sliall conform to the requirements as to tensile properties speci-
fied in Sections 5 and 6, except tha t thc clongation shall be measured on 
a gage length as great as the length of the rivcts tcstcd wiU pcrmit, 
B E N D TESTS, 

18, Thc rivet shank shall bend cold through 180° flat on itself as 
shown in Figure 1, with-
out cracking on the out-
sidc of the l)ent portion, 
FLATTENING TESTS, 

19, The rivet head 
shall fl atten, while hot, to 
a diameter 2J times the 
diameter of the shank, as 
shown in Figure 2, with-
out cracking at theedges. 

FiG, 1 FiG, 2 
NUMBER OF TESTS, 

20, (a), Whcn rcquired in accordancc with Section 17, onc tcnsion 
test shall be made from each size in each lot of rivets offered for inspection, 

(b), Thrcc bcnd and three flattening tests sha l be made from each 
size in each lot of rivets offered for inspection, each of wliich shaU con-
form to the requîrements specified, 

IX—'Workmanship and Finish 
WORKMANSHIP, 

21, The rivets shaU be true to form, concentric, and shall be made in 
a workmanlike manner , 
FlNISH, 

22, The finished rivets shall be free from injurious defects, 

X—Inspection and Rejection 
INSPECTION, 

23, The inspector representing the purchaser shall have free entry, 
a t aU times while work on the contract of the purchaser is bcing pcrformcd, 
to all parts of tlie manufacturcr 's works which conccrn the manufacture 
of the rivets ordered, The manufacturcr shall afl ord the inspector, free of 
cost, all reasonable facilities to satisfy him tha t the rivets are being fur-
nished in accordance with these .specifications, AU tests and inspcction 
shaU be made at the place of manufacture prior to sliipmont, unlcss other-
wise specified, and shall be conducted so as not to interfere unnecessarily 
with thc opcration of the works, , 
REJECTION, 

24, Rivets which show injurious defects subsequent to their accept-
ance at the manufacturer 's works will -be rejected, and the manufacturer 
shail be notified, 
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NAVY D E P A R T M E N T S P E C I F I C A T I O N 43R3, 
BOILER RIVETS 

GENERAL INSTRUCTIONS, 

1, General Specificatidns for thc Inspection of Material, issued by 
the Navy Dcpartment, in ef ect a t date of opening'of bids, shall form part 
of thcsc .specifications, 

RODS FOR BOILER RIVETS 

CHEMICAL AND PHY-SICAL REQUIREMENTS, 

2, The physical and chcmical characteristics of rods for rivets arc 
to be in accordance with the foUowing tablc. 

CLASS 

M A T E R AL 

Minimum T e ri s Í I e 
Strength. Lbs. per 

Minimum Elongation 
i n 8 " % 

Su phur. Max 
Phosphorous Max . . . 

Cold Bend -. 

Quench Bend 

A. ^ 

Open Hearth Nickel 
or Carbon Steel 

75000. 

23. 

0.035 
0.040 

180° about an inner 
diamctcr equal to }/2 
the thickness of the 
test piece for diam-
eters up to and Ín-
cluding 1", and equal 
thc thickness £or di-
ameters over 1 " . . . . 

180° about an inner 
diameter equal to 
the thickness of the 
tcst piecc for diam-
eters xx^ to and in-
c uding 1", and 
equa to l ^ times 
the thickness for di-
.ameters over 1". 

B. 

Opcn Hearth Carbon 
Steel 

58000. 

28. 

0.t)35 
0.040 

Flat back throirgh 180° 

180° through an Ínner 
• diamcter equal to }/2 

the thickness of the 
test piccc for diam-
eters up to and in-
cluding 1", and 
equal to the thick-
ness for diameters 
ovcr 1". 

C. 

Commercial 
Stcel 

In connection with the .ta.bl6. Elongation for rounds \ inch and lcss in 
diameter shall be measured in an original ength equal to 16 tirrics the di-
ameter of the test picce; for material ovcr | inch up to and including 
1 Ínch in diameter, the ehjngation sha be measured in a length of 8 inch; 
and for rnaterial over 1 inch in diameter Up to and inc uding,2 inch in 
diameter, the required perccntage of elongation measurcd in a ength of 
8 inches, shall be reduced by 1 for each increase i nd i ame tc r of -4 inch or 
fraction thcreof above 1 inch. 
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Quench bends test pieces to be hcated to a dark cherry red, as seen in 
daylight, and plunged into fresh clean water of 80° to 90° Farenheit. 

PLACE OE INSPECTION OF RODS. 
3, If the contractor desires, and so states on his orders, or if inspec-

tion at the place of manufacture of thc rods is considered impracticable to 
the bureau concerned, the burcau •will direct t ha t the inspection of the rods 
be made at the place of manufacture of the rivets instead of a t the 
place where the rods are rolled. 

SURFACE AND O T H E R D E P E C T S . 

4, The rods must be t rue to form, free from seams, hard spots, 
brittleness, injurious sand or scale marks, and injurious defects generally, 

T E N S I L E T E S T , 
5, One tensile test piece shall be taken from each ton or fraction thereof 

of rods roUed from the same heat, If, however, thc rods in on'c heat arc 
not of thc samc diameter, then the inspector wiU take such additional test 
pieces as he may consider necessary according to the numbcr of differcnt 
sizes of rods in the heat, When practicable, bu t one test piece will be cut 
from each rod selected for the test. Should any test piece be found too 
large in diameter for the testing machine, the piece may be preparcd for 
test in the manner prescribed for forgings, 

BENDING T E S T S , 
6, If the total weight of the rods rolled from the same heat amounts 

to 6 tons or more, four cold bending tests and four quench bending test 
pieces will be takcn; bu t if the weight is less than 6 tons, one half t ha t 
numbcr of test pieces wiU suffice, 

UPSETTING T E S T S , 
y, From each heat of rounds as rolled thcre shall be cut 6 test speci-

mens about IJ inchcs long, which shall be hammered down cold, longitud-
inally, to half thcir original length without showing seams or other defects 
which would tend to produce imperfections in the fmished product. 

C O M P L E T E D B O I L E R R I V E T S 
DESCRIPTION, 

8, Rivets must be t rue to form, conccntric, and frce from injurious 
scale, fins, seams, and all other injurious defects, If the material is 
found to be very uniform and none of the tests made of á series of lots fail, 
the inspcctor may discontinue the tests after he has made enough to 
satisfy himself that the whole of the material on thc ordcr is satisfactory, 

T E S T S , 
9, Samples from each lot must stand the foUowing tests without 

fracture, test (a) being applied to one lot ánd (b) to a second, etc, 

(a), Bend double cold. to a curve of which the inner diameter is équal 
to the dianicter of the rivet, 

(b), Bend double hot through an angle of 180° flat back, 
(c), The head to be flattened when hot without cracking at the edges 

until its diameter is 2J times the diameter of the shank, 
(d), The shanks of sample rivets to be nicked on one side and bent 

cold to show the quality of the material, 
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PURPOSE, 
10. Class A material to be used for all rivets where Class A plate is 

used. • 
Class B material to be used with Class B boiler plate. 
Class C material shall be used fof rivets where the strength of the 

boiler is not affected. 
NoTE.—It is preferred tha t rivets conform in general to the dimen-

sions shown on the foUovring table. Nonessential deviations from the 
dimensions shown will, howcver, be permitted. 

A. 

¥ 
M l i 
16 M 
l â 

îl 
n 1 

l A 
1% 

lîl 
lA 

m lA 

m l-nr 
l í^ 
IH 
IH 

B, 

1 6 
1 
IK 
IK 
i-h . 
lA 
IM 
1% 
IM 
i f i 
1 1 ^ 
^ 16 2 
2H 
2H 
2% 
2 ^ 
2% -
2% 
2% 
3 
3K 

C, 

11! 

K 9 
16 

H 
y% XX. 

1 1 
16 

Yi 
1 3 

1 3 

K 
K 

1 1 
'̂  16 

'¥ J-Te 

IM 
1 -^ 
1% 
i ¥ 

D, 

¥ 
11 Te" 

% 1 3 

?l - 1 5 

l ' " 
lA 

• l !4 
l A 
114 
l A 
IH 
l A 
iJ^ 
i ^ 
IM 
i-u 
i?4 

•nfcight 
of 

10 ieads 

pou ids 
0.531 

,713 
1,007 
1,372 
1.551 
2.033 
2.258 
2,871 
3.584 
3.S10 
4.761 • 
5,170 
6.215 
7.391 
8.490 
9.941 

11.507 
13.242 
15.146 
17.300 , 
19.485 

"Weiglit 
per inch 

of Shank.L 

ponnds 
0.0556 

.0704 

.0869 

.1052 

.1251 
,1470 
,1703 
.1956 
.2225 
,2512 
.2816 
,3137 
.3477 
.3833 
,4207 
,4599 
.5006 
.5433 
.5876 
,6336 
.6815 

In the foregoing standard specifications it will be noted tha t reduction 
of area measurements are seldom specified, The value of reduction of 
area as a mcasurcment has bcen questioned, As an example of the stand 
takeii in relation to this measurement it might be statcd tha t the executive 
committcc of the Board of Supervising Inspectors of the U. S. Steamboat 
Inspection Service adopted a rule eliminating the reduction of area from 
steel boiler plate specifications, pending an investigation of the U. S. 
Bureau of Standards in 1916. Their stand was approved by the Secretary 
of Commercc. 
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CHAPTER V 
RIVETED JOINTS 

A rivet connecting two plates is almost always in shear. The shearing forces do 
not act in the plane of the section BC, as shown in Cut 9, but along the centers ôf the 
connect ng plates. Due to the friction and the rigidity of the edges of the ^latcs t he 
point of appHcation of the shearing force " P , " o n t h e stirface of the rivct may be prac-
tical y t he line BC. If thc rivet fits the rivct hole looscly, the rivet bends and the force 
distribution is uneqiiah This is illustrated in Cut 10. I t is usual io assume tha t rivets 
fit their ho es t ight y, and t ha t t he Shearing Force acting on the rivet, is the force 
tending to shear divided by thc Cross Sectional area of the rivet. 

Cut 9, Cut 10. 

15/16* STANDARD HEADS 
Standardized d mensions for the heads of rivets are as foUows; 

v^r--^>t,/./\i'i^<^»/*i 
^ 

OONE BUTXOH STSKPLE. 

3/îe 

OOUNTERSUNK 
PLAT. 

r^^/*l risA-n îri-^v !^ «T 

^w^í' cn^tf 'rz f îClií4 
*l'*-» - 1 1 , • 1« 

ÛOUNTERSUHK PLAT PAN PAH 
OVAL aTRAIQHT SWELL NEOK 

Cut 11, 
34 



THE S. SEVERANCE MANUFACTURING COMPANY 

PROPORTIONS OF STANDARD HEADS 

Cone Head. 
Least diameter, 15/16 times the diameter of the rivet 
shank. 
Greatest diameter, 1% times the diameter of the rivet 
shank. 
Height, % times the diameter of the rivet shank. 

Button Head. 
Diameter, l^ times the diameter of .the rivet shank. 
Height, %. times the diameter of the rivet shank. 

Steeple Head. 
Diameter, 2 times the diameter of the rivet shank. 
Height equal to \]/^ times the diameter of the rivet shank. 

Countersunk Flat Head. 
Height, 3^ times the diameter of the rivet .shank. 
Taper 78°. 

Countersunk Oval Head. 
Greatest diameter, l ^ times the diameter of the rivet 
shank. 
Taper 78°. 
Height of countersink, J/̂  times the diameter of the rivet 
shank. 
Height of oval, 3/16 times the diameter of the rivet shank 
Radius of Oval, 234 times the diameter of the rivet shank. 

Flat Head. 
Diameter, I j ^ times the diameter of the rivet shank. 
Height, y^ times the diameter of the rivet shank. 

Pan Head. 
Greatest diameter, IJ^ times the diameter of the rivet 
shank. 
Least diameter, equal to the diameter of the rivet shank. 
Height, ^ times the diameter of the rivet shank. 

Pan Head Swell Neck. 
Same as for the Pan Head, except: 
Necking in, J^ times the díameter of the rivet shank. 
Swelled out to 1/16" plus the diameter of the rivet shank, 
for the diameter just under the rivet head. 
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When a rivct is driven at a fuU heat, the contraction of the rivet on 
cooling nips the connectcd plates powerfuUy, and if the rivet is long 
causes a considerable tensional force in the coolcd rivet. This contrac-
tion also causcs a frictional resistance against slipping between the con-
nected plates. An e,stimated figure for the amount of tension so existing 
in a driven rivet is 20,000 pounds per squarc inch of cross section of the 
rivet, and the friction due to the nipping of the platcs as approximately 
7000 pounds per inch of rivet section, I t is customary, howcver, to 
ignore these figures, in thc design of joints, This is the proper procedure 
as in service, due to strains, vibrations, and other forces, there is a ten-
dency to sHghtly elongate the rivet, and this may cause the frictional 
resistancc to ultimately become zero, 

LENGTH OF RIVETS 

Generally speaking a rivet should never be longcr than six (6) timcs 
its diameter, Although rivets are made for special purposes, 12 inches or 
more in length, such rivets when driven must be coolcd in the center prior 
to driving, otherwise the contraction on cooling would split oí the heads, 
Bridge and other specifications strictly limit the length of rivets, 

AMOUNT OF MATERIAL IW A FORMED HEAD COMPARED TO 
STEEL IN THE SHANK 

In forming a head an allowance of 1,6 t imes the diameter of the shank 
is customary in But ton Hcad Rivets, 

For Countersunk Rivets this allowance amounts to } times the 
diameter of the shanlc, 

RIVETED JOINTS 

Whethcr uscd for boiler, structural, or for ship construction the types 
of riveted joints possible to use are limited, There are two general types 
of joints, 

Lap Joint 

When one plate is made to overlap the other, and onc or more rows 
of rivets are put through the two plates, the riveting is called Lap Riveting, 
and the joint a Lap Joint, This is iUustrated in Cut 12, 

å r 
Cut 12. 
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Butt Joint 
When the platcs are butted together at their edges, and are covered 

by a cover plate or Butt Strap through which the rivets pass, the riveting 
is Butt Riveting, and the joint called a Butt Joint. Tliere may be used 
but a singlc cover plate, or there may be two cover plates, one in front 
and the other in back of the joint. Cut 13 iUustrates a Butt Joint with a 
single cover plate or strap, while Cut 14 iUustrates a Butt Joint with 
cover plates front and back, or a double butt strap. 

Cut 13. Cut l í . 

In addition to these two gcncral typcs of joints, there is also a com-
bination of the two, callcd a Combination Lap and Butt Joint. It con-
sists of a Lap Joint with a cover plate outsido the joint. In this case three 
rows of rivets are required, and it is customary to have twice the number 
of rivets in the middle row as in the outside rows, This joint is iUus-
trated in Cut 15, 
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Joints arc furthcr divided according to the number of rows of rivets 
that they contain, into Single, Double,, or Triple Riveted Joints, Thc 
rivets are usuallystaggcred in arrangemcnt, although in structural work 
the chain arrangement is often nsed. Cut 16 illustrates Chain Riveting, 
while Cut 17 shows a Triple Rivctcd Lap Joint, witli the rivets Staggercd 
in arrangement. In Butt Joints the arrangement of the rivets is dupli-
cated on each side of the joint, and the style of rivcting is named according 
to the arrangement on one side. 

r o 
o 

o 
o 

o 
0 

/ 
o 

° 
Cut 16. 

The correct design of riveted joints is higWy important, and while 
there arc numcrous rules as compiled by difîerent authorities, thc funda-
mental object in design of riveted joints is the obtaining of adequate 
strength with the economical use of material. Before proceeding with 
the proportioning of joints, it is weU to consider the manner in which 
a joint wiU fail. Fai ure around any one rivet is exemplifying of general 
failure, as foUows: 

Simple Single Riveted Lap Joint:—Subject to tension each rivet is. 
supporting a strip of plate equal in width to the distance between the 
rivets. This distance between rivets, from center to center, is caUcd, 
the pitch. Fracture or failûrc of this joint may occur in fotir ways. 
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1. The plate may tear across, as iUtistrated in Cut 18 A. The 
smaUcst area of the plato is through the rivet hole, and is equal to the 
pitch in inches minus the diamefer of the rivet holc in inchcs. The resist-
ance to tension is the force of tension acting, times this net area, times the 
thickness of the plate. Tliis might be expressed: 

Ft = (P —d) Xt . 

Where 

Î 't = Tensile Strcngth of Plate Material. 

P = Pitch of the Rivets in inches. 

d = Diameter of the Rivet Hole in inches. 

t = Thickness of thc Plate in inches. 

Cut 18A. 

2. The plate and the rivet may bc crushcd, as iUustrated in Cut 18 B. 
This crushing would cause the rivct to become loose in its hole, and the 
whole joint insecure on that account. The bearing arca on which the 
crushing forcc acts is the diameter of the rivet hole times the thickness 
of the plate, The resistance to cru.shing is the resistance of the platc or 
rivet material to crushing, times the diainetcr of the rivet hole, times the 
thickne,ss of the plate, This might be expresscd: 

Fc = (P — d ) X t = ResistancetoCrushing, 

Where 

Fc = Crushing Strength of the Material, 

P = Pitch of Rivcts in inches, 

d = Diameterof theRivetHolcininches, 

t = Thicknessof thePlateininches, 

Cut 18B. 
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3, The plate may brcak across in front of the rivet, as iUustrated 
in Cut 18 C, this action being similar to a Tran.sverse break in a beam 
supported at the ends and loaded in the middle. The bending moment is 
-| T d. The failurc of a joint by this tearing oút of the plate in front of 
the rivct can be safely guarded against by making the row of rivets at 
the proper distance from the cdge of the plate. By experiinents and ex-
perience this has bccn found to be about 1 diametcr of the rivet from thc 
edge of the rivet hole, or IJ diameters from the center of the rivct hole to 
the edge of the platc. Minimum spacing from the edge of plates is em-
bodied in all spccifications. 

Cut 18 C. 

4, The rivet may shcar across as iUu,stratcd in Cut 18 D, Thc arca 
resisting shear is ,78,' 4 d ,̂ and the resistance to shearing is tlius as foUows: 

Rcsis tancetoShcar = Fs X .7854 d'. 
Where: 

Fa = Unit Resistanee to Shear of thc Rivct Matcrial, 
d = Diametcrof theRive tHole in inches , 

In thc iUustration the rivet is in singíe shear, Were this a Bu t t Joint 
with the rivct going through two covcr plates, the rivet would be in double 
shear, and thus presenting twicc the area resisting shear, I t is customary 
to take double the value of single shear resistance for double shear, al-
though some Bureaus such as the British Board of Trade, allow but 1 | 
times the value of single shcar resistance for double shear. 

c ) 

Cut 18 D, 
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The strength of riveted joints is determined by whichever is the weaker 
of the two, the plate or the rivets. I t is praetice to design the joint so tha t 
the strength of the platc and the rivcts are equal. In boiler work on 
account of the pos,sibility of corrosion of the plates, and hence loss in 
strength in use, it is considered good practice to give the plates a slight, 
excess in strcngth over the rivets, Joints are compared after design 
with the strength of thp plate unpunched, this comparison being known 
as the Efficiency of Joints, 

The series of possible joints is considered in the following, and which 
is in accordance with good practicc, In order to illustrate the usage of 
factors the methods of the British Board of Trade is used, In thcse 
calculations the following symbols are used, 

P, = Pitch, distancc from center to center of rivets in thc same row 
in inches, Where there is different spacing in different rows 
of rivets thc largcr spacing is thc Pitch, 

d, = Diameter of the Rivet Hole, or of the Rivet after driving, in 
inches, 

t. = Thickness of the Plate material in inches, 

UT, = Ultimate Tcnsile Strength of the Plate Matcrial in pounds 
per sqttare inch, 

US, = Ultimate Shearing Strength of the Rivet Material in pounds 
per square inch, This being value for single shear, 

UC, = Ultimate Crushing Strength of the Plate material in pounds 
per square inch, Valued at 95,000 Ibs, 

X. = Diagonal Pitch, in inches. 

Y. • = Horizontal Distance between rows. 

The Efficiency of a Joint is the ratio of the strength of the Riveted 
Jôint, compared to a strip of plate material in width equal to the pitch 
used, and NOT punched for the rivet holcs. 
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JOINT I 

SINGLE RIVETED LAP JOINT 

Cut 19. 

The element on which strength is figured is ABCD, colored for identi-
fication. This element contains one rivet, and its width is P, the pitch. 

Strength of the Plate = t X ( P — d ) X UT. 
StrengthofthcRivet = .7854 d̂  X US. 
Crushing Strength of Plate in Pront of one rivet = d X t X UC. 

By standardized proportioning of size of rivct to thickness of plate, 
calculatioh of crushing strcngth becomes unnecessary. A gcneral rule for 
this type of joint is that the diameter of thc rivet should not be less than 
1,5 times the thickness "t ," and not ovcr 2,5 times the thickness " t ," 
The lower value is used on very thick plates, and in order to guard against 
crushing of the plates the upper valuc 2,5 should not be exceeded, 

For equal strength of plate and rivets, the two equations for streugth 
should be formtilated thus: 

t X ( P — d ) X UT = ,7854 d̂  X US. 
The tcnsile strength of the plate UT may be taken as 60000 Ibs. 
The shearing strength of the rivets US may be taken as 45000 Ibs. 

Thus tP — td = .7854 d̂  X 45000 H- 60000. 
or P/d — 1 = .7854 X .75 X d/t 
then P/d = 1 -H .59 d/t 
P = d ( 1 -1- .59 d/t ) 

If we take 2 as the ratio between diameter of the rivet and the thick-
ness of the plate, we get: 

P = d ( 1 -H .59 X 2 ) 
P = 2.18 d. 

That is for equal strength of plate and rivets the pitch should be 2.18 
tímes the diamcter of the rivet. 
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In designing such a joint, it naturaUy foUows that conventional sizes 
of rivets and common thickness of platcs, and the pitch distance would be 
governed by fractions of an inch ánd not the decimal parts thereof. Thus 
to figure this.joint practically proceed as foUows: 

1. Select a rivet according to the thickness of the plate. 

2. Take the ratio of thc British Board of Trade for tcnsile strength of 
the plate versus thc shearing strength of the rivct material as ,821, 
In our previous calculation we took ,75 as this ratio using 60000 Ibs, 
for the plate and 45000 Ibs, for the rivet, Doing so our formulae 
for pitch becomes 

P = d ( 1 -f- ,645d/t), 
Calculate this pitch. 

3. Select the nearest working dimension for the pitch as figured in 
"2," taking the next highest J", which gives the plate a slight ad-
vantage in strength. 

4. Find the strength of the platc, subtract the diameter of the rivet 
from the pitch, multiply by the thickness " t ," of the plate, and 
then by the tensile strength of the plate material in pounds per 
square inch. 

5. Find the strength of the rivets, by multipljdng the cross section 
area of the rivet, vis., .7854 d̂ , by the factor .821 and theu by the 
tensile strcngth of the plate material in pounds per square inch. 

6. Find the strength of the original plate without the rivct hole there-
in by multipljdng the pitch by the thickness of the plate, and then 
by the tensile strength of the plate matcrial in pounds pcr square 
inch. 

7. Find the efficienc)? of the joint by taking the lower value as found' 
in either 4 or 5 and dividing by the results in 6. 

NOTE:—Common practice demands the stamping of the tensîle strength on, 
plates, whereas thc actual tensile strength of the rivets that wiU 
be used is.unknown. Thus the factor .821 is a safé way for 
calctilation. 

In no case should the pitch exceed 10 inches. For boUer work 
take a value for this joint as follows: 

P = 1:31 t + If ' 

The distance from the center linc of the rivets to the edge of the: 
plate should not be less than 14 d. 
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JOINT 2 

DOUBLE RIVETED LAP JOINT 
Rivets Staggered 

Cut 20. 

The e].ement on wtiicii strength is í gured is ABCD colorcd for dentification. This 
element contains one whole rivet and two half rivets, a total of two rivets. 

Dangcr from rupture along a Zig Zag line as Íllustrated on a line between the rivet 
holes is avoided, by having the DIAGONAL P I T C H , denoted by " X , " suí ciently 
grcat. Expcrimentation has demonstrated t ha t t he minimum distance allowablc, and 
a though greater values may be used, it should never be less than : 

X _ = ( . 6 P + . 4 d ) . 
With this hmiting factor Ín hand, t he horizontal distance between rows becomes a 

limited value, and the distance in this joint, between the two rows of rivets, accordingly 
should not be less t han : 

Y = V T T i P + .4 d) ( .1 P + .4 d). 

Fign ing as for Joint 1, with above limitations, we get: 

Strength of Plate = t (P ~ d) ,X UT. 

Strength of Rivets = 2 X .7854 d̂  X US. 

For equal strength of Platc and Rivets, we get; 

t C P ~ d ) X U T = 1.5708 d^ X US. 

If we take our former ratio of .821 for U S / U T wc get: 

P = d ( 1 + 1.29 d / t ). 

To ca culate this joint, proceed as íollows: 

Select a rivet according to the thickness of thc plate. 

Find the pitch, using the formu^ac P = d ( 1 + 1.29 d / t ) . 

Find the diagonal pitch, as above. 

FÍnd the distance between rows, as 'above. 

F Índ thes t r eng thof t h e p ate, subtracting the diameter of ONE rivct f romthe pitch, 
multiplying by the thickness of the plate, and then by the tensile strength of the 
plate material in pounds per square inch. 
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6. FÍnd the strength of the rivcts, taking two rivets in single shear, thus multiplying 
the cross section of one, vis .7854 d^ by 2, then by .821, and tlien by the tensi e 
strength of the plate material in pounds per square Ínch. 

7. FÍnd the strength of the origina plate without rivet holes by multiplying thc p tch 
by the thickness of the plate, and thcn by the tensile strength of the plate material 
in pounds per square inch. 

8. Find the efScÍency of the joint, by dividing the lowest resu t, punched plate or the 
rivets, by the results of 7. 

NoTE:—For Boiler work the value of the pitch should not be greater t han 
P = 2.62 t + l ^ inches. 

The distance from the center line of the nearest row of rivets to the edge of the plate 
should not be less t han j ^ d. 

Thus the total lap of this joint will bc 2 X l ^ d + " Y.", or 3 d + Y. = width of 
lap. 

The diameter of the rivets used may vary from 1.5 t, to 2.5 t, for the same reasons 
as described in Joint 1. 

JOINT 3 
TRIPLE RIVETED LAP JOINT 
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C u t 2 f . 

The element on which strengtli is fîgured Ís ABCD, and colored for identificat on. 
This element contains two wholc rivets and two half rivets a total of three rivets in 
single shear. 

In this joint the diagonal pitch must be similar to Joint 2, vis: 
X not ess than .6 P + .4 d. 

And thus the horizontal distance " Y " between rows becomes: 

Y not ess t han V ( l . l P + .4 d) ( .1 P + .4 d). 
SÍnce there are three rows of rivets in this joint, the total ap is 

3 d + 2 Y = Lap. 
Strength of P .ate = t ( P — d ) X UT. 
Strcngth of RÍvets = 3 X .7854 d̂  X US. 

For equal strength of plate and livets we get: 
t P — td = 2.3562 d̂  X US/UT, and if we take our former ratio for US /UT, 

P = d ( 1 + 1.935 d / t ) . 
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To'figure this joint: 
1. Sc ect a rivet according to the thickness of the plate. 
2. Find thc pitch using the above formula. 
3. Find the diagonal pitch as above. 
4. Find the distancc between rows as above. 
5. Find the strength of the platc, subtracting the diameter of ONE rivet, muUipIying 

by the thickness, and then by the tensile strength of thc plate material in pounds 
per square inch. 

6. Find the strength of the rivets, taking 3 rivets, thus 3 times .7854 d ,̂ then by the 
factor .821 ,and thenbythe tens i estrengthof thepla te materialin pounds pcr square 
nch. 

7. Find the strength of the o iginal plate, by taking the pitch times the thickness, and 
then by the tensile strength of the plate material in potmds per square inch. 

8. Find the ef&ciency of the joint, by taking the weaker, plates or rivets, and dividing 
by the rcsult of 7. 

NoTE:— n Boiler work this type of joint should have a va ue of pitch not greater t han 
P = 3.47 t + I M i n c h e s . 

The sizc of r vets to the thickness of the platc rcmains as for joints 1 and 2, vis: 
d = 1.5 t to d = 2.5 t. 

JOINT 4 
TRIPLE RIVETED LAP JOINT 

RIVETS m M DDLE ROW SPACED ]4 P TCH 

Cut 22. 

The element on which strength is íîgured is ABCD, colored for identilîcation. 
This elemcnt contains four rivets, and compared to Joint 3, has an extra rivet therein 
and accordingly stronger. 

I n this case thc diagonal pitch, " X , " becomcs: 
X not ess t han .3 P + d. 

And accordingly the horizontal distance between rows " Y " is: 
Y not less than V T ^ P + d)~(T05 P + d ). 

And the Lap is: 3d + 2 Y. 
Strength of Plate = t ( P — d ) X UT. 
Strength of Rivets = 4 X .7854 d̂  X US. 
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For equal strength of p ate and Rivets, we get: 
t P — td = 3.1416 d̂  X US/UT, and if we take the former ratio of .821, 
P = d ( 1 + 2.58 d / t ) . 

And to figure this joint: 
Select a rivet according to the thickness of thc plate. 
Find the pitch using thc abovc formula. 
Find the dîagonal pitch as above. 
Find thc distance between rows, as above. 
FÍnd the strength of the plate, subtracting thc diameter of One rivet from the pitch 
then times the thic íness, and then by the tensilc strcngth of the plate material in 
pounds per square inch. 
Find thc strength of the rivets, taking 4,times the strength of one vis, 4 times .7854 
d^ thcn times .821, and then by the tensile strength of the plate materîal in pounds 
per square inch. 
Findi'the strcngth of the unpunched plate, taking pitch times thickness, and then by 
the tensi e strength of Ihe plate materia in pounds per squarc inch. 

8. FÍnd the efE ciency of the joint, by taking the lower of the two, p ate or rivets, and 
dividing by the result n 7. 

NoTE:—In Boiler work in this joint, pitch shoujd not bc greater t han 
P = 4.14 t + 1 ^ inches. 

TheTratio-oí d to t remains d = 1.5 t to d — 2.5 t. 

7. 

JOINT 5 
TRIPLE RIVETED BUTT JOINT DOUBLE BUTT STRAPS 

Cut 2.1. 

The element on which strength Ís figured is ABCD, colored for identificat on, and 
note should be taken tha t thc arrangement of the rivets Ís duplicated on either side of 
the Joint. I t is only necessary to figure the strength of one side as shown. The Rivets 
are in dou.bIe shear, and for rivets in double shear it is customary to give doub e the 
value for single shear, but as we have used figures of thc British Board of Trade, and 
fchey spccify doub e shcar as l ^ times the value for single shear we wil usc tha t fîgore. 
The e ement contains one whole rivet and two ha f rivets a total of 2 rivets. 

In bu t t joints the thickness of each strap or cover plate must hot be ess t han ^ 
times the thickness o£ the plate. This is for a double bu t t strapped joint. Experi-
mentation has demonstrated t ha t the straps are weaker t han the plate proportionally. 
Tha t is Ít Ís not proper to make each doiiblc bu t t s t rap J^ the thickness of the plate. 
In the case of single straps, the thickness shoujd be 1^^ times the thickness of the plate, 
a t least. 
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For this io n t the diagonal pitch is 
X not less t h a n (.6 P + .4 d) 

And the distance between rows, 

Y not less than VU-Í P + -^d) (.1 P + .4d) 

The width of the but t straps are: 

6 d + 2 Hy = Width of b u t t straps. 

STRENGTH OF PLATE = t (P — d) X UT. 

STRENGTH OF RIVETS = 2 X .7854̂2 X US X 1-75. 

For equal strength of plate and rivets: 
t P — td "= 2.75 d^US/UT, and taking the figure .821, 

P = d (1 + 2.26 d / t ) 

And to figure this oint: 

1. Select a rivet according to the thickness of the plate. 

2. Find the pitch using the above formula. 

3. Find the diagonal pitch using the abqvc formu a. 

4. Find the distance between rows as above. 

5. Find the thickness of the cover plates, vis plate thickness times %. 

6., Find the width of thc covcr plates, vis 6 d + 2 Y. 

7. Find the strength of the p ate, substracting the diameter of* one rivet from the 
pitch, multipl^^ng by thc thickness o£ thc plate, and thcn by the tens le strength 
of the plate material Ín pounds per square inch. 

8. FÍnd the strength of the rivets, by taking two rivets in double shear, thus 2 times 
.7854 d ,̂ times 1.75,. the ratio of double shear to single shear, times .821 the ratío 
of US/UT, and then times the tensile strcngth of the plate material in pounds per 
square inch. 

9. Find the strcngth áf the original plate, by taking the pitch times the thickness 
times the tensilc vStrength of the p a te material Ín pounds per square inch. 

10. Find the efficicncy oî thc joint, by taking thc wcakcr of the two, plate or rivets, 
and dividing by the rcsult of 9. 

NoTE:--For boiler work the value of the pitch should not bc greater than, 
P = 3.5 t + i s^ inches . 

In this type of jo n t the ratio of the diameter of the rivet "d , " to the thickness of 
the p ate " t , " ranges from d = I t, up to d = 1.25 t. The lower value, as com-
pared to rivets in lap joint in single shear, is necessary to guard against the danger 
of crushing. 
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JOINT 6 

TRIPLE RIVETED BUTT JOINT DOUBLE BUTT STRAPS 

Cut 24. 

The element on which strength is figured is ABCD, colored for identi-
f cation. The rivets are in doublc shcar, and the thickness of the Butt 
plates not less than f t., each. The element contains two whole rivets, 
and two half rivets, a total of 3 rivets. 

In this case the Diagonal Pitch is: 
X not less than ( .6 P + .4 d ) 

And the Horizontal distanee betwcen Rows: 
Y not less than V ( 1,1 P + .4d) (.1 P + .4d). 

And thé total width of the Butt Plates is: 
6 d + 4 H. 
Strength of Plate = t ( P — d ) UT. 
Strength of Rivets = 3 X .7854 d̂  US. X 1.75. 

For equal strength of Plate and Rivets: 
tP — td = 4.15 d̂  X US/UT. 

If we take our former ratio of .821 for US/UT, and 1.75 as the value of 
Double Shear compared to Single Shear we get: 

P = d ( 1 + 3.39 d/t). 
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To figure this Joint : 

1. Select a rivet according to the thickness of the plate. 

2. Find the pitch using the above formtda. 

3. Find the diagonal pitch as above. 

4. Find the distance between rows, as above. 

5. Find the width of the But t straps as abovc. 

6. Find the thickness of the Bu t t straps, vis, t X f, 

7. Pind the strength of the plate, substracting the diameter of one 
rivet from the pitch, multiplying by the thickncss, and then by the 
tcnsile strength of the plate material in pounds per squarc inch. 

8. Find the strength of thc rivets, taking three rivets, times the area 
of one, vis 3 X .7854 d^ then by 1,75 the ratio for double shear, 
then by ,821 the ratio of UvS/UT, and then by thc tensile strcngth of 
the platc material in pounds per square inch, 

9. Find thc strength of the unpunched plate, by taking the pitch times 
the thickness, and then times the tensile strength of the píate ma-
terial in pounds per square inch, 

10, Find thc eí iciency of the joint, by taking whichever is the weaker 
of the two, plates or rivets, and dividing by the results as found 
i n " 9 , " 

NoTE:—For Boiler work using this joint the pitch should never be greater 
than : 

P = 4,63 + If inches, 

The ratio of .d to t is d = 1 t to d = 1,25 t, The lower value to 
guard against crushing, 

Note should be taken in all of these joints t h a f i t would be possible to 
use as,sumcd values for shearing strength of rivets, and to use the ratio of 
t m c e this value for single shear for the value in double 'shcar. The usc 
of factors is evident, and as explaincd the tcn.silc strcngth of plate is 
always stamped on the furnished plate. For example of the values 
customary to usc we quote: 

Tcnsîlc Strength of Plate Material, , ,55000 Ibs, per square inch, 

Single Shear Strength of Rivct 44000 Ibs, per square inch, 

Double Shcar Strcngth of Rivets, 88000 Ibs: per square inch, 

Crushing Strength of Plate: ', ,95000 Ibs, per square inch, 
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JOINT 7 

TRIPLE, RIVETED BUTT JOINT, DOUBLE BUTT PLATES, WITH 
THE RWETS IN THE MIDDLE ROW ON EITHER SIDE OF 

THE JOINT SPACED 1/2 PITCH 

Cut 2.';. 

The element on which strength is figured is ABCD, colored for idcnti-
fication. The rivets are in double shear, and the joint is similar to Joint 
6, excepting that the clement contains four whole rivcts, 

In this case the Diagonal pitch is: 
X not less than ( ,3 P + ,4 d), 

And the distance between rows is: 
Y not less than V ( ,55 P + d) (,05 P + d)T"' 

In this case the thickness of the Butt straps must not bc lcss than 
Thickness of Straps = f ( P — d) ~ ( P — 2d) X t, 

The total width of the Butt straps is: 
Width = 6 d + 4 X, 
Strcngth of Plate = t ( P ~ d) UT, 
Strength of Rivets = 4 X ,7854 d̂  US X 1.75. 
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For equal strength of plate and rivets we get: 
tP — td = 5.5 d'' US/UT X, and if we take the ratío of .821 we 

get: 
P = d ( 1 + 4.52 d / t ) . 

To figure this joint: 

1. Select a rivet according to the thickness of the plate. 

2. Pind the pitch using the above formula. 

3. Find the diagonal pitch as above. 

4. Find the distance between rows, as above. 

5. Find the thickness of the Butt straps, as above. 

6. Find the width of the Butt straps as above. 

7. Find the strength of thc punched plate, substracting the diameter of 
the rivet, or rivct hole from the pitch, multiplying by the thickness 
of thc plate, and then by the tensile strcngth of the plate material 
in pounds per square inch, 

8. Pind the strength of the rivets, in this case taking 4 rivets in double 
shear, vis 4 X ,7854 d̂ , X 1,75 the ratio of double shear to single 
shear, times ,821 the ratio of US/UT, and then times the tensile 
strength of the plate material in pounds per square inch, 

9. Find the strength of the plate material unpimched, -by multiplyiug 
the pitch by the thickness and then by the tensile strength of the 
plate material in pounds per square inch, 

10. Pind the efGciency of the joint by taking whichever is the lower of 
the two, plate or rivets, and dividing by the result as found in " 9." 

NOTB:—For Boiler work the value of the pitch should never be greater 
than: 

P = 5.52 t + If inches. 
In this type of joint the ratio of d to t, is d = 11, up to d = 1.25 t. 
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JOINT 8 

TRIPLE RIVETED BUTT JOINT, DOUBLE BUTT STRAPS, WITH 
DOUBLE SPACINGiOF RIVETS IN THE OUTER ROW ON 

EACH SIDE 

o o 
o o o o 

o o o o ' o 
Q, 9 $ o <P 

i-o I o o--' 

Cut 26. 

The elemcnt on which strength is figured is ABCD, colorcd for identi-
fication. The rivets are in double shear, and the joint contains four 
whole rivets and two half rivcts, a total of 5 rivets. In this case the 
pitch is the distance between rivets in the outer row, thus the double 
spacing of the rivets in the outer row is the figured pitch, and the two 
inner rows considered as .spaccd J pitch. In this case there are two sets 
of diagonal pitch, onc for the distance between thc first two rows, and 
another value for the distance between the second and third row. 

In this case the diagonal pitch of the first and second row, figured 
from ttie joint, is X, and should not be less than: 

X not less than .3 P + .4 d. 
And the diagonal pitch between the second and third row, denoted by 

X', shouId|not be less than: 
X ' not less than .3 P + d. 

Accordingly the horizontal distance between the first and second row 
is Y, and should not be less than: 

Y not less than V (.55 P + ,4 d) ( ,05 P + ,4d),' 
And the horizontal distance between rows f or the second and third row 

Y' should not he less than 

Y' not less than V (.55 P + d ) (.05 P + d ), 
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The thickness of the Bu t t straps should not be less than : 

Thickness = f ( P — d ) .^ ( P ^ 2 d ) X t. 

The width of the Bu t t straps is: 
Width = 6 d + 2 Y + 2 Y' , 
Strength of the Platc = t ( P — d ) UT, 
Strength of Rivets = 5 X ,7854 d̂  US X 1,75, 

For cqual strength of plate and rivets we get: 

t P — td = 6,875 d' US /UT, , and if we take our former ratío 

of ,821 we get: 

P = d ( l + 5 ,64d / t ) , 

To design this joint: 

1, Select a rivet according to the thickness of the plate, 

2, Find thc pitch using the above formula, This is the pitch of the 

outcr row, and the inncr rows are spaced J this valuc, 

3, Find the diagonal pitch X,, and the diagonal pitch X ' , 

4, Find the distance between rows, Y and Y', 

5, Find the total width of the Bu t t straps, as above, 

6, Pind the thickness of the Bu t t straps as above, 

7, Find the strcngth of the púnched plate, by taking the diameter of one 
rivet hole from the pitch, multipljdng by the thickness and then by 
the tensile strength of the plate material in pounds per square inch, 

8, Find thc strength of the rivets, taking 5 rivets in double shear, thus 
5 times ,7854 d̂  times 1,75 thc ratio of double to .single shear, then 
timcs .821 the rat io of U S / U T , and then by the tcnsile strength of 
the plate matcrial in pounds per square inch, 

9, Find the strength of the unpunched plate, by taking the pitch times 
the thickness of the plate, and then timcs the ten.sile strength of the 
plate material in pounds pcr square inch. 

10, Find the efi ciency of the joint by taking whichever is the wcaker 
plate or rivets and dividing by the results of " 9 , " 

N O T E : — F o r Boiler work and using this joint, the pitch should ncver be 
greater than : 

P = 6,00 t + If inches, 

The ration of d to t, stays the same as for previous Bu t t joints, 

in tha t d = 1 1 to d = 1,25 t. 
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JOINT 9 
TRIPLE RIVETED BUTT JOINT, DOUBLE BUTT STRAPS, THE 

OUTER ROW OF RIVETS BEING DOUBLE SPACED AND 
PASSING THROUGH THE INSIDE BUTT STRAP ONLY 

Cut 27. 

The element on which strength is figured is ABCD, colored for idcnti-
gcation. The rivets in the two inner rows are in double shear, and the 
rivets in the outer row are in single shear. There are thus four rivets 
in double shear, and one rivet in single shear in this element. Rivets 
are spaced IJd, from the edge of any plate, as has been done in all the 
joints considered. 

In this joint there are two diagonal pitches X and X', the value of 
which are as follows: 

X not less than .3 P + .4 d. 
X' not less than ,3 P + d, 

Andthehorizontaldistancebetweenrowsbecomes Yand Y', theValues 
of which are: ^ ^ ^ 

Y not less than V (,55 P + ,4 d) (,05 P + ,4 d) 

Y' not less than V (,55 P + d ) (,05 P + d ), 
The width of the uppcr and smallcr Butt strap is: 

Width = 6 d + 2 Y, 
And the width o£ the under Butt strap is: 

Width = 6 d + 2 Y + 2Y' . 
The thickness of the Butt straps are not less than: 

Thickness = f ( P — d ) . ^ ( P — 2 d ) X t . 
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Strength of the Plate = t X ( P — d ) X UT, 
Strength of Rivets = 4 X ,7854 d̂  US X 1,75 + 1 X ,7854 

d^US, 
thus , StrengthofRîvets = 8 X ,7854d2US, 
Forjequal strength of plate and rivets we get: 

tP — td = 6,28 d̂  US/UT, and if we take our former ratio of 
.821 weget: 

P. = d ( 1 + 5.16 d/t). 
To design this joint proceed as fohows: 

1. Select a rivet according to the thickness of the plate. 
2. Find the pitch using the abovc formula. This pitch is the distance 

center to center of the rivcts in the outer row. The inner rows are 
spaced J pitch. 

3. Pind the diagonal pitch X, between the two inner rows, and the value 
X' for the diagonal pitch between the middle and the outer row, 

4. Pind the horizontal distancc Y, between the two inner rows, and the 
distance Y' for the distance bctween the middle row and the outer 
row. 

5. Pind the thickness of the Butt straps using the above formula. 
6. Pind the width of the under Butt strap as above. 
7. Pind the mdth of tho upper Butt Strap as abovc, 
8. Pind the strength of the plate as punched, by subtracting the diam-

etcr of one rivet from the pitch, multiplying by the thickness of the 
plate and then by the tensiie strength of the plate material in pounds 
per squarc inch, 

9. Pind thc strength of the rivets, in this case there being four rivets 
in double shear and the equivalcnt of one rivet in single shear, Thus, 
4 times .7854 d̂ , times 1.75 the ratio of double to singlc shear, times 
.821 the ratio of US/UT, times the tcnsilc strength of the plate 
material in pounds per square inch, gives the value for the four 
rivets in double shear. Add to this value the value of one rivet 
in single shear, which is 1 times .7854 d̂ , times .821 times thc tensilé 
strength of the plate material in pounds per square inch. 

10. Find the strength of the unpunched plate, by taking the pitch times 
the thickncss of the plate, timcs the tensile strcngth of thc plate 
material in pounds per square inch. 

11. Find thc efficicncy of the joint, by taking whichever is thc weaker 
of the two, plate or rivets, and dividing by the result of "10." 

NOTE:—In this type of joint whcn used for Boiler work the pitch should 
never be grcater than: 

P = 6.00 t + If inches. 
Intîiistypeof jointthevalueof drangesfromd = I t , tod = 1.251. 
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JOINT 10 

DOUBLE RIVETED, SINGLE STRAPPED, BUTT JOINT 

o o o 
o o o o 

The element on which strength is figured is ABCD, colored for identi-
fication. The rivets are in single .shear, and placed l | d from the edges 
of the plate. The covcr plate, is made IJ t, in thickness, In other 
respects this joint is similar to a Lap joint having the same number of rows 
of rivcts, This elemcnt contains one whole rivet and two ha f rivets, 

Strength of Plate = t ( P — d) UT, 

Strcngth of Rivets = 2 X ,7854 d^US, 

For equal strcngth of plate and rivets; 
tP — td = 1,5708 d' US/UT, and if we take the ratio of ,821 

as before we get: 
P = d ( l + 1,29 d/t), 

NOTE:—This joint is subject to a bending action, and with the butted 
joint tending to aid the action of bending. 
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JOINT 11 

COMBINED LAP AND BUTT JOINT 

The element on which strength is figured is ABCD, and note should be 
taken that this represents the entire lap. The strength of this joint is 
aided by the rivets in the center row being in double shear, The element 
contains 1 rivet in single shear, and two rivets in double shear. 

Strength of Pîate 

Strength of Rivets 

t ( P — d) UT, 

: 1 X ,7854 d̂  US + 2 X ,7854 d̂  US X 
1,75, 

For equal strength of plate and rivets we get: 

tP — td = 3,5343 d̂  US/UT, and if we take our former ratio of 
,821 we get: 

d ( 1 + 2,89 d/t). 
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JOINT 12 

DOUBLE RIVETED, DOUBLE BUTT STRAPS, BUTT JOINT, WITH 
CHAIN ARRANGEMENT OF RIVETS. PITCH OF INNER 

ROW 1/2 PITCH. OUTER RIVETS PASSING 
THROUGH UNDER COVER PLATE ONLY 

^ 

The element on which strength is figured is ABCD, colored for identi-
fication. This element contains two rivcts in doublc shcar, and two half 
rivets in single shear. 

Strength of Plate = t ( P ,— d ) UT. 
Strength of Rivets = 2 X .7854 d̂  X US X 1,75 + 1 X ,7854 d' 

US, 

For equal strength of plate and rivets we get: 
tP — td = 3,53 d̂  US/UT, 

and if we take the former ratio of ,821 for US/UT, we get: 
P = d ( 1 + 2,90 d/t), 

In this joint the width of thc upper Butt strap is: 
Width = 6 d, 

And the width of the under Butt strap is: 
Width = 12 d, 

The rest of the design is similar to the foregoing. 
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JOINT 13 
QUADRUPLE RIVETED, DOUBLÉSTRAPPED, BUTT JOINT, WITH 

STRAPS OF EQUAL WIDTH 
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Cut 31, 

This type of joint is used to avoid eccentric strcsses. Properly designed 
this joint will yield an efficiency of from 82 to 84%. 

JOINT 14 
QUADRUPLE RIVETED, DOUBLE STRAPPED BUTT JOINT, 

UPPER STRAP MADE SAW TOOTH 

Cut 32. 

This type of joint also is one to use to avoid eccentric stresses, and 
properly proportioned yiclds an efficiency of as high as 94%, 
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THE EFFICIENCY OF JOINTS 

Taking concrete sizes of rivets and thickness of plates the foUowing 
values for efHciency are obtained. The first nine are figured according 
to the British Board of Trade method, and the last 5 are figured according 
to the Boiler Code of the A. S. M, E method, The Boiler Code permits 
of using 55000 Ibs, for the tensile strcngth of plate, 44000 Ibs, for the 
valuc of single shear, and 88000 Ibs, for double shear, and allows 95000 
Ibs. as the crushing resistance. 

Joint. 
, 1. 

2. 
3. 
4. 

5. 
6. 
7. 

8. 

9. 

1. 
2. 

12. 

9. 

14. 

Type. 
Lap. 
Lap, 
Lap, 
Lap, 

Butt, 
Butt, 
Butt, 

Butt, 

Butt. 

Lap. 
Lap. 
Butt. 

• Butt. 

Butt. 

Riveting. 
Single. 
Double. 
Triple. 
Triple, 

Double, 
Triple, 
Triple, 

Triple, 

Triple, 

Single, 
Double. 
Double. 

Triple. 

Quadruple 

Size 
Rivets, 

7 V 
8 
7 '/ 

s 7 '/ 
8 
7 '/ 
8 

1 1 ' / 

l A " 

If" 

lú" 

l A " 

Te" 

3 // 
4 
7 '/ 
8 

1 1 / / 

ÎAff 
!. 16 

Thickness 
of Plate. 

1 " 
2 
1 / ' 
2 
1 // 
2 
1 V 
2 

' \' 
1" 
1 1 ' / 
^2 

1 3 / / 

1 3 / / 
• • • 8 

1 '/ 
4 

5 ,lf 
16 

3 // 
8 

3 // 
8 

1 // 
2 

Pitcli. 
•' 8 

9 7 // 
^ 8 

• ^ 8 

2i^'^Middle 
4 | " Outer 
4f" 
6" 
9f" Outer 
4lt"Inner 

10"Outer 
5"Inner 
9i"0uter 
4f"Inner 
1 5 // 
^ 8 
o 7 // 

4 | " Outer 
2 ^"Inner 
6 | Outer 
3i"Inner 

15" Outer 
7^" Second 
3f"Inner 

Effic-
iency. 

52,5% 
68,7% 
76,4% 

81.0% 
73.7% 
79.6% 

82.6% 

84.8% 

83.8% 
57.6% 
73.9% 

'82.0% 

87.5% 

93.7% 
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CHAPTER VI 

STEAM BOILER CONSTRUCTION 

Up until approximately 1890, the requirements for stecl in boiler 
manufacture was specified solely by brand, and such terms as were ap-
plied were often indefinite and the stecl bought on faith rather than on 
knowledgc. Increasc in Boilcr Working Pressure made it necessary to 
adopt standards, thc first s tandard being tha t of thc American Boiler 
Mauufacturers Association compiled in the lat ter par t of 1889. These 
standards were modernized from time to t ime with increase in knowledge, 
and their example was foUowed particularly by the Statc Authoritics, 
resulting in a va.st numbcr of Standard Specifications, Por the past five 
years efîorts to establish a Standard Boiler Code in all states by this 
pioneer in the matter , the Boiler Makers Association, have been made, and 
resulting in the adoption of, " Rulcs for the Construction of Steam Boilers," 
aS compilcd by the Boiler Code Committec of the American Society of 
Mcchanical Engineers in many states, The widely different regulations 
in thc various states lead to much confusion, and it was not to be wondered 
at t ha t the death toll from boiler explosions amountcd to from 400 to 500 
persons kílled per annum, Por safety sake a standardized rule for all 
states is a necessity, 

There was much prejudiee against Steel Rivets, whcn they were first 
introduced in the late 80's, and which lasted for a.numbcr of years, and in 
the first utilization of Steel Plates for Boilers thcrc were many absurd 
results from the use of high grade charcoal iron rivefs with them, The 
prefudice was finally overcome largely through thc eíîorts of the Severance 
Mfg, Co, in dcmonstrating thc proper mcthods of heating and driving steel 
rivets, which naturally is dífferent from tha t of the driving of iron rivets, 
Rivets are now made of the same high quality steel t ha t enters into othcr 
parts of boiler construction, ánd the standards for which havc becn quoted 
in Chapter IV, 

There are two classes of boilers in general use, namely, water tube 
and fire tube, In the water tube boiler the watcr is containcd in the tubes 
and the fire circulates outside them, In thc firc tube boiler the water is 
contained in tlie shell and the fire passes through the tubes which arc in 
the water and at tachcd to thc heads, The re turn tubular boiler is a typc 
of fire.tube boiler, 

There are three 'grades of steel for boilers, namely, Flange, Pirebox, 
and Boiler Rivet, The chemical composition and physical properties are 
as follows, at tcnt ion being drawn to the listed .specifications given in 
Chapter IV, 
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BOILER STEEL 

Tensile strengtll, Ibs, sq. ín 

Elongation in 8 ", min. % 
Cold Bend 

Flangé 

0.30 to 0,60 
,040 
,050 
,050 

SSOOO to 65000 
Î ^ T S . 

1450000 -i- TS. 
(*) 
(*) 

Firebox 

0,30 to 0,50 
,035 
,040 
,040 

52000 to 60000 
K T S . 

1450000 4- TS. 
(•) 
C) 

Rivet 

0,30 to 0,50 
,040 
,040 
.045 

45000 to 55000 
} í TS. 

1450000 ^ TS . 
180° Flat 
180° Flat 

(*)—For Plange and Pire Box material the Cold and the Quench bcnds are 
as foUows:— 

Up to f" in thicknêss and including -|" bend 180° fiat. 

Prom î " up to IJ " bend around a pin the diameter of which is equal to 
the thickness of the test piece. 

Above I j " in thickness bend around a pin I J times the thickncss of 
the test piece. 

These bends to be accomplished without fracturc or cracking on the 
outíîidc of the bcnt portion, 

As the size of rivets customary to bc used is predicated upon the 
thiekness of the plate, we give the following table of variations allowed in 
plate thickucss and weight as standardized by the Association of American 
Steel Manufacturcrs in Cut 33, We also give the minimum thickuess 
allowcd in Boilcr Construction from the Boiler Code, 

Thickness of Plates 

Thc minimum thickness of any Boiler plate under pressure shall be J", 

The minimum thickness of Shell platcs and Dome píates after flang-
ing shall be; 

When the diameter is; 

36" or under. 

1 " 
4 

F r o m 3 6 " t o 5 4 " 

5 If 
16 

P r o m S 4 " t o 7 2 " 

3 '/ 
8 

Over 72" 

1 ' / 
2 
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Th AwotÍBlion o! Ameri 

MANUFACTURERS' STANDARD PRACTICE 
PERMISSIBLE VABIATIONS IN WEIGHT AND THICKNESS OF SHEARED PLATE3 

On« cubic ÍDcb of rolled ,lcrl i, uiumed te weinli 0.ZS33 pound. 
WHEN ORPERED TO WEIGMT PER SQUARE FQOTr Th. weiuhlof esch lol > ioMch .|.ipiiient ihiJlDolTi 

O rjRkKD W E I G H T 

Lu*. PEH Síl. F T . 

U n d c í 5 
• 5 to '7,3 cxcl, 

7,5 •• 10 
Ifl •' 12.5 " 
12.5 •• 15 
15 •• 17JÎ •' 
17,5 •• 20 
20 " 25 
25 •• 30 
30 •• 40 

P c ™ i s . i b l e V . r i = . i ™ . i n A v o , p « o W o i í H = ^ . . J & . . . . . g ^ r . d W Í Í ^ L Í . ' " ' ' " ' ' " ' " ^ ' ™ ' E " " ' ' ^ ' ^ ' ' "*" 

U n . c M S 

Ove. 

5 
4.S 

3 J 

2.5 
2.5 
2 
2 

2 

U=J« 

3 
3 
2 J 
2.5 

2 
2 
2 
2 

^ 4Sto 
ÍOinclLos 

Ov^ 

5 3 

4 ^ 

3.5 

2.5 
2.5 
2 
2 
2 

Unde. 

3 

3 
3 
2,S 

.S 

2 
2 
2 

W l o 
72 inclies 

Ov,. 

5.5 
5 
•1.5 

3.S 

2.5 
2 
2 

U n í i . 

3 
3 
3 
3 
3 
2.5 
2.5 
2,5 
2 

2 

72 lu 

0 « . 

J 

•I.S 

3 J 
3 
2.5 

U i d« 

3 

î " 
3 
3 

Î.5 
3.5 
% 
2 

84 
% i d 

O.H 

6 

4.5 

3,5 
3 

2.S 

h 
<Jni,x 

•3 

3 
3 
J 
3 
2.5 

.S 
2 

9610 
lOSincliL-s 

0 . r l 

5.5 
5 
4.5 

3.5 
3 
2,5 

LTnJí. 

3 
' 3 
Z.S 
2 5 

12o 'm 'hc , 

Ov. . 

6 
5.5 

3.5 

LTníf. 

3 
3 

3 
3 
3 
2.5 

132 mcha i 

OV6Í 

S 
5.5 

.Î.S 

tlndtí 

3 
3 
3 
3 

3 
3 

•Ss 
O v « 

6 
5.5 

4.5 

V^ia, 

3 
3 
3 

3 

O B D E R E D UEh lll-

Lns . PEB S Q F T . 

U r d o r S 
5 o 7.Sci;cl. 
7.5 •• 10 " 

12,5 •• 15 •• 
15 •' 17.S " 
1 7 5 " 20 " 
20 '• 25 •' 
25 •• 30 " 
30 •• 40 •• 

ncli pUtr ifaaU DDI 

O R U E R E D 

I N C E S 

U idor H 

rt " li " 

^ • ? ! " 

H " h " 
í i •• % " 

F Í ; . 

U n d . _ r « 

9 
8 

r 
6 
S 
J.5 

3-5 

Z.5 
2.5 

. i ^ i t 

'c^.cl' 

10 

8 

5 

3 
2. 

c E i 

i ' i " 

o ^ , . , A v . , . 

12 
10 

S 

,̂  
4.5 

3 5 
3 

BC W e i s h l s 
Pc ic 

14 
12 

1 

(, 5 
4.5 

3 5 

FcrSauarQ 

10 

e • 
7 

4 5 

Fool o( Flat 
Nominal Wci 

9 

6 

s íú . Widl 

120inch 

12 

!0 

7 
6 
5 

î C vca. E i p i 

12 
10 

I 

-« 

' 

ii. 

' o " ' "= ivo ' 

17 ' 
15 

e 

OkDE 

INCI 

Undc r ^ 
í i l o , ' , c . 

A ;• -1. • 

^i •• ''l • 

' • ' 

Cut 33. 

FORM OF BOILER RIVET HEADS 

The foUowing are acccptable forms of heads of rivets entering into 
Boiler construction, as allowed by the Boiler Code. 

,..-90'-—,^ 

k—/»---»] ,.-••' ' X . •so'-— r '•" i 

1 ^ ^ - — / 

Ooublí RadiusButtonHead Steeple Head Coun+ersunk Head 
Dimensions may be larger or 1/10 smaller thaû those shown. 

Filiets under heads'may be used but aro not requir'ed. 

Cut 34. 
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DIAMETER OF RIVETS COMPARED TO THE THICKNESS OF THE 
PLATE 

In the désign of Joints as given in Sectíon 4, the ratio of d to t, was 
given, There aro numerous rules for this relationship, and an additional 
rule to that given is: 

d = î t + i " to d = ^ J t + f inches, 
TJnwins rule is: 

d = 1,2 ^ / I T 
The Boiler Code quotes the f ollowing table: 

TABLE OF SIZES OF RIVETS BASED ON THICKNESS OF THE 
PLATE 

Thicknoss of Plate, inches. Diametcr of Rivet after driving. 

it" 
Boilers up to 14 feet in length are made of two plates, each forming 

half the length of the boiler, Abovc 14 fect 3 plates are used to give the 
total length, Theso platcs are l", | " , i " , or TS" thick, 

In boiler practicc if the plates are too thiok the}^ will not transfer the 
heat rapid y, and expansion and contraction strains also bccome severc, 
This contraction on tlie longer rivets required tends to cause them to 
become loose, and in addition to this defeot thick plates are very apt to 
burn, All things considered the thinner tho plate consistant witli strcngth 
the better, 

The eíîect of heat on boilcr and on rivet steels is to decreaso tho 
strength up to approximately 2.S0°, thon to increase thc strength up to ap-
proximately 600°, and then to rapidly decrease the strength beyond tha t 
point, 

In horizontal return tubular boilers with Lap Joints, no course is 
permitted to be over 12 feet in length, "Witli But t and Double Strap 
construction longitudina joints of any length may be used, provided the 
tension test specimens are so cut írom the shell plate and tha t their length-
wise dircction is parallel with the circumferential seams of the boiler, and 
tha t these tests meet the standard requirements as given in the speciíica-
tions for Boiler Plate, 
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The curves as given in Cut 35, afford a quielc means of detcrmining 
the size of rivet to use for a given thickness of plate, Wi th a given plate, 
as given on the bottom. linc in inches, Follow up to intersection of Heavy 
Lined Curvc, of the selected ratio d = L25 t, d = 1,,5 t, c t c , and thence 
horizontally to yertical figurcs, whicli gives rivet diameter, in inches, 
In case of intersection giving a rivet of odd size select one 1/16" larger in 
diameter, but rcmcmbering tha t rivots in 1/16" sizcs arc special, whereas 
those given are stock sizes, 

RELATIOM BETWEEH DIAMETEI OP R Vr̂ T A JD THICKÍJESS 0 ? PLATE. RATIO 

D tO T ; 

o 

6 
Q 

Thiekncss " t , " of Plate, inches, 

Cut 3, , 
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Strength of Rivets in Shear 
The Boiler Code specifies t ha t the crass sectional area used in com-

putatious shall be the area of tlie Rivet shanlc after drivihg, I t allows the 
following values for shearing strength: 

Iron Rivets in Shingle Shear 38000 Ibs, pcr sq, in, 
Iron Rivets in Double Shear 76000 Ibs, per sq, in, 
Stccl Rivcts in Singlc Shcar 44000 Ibs, per sq, in, 
vSteel Rivets in Double Shear 88000 Ibs, per sq, in, 

Thickness of Butt Straps. 
The minimum thiclmcss of Bu t t straps for Doublc But t Strap Joints 

is as por the fohowing tablc, For intermodiate values intcrpolate, For 
plate thickness exceeding IJ inches, the thiclmess of the Bu t t Straps shall 
not be lcss than 2/3 the tliickness of the platc, 

Biitt Straps and the ends of sheU plates forming longitudinal joints 
in a boiler must be ro lcd or formcd by prossure, and not by blows, to the 
propor curviturcs, 

Minimum Thickncss of But t Straps, 

Thiclcness of Steel Plates, inches. Minimum Tliiclíness of Bu t t Straps, 
inches. 

The stress upon the longitudinal seams is greater than upon the 
roundabout or circumferential, To pull a boilcr apar t in the direction 
of its length there is the pressure per square inch multiplied by thc number 
of square inches in the liead, To resist this pull there is the entire eir-
cumference of the shect, Arca of head = ,7854 D^, while the circum-
ference = 3,1416 D, Each roundabout scam resists a puU in proportion 
to diameter /4 , while eaeh longitudinal seam resists in proportion to diam-
eter / 2 , Hence any stress in a longitudinal seam is twice t ha t in a rotmd-
about seam, 

On Longitudinal Joints, the di.stancc from center to center of the 
r ivet holes to the edge of the plates, excepting rivet holes in the ends of 
B u t t Straps, shall not be less than 1 | , and not more than 1 | times the diam-
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eter of the rivet holes—this distance to be mea,sured from the eenter of the 
rivet holes to the calldng edge of the plate before calking. The platc shall 
be beveled to an angle not sharper than 70°, to the plane of the plate, and 
as near to this angle as practical, 

Tlre riveted longitudinal joints of a shell or drum which exceeds 36", 
in diameter, shall be a Bu t t and Doublc Strap Construction, 

The longitudinal joints of a shell or drum tha t does not exceed 36 " in 
diameter may be Lap Riveted in Construction, bu t the maximum allow-
able working pressure shall not exceed 100 pounds. 

The longitudinal joints of a horizontal re turn tubular boiler shall be 
located above the fire line of the sctting, 

The longitudinal joint of a dome 24" or over in diameter shall be of 
Bu t t and Double Strap construction, With a maximum allowable work-
ing pressure of over 100 pounds, the flango shall be doublc rivctcd to the 
boiler shell, 

The longitudinal joint of a dome less than 24" in diameter may bc of 
the Lap typc, and the flange may be single riveted to the Boiler shell, pro-
vided the maximum allowable worldng prcssurc on such a domc is computed 
with a faetor of safety of not less than 8, 

In circumferential joints in horizontal return tubular boilers, exposed 
to the produets of combustion, tlie shearing strength of the rivets shall not 
be less than S0% of the fuU strcngth of the plate corresponding to the 
thickness a t the joint, 

The distance between the center lines of any two adjacent rows of 
rivcts, callcd the Back Pitch, measured at right angles to the direction of 
the joint, .shall have the following miiiimtim va ues, 

" a , " if P /d is 4 or lcss, the minimum shal be 2 d, 
" b , " if P / d is ovcr 4, the minimum shall be 2 d + 0,1 (P — 4 d ), 
Where: P, = Pitch of the rivets in the outer row, with the rivet in 

the inner row eoming midway between two rivets in 
the outer row, inches, 

P, = Pitch of thc rivcts in the outer row less pitch of the 
rivets in the inner row whcre two rivcts in the inner 
row come loctwecn two rivets in the outer row, inchcs, 

d, = Diameter of the rivet hole, in inchcs, 
The Boiler Code specifies the foUowing factors of safety: 

Factor of Safety for New Boilers, , . , S 
Factor of Safety for Old Boilers 4 

The strength of rivets in shear on eithcr side of a manhole frame or 
reinforcement shall be at least equal to tlie tensile strength of thc maxiinum 
amount of shell plate removed by the opcning and rivet holes for the re-
inforcement, 

The sliearing and crushing streugth of rivets used for at taching lugs or 
brackets for the support of a boiler of any typc, shall not exceed 8% of 
44000 pounds per square iuch for single shoar, or of 88000 pounds per 
square inch for double shear, or of 9S000 pounds per squarc inch for crush-
ing, 

T H E SUPPORTING L U C S shall be designed so t ha t the distanco girthwise 
of the boiler, frora the centcrs of thc bot tom rivets to the centers of the top 
rivcts, at taching the lugs, shall not be less than 12 incheg, Not morc 
than two rivets shall come in the same longitudinal line on cach lug. 
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DRILLING OF H O L E S , P R E P A R A T I O N O F W O R K , D R I V I N G 
RIVETS 

AU rivet holes shall be drilled fuU size, or they may be punched not 
to excecd J inch less than f ull diametor f or material ovcr 5/16 inch thickncss, 
and I inch Icss than full diametcr for material not excecding 5/16 inch in 
thickness, and then dr led or reamed to full diameter, PÍates, Butt 
Straps, Braces, Heads, etc, shall be firmly belted together by tack bolts 
for driUing or reaming all rivet holes in assembled boiler plate, The tack 
bolt holes wiU be reamed after riveting has progressed, 

After the drilling or reaming of thc rivot holcs in position the platcs 
and Btitt straps shall be separatcd, the burrs and chips all removed, and 
then the platcs and Butt straps reassembled, metal to metal with barrel 
pins fitting the holes, and with tack bolts, 

RIVETS SHALL BE OF SUFFICIENT LENGTH TO COMPLETE-
LY FILL THE HOLES AND SHALL FORM HEADS AT LEAST AS 
STROKG AS THE BODIES OF THE RIVETS 

Rivets sliall be machine driven whenevcr pos,sibIe, and with sufficient 
pressure to insure tight rivets and good heads, The prcssure must be 
sufficient to fiU the rivct holes, and shall be allowed to remain on the rivet 
until they have partially cooled and shrunk, A rivet shall be driven each 
side of a tack bolt before the tack bolt is removed, 

In low pressure steam boUers for heating purposcs in buildings it shall 
not be necessary to water jacket the rivets in the fire box where onc end 
of each rivet is exposcd to thc fire or the direct radiant heat from the fire, 
provided any onc of the foUowing conditions is fulfillod: 

a, Where the ends of the rivets away from the fire are protected by 
means of natural drafts of cold air induced in the regular operation 
of the boiler, 

b, Where the ends of the rivets away from the fire are iu the open air, 

c, Where the rivcts are protected by the usual charge' of fresh fucl 
which is not burned in contact with the rivets. 

NOTES ON BOILER JOINTS 

When shell plates are in excess of 9/16 inches in thickness in horizontal 
return tubular boilers, the portion of the plates forming the laps on the 
circumferential joints, where exposed to the fire or the products of com-
bustion shall be planed or milled down to half inch thickness, provided the 
eircumferential joint is designed with rivets whose shearing strength is not 
less than 50% of the fuU strength of the plate corresponding to the thick-
ness of the joint, and having a strength equal to 50% of that requircd 
for longitudinal joints of the same strueture. 

Junction of Two Plates 
Describcd fully in Chapter IV. 

69 
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Junction of Three Plates 

In boilcr work wherc the rivetcd seams must bc watertight a difficulty 
arises whcre thc Cross joints meet, as herc thrce p ates over ap, One or 
more of the plates are thinned out by forging so that the joint may be 
solid. Cut 36 illustrates this condition, showing three plates overlapping 
and single riveted. Cut 37 iUustrates a longitudinal seam double riveted, 
and a cross scam single riveted. Cut 38 iUustrates the junction of three 
plates with a Butt strap, the longitudinal Butt strap being planed down 
and placed under the Cross Butt strap. 

Cut 36. 
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Junction of Four Plates 
Cut 39 illustrates the overlapping of four plates, Each of thc two 

interior platcs are thinned down at the junction, and forged out so tha t 
they may be gripped each by an additional rivet in the thinned out parts. 

Cut 39, 

Corner connections, fire box eonnections, e t c , are made by the use of 
angles, zees, e t c , or by the flanging of the plate, Tees are used for stiffen-
ers in some cases, In flanged connections previous rules should be ad-
hered to, and the lap should never be less than three diameters of the rivet, 
for single riveting, For parallel connections zecs, channels, double angles, 
c t c , are used. 

Maximum Allowable Working Pressure 

According to the Boiler Code Rules the maximrmi allowable working 
pressure on the shell of a boiler or drum will be detcrmincd by the streugth 
of tho weakest coursc, computed as given previously, namely, by the 
thiekness of the plate and the tensile s trength as stamped thereon, the 
efficieney of the longitudinal joint, the inside diameter of the course, and 
the factor of safety, 

TS X t X E 
Maximum Allowable Working Pressurc = — , . .^ „ „ 

K X r b, 

Where: TS = Ultimate tensile strength of plate material as s tamped on 
thfe plate in pounds per square ineh, 

t =Min imum thickness of the shell plates in the weakest 
course in inches. 

E =Efficiency of the longitudinal joint, 

R = Insidc radius of the weakcst coursc of the shell or drum 
in inches, 

FS = Factor of Safcty, For ncw construction = S, 
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In old boilers a Lap Seam crack is common, and a typical crack found 
in lap seams running parallel to the longitudinal joint, located either 
betwcen the rivets or adjacent to the rivct holos, When such a joint 
crack is found discontinue the use of the B O I L E R I M M E D I A T E L Y , 

In thc casc of a loose rivct in a boilcr in service, next time the boiler 
is shut down, eut out the loose rivet, ream out the holc and insert a rivet 
of the next largest size than was formerly in place, 

Overheating of the plate might be responsiblc for a loose rivet as 
dcscribed, 

The Mechanical departments of the various Steam Boiler Inspection 
Bureaus and Companies arc largcly governcd by the rules as established 
by the A, S, M, E, Boiler Code, Il ustrat ive of this situation the Hartford 
Steam Boiler Inspeetion & Insurance Company do not'issuc rulos govern-
ing dctail of construction, bu t are guided ín their practice by this Boiler 
Code, 

72 
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CHAPTER VII 

STRUCTURAL BUILDING WORK 

I t would seem at first sight t ha t STRUCTURAL REQUIREMENTS POR 
BuiLDiNGs would have been standardized similar to the manner in which 
Boiler construction has through the adoption of the Boiler Code, I t is, 
however, very doubtful if Structural work in this eountry is ever standard-
ized, in tha t there will be one general requirement for all building construc-
tion undertaken, I t i s t rue tliat in Europe thcre has been more or less of 
a working agreement between Construction Engineers and the Steel 
makers, and we probably could gain somewhat if more cooperation existed 
in this country, The large number of structural shapes found in tho 
hand books and shapc books of thc various steel makers seem eonfusing, 
but it should be remembered that these miUs havc fixcd equipment in the 
way of rolls, e t c , for inaking the shapes t ha t they tender to the engineer, 
and naturally they exploit these shapes tha t they recommend for a givcn 
purpose, I t would not be possible to limit the weight of beams, channcls, 
e t c , to possibty two weights per section, undcr cxisting commercial activity 
in this country, Due con,sideration must also be given to the nature of the 
average American in tha t he has his own ideas and is going to use them, 
This applics to thc Architect, Construction Engincer and to the Steel 
maker, The City governments all have thoir Building laws, and the 
subject of making uniform Building Laws for the entire country would be 
a vastly larger undertaking than tha t of the compilation of thc Boiler Code, 

The weight of Structural stoel in a building is a diffieult thing to 
cstimate without detailed plans, and it also is evident t ha t the ineorpora-
tion of novel ideas representing thc engineers personality tends to make 
this calculation more involvcd, The weight naturally will depend on the 
design, the number of stories, the live and dead load to bc carricd pcr square 
foot of floor, the weight of the facing, and thc a lowable unit stresses in the 
stcel, Our Building Laws, show reasonably close .similarity for all our 
larger cities, 

The following fomiula is a reliable one formulated from observations, 
and gives the approximate weight of stcel rcquired for thc stccl skeleton 
of the average office building, whosc walls are carried on structural stecl 
work, 

W = N X F ( 15 + 7/1.0 N), 

Where: W = Total weight of thc structural work required in pounds, 

N = The number of floors, counting the roof as a floor, 

F = Thc number of square feet in each floor, 

N X F X IS gives thc weight of beams and fittings required, 

N X F X 7/10 N gives the weight of the columns required. 
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The selection of Sections in structural work designing is largely a 
matter of judgment and should be done only by those familiar with the 
sections obtainable, and these sections should be limited in number to 
the fewest possible to accomplish desired results, 

Much preliminary fabrication is obtainab e from the Steel mil s direct, 
as there are Struetural shops connected with the larger of the Plate and 
Shape RoIIing mills, It is well to know the preliminary operations con-
ducted on fabricating and fitting of structural elements, 

In the first fabrication the beams, channels, tees, angles, etc, are laid 
out to templates or to drawings or to both, This sequence of operation 
then follows: 

1, Punched in the web, one or more sizes of holes, 

2, Punched in the flangcs, onc or more sizes of holcs, 

3, Coped on one or both ends after punehing, 

4, Rivcted with connecting angles on one or both ends, 

5, Riveted into girders with one or more eovcr plates, 

6, Bent or forged to shape, 

7, Columns built up, all inaccessable parts after riveting being care-
fully painted with red lead prior to riveting, 

In order to avoid unnecessary work, and to obtain quick delivery 
the designer should observe the foUowing: 

1, Specifieations where possible should specify but one size rivet ho!e 
to avoid two operations and placcments in punching, 

2, Avoid eopíng by setting the Floor beams sufficiently below the 
top flanges of the main girder, providing the girder is of suffieient 
depth, 

3, Avoid built up or box girders, using beams of greater depth, 

4, Avoid bending, welding, etc, by the proper design of riveted 
members, 

The grade of metal entering into the mantifacturo of stractural plate, 
shapes, and rivets is largely standardized, the specifications of the A,A,S,M,, 
and of the A,S,T,M, being accepted almast universally, FoUowing is a 
tabulation of the requirements iu this respect. 
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Specification 

For. Steel for: 

Chemical requirements: 

Plio.?pliorous Bess 
Acid 
Basic 

PhysÍcal requirements: 
Tensilc strcngtli Ibs. sq. in. 
Yield point, Ibs. sq. in.. . . 
Eîongation in 8 " % min . . 
Elongation in 2 " % min. . 
Reduction area, % 

For Rivets: 

C iemical requirements: 

Phospliorous Basxc OH 

Physica] requirements: 
Tensilc strcngt i, Ibs. sq. in 
Yield point, b.s. sq. i n . . . 

Elongation Ín 8 " % 

Cold Bend 

A.A.S.M. 
Class B. 

Buildings and 
Structures 

not over 0.100 
0.080 
0.060 

55/65000. 
J ^ T S . 

1400000 -h TS . 
22% 

Class C. 
RÍvets 

not over 0.040 
0.040 
0.050 

46/56000. 
H TS. 

1400000 -^ TS. 

180^ Flat 

A.S.T.M. 

Structura 
Buil<iings 

not over 0.100 

" " " 0 . O 6 O 

55/65000. 
. M T S . 

1400000 ^ TS. 
22% 

Rivets 

not over 0.060 

" ' " 0,045 

45/56000, 
K T S , 

1400000 -^ TS, 

180° 'piat 

A,S,T,M, 

Structural 
Nickel Steel 

,70 

'050 
,040 
,050 

85000 to 100000, 
50000, 

1500000 -^ TS, 

2 5 % 

Rivets 

,60 
,030 
,040 
,045 

70000 to 80000, 
45000, 

1500000 ^ TS, 
40% 

180° Flat 
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STANDARD HEADS FOR STRUCTURAL RIVETS 
The Severance Manufacturing Company make standard Structural 

rivets to the dimensions shown on Cut 42, Some large consumers of 
structural rivets havc standard dimensions of their own, the variation 
from our standard being however slight, For general information we 
illustrate the Standards of the American Bridge Company, and of tlie 
Cambria Stecl Company for Structural Rivet heads, These are given in 
Cuts 40 and 41 respectively, 

SEVERANCE MANUFACTURING COMPANY 
STANDARD STRUCTURAL RIVET 

Button Head: 

Diameter of Rivet = d, 

Diameter head = a = 1 | d, 

Height head = b = f d, 

Radius = c, 

Countersunk Head: 

Height = f = 4 d, 

Width = g = 1.84d 

Taper = 78°, 

Cut 42, 

The following dimensions are Standard for Struetural Rivcts: 

Diam. of Rivet "d." 

Ví' 

%" IX" 

Vi' 
ÍA" 

%• 
Itf 

1" 

iJ^" 
IT ' 
IJÍ" 
Wi" 
IJ^" 

BUTTON HEAD 

Heig it "b ." 

5̂ " 
¥ 

5.3 // 

w 
%' 

15, / / 

lA" 
V/i' 

Diameter "a." 

" 
1-^/' 

1 27 w 

I M " 

2 ^ " 
2 Å " 
O i " 

2%' 

COUNTERSUNK HEAD 

Height "f." 

M" 

1 1 W 

y^" 

Yi" 
17 // 

1 9 . / / 

%" 
Vi' 

Width "g." 

lA" 

m' iH" 
i " 
liî" 
i,«i" 

2 ^ " 
2 ^ " 

m" IXJ." 

2%' 
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; 
B 

i 

"» 
F 

AMERICAN BRIDGE COMPANY 
STANDARD, 

Proportions of Rivets, 
PuU Driven Head: 

Diameter = a = 1,5 d + J", 
Depth = b = 0,425 a. 
Radius = c = b. 
Radius = e = 1,5 b. 

Countersunk Head: 
Depth = f = 0,5 d. 
Diameter = g = 1,577 d,' 

Using the abovc formulac we get thc following dimensions: 

Diameter of 
Rivct "d." 

%" 
y/ 
%' K" 
K" 

1" 

m" i j í " 

a 

3-á" 
l í » " 
V/i" 
lA" 
W%' 
Ift" 
2" 

b 

%" 

H" 
• ^ " 

'32" 

C 

%," 

•i-i 

e 

7 '/ 

5_1 " 

5 9 '/ 

isV" 
l Á " 
V/' 

f 

3 V 

M" 

M" 

y/ 

%" 

19 í/ 

1" 
lA" 
l ^ " 
lA" 
IK" 
1 « " 
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/ 

*--

/ 
/ 

\ ^ \ o
 

t 

- D 

\ 

^ \ b30°*\ 

Ca t 41, 

7j 

B 

i 

" ""1» 

F 

Jt 

CAMBRIA S T E E L COMPANY 
STANDARD, 

Proportions of Heads, 

But ton Plead: 

Diameter = a = 

Height = b = 6/10 X d, 

Radius = 0 = f d + 1/16", 

Countersunk Head: 

Depth = f = 

Diametcr = g = same as a. 

Angle of Countersunk = 30°, 

Using the above formu ae wc get the following dimensions: 

Diamcter of 
Rivet " d , " 

K" 
%" 
y/ 
VB" 

%' 
%' V' 

W-i' 

a 

1,5. " 

l A " 
Wt' 
i i f ' 
iM" 

b 

.150" 

.225" 
,300" 
.375" 
,450" 
.525" 
,600" 
, 675 ' 

c 

M" 

TV" 

%" 
T I " 
2 9 'f 

f 

%" 
y/ i i . " 
32 

g 

I S '/ 

•3 

H/ 
l A " 
I M ' 
l i ^ " 
IM" 

In fignring c earanccs for Rivet Heads allow for heights as fohows: 

Í " for l" Rivets. | " for | " Rivets. 
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On account of the mass of detail íiguring necessary in structtiral 
members design, numerous tables are used. This catalogue is devoted as 
far as possible to the subject of rivets, We accordingly give thc following 
table for the weight of Structural rivets per 100, tfiese rivcts being the 
Standard Button Hcaded type, 

Approximate Weights of Rivets per 100, in Pounds 

Length 
Undcr 
H c a í 

Vl 

% 
,% 
7a 

1 
IVs 
VA 

% 3-16 

.58 .6 

.64 .7 

.70 .8 

.76 .9 

.82 1.0 

.88 1.1 

.94 1.2 
1% 1.(10 1.3 

VÁ 1.06 1.4 
1% 1.12 1.5 
1% 1.18 1.6 
V/a 1.2.1 1.7 

2 
2ys 
2% 
2% 

21/2 

2% 
2% 
2% 

3 
SVi 
3% 
3% 

4 
41/4 

4% 
4% 

5 
5Vi 
5V2 
5% 

6 
6% 
6^2 

6% 

7 

.30 1.8 
1.9 
2.0 
2.1 

2.2 
2.3 
2.4 
2,5 

2.6 
2.8 
3.0 
3.2 

3.4 
3,6 
3,8 
4.0 

4.1 
4.3 
4.5 
4.7 

4.9 
5.1 
5.3 
5.5 

5.7 

DIAMETEES 

>/4 

1.3 
1.5 
1.7 
1.8 

2.0 
2,1 
2,3 
2,5 

2,6 
2.8 
2.9 
3.1 

3.3 
3.4 
3.6 
3.7 

3.9 
4.1 
4.2 
4.4 

4.5 
4.9 
5.2 
5.5 

5.8 
6.1 
6.5 
8.8 

7.1 
7.4 
7.7 
8.1 

8.4 
8.7 
9.0 
9.3 

9.7 
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5-16 

1.9 
2.2 
2.4 
2.7 

2.9 
3.2 
3.5 
3.7 

4.0 
4.2 
4.5 
4.8 

5.0 
5.3 
5.5 
5.8 

6.1 
6.3 
6.6 
6.8 

7.1 
7.6 
8.1 
8.7 

9.2 
9.7 

10.2 
10.7 

11.3 
11.8 
12.3 
12.9 

13.3 
13.9 
14.4 
14.9 

15.4 

% 
3.5 
3.9 
4.3 
4.6 

.5.0 
5.4 
5.8 
6.1 

6.5 
6.9 
7.3 
7.6 

8.0 
8.4 
8.8 
9.1 

9.5 
9.9 

10.3 
10.6 

11. 
11.8 
12.5 
13.3 

14. 
14.8 
15.5 
16.3 

17. 
17.8 
18.5 
19.3 

20. 
20.8 
21.5 
22.3 

23. 

7-16 

5.7 
6.2 
6.7 
7.3 

7.8 
8.3 
8.9 
9.4 

9.9 
10.5 
11. 
11.5 

12. 
12.6 
13.1 
13.6 

14.2 
14.7 
15.2 
15.8 

16.3 
17.3 
18.4 
19.5 

20.5 
21.6 
22.6 
23.7 

( 
24.8 
25.8 
26.9 
27.9 

29. 
30.1 
31.1 
32.2 

33.2 



THE S. SEVERANCE MANUFACTURING COMPANY 

STRUCTURAL RIVETS 

Weîíh t in Pounds per 100 R vets w th Button Heads. CBlculattons Made from Actual Specimen 

Leneth 
Under Head 

Incbes 

Vt 

% Vi 

% 
1 

% 4 

% Vz 

% y* 
% 

2 

M. 
y» 

'1 % % % 
3 

% 
% % % % % % 

4 

% Î4 

% % % % % 
5 

% Ví 

% Va 

% % % 
6 

% >A 

% % 
% % % 

7 
l i 
l i 

% i^ % % % 

1-2 

7.19 
7.88 
8.58 
9.27 

9.96 
10.65 
11.35 
12.04 
12.73 
13.42 
14.12 
14.81 

• 15.50 
16.19 
16.89 
17.58 
18.27 
18.96 
19.66 
20.35 

21.04 
21.73 
22.43 
23.12 
23 .81 
24,50 
25,20 
25.89 

26.58 
27.27 
27.97 
28.66 
20.35 
30.04 
30.74 
31.43 

32.12 
32.81 
33.61 
34.20 
34.89 
35.58 
36.28 
36.97 

37,66 
38,35 
30,05 
39,74 
40,43 
41,12 
41.82 
42.51 

43.20 
43.89 
44.59 
45.28 
45.97 
46.66 
47.36 
48.05 

9-16 

9.84 
10.67 
11.51 
12.34 

13.17 
14.00 
14.84 
15.67 
16.50 
17.33 
18.17 
19.00 

19.83 
20.66 
21.50 
22.33 
23.16 
23.99 
24.83 
25.66 

26.49 
27.32 
28.16 
28.99 
29.82 
30.65 
31.49 
32.32 

33.15 
33 .98 
34.82 
35.65 
36.48 
37 .31 
38.15 
38.98 

39 .81 
40.64 
41.48 
42 .31 
43.14 
43.97 
44 .81 
45.64 

46.47 
47.30 
48.14 
48.97 
40.80 
50.63 
51.47 
52.30 

53.13 
53.96 
54.80 
65.63 
56.46 
57.29 
58 .13 
68.96 

DIAMETEE 

5-8 

13.18 
14.26 
15.34 
16.41 

17.49 
18.57 
19.65 
20.72 
21.80 
22,88 
23,96 
25,03 

26,11 
27,19 
28,27 
29,34 
30,42 
31,50 
32,58 
33.65 

34.73 
35.81 
36.89 
37.96 
39.04 
40.12 
41.20 
42.27 

43 .35 
. 44 .43 

45.51 
46.58 
47.66 
48.74 
49.82 
50.89 

51.67 
53.05 
54.13 
55.20 
66.28 
57.36 
58.44 
59.51 

. 60.59 
61.67 
62.75 
63.82 
64.90 
65.93 
67.06 
08.13 

69 .21 
70.29 
71.37 
72.44 
73.52 
74.60 
76.68 
76.75 

O F EIVETS, INCHES 

11-16 

16.64 
17.91 
19.19 
20.46 

21.74 
23.02 
24.29 
25.57 
26.85 
28.12 
29.40 
30.67 

31.96 
33.23 
34.50 
35.78 
37.06 
38,33 
39,61 
40 ,88 

42,16 
43.44 
44 .71 
45.09 
47.27 
48.54 
49.82 
51.09 

52.37 
53.65 
54,02 
56,20 
57.48 
58.75 
60.03 
61.31 

62.58 
63.83 
65,13 
66,41 
67,69 
68,96 
70.24 
71 .51 

72.79 
74.07 
75.34 
76.62 
77.89 
79.17 
80.45 
81.72 

83.00 
84.28 
85.66 
86.83 
88 .11 
89.38 
90.66 
91.93 

3-4 

21.55 
23.09 
24.63 
26.16 

27.70 
29.24 
30.78 
32,31 
33,85 
35,39 
36,93 
38,46 

40,00 
41,54 
43,08 
44.61 
46,15 
47,69 
49,23 
50,76 

52,30 
53,84 • 
55,38 
56 .91 
58.45 
59.99 
61.63 
63.06 

64.60 
66.14 
67.68 
69.21 
70.75 
72.29 
73.83 
75.36 

76.90 
78.44 
79.98 
81.51 
83.05 
84.59 
86.13 
.87.66 

89.20 
90.74 
92.28 
93.81 
95 .35 
96.89 
98.43 
99.96 

101.50 
103.04 
104.58 
106.11 
107.65 
109.19 
110.73 
112.26 

13-16 

26.52 
28 .31 
30.10 
31.89 

33.68 
35.48 
37.27 
39.06 
40.85 
42.64 
44.43 
46,22 

48 ,01 
49,80 
51,59 
5,1,39 
•55,18 
56,97 
58,76 
60.55 

62,34 
64,13 
66,92 
67,71 
69,50 
71,30 
73,09 
74,88 

76,67 
78,46 
80,25 
82,04 
83,83 
85,62 
87,41 
89.21 

91.00 
92,79 
04,58 
96,37 
98,16 
99.95 

101.74 
103.63 

106.32 
107.12 
108.91 
110.70 
112.49 
114.28 
116.07 
117.8S 

119.65 
121.44 
123.23 
125.03 
126.82 
128.61 
130.40 
132.19 

7-8 

30.35 
32,40 
34,45 
36,50 

38,65 
40,60 
42,65 
44,70 
46,75 
48,80 
50,85 
52,90 

54,95 
57.00 
59.05 
61.10 
63.15 
65.20 
67.25 
69.30 

71.35 
73,40 
75,45 
77.50 
79.55 
81.60 
83.65 
85.70 

87.75 
89.80 
91,85 
93,90 
95,96 
98,00 

100,05 
102,10 

104,15 
106,20 
108,25 
110,30 
112.36 
114.40 
116.45 
118.50 

120.55 
122.60 
124.05 
126.70 
128.75 
130.80 
132.85 
134.90 

136.95 
139.00 
141.05 
143.10 
145.16 
147.20 
149 25 
151.30 



THE S. SEVERANCE MANUFACTaRlNG COMPANY 

STRUCTUEAL RIVETS—WEIGHT IN POUNDS—Continued 

Lenifth 
Under Head 

Inches 

8 

% Vi 

% M 
% 
% 

9 

% Vt. 

% % % % % 
10 

V6 
Ví 

% Vi 

% % % 
11 

% Vi 

% 14 
% % % 

12 

% Ví. 

% % % ?4 
% 

13 

% "4 

% Vi 

% % % 14 

% Vi 

% % % % % 15 

Weight of 
100 Heads 

Button 
Cone 
Steeple 
Countersunk 

Weight of 
100 Shanlts 
1-in. long 

1-2 

48.74 
49.43 
50.13 
60,82 
51.61 
62.20 
52.90 
53.59 
54.28 
54.97 
66.67 
56.36 
57.06 
57.74 
58.44 
59.13 
59.82 
60.51 
61.21 
61.90 
62.69 
63.28 
63.98 
64.67 
65.36 
66.05 
66.75 
67,44 
68,13 
68.82 
69.62 
70.21 
70.90 
71.59 
72.29 
72.98 
73.67 
74.36 
75.06 
76.75 
76,44 
77.13 
77.8a 
78.52 • 
79.21 
79.90 
80.60 
81.29 
81.98 
82.67 
83.37 
84.06 
84.75 
85.44 
86.14 
86.83 
87.62 

4.42 
5.04 
4.82 
2.82 

5,64 

9-16 

59.79 
60.62 
61.46 
62.29 
63.12 
63.95 
64.79 
65.62 
66.45 
67.28 
68.12 
68.95 
69.78 
70.61 
71.45 
72.28 
73.11 
73,94 
74,78 
75,61 
76,44 
77,27 
78,11 
78,94 
79,77 
80,60 
81,44 
82,27 
83.10 
83.93 
84.77 
85.60 
86.43 
87.26 
88.10 
88,03 
89,76 
90,59 
91,43 
92,26 
93,09 
93,92 
94,76 
95.59 
96.42 
97.25 
98.00 
98.92 
99.75 

100.58 
101.42 
102.25 
103.08 
103.91 
104,75 
105.58 
106.41 

6.51 

6.66 

DIAMETER 

5-8 

77.83 
78.91 
79.99 
81.06 
82.14 
83.22 
84.30 
85.37 
86.45 
87.53 
88.61 
89,68 
90,76 
91.84 
92.92 
93.99 
96.07 
96.15 
97.23 
98.30 
99.38 

100.46 
101.54 
102.61 
103.69 
104.77 
105.85 
106.92 
108.00 
109.08 
110.16 
111.23 
112.31 
113.39 
114.47 
115.64 
116.62 
117.70 
118.78 
119.85 
120.93 
122,01 
123.09 
124.16 
125.24 
126.32 
127.40 
128.47 
129.55 
130.63 
131.71 
132.78 
133.86 
134.94 
136.02 
137.09 
138.17 

8.87 
9.83 

10.08 
5.22 

8.62 

OF EIVETS, INCHES 

11-16 • 

93.21 
94.49 
95.76 
07.04 
98.32 
99.59 

100.87 
102.14 
103.42 
104.70 
105.97 
107.25 
108.53 
109.80 
111.08 
112.35 
113.63 
114.91 
116.18 
117.46 
118.74 
120.01 
121.29 
122.69 
125.84 
125.12 
126.39 
127.67 
128.95 
130.22 
131.50 
132.77 
134.05 
135.32 
136.60 
137.88 
139,16 
140,43 
141,71 
142,98 
144,26 
145,64 
146,81 
148,09 
149,37 
150.64 
151.92 
153.19 
154.47 
155,75 
157,02 
158,30 

, 159,58 
160,85 
162,13 
163,41 
164,68 

11,53 
13,08 

10,21 

3-4 

113,80 
\\ã.?.i 
116,88 
118,41 
119,95 
121,49 
123,03 
124.56 
126.10 
127.04 
129.18 
130.71 
132.25 
133.79 
135.33 
136.86 
138.40 
139.94 
141.48 
143,01 
144,65 
146,09 
147,63 
149,16 
160,70 
152,24 
163,78 
155,31 
156,86 
158,39 
159,93 
161,46 
163,00 
164,54 
166,08 
167,61 
169,15 
170,69 
172.23 
173.76 
175.30 
176.84 
178.38 
170.91 
181.45 
182.99 
184.53 
186.06 
187.60 
189.14 
190.68 
192,21 
193,75 
195,29 
196,83 
198.36 
199.90 

15.40 
16.55 
14.19 
10.09 

12.30 

13-16 

133,98 
135,77 
137,66 
139,35 
141,14 
142,94 
144,73 
146,52 
148,31 
160.10 
151.89 
153,68 
155,47 
157,26 
159,06 
160,86 
162.64 
164,43 
166,22 
168,01 
169,80 
171,59 
173,38 
175,17 
176,90 
178,76 
180,55 
182,34 
184,13 
185,92 
187,71 
189,50 
191,30 
193,08 
194,87 
198,67 
198,46 
200,25 
202,04 
203,83 
205,62 
207,41 
209,20 
210,99 
212,78 
214,58 
216,37 
218,16 
219,95 
221,74 
223,53 
225,32 
227.11 
228.90 
230,69 
232,49 
234,27 

19.35 
20.24 
19.12 

14.33 

7-8 

153.35 
155,40 
157,45 
159,50 
161,55 
163.00 
165,65 
107.70 
169.75 
171.80 
173.85 
175,90 
177,95 
180,00 
182,05 
184,10 
186.15 
188.20 
190.25 
192.30 
194.35 
196.40 
198.45 
200.60 
202.65 
204,60 
206,65 
208,70 
210,75 
212,80 
214,85 
216,90 
218,93 
221,00 
223,05 
225,10 
227,13 
229,20 
231,25 
233,30 
235,35 
237,40 
239,45 
241,50 
243,55 
245,60 
247,65 
249,70 
251,75 
253,80 
255,85 
237,90 
259,95 
262,00 
204,05 
206,10 
268.15 

22,15 
24,30 
22,58 
15,45 

16.40 



THE S. SEVERANCE MANUPACTDRING COMPANY 

STRUCTURAL RIVETS—WEIGHT IN POUNDS—Continued 

Lengtji 
Under Hcad 

Inches 

• Ví 

% % % 
1 

• % 

y* 
% Vz 
% % % 

2 
Va 
Ví, 

% V2 

% 
% 

3 

% Vi 

% V2 

% 
'/a 

4 
W 
4̂ 

H 

% % y» 

5 

% !4 
% fe 
% % '/s 

6 

% >/» % '/2 

% 
'1 

7 

% '/4 

vl % % % 

15-16 

37,50 
39,84 
42,18 
44,52 

46,80 
49.20 
51.34 
33,88 
56,22 
38,36 
60,90 
63,24 

65,5S 
07,92 
70,20 
72,60 
74,94 
77,28 
70,62 
81,90 

84„S0 
86,64 
88,08 
01,32 
93,66 
96,00 
98.34 

100,68 

103,02 
103,36 
107,70 
110,04 
112,38 
114,72 
117,06 
119,40 

121,72 
124,00 
126,42 
128.72 
131.10 
133,44 
133,78 
138,12 

140,46 
142,80 
145,14 
147,48 
149,82 
152,16 
154,50 
156,84 

159,18 
161,62 
163,86 
166,20 
168,54 
170,88 
173,22 
175,56 

DIAMETER OF 

1 

43,83 
46,46 
49,10 
51.73 

54.36 
56.99 
69.63 
62.20 
64,89 
67,53 
70,16 
72,79 

7Í,42 
78.00 
80.69 
83,32 
85,90 
88,59 
91,22 
93,86 

96,49 
99.12 

101,75 
104,39 
107,02 
109,65 
112,29 
114,92 

117,55 
120,19 
122,82 
125,45 
128,08 
130,72 
133,35 
133,08 

138,62 
141,23 
143,88 
146,31 
149,13 
161,78 
154,41 
137,03 

159,68 
162,31 
164,95 
167,58 
170,22 
172,83 
175,48 
178,12 

180,73 
183,38 
186,01 
188,65 
191,28 
193,91 
196,55 
199,18 

1 1-16 

61,57 
54,58 
57,59 
60,59 

63,00 
06,60 
69,61 
72,62 
73,62 
78,63 
81,63 
84,04 

87,63 
90,65 
93,06 
96,66 
99,67 

102,08 
105,68 
108,69 

111,69 
114,70 
117,70 
120,71 
123,72 
126,72 
129.73, 
132,73 

135,74 
138,74 
141,75 
144,75 
147.70 
150.77 
153,77 
136,78 

159,78 
162,79 
165.80 
168.80 
171,81 
174,81 
177,82 • 
180,83 

183,83 
186,84 
189,84 
192,85 
195.86 
198.86 
201.87 
204.87 

207.88 
210,88 
213,89 
216.90 
219.90 
222.91 • 
225,01 
228,92 

EIVET, INCHES 

1 1-8 

71.94 
75.32 
78.70 
82.08 
S5,46 
88,84 
92,22 
95,60 

98,98 
102,36 
105.74 
109.12 
112.30 
115.88 
119.20 
122.64 

126.02 
129.39 
132.77 
136,15 
139,53 
142,91 
146,29 
149,67 

133,03 
136,43 
139,81 
163,19 
166,37 
109,93 
173,33 
176,71 

180,09 
183,47 
186,85 
190,23 
193,61 
196,98 
200,36 
203,7.4 

207,12, 
210,30 
213,88 
217,26 
220,04 
224,02 
227,40 
230,80 

234,16 
237,34 
240,92 
244,30 
247,68 
251,06 
254,44 
257,82 

1 3-16 

86,71 
90,49 
94,27 
98,05 

101,83 
103,61 
109,39 
113,17 

.116,93 
120,73 
124,51 
128,29 
132,07 
135,83 
139,03 
143,41 

147,20 
150,98 
154.76 
158,54 
162,32 
166,10 
160,88 
173,60 

177.44 
181.22 
183.00 
188.78 
192,56 
190,34 
200,12 
203,90 

207,68 
211,40 
215,25 
219,03 
222,81 
226,39 
230,37 
234,13 

237,93 
241,71 
243,49 
249,27 
253,05 
256,83 
200.01 
264.39 

268.17 
271.95 
275.74 
279.52 
283.30 
287.08 
290.86 
294.64 

1 1-4 

99,20 
103,37 
107,54 
111,72 
115,,^9 
120,07 
124,24 
128,41 

132,59 
136,76 
140,94 
143,11 
149,28 
153,46 
157.63 
161,81 

165,98 
170,16 
174,33 
178,50 
182,68 
186,85 
101,03 
195,20 

109,37 
203,56 
207,72 
211,90 
216,07 
220,24 
224,42 
228,59 

232,77 
236,94 
243,11 
245,29 
24y,46 
253,64 
237,81 
261,98 

266,16 
270,33 
274,51 
278,68 
282,85 
287,03 
291,20 
295,38 

290,55 
303,72 
307,90 
312,07 
316,25 
320,42 
324,69 
328.77 



THE S. SEVERANCE MANUFACTURING COMPANY 

STRtJCTURAL RIVETS—WEIGHT IN POUNDS—Continued 

Length 
Under Head 

Inches 

8 

% Vi 

% Vs 
% % % 

9 

% Vi 

% Vz 
% % % 

10 

% Vi 

% V, 
% % '/s 

11 
Va 
y« 
% ŷ  
% % '/s 

12 

% Vi 

% % % ?4 
'̂  13 
Va 
Vi 

% V2 

% % % 14 
V» 
Vi 

% V, 

% 
% 

15 

Weieht of 
100 Heads 

Button 
Cone 
Stcepl^ 
Countersunk 

Wei ht of 
100 Shanks 

3-in. long 

16-16 

177.90 
180,24 
182,58 
184,92 
187,26 
189,60 
191,94 
194,28 
196,59 
198.93 
201,27 
203,61 
205,95 
208,29 
210,63 
212,97 
215,30 
217,65 
219,99 
222,33 
224,67 
227,01 
229,35 
231,69 
234,03 
236,37 
238,71 
241,05 
243,39 
245,73 
248,07 
250,41 
252,75 
255,09 
257,43 
259,77 
262,11 
264,45 
266,79 
269,13 
271,47 
273,81 
276,15 
278,49 
280,83 
283,17 
285,51 
287,85 
290,19 
292,33 
294,87 
297,21 
299,53 
301,89' 
304,23 
306,57 
308,88 

28.14 
30.10 
28.97 
,19.12 

18.72 

DIAMETER OF 

1 

201.81 
204.45 
207,08 
200,71 
212,34 
214,98 
217,61 
220,24 
222,88 
225,51 
228,14 
230,78 
233,41 
236,04 
238,67 
241.31 
243.92 
246.56 
249,19 
25L82 
254,45 
257.09 
259.72 
262.35 
264,98 
267,62 
270,25 
272,89 
275,52 
278,15 
280,78 
283,42 
286,05 
288.68 
291,32 
293,95 
296,58 
299,22 
301,85 
304,48 
307,11 
309,76 
312,38 
33 5,01 
317,65 
320,28 
322,91 
325,65 
328,18 
330,81 
333,44 
336,08 
338,71 
341,34 
343,98 
346,01 
349,23 

33,30 
37,08 
37,19 
22,74 

21,06 

1 1-16 

231,93 
234,93 
237,94 
240,94 
243,95 
246,95 
249,90 
252,96 
255,97 
25S,9S 
261.98 
264.99 
267.99 
271.00 
274,01 
277.01 
280:02 
283.02 
286.03 
289.04 
292.04 
295.05 
298.05 
301.06 
304.07 
307.07 
310.08 
313,08 
316,09 
319.10 
322.10 
325.11 
328.11 
331.12 
334.12 
337.13 
.340.14 
343.14 
346.15 
349.15 
352,16 
366,17 
358.17 
361.18 
364.18 
367.19 
370.20 
373,20 
376.21 
379.21 

. 382.22 
385,23 
388.23 
391.24 
394.24 

, 397.25 
400.25 

39.55 
45.37 
41.27 
27.09 

24.05 

RIVET. INCHES 

1 1-8 

261.20 
264,57 
267,95 
271,33 
274,71 
278,09 
281,47 
284,86 
288,23 
291,61 
294,99 
298,37 
301,75 
305,13 
308.51 
311.89 
316.27 
318.65 
322.03 
325.41 
328.79 
332.16 
335.64 
338.92 
342.30 
345.68. 
349.06 
352.44 
335,82 
359,20 
362,58 
365,96 
369,34 
372,72 
376,10 
379,48 
382,86 
386.24 
389.62 
393.00 
396.38 
399.79 
403.13 
406.61 
409.89 
413.27 
416.66 
420.0.3 
423.41 
426.79 
430.17 

. 433.55 
436.93 
440.31 
443.69 
447.07 
460.45 

44.91 
53.24 
55.03 
30.01 

27,04 

1 3-16 

298,42 
302,20 
303,98 
309,76 
313,54 
317,32 
321,10 
324,88 
328,66 
332,44 
3,36,22 
340,01 
343,79 
.347,57 
351.35 
355.13 
358.91 
362.69 
366.47 
370,26 
374,03 
377,81 
381,59 
385,37 
389.15 
392.93. 
396.71 
400.49 
404.28 
408.06 
411.84 
415.62 
419.40 
423.18 
426.96 
430.74 
434.52 
438.30 
442.08 
445.86 
449.64 
453.42 
457.20 
460,98 
464,77 
468,55 
472.33 
476,11 
479,89 
483,67 
487:45 
491,23 
496,01 
498.79 
602.57 
606.30 
610.14 

66.46 
63.96 

30.25 

1 1-4 

3.32,96 
337.13 
341.31 
345,48 
349,66 
353,83 
358,00 
362,18 
366,35 
370,53 
374.70 
378.87 
383.05 
387.22 
391.40 
395.57 
399.74 
403.92 
408.09 
412.27 
416.44 
420.61 
424.79 
428.96 
433.14 
437.31 
441.48 
445.66 
449.83 

• 454,01 
468,16 
462,36 
466,53 
470.70 
474,88 
479,05 
483,23 
487.49 
49L57 
496.76 
499.92 
604.10 
508.27 
512.44 
510.62 
,«20.79 
624.97 
629.14 
633.31 
537.49 
541.66 
545.84 
550.01 
554.18 
558,38 
562,56 
566,73 

66,80 
73,83 
72,09 
42,64 

33,40 



THE S, SEVERANCE MANDFACTURING COAiPANY 

STRUCTURAL RIVETS—WEIGHT IN POUNDS—Continued 

Length 
Under Head 
Inches 

1 

% Vi 

% Vi 

% % % 
2 

Vk 
í4 

% Ví 

% % '/» 
3 
44 
Vi 

% 44 

% \ % 
4 
H 
44 

% Vî 

% % % 
5 
Vs 
44 

% 44 

% % '/4 

6 
4i 
44 

% 44 

% % % 
7 
44 
44 

% 44 

% ?4 
í 

8 
44 
44 

% 44 

% ?4 
4 

1 5-16 

104,56 
109,15 
113,74 
118,33 
122,92 
127.51 
132,10 
130.69 

141,28 
146,87 
150,46 
155,05 
169,64 
164,23 
168,82 
173,41 

178.00 
182.59 
187.18 
191,77 
196,36 
200,96 
205,54 
210,13 

214,72 
219,31 
223,90 
228,49 
233,08 
237,67 
242,26 
246,85 

251,44 
256,03 
260,62 
265,21 
269,80 
274,39 
278,98 
283,57 

288,16 
292,75 
297,34 
301,93 
306,52 
311,11 
315,70 
320,29 

324,88 
329,47 
334,06 
338,65 
343,24 
347,83 
362,42 
367,01 

361,60 
366.19 
370.78 
376.37 
379.96 
384.55 
389.14 
393,73 

DIAMETEK OE 

1 3-8 

130.86 
135.91 
140.95 
145.99 
151,04 
156.08 
161,12 
106;i6 

171,21 
lf6.25 
181,29 
186.34 
191.38 
196.42 
201.47 
206.51 

211.55 
216.59 
221.64 
226.68 
231.72 
236.77 
241.81 
246.85 

251.90 
256,94 
261,98 
267,03 
272,07 
277,11 
282.15 
287.20 

292.24 
297.28 
302,33 
307.37 
312.41 
317.46 
322,50 
327,54 

332.58 
337.63 
342.67 
347.71 
362,76 
357,80 
362,84 
367,89 

372,93 
377,97 
383,01 
388,06 
393,10 
398,14 
403,19 
408,23 

413,27 
418,32 
423,36 
428,40 
433,44 
438,49 
443.53 
448.57 

1 7-16 

141.29 
146.78 
162.28 
167.77 
163.26 
168.75 
174.25 
179.74 

185.23 
199.72 
196.22 
201.71 
207.20 
212.69 
218.19 
223.68 

229.17 
234.66 
240,16 
245,05 
251,14 
256,63 
262,13 
267,63 

273,11 
278,60 
284,10 
289,69 
295,08 
300,67 
306,07 
311.66 

317,05 
322,54 
328,04 
333,53 
339,02 
344,51 
350,01 
355,60 

360,99 
366,48 
371,98 
.377.47 
382,96 
388,45 
393,05 
399,44 

404.93 
410.42 
415.92 
421,41 
426,90 
432,39 
437,89 
443.38 

448.87 
464.36 
459..86 
465.35 
470.84 
476.33 
481.83 
487.32 

EIVET, INCHES 

1 1-2 

158.29 
164,30 
170,30 
176,31 
182,32 
188.33 
194.33 
260.34 

206.36 
212.36 
218.36 
-224.37 
230.38 
236.38 
242.30 
248.40 

254.41 
260.41 
266,42 
272,43 
278,44 
284.44 
290.45 
296.47 

302.47 
308,47 
314,48 
320,49 
326,50 
332,50 
338.61 
344,52 

350.52 
356,53 
362,54 
368,65 
374,56 
380.56 
386.67 
392.58 

398.59 
404,59 
410,60 
416,61 
422,61 
428,62 
434,63 
440,64 

446,64 
462,65 
468,66 
464,67 
470,67 
476,68 
482.69 
488.70 

494.70 
500.71 
506.72 
512.72 
618.73 
624.74 
530.75 
636.75 

1 9-16 

175.77 
182.24 
188.71 
195.17 
201.64 
208.11 
214.58 
221.04 

227.51 
233.98 
240.46 
246.91 
263.38 
259.85 
266.32 
272.78 

279.26 
286.72 
292,19 
298,65 
305,12 
311,59 
318,06 
324,52 

330,99 
337,46 
343,93 
350,39 
356,86 
363,33 
369,80 
376,26 

382,73 
389,20 
395,67 
402,13 
408.60 
415.07 
421.54 
428.00 

434.47 
440.94 
447.41 
Í53.88 
460.34 
466.81 
473.28 
479.74 

486.21 
492.68 
499.15 
505.61' 
512.08 
518.65 
525.02 
531.48 

537.95 
644.42 
550.89 
567.35 
563,82 
570,29 
576,76 
583,22 

1 5-8 

197.20 
204.26 
211.31 
218.37 
225.42 
232.48 
239.53 
246.59 

253.64 
260.70 
267.75 
274.81 
281.86 
288.92 
295.97 
303.03 

310.08 
317.14 
324.19 
331.25 
338.31 
345.36 
362.41 
369.47 

. 366.52 
373.58 
380.63 
387.69 
394.74 
401.80 
408.86 
415.91 

422.96 
430.02 
437.07 
444.13 
461.18 
458.24 
466.29 
472.35 

479.40 
486.46 
493.53 
500.57 
507.62 
514.68 
521.73 
628.79 

535.84 
542.90 
549.96 
557.01 
604.06 
671.12 
578.17 
585,23 

592.28 
599.36 
606.39 
613.46 
620.50 
627.66 
634.61 
641.87 



THE S, SEVERANCE MANUFACTURING COMPANY 

STRUCTURAL RIVETS—WEIGHT IN POUNDS—Continued 

Length 
Under Head 

Inchcs 

9 
44 
Vi 

% 44 

% '/a 

10 
44 
44 

% y2 

% % '/8 

11 
Ví 
Vi 

% 44 

% % '/s 

12 
44 
44 

% ys 
% « 'A 

13 
44 
Vi 

% 'i 
% ?4 
'.4 

14 
44 
44 

% 44 

% % '/4 

15 

Weight of 
100 Heads 

Button 
Cone 
Steeple 
Countersunk 

Weight of 
100 Shanks 

1-in, long 

1 6-16 

398,32 
402,91 
407,50 
412,09 
416,68 
421.27 
426,66 
430,45 

435,04 
439,63 
444,22 
448,81 
453,40 
457,99 
462,58 
467.17 

471.76 
476.35 
480.94 
485.53 
490.12 
494.71 
499.30 
603.89 

508,48 
513,07 
517,68 
522,25 
626,84 
531.43 
636.02 
540.61 

546.20 
549.79 
554.38 
558.97 
563.56 
568.16 
672.74 
577.33 

681,92 
686,51 
691,10 
595,69 
600,28 
604,87 
609.46 
614.05 

618.64 

67,84 
187,90 

36,72 

DIAMETER OF 

1 3-8 

463,62 
458,66 
463,70 
468,75 
473,79 
478,83 
483.87 
488.92 

• 493.96 
499.00 
504.05 
509:09 
614.13 
519.18 
524,22 
629,26 

534,30 
639,35 
644,39 
549,43 
554,48 
659,52 
564,56 
669,61 

574.65 
679.69 
584.73 
589.78 
594.82 
699.86 
604,91 
609.95 

614.99 
620.04 
625.08 
630.13 
635.16 
640.21 
645.25 
660,29 

665,34 
660,38 
665.42 
670.46 
676.51 
680.55 
685.59 
690.64 

696,68 

90.52 
99.50 

40,34 

1 7-16 

492,81 
498.30 
503.80 
509.29 
614.78 
620.27 
626.77 
531.26 

536.75 
542.24 
547.74 
563.23 
668.72 
564.21 
569.71 
575.20 

580.67 
586.18 
591.68 
597.17 
602,66 
608.15 
613.65 
619.13 

624.63 
630.12 
635.62 
641.11 
646.60 
652.09 
657.59 
663.08 

668.57 
674.06 
679.56 
685.05 
690.54 
696.03 
701.53 
707.02 

712.61 
718.00 
723.50 
728.99 
734.48 
739.98 
745.47 
760.96 

766.45 

97.35 
109.10 

43.94 

EIVET, INCHES 

1 1-2 

642.76 
648.77 
664.78 
560.78 
566.79 
572.80 
578.81 
584.81 

690.82 
696.83 
602.84 
608.84 
614.86 
620.86 
626.87 
632.87 

638.88 
644.89 
650.89 
656.90 
662.01 
668.92 
674.92 
680.93 • 

686.94 
692.95 
698.95 
704.97 
710.97 
716.98 
722.98 
728.99 

736.00 
741.01 
747.01 
753.02 
759.03 
765.04 
771.04 
777.05 

783.06 
789.07 
795.07 
801.08 
807.09 
813.09 
819.10 
825.11 

831.12 • 

110.23 
130.55 

48.06 

1 9-16 

589.69 
696.16 
602,63 
609,09 
615,56 
622,03 
628.50 
634.96 

641.43 
647.90 
664.37 
660.83 
667.30 
673.77 
080.24 
686.70 

693.17 
699.64 
706.11 
712.57 
719.04 
,725.61 
731.98 
738.44 

744.91 
761.38 
767.86 
764.31 
770.78 
777.25 
783.72 
790.18 

796.65 
803.12 
809.59 
816.05 
822.52 
828.99 
836.46 
841.92 

848.39 
854.86 
861.33 
867.79 
874.26 
880.73 
887.20 
893.66 

900.13 i 

124.03 
138.40 

81.74 

1 5-8 

648.72 
656.78 
662.83 
669.89 
676.94 
684.00 
691.06 
698.11 

705.16 
712.22 
719.27 
726.33 
733.38 
740.44 
747.49 
754.56 

761.60 
768.66 
775.71 
782.77 
789.82 
796.88 
803.93 
810.99 

818.04 
826.10 
832.15 
839.21 
846.26 
853.32 
860.37 
867.43 

874.48 
881.64 
888.59 
896.65 
902.70 
909.76 
916.81 
923.87 

930.92 
937.98 
945.03 
952,09 
969,14 
966,20 
973,26 
980,31 

987,36 

140,76 
152,93 

66.44 



THE S. SEVERANCE MANUFACTURING COMPANY 

In order to estiniate the required amount of rivet shank to fonri a 
head, the following table should be consulted. 

L E N G T H O F R I V E T S R B Q U I R E D P O R V A R I O U S 
G R I P S INOIiUDING- A M O U N T N B O B S S A R Y 

TO F O R M O N B H B A D . 
- Grip-

Grîp of 

m noheE., 

i 
1 

lf 
V-A t 
IJI 
2 

aví 2y. 

1 
i 
3 
•i)4< 
3M 
8 % 
3 K 
3 î l 
3 | í 

3îl 
4 

« •IM 

« 
i 
ti 5 
5K 
6?í 
5K 
°<l i 6 

4 

1 
V/e 

V-A 
1% 

1 
VA 
•M 

sj-á 
2-k 
2 j | 
3 
3 ! , Î ; 

3X 
3 ' > | 
Sîl 

4 

4 j l 

*á 
få 
6 
5 t í 

al 
Í 
'li 6 
OîíS 

6 ? ! 
6 > | 

D i a m e t e r o f Civet i i i I n c l i e s . 

8 

v/ 
V/a 2 
2 ; Í 
24!; 
2 % 
2 K 
2>Í; 

2M 
2JI 
3 
3!í 
3 ! í 

•i-Å 
•S/i 

^Ve 
4 
4 % 
4!4 
4»/á 
4 % 
4 ) í 
4M 
4 % 
5 
5!^ 
6!4 
5'>é 

5K 

5 % 
0 

« 
1 
6 j | 

1 / / 
2 

ly, 
i-îl 

i > í 
2 
2)i; 
2!4 
2 X 
2>S 
2»4 
2 / í 
3 ! ^ 
3>í 
•í/s 
s% 
f/« 
3 > | 
4 

4!i; 
4 !^ 
4 ? ! 
4^S 
4 Í Í ; 
i/i 
4 ; l 
5 

5>Í; 

544 
.5X 
SVÍ 
5 V 
5íá 
6 

6 ! í 

e>î 6>í 
6>l 
lî?4 
6>l 
7 

l/i 

r/ 

2 
2 ! í 
2 ) í 
93^ 
2K 
2'>l 
254 

3 
3 - í 

^YH 
••i/i 
•Í'Å 

i 4 
44J; 

4!á 
4 % 
4 > | 
4->l 
^Á 
5 

6!4 
£>'>8 

6)^ 
5>é 
.5JÍ 
6>í 
6 

(>% 6!4 

^ • > Í ; 

6îl 

7!^ 
7 ! í 

?i! 
7>l 

3 / / 

1 % 
2 
2i,< 
2Í4 
2 K 
2>í 
2>í 
2 % 
3 
3 ! ^ 
S!4 
3>î 
SJá 
3>-á 
3>4 
3>2 
4 
4>^ 

4 X 
4k 
4>s 
5 

5>^ 

55̂  
.6)!Í 
6>á 
6 
6>< 
64í 
ny 
^•>á 

6>4 
6>l 
7 

7!^ 
7>í 
7 ? ! 

1 
7>á 

11! 
8 

2 
2>Í; 
2i4 
2>l 
2K 
2^>á 
•Z/i 
3 

•i% 

S'/s 
•i% 
»/s 

í>/3 
4 
4 ! Í ; 

4)1; 
4 % 
4>í 

'6'< 
5 4 

5 > | 
5 % 
S/i 
5îl 
6 
6!^; 
6M 

6% 
6>á 
7 
7X 
7H 
V/s 

i 

1 " 

2Î4 

"^Yi 
•Z/s 
•2% 

2K 
2 « 
2>l 
3 
3>á 
3>4 

S/a 

••í/i 
•i/s 
4 

'•;-? 
4!4 
*>á 
4>< 
•1'>I 
4 J Í 
5 
6 > | 5g 
.6̂ >l 

S/i 

a/s 
6 
6 K 

6»! 

6X 
s'Z 
1 

iy» 
f M v/i 
7îl 
8 

1 1 / ' 
,^8 

2>4 
2 % 
•2% 
2>l 
2?4 
2>Í 
3 
•i% 

»'4 3>á 
3>á 
3>4 

3>á 
4 
4!^Í; 

4JÍ 
-1% 

7J 4 % 
,4 |á 

4>Í; 
5 
5>4 
651 

1 
5>s 
6 
6 K 
6>4 
6^>á 
6>< 
6>l 
e/i 
6>l 
7 . ' 
74f; 

i i T>4 
8>á 

A m o u n t i n l cSies t o toe s u b t r a c t e d f ron i a b o v e 
lenjgt l i s f o r c o u n t e r s u n t e M e a d s . 

I îá \ /i \ y. I I 5-á I / r \ % I >í 

86 



TABLES OF AREAS ÍN SQUARE INCHES, TO BE DEDUCTED FROM 
RIVETED PLATES OR SHAPES TO OBTAIN NET AREAS. 

Vi 

.06 
,0f 
,09 
,11 

,33 
,34 
36 
.17 

.19 

.20 
,22 
,23 

,25 
,27 
,28 
.30 

.31 
,33 
,S4 
,36 

,38 
,30 
,43 
.42 

.44 

.45 
,47 
,48 
„Í0 

ív, 

.0,S 

.30 

.32 

.14 

.36 

.38 

.20 

.23 

,23 
,25 
,27 
,29 

,33 
,33 
,35 
.37 

,39 
,41 
,43 
,45 

,47 
.49 
.63 
.53 

.>5 

.57 

.,59 

.61 

.83 

'Á 

.09 

.32 

.34 

.36 

,39 
,23 
,23 
,26 

,28 
,39 
,33 
,35 

,38 
.40 
,42 
,45 

,47 
,49 
.5'2 
.54 

,56 
.69 
.61 
.63 

.66 

.68 

.70 

.73 

.76 

TG 

.31 
,14 
,36 
,39 

,22 
,2,T 
,27 
,30 

,33 
,36 
,38 
,43 

,44 
,46 
,49 
,52 

.55 

.57 
,60 
,63 

,66 
,68 

,,73 
.74 

.77 

.79 

.82 

.86 

.88 

X 
.13 
.16 
.19 
.22 

.25 

.2S 

.31 

.34 

.38 

.43 

.44 

.47 

.50 

.53 

.56 

.69 

.63 

.66 

.69 

.72 

.76 

.78 

.83 

.84 

.88 

.93 

.94 

.97 
1.00 

A 
.34 
.38 
.23 
.25 

.28 

.32 

.36 

.39 

.42 

.46 

.49 

.63 

.56 

.60 

.63 

.67 

.70 

.74 

.77 

.81 

.84 

.88 

.91 

.96 

,98 
1.02 
1,06 
1,09 
3,33 

»/á 
,16 
,20 
,23 
,27 

,33 
,35 
,39 
,43 

.47 

.53 

.65 

.69 

.63 
,66 
,70 
,74 

,78 
,82 
,86 
,90 

,94 
,98 

3,02 
1,05 

1,09 
1,13 
1,17 
1,21 
1,25 

iá 

,17 
,21 
,26 
,30 

,34 
,39 
,43 
.47 

.52 

.56 

.60 

.64 

.69 

."3 

.77 

.S2 

.86 

.90 
,95 
,99 

1,03 
1,07 
1,12 
1,10 

1,20 
1,25 
1,29 
1,33 
1,38 

Vi 

.19 

.23 

.28 

.33 

.38 

.42 

.47 

.62 

,56 
.61 
.66 
,70 

.75 
,80 
,84 
.89 

.94 

.98 
1.03 
1,08 

1,33 
1.17 
1.22 
1,27 

1,33 
3,36 
1,43 
1,45 
1,50 

H 
.20 
.25 
.30 
.36 

.41 

.46 

.51 

.56 

.63 

.66 

.73 

.76 

.83 

.86 

.93 

.96 

3,02 
1,07 
1,32 
1,37 

1,22 
1,27 
1,32 
1.37 

3,42 
3,47 
3.52 
1.57 
1.83 

Y 
.lã 
.27 
,33 
.38 

.44 
,49 
,55 
,60 

,66 
.73 
.77 
.82 

.88 

.93 
,98 

1,04 

3,09 
3,15 
1,20 
1,26 

3,33 
3,37 
1,42 
1,47 

1,63 
1,59 
3.64 
1,70 
1,75 

S I 2 ; E o i p n o i : , E , 

iS 

,23 
,29 

',35 
. ,43 

,47 
,53 
,69 
,64 

.70 

.76 

.82 

.88 

.94 
3,00 
3,05 
1,13 

3,37 
3,23 
1.2!) 
1.35 

3,43 
3,46 
3,62 
1,68 

1,64 
1,70 
1,76 
3.82 
3,SS 

I n c l t e s * 

1 

,25 
.31 
.3,'i 
.44 

.60 

.56 

.63 

.69 

.75 

.83 

.88 

.94 

1,00 
1,06 
1,13 
1,19 

1,25 
1,31 

1-A.jiX 
,27 ,28 
,33 i ,35 
,40 : ,42 

I f . 

,30 
,37 
.45 

,46 f .49 .62 

. 6 3 ! .56 .59 
,60 ,63 ,67 
,66 
,73 

,80 
,86 
,93 

1,00 

1,06 
1,33 
1,20 
1,26 

1,33 
1,39 

1,38 1,46 
3,44 

3,50 
1,66 
1.63 
1,69 

1,75 
1,83 

1,63 

),59 
1,66 

,70 
.77 

.84 

.91 

.98 
1,05 

1,33 

.74 

.82 

,89 
,96 

3,04 
3,31 

3,19 
3,2(1 3,26 
3,27 3,34 

1>Í 

,33 
.39 
.47 
,56 

,63 
,70 
.78 
.86 

.94 

l î s 

,33 
,41 
.49 
.57 

.66 

.74 

.82 

.90 

.98 
3,02 3,07 
3,09:1,35 
3,37 

3.26 
],33 
3,43 

3,34 3,13 3,48 

141 
1,43 
155 
1,62 

3,69 
3,70 

1,48 
1.56 
1,63 
1,73 

3,78 
3,86 

3,56 

1.23 

1,31 
1,39 
1,48 

V/s 

,31 
,43 
,52 
,60 

,69 
,77 
.86 
.95 

1,03 
1,12 
1,20 
1,29 

1,38 
1,46 
1,55 

l,56f 1.63 

1,64 
3,64'3,72 
1,72,1,80 
1.80 

1,85 
1,95 

1,73 3,33 3,93 2.03 
1,7913,90:2,00 2,31 

1 
1,86 1,971208 2,19 
1,93 2,04|2,)5;2,27 

1,88 3,9312,3312,23 2,34 
1,94 2,0612,18,2,30 2,42 
2,00 2,33 2.25'2,38'2,60 

1,89 

1,97 
2,05 
2,13 
•2,21 

2.30 
2,38 
2,46 
2,54 
2,63 

1,72 
1,80 
1,89 

1 / . 

,36 
.45 
.54 
.63 

.72 

.81 

.90 

.99 

1.08 
1.17 
1,26 
1,36 

1,44 
1,53 

I X 

,38 
.47 
,56 
,66 

.75 

.84 

.94 
1.03 

1.13 
1.22 
1,31 
1,41 

1„50 
1,69 

l,62ll,69 
1,7111,78 

3,80'3,88 
1.89 
3,98 

1,98:2,07 

2,06 
2,15 
2,23 
2,32 

2,41 
2.49 
2,58 
2,66 
•2.75 

2,36 
2,25 
2.34 
2,43 

2,52 

1,97 
2,06 
2,16 

2,25 
2,34 
2,44 
2,53 

2,63 
2.63 2,72 
2,70| 2,81 
2,79,2,91 
2,88l3.00 

l A 

.39 

.49 
,59 
.63 

.78 

.88 

.98 
1.07 

1.17 
3,27 
1,37 
1.46 

1,66 
1,66 
1,76 
1,86 

1,95 
2,05 
2,15 
2,25 

2,31 
2,44 
2,54 
.2,64 

2,73 
2,83 
2,93 
3,03 
3,13 

Ws 

.41 

.53 

.63 

.73 

.83 
,93 

3,02 
3,12 

1,22 
1,32 
3,42 
1,52 

1,63 
1.73 
1,83 
1,93 

2,03 
2,13 
2,23 
2,34 

2,44 
2,54 
2,64 
2,74 

2.84 
2,95 
3,05 
3,15 
3,26 

l i i 

,42 
,53 
,63 
,14 

,84 
,95 

3,05 
1.36 

1,27 
1,37 
1,48 
1,58 

1,69 
1,79 
1,90 
2,00 

2,11 
2,21 
2,32 
2,43 

2,53 
2.64 
2,74 
2,86 

2.96 
3,06 
3,16 
3,27 
3,38 

I X 

,44 
.66 
,66 
.77 

.88 

.98 
1,09 
1,20 

1,31 
1,42 
1,53 
1,64 

1,75 
3,8« 
3,97 
2,08 

2,19 
2,30 
2,43 
2,52 

2,63 
2,73 
2.84 
2,96 

3,06 
3 37 
3,28 
3,39 
3,60 

l i § 

,46 
,57 
,68 
.79 

.93 
1,02 
1,33 
1.25 

1,36 
1,47 
1,59 
1,70 

1,81 
1,93 
2,04 
2,15 

2,27 
2,38 
2,49 
2,61 

2,72 
2,83 
2,95 
3,06 

3,17 
3,29 
3,40 
3,51 
3,63 

Wa 

,47 
,69 
,70 
,82 

,94 
1,05 
1,17 
1,29 

1,41 
1,52 
1,64 
1,76 

1,88 
1,99 
2,11 
2,23 

2,34 
2.46 
2,68 
2,70 

2,81 
2,93 
3,05 
3,16 

328 
3,40 
3,62 
3,63 
3,75 

l i S 

,48 
,(il 
.73 
,85 

,97 
1,09 
1,21 
1,33 

1,46 
1„57 
1,70 
3,82 

1,94 
2,06 
2,18 
2,30 

2,42 
2,54 
2,66 
2,79 

2,91 
3,03 
3.15 
3.27 

3.39 
3.51 
3,63 
3,75 
3,88 

S 

,50 
.63 
:75 
,88 

1,00 
1,13 
1,25 
1,38 

1,50 
1,63 
1,76 
1,88 

2,00 
2,13 
2,25 
2,38 

2,50 
2.63 
2,75 
2,88 

3.00 
3.13 
3,25 
3,38 

3.50 
3 63 
3,75 
3,88 
4,00 

1>< 

>í 

liS 

ik 
lil 

13-



THE S, SEVERANCE MANUPACTURING COMPANY 

In the design of Riveted joints for .str(ictu.ral purposes the total stress 
t ra r smi t ted is assumed to be talicn up by the rivets, r o aJlo-wance being 
madc for friction of the plates riveted together, Tlie m<anner of failure is 
assumed as the shearing of the rivcts, or the crushing of tlie plate, 

The folio-wing observations are consistant with good design, and the 
recommendations of the Ame)*ican Bridge Company will first bc givcn, 

(1,) The riveted parts of structures shall be designcd so tha t the stress 
.shall not cxceed the follo-ffing amounts in pounds per sciuare inch, 
Shear on Shop Rivets 12000 pounds per sq, in, 
Shear on Field Rivets 10000 pounds per sq, in, 
Bearing pressure on Shop Rivets 24000 pounds per sq, in, 
Bcaring pressure on Field Rivets 20000 pounds per sq, in, 

(2), No connections, excepting lattice bars, shal have less than 2 rivets, 

(3), Trusscs sliall preferably be rivcted structures, 

(4), The minimum distance between centers of rivet holes sha l be thrcc 
dia3T3etcrs of the rivet, 

(5), The di,stancc from center to center of rivet holes shall p>referably be 
not less than : 

3 " for } " rivets, 
2 i " for î " r i v c t s , 
2" for f" rivets, 
l î " for i " rivets, 

(6), The maximum pitch iu the line df stress for members composed of 
plates and shapes wil be: 

.6" for I " rivets, 
6" for f" rivets, 
4 i " for f" rivets, 
4" for j " rivets, 

(7), The maximum pitch for angles in built up sections with two gage 
lincs with rivcts staggered shall be twice t ha t given in (6), 

(8), W h c r e t w o or more platcs are in contact, 3ivets not more than 12 
inches apar t in eithcr directio3i sha1I bc used to hold the plates to-
gether, 

(9), The minimum distance from the ccnter of any rivet hole to a sheared 
edge shall be: 

b j " for i" rivets, 
I j " for I " rivets, 
l i " for f" rivets, 
1" for t " rivets. 
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(10), The mi^iimum distance from the ccnter of any rivet hole to a RoIIed 
cdge shall be: 

I J " for i" rivets, 
íi" for -1" rivets, 
1" for f" rivets, 
f" for I " rivets, 

(11), The 3Tiaximum distance from the center of any rivet hole to the edge 
of a plate shall be 8 times the thickness of the plate, 

(12), Thc Pitch of the rivets a t the cnds of built up compression members 
sha l not exceed 4 diameters of t he r ive t for a lo ig th equal to l^ times 
tho 3naximum width of the member. 

(13), In the constrt3ction of lattice work, the following minimum require-
ments must be met : 

Size oí Cliannel 

15" 
12, 1 0 o r 9 " 

8 or 7 " 
6 or 5 " 

Or Built Section cf 

3}4'&i" Anglcs 
3' Angles 

214" Angles 
2" Angles 

Minimuni Width 

2/" 
2 y 
2" 
I M " 

Size RÍveLs 

w 
• / • 

%' 
y/ 

(14), The Pitch of rivets shall not exceed 6 inches, or 16 times the thick-
ness of the thinnest outside platc, 

(15), In the ílanges of Beams and Girders where plates more thau 12 inches 
wide are used, an extra linc of rivets having a pitch not greater t han 9 
inches should bc driven along each edge to draw the plates togethcr, 

(16), At the ends of Compression membcrs the pitch should not exceed 4 
diameters of the rivet for a length equal to twice the width or diam-
eter of the mcniber, 

(17), In the flanges of girders or chords carrying floors the pitch shall not 
exceed 4 inches, 

(18), For p ates in compression the pitch in the linc of stress should not 
exceed 16 tisnes the thickness of the plate, and the pitch a t right 
angles to the line of stress should not excecd 32 times the thickness, 

(19), For cover plates or top chords and end posts, the pitch should not 
exceed 40 times their thickness. 

(20). In chain riveting the distance between the center lines of adjacent 
rosvs should prefcrably bc not lcss than 3 diamcters of the rivet, and 
never less than 2\ diameters. 
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(21). In Zigzag or Staggered Riveting, the distance between the ccnter 
lines of adjacent rows shall preferably bc not less than 2J tÍ3iics thc 
diameter of the rivet, and never le.ss than 2 timcs the diameter, 

(22), The grip of a rivet (length botween heads as driven), should never 
cxceed 4 times the diametcr of the rivet, 

(23), Countersunk rivets shall not be used in plates of less thickness than 
J thfe diameter of the rivct, 

A large part of the work in de,signing of .Stecl ,structurcs consi,sts in 
getting instructions Í3iserted into drawings, In order to designate the 
type of rivet and thc kind of head to be formed, the following conventional 
scheme is used, Cuts 52 to 57 iUustrate them, 

CONVEKTIONAL SIGNS USED IN RIVETING DESIGN 
Shop Rivets—Two FuU Heads 

SHOP RIVETS SHOPRIVETS—COUNTERSUNKAND 
TWO FULL HEADS, CHIPPED, 

Near Side, Far Side, Both Sides, 

m -# 
-C^ rx 
"XZIT- <:T 

z^ZX 

^ 
Cut 52. Cut 53. 

SHOP RIVETS—COUNTERSUNK BUT NOT CHIPPED, 
Maximum height, |- inch, 

Ncar Side Far Sidc Both vSides 

r 

c:x-
ZZZI^ 

-^y-
Cut 54, 

90 
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SHOP RIVETS—FLATTENED TO 1/4 INCH HIGH, 
I" and f " Rivets, 

Near Side Far Side Both Sides 

_^X-

-^ZZr 
Cut 55. 

SHOP RIVETS—PLATTENED TO 3/8 INCHES HIGH, 
f", j " and 1" Rivcts, 

Near Side Far vSide Both Sides 

7 

^ X . 

~ ~ 
Cut 56, 

FIELD RIVETS—COUNTERSUNK AND CHIPPED, 
Two Full Heads Near Sidc Far Side Both Sides 

^ 

li^ I k 
Cut 67, 

91 



Diametsr 

lnab.ea 

'A 
'A 
Vi 
H 

1 

Diameter 

Inciiea 

Vs 
H 
H 
H 
H 

1 

S,uîi 
Iiicliea 

,1104 
.1963 
.3068 
,4418 
,6013 
.7854 

Square 
iDcbes 

,1104 
,1963 
,3068 
,4418 
,6013 
,7854 

Single Shear 
at 7,500 
Pûunda 

830 
1470 
2300 
3310 
4510 
5890 

S ni leSl eflr 
Rt 9,000 
Founda 

990 
1770 
2760 
3970 
5410 
7060 

BeaHng Value n P unda for Different TliicltJitae of Rate iu Inches at 15,000 Poun,)8 pcr Sqnare Ineh 

•Ã 1 K 
1410 

2340 1 2930 
2810 1 3520 
3280 1 4100 
3750 1 4690 

•A 

2810 
3520 
4220 
4920 
5620 

i 

3280 
4100 
4920 
5740 
6560 

l í 

3750 

5630 
6560 
7500 

% 

6330 
7380 
8440 

•A 

6860 
7030 
8200 
9380 

% 

7720 
9030 

10310 

5Í 

8440 
0850 

11250 

% 

10670 
12190 

'A 

11480 
13130 

% 

12300 
14060 

I 

î!)000 

Bearing Value in Founda for Dii erent Thic)cn(BS ot P)atc in Inchca at 18,000 Pûiinds per Squate Inch 

1680 
2250 
2790 
3370 
3940 
4500 

2110 
2820 
3480 
4210 
4920 
5620 • 

•A 
2530 
3370 
4180 
5050 
5910 
6750 

^ p 

3940 
4870 
5910 
6880 
7870 

>í 

4500 
6580 
6750 
7870 
9000 

^ . 

6330 
7590 
8860 

10120 

•A 

7030 
8440 
9840 

11250 

% 

9280 
10830 
12370 

•Ã 

10130 
11810 
13500 

% 

12800 
14630 

'A 

13780 
15750 

% 

14770 
16880 

i 

18000 

Dia acter 

uchca 

H 
Vz 
% 
% 
H 

I 

Diaiaet«r 

chea 

H 

H 
1 

Area, 
Square 
lucbca 

.1104 

.1963 

.3068 

.4418 

.6013 

.7854 

Squara 
Inchca 

,1104 
,1963 
,3068 
,4418 
,6013 
,7854 

Síaelc Shesi 
Bt 10,«K) 
Founda 

Singlc Shcar 
Bt 12,000 
Pounda 

1320 
2360 
3680 
5300 
7220 
9430 

Dearing Value iu Founds íor Dtfferent Thickuesa of Plate iu Inchcg at 20,000 Pounda per Squarc Inch 

a 1 íí 

4380 
6000 

6470 
6260 

•A 

2810 
3760 
4690 
6630 
6670 

7500 

% 

5470 
6660 
7660 
8760 

6000 

7600 
8750 

lOOOO 

^ 

8440 
9840 

11250 

•A 

7810 
9380 

10940 
12500 

!>4 

10310 
12030 

•Á 

U250 
13130 

13760 1 15000 

X 

14220 
16250 

'A 

16310 
17600 

% 

16410 
18760 

1 

20000 

Bearîng Value in Ponnds for DiJfeient ThickneaB of Plulc in Inchra ut 24,000 Pounds per Squnic Ineh 

Vi 

2250 
3000 

4500 
5250 
6000 

% • 

3750 
4690 

6560 
7500 

« 
4500 
6630 
6760 
7880 
9000 

'A 

6660 
7880 
9190 

10500 

'A 

6000 
7500 
9000 

10500 
12000 

% 

8440 
10130 
11810 
13500 

•A 

9380 

13130 
16000 

' % 

12380 
14440 

'Á 

13600 
157,50 

16600 1 18000 

% 

. 17060 
19500 

'A 

18380 
21000 

% 

22500 

1 

24000 

01 

- i 

n 

r^ 
irq 

tr 
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T H E S, .SEVER.ANCE M A N U F A C T U R I N G COMPANY 

Mention has been made of certain stantîards to be observed in general 
design, and supplementing tliose axioms wc herew'itli include ctits and 
tables covering standard practice. 

3CIZZ3C:iÍ 

5— SgJ^ gg-J' 
Cut ,59, 

Log, 

gi 
gi 
gi 

Max, 
Rivet 

8 

ty 
3 
3 

W 

7 

4 
2M 
3 

1 

6 

3 K 

2 K 

Vs 

5 

3 
2 

m 
% 

4 

2M 

% 

3M 

2 

% 

3 

m 

% 

2^2 

i M 

M 

2 

VA 

% 

Lcg, 

gi 

Max, t^.ivet, . 

IM 

1 

y 

1^2 

% 
•/s 

I M 

/s 

Vs 

m 
% 
% 

1 

% 
y 

Vi 

Vi 

/i 

For column details, 6 inch leg, and \ inch thick or less, against a 
column shaft, "g'i" = l î" , "ga" = 3", 

For diagona angles, etc, gage in middle where riveted leg equa s or 
exceeds 3" for f " rivets, 3f " for í " rivets, 

Use special gages to adapt work to multiple punch, or to secure desir-
able details. 

z:::̂ . ^:x 

'^'y r^'y 

CLEARANCE FOR WEB RIVET-
ING 

J 
«learanc e< 

Cut 60. 

For 
Rivets 

%" 
V 
%• 

1" 
IKs" 

Standard 
CÍearance 

I H " 
v//' 
í%' 
VA' 
í%' 

Minimtmi 
C earance 

Vs' 
1" 
VA' 
VA' 

m" 
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RIVETS IN CRIMPED ANGLES 

The distance " X " should be IJ" plus thickness of chord angles, and 
never less than 2". 

r" i 
i 

> 

\\ 

> 

CLEARANCE FOR COVER PLATE RIVETING 

^ - T - - ^ > 

- ^ > 

E = 

D = 

E = 

D = 

F = 

D = 

•y 

2y/' 

3y/ 

3" 

0. 

2,H" 

1" 

2%' 

4" 

SVs" 

y 

2H" 

w 
2%' 

4H" 

3ys' 

1" 

2%' 

2" 

2M" 

5" 

3K" 

VA" 

2" 

2A' 

2%' 

5K" 

3%" 

2" 

m/ 

3' 

2%' 

6' 

3%' 

2K" 

0. 
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MINIMUM RIVET SPACING 

^ - ^ - - ^ - - ^ 

Cut 67. 
Diametcr of Rivct. Miil. Spacing " X . ' 

y 1" 
V VA' 

y m" 
%' 2" 

Cut fi8, 
Diameter of Rivet, Min, Spacing " X , ' 

M" 2M" 
%' 2%' 
1" 3 " 

VA" 3Vs" 

MINIMUM STAGGER FOR RIVETS 

^ ' 
. / 's . 

r-m-.'-<í^^ 
_/2X_ 

-^y 

Cut 6,5, 

Rivcts Diameter, Valuc of Y, 
%' 1" 
%' VA' 

. K" V/i" 
M nimum Stagger " D , " in inclies for values of " Z , " in inches. 

ivcts Diamctcr, 
1" 

vy/ 

Value of Y 
I H " 
VA' 

Z. Inches 

VA' 
i-íí" 
V/i' 
l A " 
IM" 
l A " 
VA' 
l A " 
IM" 
ift" • 
IM" 
IH" 
IK" 
lit" 
2A" 
2-3-" 
2 ^ " 

f or y^ " rivet 
' i 5 " 

A" 

1 1 " 

.Í1Í" 

0 

^ " rivet 

VA' 
Vís' 
VA" 
liV" 
rt" 
K" 
M" 
_e_" 

•%" 

0 

^ " rivet 

l ^ " 
l Tl ' 
IM" 
l A " 
1J4" 
l A " 
VAs' 

\" l a '. 

13 " 

M" 
A" 
0 

1" rivct 

itf" 
IJÍÍ;" 

itt" 
I5 á̂" 
l A ' 
VA' , 
l A " 
IM" 
l A " 
l-A" 
l>^' 
1}^" 
IK" 
M" 
0 

VA' rivet 

2A" 
2" 
1 l i " I 1 fi 
l - l l " 
IK" 
l a " 
i M ' 
I S " 

m' l A " 
IK" 
l 5 ^ i " 
1,%" 
IM" 
1" 
IM" 
0 
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STANDARD CONNECTIONS FOR STAE^DARD 
BEAMS AND CHANNEL5 

When Beams 

a n d C ianncls 

are considered, 

R v e t Spacing 

aiid Rivet Dia-

meter for diff-

e r e n t -wetghts 

and s c c t i o n s 

have been stand-

ardized. "There 

is a sHght differ-

ence in t h e s e 

standards d e -

pending on thc 

sonrce of the 

Rolled Sections, 

and for a com-

p l e t e u a d e r -

s t a n d i n g t w o 

sets of t h e s e 

s t a n d a r d s a r c 

pubUshedherein, 

they being repre-

sentative of the 

largest concerns 

standards. 

Double Angle Conn. Double Angle Conn. Síngle Ang e Coim. 
for 24-ia. Beama îor 18-in. anâ 20-in. f or IS-in. and 20-ÍD. 

Single Aiig e COHD. 
f or 2^iiL. Beama 

Double Angle Conn. Doublc Angle Conn. Single Angle Conn. Single Angle Coan, 
for 15-in. Beams, íor 12-in. Beams and tor 12-in. Beams a d for 15-in. Beajca, 
15-in. and l^-in. 12 ia. Ctiannela 12-in. Clianiiels 15-Ín. and 13-io. 

Chaiinels Channela 

Double Angle Conn. Double Angle Conn. Single Angle Conn. Singîe Angle Conn. 
íor 7, 8, 9 and lO-in. for 3, 4,5 and 10-in. íor 3, 4, 5 and 6-in. for 7, 8,9 and 10-in. 
Beama and Channels Beams afld Channela Beams and Channeîs Beama and Cbannels 

Ends of beams hav ng Síandard Connections shou d be cut at 
least K inch short of distance to face of each connection and prefer-
ably H iûch short, to allow for over-run in cutting. 

For dimensions not given see tables of Weights and Dimensîons of 
Síandard Beams and Channels. 

Doiihle 
and 

Connec-

• A 

B 

. C 

D 

£ 

F 

G 

H 

1 

J 

K 

L 

Size 

Two 4x4x îV Angles 
1 ft. 6 in. long 

Two 4s4s V Anglea 

Two 6x4s ^ Anglee. 
0 ft. ÍO in, long 

Two 6x4x iV Aiiglea 
Oft. 7J/áin. long 

Two 6x4x iV Anglea 
Oft. 5in. long 

Two 6x4 TB Anglea 
Oft. 3ÍB. iong 

(0 ft. 2V2 in. long for 5 
Is, 0 ft. 2 in. long íor 
3and4in.) 

OBe 6x6s ^ Atigle 
I ft, 6in, iong 

Onc 6s6x ^ Augie 

One 6s6x ^ Angle 
Oft. 10in.Iong 

One6x6x^ Angie 
Oft.7Min.iong , 

One 6x6x 5V Anglo 
0ff.5in.long 

One 6x6x V Angle 
0 ft. 3 in, long . . , , 

(0 ft. 2'A in. long for 5 
Is, 0 ft. 2 in. long for 
3 and 4 in i . 

M 

'X5 

0 8 

w ^ 

- • 

ZÉ 

£ í í 
g g 
0 0 

II II 

W(K 

._^ bDV 

•S — 

(Q 

Minimum 
Strengtb of 
one pon-
nection in 
Pounds 

54000 

45000 

40500 

33750 

18000 

6750 

53040 

44200 

35360 

26520 

15000 

5625 

Wght. 
Anglea 
only 

34 0 

28-2 

23 8 

17 9 

11 9 

7 l 

25.8 

21.5 

14,3 

10.7 

7.1 

4.3 

Wght. 
Angls 

and 
Shop 
Rivcta 

37 0 

30.7 

26 0 

20.3 

13.8 

8.0 

31.1 

25,9 

18.0 

12.8 

8.7 

5.1 

Wght. 
iBcIud-

ing 
Ficld 
Riveta 

43.0 

36.0 

31.0 

23.0 

16.0 

9.0 

S6.0 

30.0 

22.0 

15.0 

10.0 

6.0 

Diam, 
oí 

Rivetfl 

K 

H 

H 

u 

K 

H 

K 

K 

% 
H 

H 

Diam. 
of' 

HOIE3 

% 
% , 
% 
•íiV 

% 

%. 
% 
% 
% 
% 
% 

Beams or Channels ahould not be loaded with a greater tiniíormly 
distributed load (including the weiaiht of the beam) than twice the 
" miaimum strength of one connection," when Standard Connections 
ars used, except as shown by the tables of Safe Loada of Beams aad 
Cbannels. 

Cut 69, 

http://Oft.7Min.iong
http://0ff.5in.long
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27- 24-

JES OF B E A M CONNECTIONS 

• B .„ . 

h h>i 

27 

24 

21 

20 

18 

15 

12 

10 

0 

8 

7 

6 

, 5 

4 

3 

Weielit 
Pounds 

83 

80 

57!-i 

65 

46 

42 
36 

3VA 
27yi 

25 
22 

21 

18 

15 

12>í 

9M 
7i4 
Wi 

Value o( 
Wcb 

Connection 

Sh p Rivela 

BcariDe, 
PoundB 

66800 

e7500 
52700 

402Û 

45000 

41400 
29000 

;56900 
20000 

23600 
17200 

27900 
20900 

26100 

24300 
18900 •• 

11300 

10400 

1)500 

8000 

7700 

Va uee oí OiitstaD 

• Fiold Uiveta 

i"I!,ivetflor 
Turoeri Bolls 

""lounda 

61900 

53000 
53000 

44200 

36300 

3,3300 

3. 300 
35300 

26500 
26500 

17700 
17700 

17700 

17700 
17700 

8S00 

8S00 

8800 

8800 

SSOO 

Minun.n> 
Aílowabie 

SpauinFeet, 
jDÍíormL ad 

18.4 

16.3 

15.5 

17.6 

13.3 
15.0 

8,9 
11.l 

8.1 
10 3 

6:9 

5.7 

4.3 

6.2 

4.4 

2.y' 

2,2 

1,3 

dÍDE t. gantCoQrLoc oti Angles 

Field BOUB 

t, •Rou tiBolts, 
In. Êm^leShpar, 

% 
5̂8 

Vi 
y^ 
H 

H 

% 
% y> 

% 
% ys 
A 
y^ • 

49500 

424 0 
42400 

35300 

28300 

28300 
28300 

2S3 0 
28300 

21200 
21^00 

MIOO 
14100 

14100 

14100 
14100 

7100 

7100 

7100 

7100 

7100 

Minimum 
Alloi'.able 

SranmPeet, 
Uiilform r.0!uí 

23.1 

21.9 
20,2 

17.6 

22.1 

16.7 

11.1 

13,0 
, 10.3 

9,2 
8.6 

7. 

5.4 
5.5 

7.S 

5.5 

- S.6 

2.7 

1,4 

In. 

% 
y^ 

% 
% 
H 

% 
'A 
H 

H 
ye 

'% 
% 
% 
VB 

' H 
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The connections as given oii page 97 were figured using tlie following 
d a t a : 

Rivets and bolts %:'' diameter. 
Weights given are for M-inch shop rivcts and angle connections; about 20 ner cent should 

be added for lie!d rivets or bolts. 

A L L O W A B L E U N I T S T R E S S N P O U N D S P E E S Q U A R E I Í CH 

Single 
Shear 

Rivets Shop 12000 
RivetsandTurned Bolts.,,FÍ6ld 10000 
lough Bolts .,,. Field 8000 

Bearíng 

lEivets—enclosed Shop 30000 
Rivets—one side Shop 24000 
Rivets and Turned Bolts. Fiold 20000 
Eough Bolts Field 16000 

t~Web thickncss, i n bear ng. to develop raax. allowable reactions, when beams frame opposite, 
Connectiona are figured forbearing and shear (no moment considered), 
The above values agree with tests raade on beams under ordinary Conditions of use, 
Where web is encloscd bctween connection angles (enclosed bearing), values are greater because 

of theíncrcased cfficiency dus to friction andgrip, 
Speeiai connections shall be used when any of the limiting eonditions g ven abpve are exceeded— 

âuch as end rcaction from loaded beam being greater than value of connection; shorter span with 
beam fuliy loaded; or a leas thici ness oí web whén maximum allowable reactions are ised. 

Thc following points should be observed in the punching of plates and 
shapcs, and the driving of rivets, 

In puncHng rivet holes the diameter of the punch should not be morc 
than 1/16", nor the die more than \ " largcr in diameter than tlie diameter 
of the rivct, Punching should be done accurately, although in structural 
worls ,slight inaccuracy in the mat ing and matching of holes can be cor-
rccted by the reamer, Drifting to enlarge unfair holcs sliould not be al-
lowed, 

Rivets should be driven with pressure tools whenever possible, and 
Pneumatic hammers aro prcferred in place of liand driving, Rivets should 
loolí neat and finished, and with the proper heads, and tlie heads of equal 
size, Contact surfaces should be painted prior to riveting, and all par ts 
pinned up and bolted bofore riveting commences, 

Recupping and ca king of loosc rivets should never be al owed, The 
loose rivet should be cut out and another driven, Burned rivets should 
likewise be cut out and replaced, In cutt ing out rivets care should be 
talcen not to gouge or injure the plates, If necessary, loose rivets should be 
drilled out, Reamed holes should be circular and cylindrical and perpen-
dicular to the surface of the membcr, 

The Nav}^ Depar tment requires some observances not usuaUy speci-
fied in commercial specifications, and which are worth noting, 

In structural steel- worlc the pitch of the rivets shall not be less than 
three times the diameter of the rivet, and not greater t han six inches or 
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16 times the thiclcness of the thinnest outside scction, AU punching must 
be accurately done, and drifting to match or enlarge unfair holes will not 
be allowed. If the holes must be enlarged to admit the rivet they shall be 
reamed, V/hen gcneral reaming is not required, the diameter of the punch 
shall not be more than 1/16" greater than the diameter of the rivet, nor 
the die norc than l" greater than the diameter of the punch, Material 
more than | " thick may be subpunched and reamed, or driUed from the 
soKd, When reaming is required by the contract the punch used shall 
have a diameter not lcss tlian 3/16" smaller than the nominal diameter of 
the rivet, Reaming shall be done after the pieces forming one built up 
iiiember arc assembled and fimily bolted together, using drills or reamcrs 
having a diameter 1/16" larger than thc nominal diameter of the rivet, 
•Outside burrs on reamed holes shall be removed, 

In erecting all ficld connections shall be rívcted, unless the use of bolts 
is allowed in the contract, The various members forming parts of a 
completed structure after being assembled shall be accurately aligned 
before rivcting is begun, After erection, the heads of field rivets shall be 
painted, this being done promptly after their acceptance, The rivet heads 
shall be cleaned from mill scale before painting, 

In the construCtion of large miU buildings, such as arc uscd in our Steel 
plants, and general engineering activities, approximately two field rivets 
are required per square foot of covered area, in the erection of such build-
ings, Thus in a building some 656 feet long, and. 200 feet wide, and 
covering an area of approximately 131,600 square feet, this building 
weighing complete some 7000 tons, there were driven some 225,000 Field 
rivcts in its asscmbly, The number of Field rívets that a Riveting gang 
can drive per day depends upon the location in the structure, A gang of 
thrcc mcn on average building erection should drive approximately from 
225 to 250 Field rivets in 8 hours. 
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STAGGER OF RIVETS TO MAINTAIN NET SECTION IN ANGLES 

[ 
^ 
\ T 1 
\ 

Å 

L 1 

1 
-1 ' Y = idiameter of rivet -|- i". 

r A — Y = V A'̂  -h B̂  —2 Y 
] A, — 2 Y = V Â  -1- B̂  —3 Y 

B = V 2 A Y + Yl 

Cut 64, 

Cut 8,3, 

A = Sum of Gages minus the thickness of the angle. 
f" rivets can be takcn at J" lessthan for f" rivets, 
1" rívets can be taken at | " more than for î " rivets. 

A, 

1" 
VA' 
2" 
2y/' 
3" 
3y 
4." 
iy/ 

M"Rivet 
.B, 

IK" 
VA' 
2A" 
2M" 
2-h" 
2A" 
2-rt'' 
2ri' 

>g"Rivet 
B, 

m/' 
2" 
2y 
2TS' 
2%' 
2W' 

3A" 

A,, 

5 ' 
iA" 
6" 
6>^" 
7" 
^y^" 
8" 
8M" 

M"Rivet 
B, 

STS" 
3M" 
3J^" 
3>^" 
3%" 
3%' 
3%" 
4" 

í^ 'Rivet 
B, 

3rí" 
3%" 

. 3 ^ " 
3M" 
3K" 
4" 
4H" 
4JÍ" 
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CHAPTER VIII 

SHIP CONSTRUCTION 
The shipyards in this country in the past have had to face the problem 

o£ turning out more vessels than they were evev designed to handle, 
Due to the ravagcs of tho U Boat i n t h e world war thc losscs of ships 

amounted to approximately 30% of the world's merchant marine, The 
record of Amcrican Ship Yards in building ships amountcd to some 340,000 
tons dead weight, or approximately 280,000 tons gross weight per month, 
This activity on the part of the ship yards is illustrated well in the increasc 
in thc Plate rolling capacity in our steel mills and increased to meet the 
cxtraordinary dcmand, In 1916 we had a capacity of 125,000 tons of • 
Steel plate per month, representing the total Ship plate production at 
tha t time, and four ycars from tha t t ime we have a capacity of 250,000 
tons of ,ship plates per month or a doubling in four years, •' 

The limit to shipbuilding in any ship yard is the ability of the auxîliary 
shops to machine and fabrícate the materia s entering into a ship, and of 
the handling equipment to move fabricated. parts into their final place in 
the vessel, The number of ríveters and other workers tha t can be placed 
at work on the actual ship is almost unlimited, 

I t was and to a certain extent is still common opinion tha t Amerícan 
shipyards cannot compete with those abroad in nonnal times on account 
of the difference in labor cost, Shipbuilding in England has been reduced 
to a manufacturing basis, the British shipyards specializing on typcs of 
vessels, One yard will build only Tugs, another only Oil Tankers, still 
another Bulk Freighters, while others ,specialize on Passenger Vessels and 
Battelships. Thus England taught us the lesson of single class ship build-
ing in the same yard, and we learned this lesson well, Normally wc are 
hindcrcd in maintaining selective manufacturing of ships, as Government 
work is not in harmony with standardized construction, and it is well tha t 
the Navy Dcpartment has enlarged some eight of its principal navy yards, 
which will thus permit of true manufacturing of Standard Vessels in our 
commcrcial 3^ards, 

In Amerícan Ship yards it was practice a few years ago to assemble the 
sliip piecc by piecc in place -within the hu l, This was a slow process and is 
now superccded by modcrn mcthods of sub-asembly in the various fabri-
cating shops of frames, bridges, bulkheads, deck structures, e t c , these 
mcmbers being finally placcd in the vcssels in the completed condition, 
Wc havc thus gonc thc Englishman onc better, and ships now spend a 
much shorter t ime on the ways than formerly, and for this reason our 
pcrmancnt shipyards have grcatly increascd in capacity, Inside the yards 
selcction of manufacturc, and care in handling raw material, 'vis,, classifi-
cation of plates, shapes, and minor matcrials have aided in speeding up 
manufacture, 

In the manufacturc of .ships an Oil Tanker requires more work, and 
hencc a longer time on the ways than a Cargo Vessel, and Battleship longcr 
than either of them, Roughh^ it requires 30 tons of platcs for each 100 
tons gross register of vessel capacity, A 10,000 ton ship will cost ap-
proximately .$2,000,000 and. of which expenditure 170,000 rcprcsents 
riveting, 

I t requires an airerage of 500,000 rivets to build thc avcrage Cargo 
Ship, 

There are over 700,000 rivets in a 7500 ton vessel, 
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SHIP STEEL 
FoUowÍng are t he Grades of Stee entering into Ship Construction as required, by representative bureaus and concems: 

RequircmeQts of 

C iem iial: 
Phosp iorous, Aeid 
Phospliorous, Basie 

Phvsiaal Tests: 
Tensile Strer^th 

Elongation in 8" 

Number o£ tests per melt. 

American Society 
Teeting Materiala 

Struetural Steel 
for Ships. 

not over . 060 
.040 
.OãO 

58000 to 68000 

1500000 -^ T. 8. 
"A." 

1 
1 

Navy Departmeut. 

Shapea, Plates, 
Soft Medium High 

Tensile 

.050 .050 .050 

.040 .040 .040 

.050 .050 .050 

50000 60000 80000 

30% 25% 20% 

Navy. 

Common 
Steel. 

55000 

22% 

Navy. 

Rivet. 
Medium. High Tensile. 

'MO ."646 
.040 .040 

1.00. or more nickel 

58000—68000 75000-90000 

30% 25% 

AMERICAN BUREAU OF SHIPPING 
AMEEICAN LLOYDS. 

Ship Plates. 

58000—72000 
HTS. 

25%—20% 
"A." 

Marks. 
A.B. 

1 C'B") 
1 ("B") 

SMp Plates 
for 

ColdPbnghig 

58000—68000 
HTS. 

25%—22% 
"A." 

Marka. 
A.B./F. 

1 

Shapes. 

58000-74000 
HTS. 

25%—22% 
"A." 

Marks. 
A.B. 

1 
1 

alf Rounds 
aud 

Half Ovais. 

No Test. 
No Test. 
No Test. 
No Teat. 
Marks. 

A.B./B. 

Rivefc Bars 

55000—67000 

25%; ("C"). 
No Test. 

1 

Manufac-

Rivets. 

SeeNote"D" 

"A," Bend lSO°aroundabar e q u a l i n d i a m e t e r t o t e s tp íeceup to f". Bend 180° around a bar equal in diameter to 1 | times t ie thickness 
of tlie test p ece for thickness of from | " to IJ" , Bend 180° around a bar equal in diameter to 2 times t he thickness of the test piece 
for thickness over 1 i'", All to be accomplished without fracture on outside bent port on. 

" B , " fn Bend Tcsts required by the American Bureau, one test for each melt is required unless the material from one melt dií ers | " or 
more in thickness, when one bend and one tension test arc required from both thickest and thinnest material rolled, 

" C . " The eíongation required in Rivct Bars may a so be amin imumof 3 1 % o n a ength of 3 | diameters, For materialover ^' ín thickness 
on othcr materials specif ed by the American Bureau, a deduction of 1 from the percentage of e ongation specií ed shall be made for 
each increase of ^" in thickness above | " , to a minimum of 18%. The above values for elongation may a so be expressed 1500000-^TS, 

" D , " In testing Manufactured Rivets a suf cient number of samp e rivets shall be taken, and must stand:— 
Shank doubled together cold without fracture, Rivet head must s tand flattening to a 2J times the diameter of the shank. 
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The maximum permissibíe variations in weight and gage o£ p ate have been tabulated in the Section under Boi ers, and the requirements 
as there given fo low for Commercial Ship Plates. The Navy Department differ somewhat from these requirements, and for the knowledge 
necessary in this hne of work, a tabu ation of their a lowable variations for Ship P ates is herewith given. 

Weight 
Ordered 

Lbs, 
Sq, Foot 

Up to 5 inc. 
5 to 7 i , . 
T J t o l O . , , 

10 to 1 2 | , . 
1 2 i t o l 5 , , 
15 t o i r i , . 
1 7 * t o 2 0 , , 
20 t o 2 5 . . 
25 to 30 . . 
30 t o 4 0 . . 
40 and over 

Allowable 
Variation 

in weight, %, up tc 
Over under 

3 3 1 
3 5 1 
3 3 
3 5 
2 3 
2 3 
2 3 
2 3 
2 3 
2 3 

1 2 3 

NAVY ALLOWANCE IN WEIGHT AND GAGE OF SHIP PLATES 

A lowab e under gage a t edge %, Width of Plate. 

40" 

2 ' 
0 
8 

[ 1 
40"—50 "50 "—60" 

15 
12 
10 

18 
14 
11 

up to60 ' [60"—70" 

10 
8 
6 
5 
4 
3 
3 

"2 

21 
16 
12 

70"—80" 

24 
18 
13 

66'—80" 

li 
9 
7 
5 
5 
3 
3 
2 

80"—90" 

20 
14 
12 
10 
8 
6 
5 
3 
3 
2 

90 ' —100" 

22 
15 
13 
11 
9 
7 
3 
4 
3 
3 

100"—110" 

24 
16 
14 
12 
10 

8 
6 
5 
3 
3 

110"—120" 

Í8 
14 
11 
9 
7 
5 
4 
3 

The Navy Departments requirements for Rivet Rod and for Manufactured Rivets naturally are most expîicit, and a thorough under-
standing of them is of va ue commercialîy. 

Rivet rods are tested by lots. A lot consists of all materia roUed from an individual melt a t a continuous roUing and grouped Ínto 
sizes varying not more than }4." from the maximum to the minimum of the gages represented. 

Two types of Test Bars are specif ed, numbered Type 1, and Type 3. 
Typp 1. Elongation measured in 2 inches. 
Type 3. Elongation measured as foUows: 

Up to ) ^ " diameter rod, measured in 2 Ínches. 
Over ^ " and to ^ " inc usive, in 4 inches. 
Over J^ " and to M " inclusive, in 6 inches. 
Over ^ " diameter rod, measured in 8 inches. 

TESTS OF RIVET ROD 
T E N S I L E TESTS:—Requirements were tabulated at the beginning of this section. Four tensile tests from each lot, unless the lot repre-

sents 2 tons or less, when two tests are sufíicient. 
Each test specimen shall be taken from a separate rod, and shall represent the maximum and the minimum gages in the lot, and if prac-

tical shall be taken frora separate ingots, 
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AU of tlie tests must meet tlic requircmeiits given for tlie grade oí 
,steel represented, and no lot will be accepted if tlacre is a diffcrence of more 
ttian 8000 ponnds per square incli in tensile strengtli between any of t ie 
specimens. 

BENDING T E S T S : TWO bending tests shall be taken from. each lot of 
mcdimn stcel, They shal bcnd cold 180" flat on themselves without 
cracidng on outside bent portion, At the discretion of the Inspector 
bending tests for medium steel maj^ bc omittcd, 

UPSETTING T E S T S : Test spccimens l^ the diamcter of tlie bar in 
length shall be taken, and four tests for each lot, bu t in no case less than 
three for each diameter of each melt, 

High tensile shall stand hammering down cold to 60% of thc original 
length, without showing seains or other defects, 

Medium steel shall stand haramering down cold to S0% of the original 
length, without showing sCams or otlier defects, 

All tcsts shall be conducted on rods which have not been annealed 
or given special heat treatinent, 

Toleranccs up to j " inc, , . . Under 0,010 inch. 
Over i " and to | " inc Under ,014 inch, 
Over J " a n d t o J " i n c Under ,016inch, 
Over f " a n d t o l " inc Under ,020inch, 
Over 1" and to. \^" inc Under .024 inch, 
Over l i " Under .030 iiich. 

MANUFACTURED RIVETS 

AU rivets must be frcc from sca c, fins,' scams, rust, or othcr defects, 
M E D I U M STEEL RIVETS AND T A P R I V E T S may be manufacturcd cithcr 

in hot or cold heading machines up to } " ,sizc; above } " thcy sliall be made 
by a hot heading machinc. 

HiGH T E N S I L E R I V E T S over f" in diameter ,shall be made hot headed, 
Rivcts 1" and under may l:>e madc by the cold hcading process, providcd 
the rivets are annealed after lieading, 

T A P R I V E T S m.ust be milled under the head when made in a hot head-
ing machine. When cold headcd thcy will be acccpted without being 
mil ed if the fin.i.sh undcr the head is satisfactory. 

T E S T S O N M A N U F A C T U R E D R I V E T S 

NuMBER OF T E S T S :—6 rivets, taken at randora, frora each lot of rivets 
of each diamctcr prcscnted for inspection, 

CoLD T E S T S : — 3 rivcts shall ílattcn cold to a thicknesshalf thcoriginal 
diameter of the part ílattened without showing cracks or flaws, Rivets 
over an inch in diameter shall flatten to three-quarter of the original 
diaraetcr. 
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HoT TEST,S:—3 rivets shall flatten hot to a thickness not exceeding 
quartcr the original diameter of the par t flattened without cracks or ílaws, 
These te'sts should be hcatcd to the ordinary driving heat, 

The abovc tcsts on Cold Headed Rivets shall be made after the rivets 
have been heatcd aud air coolcd, 

SHEARTNG TESTS:—High tensile rivets shall be given a shearing test, 
frora thrcc rivets selected at random from each lot of each diameter, 
Thcse rivets shall be driven hot for tcst undcr doublc shcar, The shearing 
strength when so tested shall not be less than 64,000 pounds per square 
inch, figured from actual shearing area of the rivet as driven, vis, the area 
of the rivet holc, 

Navy rivets are marked with Grade marks as per thefollowingfigure, 
72, Rivcts ma,v have thc manufacturcr's t rade mark thereon -subjcct to 
their not interfering with these grade marks, or with the cí f ciency of the 
rivets, These grade marks should not be used for rivets except for ma-
terial for use of the Navy Department, 

Rivets should be delivered in 100 pound or 200 pound boxes or kegs. 

Medium Steel 
Grass in Rc icf, 

Proportions about as shown, 
Projectioiis about 1/32", 

High Tensile Steel 
Flutes in Relief, 

Propoitions about as shown, Projections 
about 1/32" to 1/16", Tliase in Pan 
and Button Heads to taper to nothing 
at tojj; other heads no taper. 

tJL:! "á"^ 
Cut 72. 
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PAN HEAD 

TYPE P-l 

» — 

STANDARD NAVY HEADS 

PAN HEAD SWELL NECK BUTTON HEAO SWELL NECK 

TYPE P-2 BUTTON HEAD 

TYPE B-[ 

TYPE B - i 

PAN H E A D , 

P-1, 

Diameter Sliank 
D, 

1 1' 

%' 
A' 

%' %' %' l' 
VAi' 
VA" 

W. 

%' í A " 

1" 
lA" 
lA" 
iJá' 
i % " 
IW' 

w. 

H' 

%' 
A' 

%' %' %" 1 ' 
VA' 
V/i' 

H. 

„3_ " 

JL^" 

A' 

A" 

%" IX " 

Ú' 

PAN H E A D 
SWELL 
NECK. 

P-2. 

Dia, Shanlc 
D, 

A' 

%' 
M" 

%" 1" 
IK" 
VA" 

w. 

m^" ms" ] 13 rf 
J- 1 6 

W . 

A" 

%' %' %• 1" 
IK" 
IM" 

N, 

1 1 . " 

l ^ " 

T 

^TS" 

l A " 

H. 

%" 
A' 

%• 1 1 " 

5íí" 

X. 

%' 
%' 
y/' 

%' 

B U T T O N H E A D , 

B-1, 

Diametcr Shank 
D. 

Vi' 

%" A' 

%' %' 
Vs' 

1" 
IH" 
VA" 

W, 

%' 1 3 tf 

1" 
lA" 
l ^ " 
I K ' 
15^" 
I M " 

H, 

%' J . . " 

M" 

"̂ 1 1 " 

%' 
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BUTTON HEAD 
SWELL NECK. 

B-2 

Diameter Shank. 
D . 

y/ 
%" 
%' 
%• 1" 

VA' 
iM" 

w. 
l í " 

1" 
1A° 
l A " 
VA' 
ms' m' 

N. 

9 ir 

11 g 

13 ff 

,15 1/ 

l A " 
l A " 
l A " 

H. 

Jí' 
} | ° 

%° 
IX" 

k' 

X. 

Jí" 

%' 
T 

K° 

K ' 

STANDARD NAVY HEADS 
Coraitersunk Flat Heads 

TypeC-1 TypeC-2 Type C-3 

Cut 74, 

COUNTERSUNK 
FLAT HEAD, 

C-1. 

Diameter Shank, 
D, 

%• 
%' y/ 
%• 
%• 
%• 1» 

i j ^ ' 
i M ' 

w. 
%" 
%• 

l l v ' 
l A ' 
l A ' 
1 5 ^ ' 
i M ' 
l ' S T 

H, 

s ir 

3 

M ' 
%' 
y/ 1 1 " 

1 ' 

Angle A°, 

60° 
60° 
60° 
60° 
45° 
45° 
37° 
37° 
37° 

COUNTERSUNK 
FLAT HEAD, 

C-2, 

Diameter Sliank 
D. 

%' 
%• 
%• 1" 

W. 

i s ir 

Iri " 
Igi" 
l i " 
•132 

H. 

%" 0 tf 

TÍî 

Antîle A° 

60° 
45° 
45° 
37° 

COUNTERSUNK 
FLAT HEAD. 

C-3. 

Diameter Shank. 
D, 

%• 1" 

ms' VA' 

w. 
1M° 

l A ' 
I M ' 

H, 

A' 
%" 
%' 

Angle A° 

45° 
45° 
37° 
37° 
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STANDARD NAVY HEADS 
Countersunk Raised Heads 

Type CR-1 Type CR-2 Type CR-3 

Cut 75. 

C O U N T E R S U N K 
RAISED HEAD, 

CR-1, 

Diameter Shank. 
D, 

%' 
%' y/ 
%" 
•%• 

%" 1" 
VA' 
VÁ' 

W, 

% ' • 

A' 
Í3_" 

l ^ " 

m/' mv' l M , " 

h. 

/s' 

3 II 

M " 

16 

H, 

5 " 

M " 
Vs' 
y/ 

1 5 , " 

1" 

Angle A° 

60° 
60° 
60° 
60° 
45° 
45° 
37° 
37° 
37° 

COUNTERSUNK 
RAISED H E A D . 

CR-2. 

Diameter Shank, 
D. 

%" 
%' %' 1" 

W, 

15 " 

I T Ô " 
i i i " 

ni" 

h. 

M " 

H, 

••%" 

16 

Angle A° 

60° 
45° 
45° 
37° 

COUNTERSUNK 
RAISED H E A D , 

CR-3, 

Diameter Shank, 
D, 

%' 
1" 
VA' 
I M " 

w. 
VA/' 

m' lA" 
IM" 

h. 

M ' 

16 

H, 

/2' 

H' 

%' 

Angle A° 

45° 
45° 
37° 
37° 

NoTE.—Angles and Dept is " H , " are to be foUowed. Diameters given are approximate 
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NAVY STANDARD HEADS 

Tap Rivets 

Type T-1 Type T-2 

w ^ 

Z 

H 

.1 vH7.:.i 

Cut 78, 

TAP RIVETS, 

T-L 

D a, Shank, 
D, 

y/ 
%' 
%' 
%' 

1" 

vy/ 
VA" 

w. 
23 '/ 

I J ^ ' 
I M ' 

1 5 ^ ' 
I S " 

Y, 

%" 'square 
A ' " 
ItS' " 

% " • '• 

• % 

T6 

z. 
} ^ ' 
H" 

32 

H, 

3 " 

M" 

M' 
K' 

Angle 
A° 

60° 
60° 
60° 
45° 
45° 
37° 
37° 

TAP RIVETS, 

T-2, 

Dia, Shank. 
D. 

%" 
1" 

W, 

ms' 
l i i " 
^ 32 

Y. 

xe" square. 

%• " 

z. 
23 " 
"3 3 
2 3 '/ 
32 

H, 
Angle 

A° 

A ' ! 45° 
A' 45° 

AU Tap Rivets should have U. S, Standard Threads, 

Outside Diametcr, Root Diameter, Thrcads pcr incli. 

1" 
XA" 
li" 

,400 
•,507 
,620 
,731 
.837 
,940 

1.065 

13 
11 
10 
9 
8 
7.. 
7 
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NAVY STANDARD HEADS 
Rivet Points 

Type. Form. Proportions. 
C K Countersunk Same as for Countersunk Heads. 
O Oval Liverpool, . . A = 2 D B = M D Countersunk = A C. 
H Hammered A = IM D B = AD. 
S Snap Samc as for But ton Heads. 

ZI3v 
Cut 77. 

Rivets of dií erent formed headsa rc uscd in different construction in a vesscl, and 
the following tab e indicates the usc of ( ifFerent heads and points. 

T Y P E OP HEAD. 

PAN HEAD. 
BUTTON HEAD. 

W H E R E USED 

In general work:, except where other types are permitted or required. 
In casings, c t c , where requiied for finished appearance, and when 

approved to suit types of Power Riveting Machines employed. 
C O U N T E R S U N K iWhere f ush surfaces are required. In staple and boundary bars, 

HEADS. e t c , where oil or water tightness is required and where heads of 
1 rivets niay require calldng. 

SWELL NECKS. Iln al work with pan or but ton liead rivets í^" diameter or over, 
l except where otherwisc approvcd. 

C O U N T E R S U N K 
POINTS. 

SNAP POINTS. 

H A M M E R E D 
POINTS. 

OVAL POINTS. 

Where f ush surfaccs are required and where the rivet point may 
reqture calking. In outside p ating, thesc points shall gener-
a ly be uscd, and formed so t ha t while not for-ming a distinct 
proi'ection they sliall be full enough to hold a straight edge of 
the stirface of the mater al. 

In framing and structural work generally, where f ush work Ís not 
required. In sheer strakcs of outside plating, whcre strength 
is required, in order to avoid less of mate i al by countersinking. 

Where specially approved or specif ed. 
In exposed finished surfaces with material less t h a n 7 ^ pounds 

pcr square foot, where watertightness under pressure s not re-
quired. 

TAP RIVETS. In connections of plates and shapes to castings, forgings, and to 
armour, and other material where through livets are not practic-
al. These rivets may a so be uscd as through rivets for at tach-
ments to outside of sheU plating where the plating is over 15 
pounds per square foot, Ín this case it shall be tapped into t he 
plating and set up on thc Ínside with hut , washer and gremmet. 

The S. Severance Manufãcturing Company will furnish unless otherwise specified 
P a n Head Rivets and Pan Head Swell Neck Rivets in accordance with the U. S. Navy 
Specifications, of Types P-1, and P-2, respectively. 

UO 
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ALLOWANCE FOR POINTS IN LENGTHS OF RIVETS 

Two Thicknesses Connected 

If more than two thiclinesses are connected, for each additional 
thicJniess J " should be added. 

Type of Point. 

Countersunk. . . 
H a m m e r e d . . . . 

Oval 

DÍamctcr of Rivet. 

y/ 
A 
% 
% 

%' 
% 
A 

1 

% 

•%' 

'% 
A 

IH 

%• 
% 
% 

VA 

1" 

1 

ms 

i ' 
ms 
Vs 

lA 

In the following much description o£ rivcting in dií erent parts of a 
ship will be given, and the foUowiiig brief summary of the important parts 
of a vessel are given for gcneral information, 

Composition of a HuU 
A, A Frame has thrcc parts: 

1, Framc bar, outer angle, 
2, Reverse bar, or inner angle, 
3, Floor plate connecting thc frame bar and rcverse bar. 

B, The Kee to whicli the frames are securcd by the first strake of outside 
plating línown as the garbord strake, There are several types of keel, 

1, Bar keel, 
2, Side Bar keel, 
3, Flat Plate kcel, 

C, Keelsons lying above the fíoor plate and on top of the Rcverse bar or 
frame, and is a longitudinal girder parallel to the keel. All longitud-
ina girders on the t)ottom of a ship are keelsons, some intercostal, or 
between frames, others continuous for the length of the ship, such as 
bilge keelsons, etc, 

D , Deck beams connect the legs of frames across the ship, brackets or 
knees being the binding plates a t the connection, 

E , Longitudinal deck stringers cross the beams in the lengthwise direction 
of the ship, 

F, At the stem and stern of the ship, triangular pieces called broasthooks 
connect the stríngers. The continuation of the keel and keelsons at 
the bow of the ship form the stem, while their continuation to the 
radder post form the vertical termination at the stcrn. 

G, Outside plating is riveted to the frames, and the adjoining plates to 
each other. There are several methods of lapping the plates. 

1, In and Out system, Outsido strakes lapping alternately over 
the inner strakes of plating, 

2, Clinker system, Plates overlapping one above the other not 
alternately, 

3, Flush outer surface obtained by doubling the inner strakes 
and forming butt joints on the outside plating called doubling. 
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THE OPERATIONS IN FABRICATING A SHIP 

1, A wooden template or mold is made in the mold loft, of wooden 
strips, and shaped to the platc as shown on the drawiugs, Care must be 
taken in the making of this template, every twist and curve being shown. 
and every rivet hole properly set out, 

2, The ship f t tcr clamps the above template to the plate, which as 
previously indicated, are sorted and classified in the storage yard, Lay-
ing Out the plate or shape for punching, Every rivet hole must be properly 
center punched and often "horse shoed" or circled with paint to indicate 
the location. The shear cdges are carefully indicated, 

3, The holes are punched as indicated, the speed of modern punch-
ing maehincs being very great, or driUed as specified, Plate is shcared, 
and shapes bcnt hot to thc required curviturcs, If much furnacing is 
done, or sevcre bending cold is done, annealing must be donc after these 
operations, 

4, Assembly of tlie fabricated pieces in thc Ship frame, Thc platcs 
and sub-assembled shapcs are clamped into position and bolted to the next 
member. In plate work it is sometimes diíEcult to get a complete fit, 
Creaping of plates and ,similar problems are picrplexing to the shipbuilder, 
d.uc to thc long curved sur-faces on which work is bcing pcrformed, The 
Laying Out is not always as accurate as desired, although the Layer Out 
has conscientiously done his work, and the othcr operators have done 
likewise, The ideal situation is one where every platc becomes a " cIo,ser," 
Ordinarily much reaming of matched holes is necessary, not all of the 
holes coming fair. 

5, Rivcting became of public interest during thc war period, and 
the riveter became a guide to the efhciency of the various shipyards doing 
cmergency work, Many riveting contests were held in the various ship-
yards, and rivalry once started w^as kecn, Much misconception exists on 
the records made in drivíng rivets, One team on the Pacific Coast drove 
an average of 687 rívets per day for 26 consecutivc days of a month, these 
bcing driven in all par ts of the ship, A 1000 livets driven per day with 
the usual thrcc man gang is not uncommon for certain parts of a sliip, 
particularly the huil, bu t 400 rivets per day per gang, for avcrage condi-
tions for all gangs is probably morc nearly correct. 

Tlie call foT riveters was naturally the íirst cry of the shipbuilder whcn 
thc pressure of w^ork became acute, and a school for the instruction of 
rivetcrs was started at Newport NeWs. The idca used was novel, skiUed 
craftsmen being instracted how to instract others, these men, after a 
périod of six wceks' instruction at the school, going out to diílcrent yards 
and conducting schools themselvcs, Thus innumcrable rivetej-s for ship 
work were madé from dur supply of brídge builders, structural iron workers, 
etc. 
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The compensation paid riveters varied, but the following can be taken 
as representative, the compensation being paid piece rate. In a riveting 
gang of three mcn: 

Riveter received from $1.76 to $2,64 per 100 rivets, 
BuckerUp (Holderon) $1,32 to $1.98 per 100 rívcts, 
Heater $ .92 to $1.38 per 100 rivets. 

Thus the driving of rivets, figured from sound rívets driven, cost in the 
neighborhood of $6,00 per 100 driven, and for a ,ship containing 500,000 
rivets would be $30,000, 

1. Machine riveting done with Pueumatic hammers. 

2. Pressure ríveting done with a Hydraulic or Lever Pneumatic 
machine, usually in assembly shops or sub-assctnblies.-

3. Hand riveting on special positious, 

6, Every rivet dríven is tested. A rivet tappcr holds his finger on 
the rivet head and taps the dríven head with a light hammer, If he feels 
the jar the rivet is loose and must be cut out, Burned rivets are detccted 
by the appearance of the head, Loose and burncd. rivcts, and ofî center 
heads must be cut out and replaced, 

A rivet cutting gun has come into prominence in aí ecting this cutting, 
the head being busted off, and the rivet backed out with a specially pointed 
tool, A safety device prevents the fiying of the cut ofí hcad, With the 
use of this apparatus as many as 10 | " rivets can be eut and. backed out 
per minute. In driving out countersunk rívets that have been condemned, 
the gun dríves through the countersink, the eountersink head coming off in 
the form of a ríng, 1 j " countersunk rívets have been cut out at the rate of 
six per minute, A crew of three men have cut out as many as 6000 rivcts in 
an eight-hour day, such work however being done ou a number of vcssels. 

A Pneumatic hammer also is modificd to form a rívet cutter, and it 
was practice to burn off defective heads with a cutting torch, one being 
devised that gives a flame parallel to the plating. There is a tendency to 
weld the rivet in the hole and to damage to the plate when using a torch. 

Probably no profcssion rcquires the extent of detail that Ship con-
straction does, and the foregoing is only a very brief description of the 
prineipal operations, dwelling necessarily on our subject of Rivetiug. 

In order to furnish information of value to the actual shipbuilder the 
following requirements for Naval and commcrcial work are given, the 
Naval requirements being those of the U, S, Navy Department for Rivet-
iug, and the commercial as required by the Amerícan Bureau of Shipping, 

General Requirements 0 . S. Navy on Riveting 

Rivets connecting medium stcel parts may be medium steel. 
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Rivets contiecting high tensile steel. parts, where strength is of speeial 
considcration, shall be high tensile steel, 

Where high teusile steel plating is cpnnected tq medium steel beams 
and frames, where strength is not of special Consideration, medium steel 
rívets may be used. 

Where plates of differeut thickness are .conuected togcthcr, thc sizc of 
the rivet and the spacing shall be as for the thicker plate-, where strength 
is required. 

When water^ tightness or oil tightness is required, the size of the rivet 
and the spacing shall be as for thc thinner plate, 

If the thinner plates is half or less than thc thickcr platc, the rivet 
used shall be of intermediafe size, 

Where plates and shapes connect the size and spacing of the rivets 
shall in general correspond to the thickness of the plate, 

Through rivcts in stems, sternposts and heavy castings shall be J" 
larger thau required for the plates connected to them, 

For Three-ply and Four-ply work thc riveting may be J" larger thau 
normal, in order to facilitate the dra-iving together of the plates. Excep-
tion is made to dou.ble strapped hutt joints. 

In Doublc Strapped Butt Joints, where plating connected is 25 
pouuds or less, the rívets shall be one size smallcr than normal. 

Tap Rivets sha.Il be -J" larger than the ordiuary rivets required for 
the matcrial in which thc contcrsink occurs. "Taps into heavy castings 
and forgings shall be j " larg'er. 

TYPE OF RIVETING 

Connection. P ate Weight. • ' • Riveting. 

Single But t Straps.-. 

Butt Laps 

Under 73^ pounds. . . ;, SÍngle rpw. 
7 ^ and under,15. Double ro'w. 
15 and under 25 Triple rov;̂ , 
25 and under 35 ; . ' . . . . Quadrup e •row. 
3 5 a n d under 50:.. .\ . . . . . . . . . Quilitipiérow.' ' 

Double But t Straps.. 15 and uhder 20'. •. •. .,.•. ^ . Double-row eíther side of joint. 
20 and undcr 30 Trip e row " " " 
30 and under 50..;. . . ' . ,.-.... Quadruple-.row". " " 
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Chain Rivcting shall be used generally whcre two or more rows of 
rívets are rcquircd in but ts and seams of plating, 

Zigzag Riveting shaU. be used in shapes whcrc two or more rows are 
•required, In vessels of spedally light constructiou in general Zigzag 
'rivetiug is l sed in but ts aud seams of plating. 

The distaucc from center to center of row^s of Chain Riveting in seams 
and single bu t t straps shall not be less than 2J diameters, In bu t t laps 
and double bu t t straps it shall uot bc less than 3 diameters of the rivet. 

- lu Zigzag Riveting of plates, straps and shapes gencrally the dis-
tance betwcen centers of rows shall not be less than : 

3 | iu rows, 1 | diametcrs, 
4 iu row'S, If diameters, 
4J iu rows, 1{ diameters, 
5 iu rows, l^ diameters, 
5 | in rows, 2 diameters, 
6 in rows, 2 diameters, 

Centers of rivets shall not be less than 1 | diameters from the edge of 
plates or straps, This likewise follows for angles or shapes, exccpt whefe 
a ca king edge is obtaincd in angles by chipping, when the distancc from 
thc center of the rivet to the edge may bc I J diameters, 

STRAPS 

Single bu t t and seam straps, when single and double riveted, shall be 
of the same thickncss of the plates connccted, 

Single bu t t straps, when triplc rivcted or over, shall be at least 1.2 
times the thickncss of the plates counected. 

Double straps where double riveted shall each bc half the thickncss of 
the plates connected, 

Double straps where triple riveted or over, shall each be | timés thc 
thickness of the plate, 

Where rivct holcs in ordinary double riveted. double strapped joints 
are countcrsunk, the weight of the contersunk straps shall be increascd 
to 5/8 times the thickness of thc plate, to compensate for the Ipss of ma-
terial. 

Where plates of 'different thickncss are conhected :thc thickhess of tlie 
but t stráp shall be governed by thc lightcr plate: 



Weight Plate = 

Rivets, inches 

Area Hole, sq. in, . 
Connection. 

Sea'oi and Bu t t 
straps, single.. 

NOTE:—1 = S 

Riveting. 

1 
2 
3 
2 
3 
4 
1 
2 
3 
4 
5 

ngle riveti 

PROPORTIONS OF JOIHTS—Laps and Straps 

Under 
3 

t 
32 

.062 

3 
to 7 

3 
8 

.130 

7 
to 8 i 

1 

_2_ 

,248 

8 i 121 
to 12i to 19 

1 

1 1 

.371 .518 

—Cha n Riveting 

19 
to 29 

TS 
.690 

29 
to 39 

1 ' 
l A 
,887 

39 
to 49 

l i 
l-år 

1.107 

Over 
49 

l i 
l A 

1,353 

Width of Connection in inches. 

TS 
l A 

l A 

l i 
2 í 

l i 
2 A 

2-Í 

2irê 
4 A 

l î 
2 i 

3 i 
4 Í 

3 i 
5 Î 
8 i 

tig, 2 = Double riveting, etc. 

2 A 
3 Í 

3 » 
S i l 

lOA 

2 A 
4 A 
6 * 
* 1 6 

O l 6 

9 A 
4 i 
8 Í 

12Î 
161 
191 

2 f 
5TS 

7 i 
SJ 
8 i 

lOf 

SH 
lOA 
14-ré 
1 8 i l 
2 3 A 

3 i 
5 Î 
8 i 

6 
9 i 

12i 
6 i 

l l i 
16i 
21i 
26i 

3 i i 
6 i 
9 ír 
7 A 

lOA 
13i î 

I2M 
18A 
74-^ 
^ ^ 1 6 
O Q I A 

4 A 
7A 

lOiír 
7 » 

I I Æ 
15A 
8 i 

14Î 
201 
26Í 
33i 

Width oí 
Connection 

in rivet 
diameters 

3 i 
5 i 
8 i 
6 i 
9 i 

12i 
6 i 

l l i 
16i 
21i 
26i 

LAPS AWD STRAPS—Zig ag Riveting 

Weight Plate = 

Rivets, inc ies 

Area Hole, sq. i n . . . 

Connection. 

Seam haps, 
Double Riveting. 

Single Straps, 
Double Riveting. 

Riveting. 

3 id 
4 d 

4 d 
4 i d 

Under 3 

9 , 

.062 

2 t 
i a 
9 -S_ 

3 to 7 

.130 

3 Î 
3 Í 

7 t o 8 i 

1 
2 

.248 

8 i to 12i 

8 

ii 
.371 Width of Connection 

2 | 
2 i 
2 A 
4 | 
5 
5 i 

3 
3 i 
3 i 
5 i i 
6 i 
6A 

12i to 19 

13 

.518 
in Ínches. 

3 1 
3 i 
7 i 
7 i 
7 i i 

19 to 29 

15 
16 

.690 

4A 

4 Í 
8A 
8Î 
9 

Width o£ 
Connection in 

rivet díameters 

4 Î 
5 
5 i 
9 i 

10 
lOi 

tii 

ã 
> 
o 

> 

t 
o 
• í 
a S 
§ 
o 
o 
o 
> 



PUNCHING AND DRILLING OF PLATE 

Table of Requirements for Different Classes of Work 
A. = W iere subject to testing for Oil tightness. 
B. = Where strength s of special importance. 
C. = In three-or more thicknesses of material. 
D. = Holes punched, and not included in A. B. C. 

We ght of Plate, 
Pounds. 

6 to 8 i 
84 to 12é 
1 2 Í t o 19. . 
19 to 29 
29 to 39 
39 to 49 

Rivet . 

1 ir 

3 " 
8 
1 " 
3 î" 
â" 

s" 
1" 
H" 
H" 

Ho es Punched. 
W o r k o n A . B. C. 

Punch. 

Ts" 

.^" 
16 
11 " 
16 
Te" 
15 ir 
16 

Die. 

S." 

l . " 
2 
1 " 

4 

•g 

X" 

H" 

Reamer. 

9 '/ 
82 

•32" 

Te 
I I f 
16 
13 // 
16 
15 II 

l A " 
l ^ " 

Holes Punched. 
Work on D. above. 

Punch. 

1 " 
4 

1 ' / 
2 
s^ 
8 

l ' 
l i " 
l i " 

Die. 

9 '/ 
32 
l i r / 
32 
T 6 

l *' 
16 

Te 
1 5 " 
16 

lA" 
lA" 

Reamer. 

9 " 
32 

3T 

& 

1 3 . " 

Te" 

l ^ " 

Holes dri ed, not in 
p ace, small, then 

reamed. 

Drll l 

i " 
â " 

•2 

5 1 
S 

ê 
1" 
li" 
11" 

Reamcr. 

3 
13 " 
32 
Te" 
11 'f 
16 

15 '/ 
16 

l í ^ " 
i Ã " 

Holes dril-
led full size 

in place. 

Drill. 

9,1/ 

i â " 
_ S _ " 

15 " 

l ¥" 
I r e " 
I T ^ " 

In p ates and shapes corresponding to a weight of 12^ pounds per square foot and less, the deptli of countersink may be full thickness-
of the material. 

In plates and shapes of greater thickness the depth of countersink shall be approximately - ^ " less t han the thickness of the material. 
Where countersinking Ín accordance with the above Ís not suitable for one of the standard heads of rivets, Ít shall be made to suit, 

the nearest standard depth of rivet head. In no case, shall the depth of the countersink be such tha t the head of the rivet before driving is 
less t han approximately YS" above the surface of the plate or shape. The head must not be below the surface of the plate or shape after 
driving. 

Where rivets of the raised countersink type are to be used the angle or countersink for the holes, ma}'" if desired, be increased 3^ over 
the standard angle for the head of the rivet. 

> 
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> 
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T H E S, SEVERANCE M A N U F A C T U R I N G COMPANY 

DOUBLE BUTT STRAPS 

Chain Riveting 

Weight P ate = . . , 

Rivet, inches 
Rivet ho es 

Riveting. 

12>á-19 

• % 

1 1 
16 

.371 

19 to 25 

% 
13 

.518 

25 to 29 

% 
.690 

29 to 39 

1" 

lA 
.887 

39 to 49 

VAs' 
l A 
1.107 

Over 49 

VAi' 
l A 
1.353 

Width 
in rivet 

diam'trs 

WÍdth of Straps, inches. 

7 i i 
i i A 
15 A 

13% 
ÍS% 

lOif 
16A 
21A 

12M 
l&A 
2Wî 

14A 
2 0 i | 
27A 

m/s 
23}^ 
3 0 ^ 

^2/2 
18M 
24>á 

DRILLS AND TAPS FOR TAP RIVETS 

Tap Rivet, 

% 
y2 

% 
% 
% 1" 

m« VÁ 

Tap Drill, 

5 

^k 
f 

% 

lA 

Tap Threads per incli, 
U. S. Standard. ; 

16 
13 
11 
10 
9 
8 
7 
7 

Ccnters o£ taps from the edge of the plate. or shape should not be less t han thc dis-
tancc reqmréd t)y a rivet oí /^" lcss size t han the tap. Wherc taps are )^ " larger than 
the rivets tha t thcy substituted, the distancc in gcneral should be \/s diameters from the 
edge. 

PREPARATION OF WORK 

Fayihg surfaces of all plates and shapes shall be carefully cleaned just 
before thé work is assémbled. 

Faying surfaces of non--n'atertight worlc shall be painted, except in 
drinking water, fuel oil, and lubricating oil tanks, 

Stop waters shall noi be used to make good defective workmanship 
or materials, nor where the best practice requires metal to metal contact. 

Stop waters shall be used in general only where non-watertight 
membcrs pass through water-tight membcrs. 

Stop waters may be of canvas or lampmcking soa æd in a mixture of 
red and wh-ite lead, or may be soakcd in boiled linseed oil and then in red 
lcad paint. 

Oi stops shall be used under similar conditions to stop waters, wherc 
the material is over 7 | pound,s, and only where metal to metal calking is 
not práctical; Oil stops may be used in seams, laps, stapling, etc, when 
necessary to secure oil tightness in material of 7J pounds or less. 
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Oil stops for material over 7J pouuds, may be lampwicking or canvas 
thoroughly saturated m t h red lead and shellac mixture, or soaked in a 
mixture of pine tar and shellac, Oil stops for material VJ pbunds and less 
shall be of 10 ounce cauvas soaked for half day in clear shellac and then 
coated with rcd lcad and shellac mixture, or the mixture of pine tar and 
shellac, 

Work .shall in all cases be carefully closed up by bolting before rivet-
ing is commenced. , 

Generally in oil-tight work, one bolt mu,st be fitted for every four 
rivet holcs. ' ' 

AU burrs and. chips .shall be removed, and buckles and lumps shall be 
faired out before riveting is done. 

The rivets shall be properly proportioned for thc holes and of sufSc-
icnt length to insure a satisfactory point, 

Such cutting o£ the rivets shank as may be necessary should be done 
while the rivets are a t a dull red heat, 

Rivet points are to be left full and must not finish below the surface of 
the material, 

Care should be taken not to b u m rivets in heating, Burnt rivets 
shall be cut but and rcplaced,' 

In oil-tight work all rivets, as far a,s practical, should be power driven, 
and all power driven rivets should be bucked up by a power operated 
holder on, . . 

AII rivet points shall be of adequate strength and properly centered, 

Snap points shall not be reduced in standard sizc through using tools 
that have been ground doivn below these sizes, or tha t are othermse 
impcrfect. 

Rivets ess than | " in diameter may be driven cold, and when used in 
watertight work, stop waters shall bc fitted to scctirc tightness, 

AII rivets drivcn shal be tested. Loose, burned, eccentric pointed 
rivets and those voth heads standing of from the surface ,shall be cut out 
and replaced. 

COMMERCIAL OR MERCHANT MARINE REQUIREMENTS 

Abstracts frora thc American Bureau of Shipping Requirements, and 
Lloyd's. 

The American Burcau of Shipping, commonly referrcd to as "Amer-
ican Lloyds," issues rules for the construction of Steel vessels. Com-
pliancc with these rules are ueccssary. As far as rivets and rivetingjare 
concerned the following may be considered as representative, 

In the foUowing table on riveting, at tention is invited to the thickness 
of plate controlling the rivet size, and the use and spacing of difîerent 
sizes of rivets in the construction of a stcel vessel, 
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Rl 
sncwa A i 

V E T I N G 
I sizes lure awoi IH INCHE 

THICKNESS OF PLATE. 

SIZE OF RIVET, 

Diameter DÍ Cauntereink Face . . . 

Oiltight Seams and Butte; Spocmg 

Tank and Girder Bulls: Waler-
tightSeams; EngineandThrust 
Seat Platea; Spaeine 

Sheerstrake, Topside Strake and 
Strengtti Deck; tivetinE in Bults 

Sheerslrake. Tapside Slrake and 
Strengtti Deck Amid h ps-, Spac' 

Shel snd Ot^er Plates Amldstiips; 

Shell and Olti€r PlaWs Amidships; 

BulUalEnds.andSeamsatBreaks 
of SuperEtructure; Kivetíne..,. 

Butts at Ends, and Seamsat Breaks 
of SuperslruDture; Spaciiig 

Masls, Kesl flngles; Floor Con-
necting Angles; Edgesdf Douhl-
Ing Plates; Brackets; Shell Clipa 
jn Peaks; SmcÍDg in Zig-zag 
SeaiBs anij ÍD Butís and Seams. 

Frames to Shell 'm After Peatc; nn 
Flat DI Flaor Forward in Deep 
Tanks; and for -15 L al Foro 
End; Tank Sliffenersla Plating; 
Auxiliary Seaiing, elC'; Spacing 

Shell Clips: Beams on Aliernate 
Frames; Frames to Shell Where 
Spacing Exceeds 27 Inches; 

Frames; Beams, Keeisons, Bulk-
head, Stil eners, and Girder 
Work G«nerally; Spacing 

Casing Sliffeners, o!c.; Spacing.. 

Í8--20 

S 
8 

1 

2 

2 

SinEle 

21 

2i 

Single 

2Í 

3Í 

3i 

3Î 

4i 

^ 

22 24 

6 
8 

1 

2 

2i 

Dou&le 

Doubk 

Single 

2i 

3J 

3i 

3Î 

4i 

5 

25--30 

6 
S 

1 

2i 

23 

D uUe 

2Í 

Double 

2i 

SÍDEle 

21 

H 

3i 

31 

í i 

5 

•32--34 

6 
8 

1 

2Í 

2 

Doublc 

2! 

Double 

2i 

Double 

21 

3i 

3i 

3Í 

4i 

5 

36--38 

3 
4 

1 .Í 

2 

3i 

Double 

3 

Double 

Double 

3 

3Î 

H 

í l 

5i 

6 

•4a--42 

3 
4 

IW 

2J 

3i 

Ttiíblc 

3 

Double 

3 

Dûuhle 

3 

3i 

4i 

^i 

51 

•44--48 

3 
4 

i?i! 

2Í 

3J 

Treble 

3 

Treblp 

D uble 

3 

33 

4i 

41 

51 

^ 

-50--52 

7 
8 

IW 

3i 

4 

Treble 

Treble 

4 

Trcble 

4 

43 

43 

5i 

61 

7 

•54--58 

7 
8 

iM 

31 

4 

Treble 

Treble 

4 

Treble 

i 

4Í 

H 

51 

01 

7 

•60-64 

7 
8 

lU 

31 

4 

Quad'le 

Treble 

4 andS 

Treblc 

4 

43 

iî 

51 

61 

7 

66- '68 

7 
8 

ifíi 

3i 

4 

Qusd'le 

Quad'Ie 

TrehlE 

4 

4i 

4Í 

5i 

Ci 

7 

•70--74 

1 
l i. 

3 

4! 

Quad'Ie 

4i 

Quad'le 

4i 

Treble 

4 

5S 

7 

S 

•7&-80 

1 
IXi 

33 

4Í 

Quad-le 

4iand3S 

Quad'le 

4S 

Trebb 

4 

5! 

. 6 

7 

•82-.-84 

1 
i& 

3Î 

4i 

Quin'ple 

4i 

Quad'Ie 

4SBnd3 

TrebU 

, 

5 

5! 

7 

• 8 6 - 8 8 

1 
ISi. 

3i 

4i 

Qum'ple 

4iaiid3í 

Quad'Ie 

4iand3i 

Treble 

» 

& 

5i 

6 

7 

-90--98 

1-̂  
1'^. 

41 

51 

Quin'ple 

si 

Quad'Ie 

51 

Trcb e 

í l 

5! 

61 

63 

8 

l- H-OE 1-BB-M2 

1 1 

1% 

41 

5i 

Quin'ple 

5 and41 

Quad'Ie 

5iand4i 

iTteble 

41 

5i . 

• s 
1% 

4i 

51 

Quin'ple 

5 iand4! 

Quad'le 

Tieble 

41 

53 

1-H-12S 

' 4 

1% 

4Í 

6 

Quin'ple 

G acd 5 

Quad'Ie 

6 a n d 5 

Trebie 

4Í 

H 

rZS-1'38 

11 
2«. 

5i 

6i 

Qub'ple 

ajandSi 

Quad'Ie 

Si and 6i 

Tteble 

51 

7 
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The size of rivets and the breadth of seams, end laps and butt straps 
are given in Cut 79. 

BREADTHS OF SEAMS, END-LAPS AND BUTT STRAF^ 

BREADTHS AKD SIZES ARE GIVEN IN In 

THICKNEtS OF PUTE. 

BreadthB of— 

í 

Zig-zBg-riveteii SeamB.— _. 

Double- ÍTeted End-lapa 

Treble-rlveted EDd-Iaps 

Double-riveted Butt Strap8._. 

Treble-riveted Bui* Straps. 

Quadruplc-riveted ButtStraps 

' 18-34 

m
oi

 

2i 

31 

3i 

41 

6i 

8 

.36-43 

3 
4 

2! 

3i 

41 

6! 

71 

9Î 

Si 

141 

isi 

•50-68 

7 
8 

3 

11 

Si 

«r 

81 

111 

IH' 

161 

22 

•70-88 

1 

31 

5 

6 

7 

10 

13 

l»i 

13 

19 

26 

31 

•90-1-12 

<8 

4 

51 

6i 

111 

14i 

isi 

21» 

28 

35 

|.|4-r26 

n 

61 

71 

121 

161 

201 

311 

39 

J ' 2 8 - 1 ' 3 8 

>8 

' 

81 

U 

18 

23 

341 

43 

Cut 79. 

RIVETS 
Pan headed rívets for use in watertight worií and under the engines 

are to be swelled in the neclí so as to fiU the countersink due to the punch-
ing, and are to be of the foUowing proportions: 

Diameter at top of swelling =1.12 times rivet diameter. 
Diameter at base of head = 1.60 times rivet diameter. 
Diameter at top of head = Rivet diameter. 
Depth of head . = .70 times rivet diameter. 

• In bulkheads, tunnel, rudder and other watertight work, points are 
to be hammered, uot snapped. 

Pan headed rivets are to be used for work under the engines and iu the 
shell plating. Countersunk headed rivets are not to be used for water-
tight^work nor in important parts of the structure, unless passed upon by 
the bureau. 
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In the case of heavy forgings and castings, where excessive length of 
rivets would prevent their being properly stayed up, svtfficient tap riveting 
is to be adopted. • 

HOLES , 
Holes must be punched from the faying side. 
Holes in tliree-ply and four-ply work are to be fair, unfair-holes are to 

be reamed out after tlíe work is screwed up, and thcy are tp be countersvmk 
then and the size of the rivet suitably increased. 

Countersinlc is to extend through the platc when the thickness is 
undér .60". . • 

Countersink is to cxtend throvigh at least 90% of the thickness of a 
plate where the tliickness is over .60". 

Holes in liners are not to. be larger than those in the plates or bars. 
Lining pieces under outside strakes of plating are to be of steel in one 
length, and are to have a brcadth not less than 3\ timcs thc diametcr of 
the rivets. 

Punches should be kept in good order, and Ihc die or bolstcr uscd for 
stccl work ás small as possible, so as to avoid cxcessive "burr" around 
the hole. 

ASSEMBLING WORK 
AU projections such as "burr" from punching, sliearing, or drilling 

are to be removed from faying surfaces, and the work is to be thoroughly 
closed up with a sufficient numbcr of service bolts beforc riveting is com-
menccd. Unfair lioles áre to be reamed fair, not cut, and riveted work 
pUed up close, so that an ordinary testing knif e cannot be inserted between 
surfaces. Rivet points are to be fuU in the finisli. 

RIVETING IN GENERAL 
Where adjoining platcs diíîer in thickncss the riveting of cnd connec-

tions is govemcd by the lesser thickness. 
In seams it may also be governcd by the smaUcr thickness. 
In boundary angles it is governed by the lesser^ thickncss, whcther 

plate or bar. 
The overlapping of angles, vis reveísC angle oí frame angle, floorplate 

011 frame, etc, is not to be less than callcd for in the following table of sizcs 
of angle flanges in terms of the size of rivet used. 

SIZE OF ANGLE FLANGES 

S ze of Rivet. 

%' 
%' 
%' 1" 

VAs' 
VAi' 
Ws' 

âi igle Riveting. 

2%/ 
3" 
3 K " 
3 H " 
4" 

^y/ 
5" 

Zigzag Riveting. 

4" 

W/-
5" 
6" 
7" 

,8" 
8" 

Chain R veting. 

m^' 
S" 
6" 
7" 
8" 
9" 
9" 
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Bar Keels, Stenjs, and Stcrn Posts are to have rivets of suíScient 
diameter to' insure sound workmanship. The following sizes' Iim|it the 
length or vicc vérsa. -

I " rivets m^ay be used whcn the total rivet length is under 3 " 
7ff 'ií II íí u .1 í i II 1. • l í . í r / / 
8 ^ 

1" " ' ' " " " 6" 
H" " " "^ "• " " " " " " 8" 
Vi" " " " " " " 10" 

Where the length is too great to permit sound work, • tap rivéts are to 
be used. 

Ruddcr Arms are to have rivets of no less size than requ.ired for the 
rudder plate, and are to be reeled at the inner end 'and spaCed 6 diameters 
in each row, gradually closing up unti! the spacing at thc outcr cnd does 
not exceed 4 diameters in each row. . The rivcts are to have countersuuk 
heads and hammered points. 

Platc Kecls are recommendcd as being fltted as outside strakes. End 
counection on plates under .60" thickness may bc' doublc rivctcd; on 
plates .60" to. 80" treble riveted, and on .80"" plátcs quadruple rivctcd, the 
spacing of rivcts in each row is to bc 3\ diameters in each case. 

Center Girder Plates are to havc overlapped end connections m t h the 
riveting required for midship plates, bu t the spacing of girder but ts . The 
bot tom angles are to have rivets S diameters apart, the top angles 7 diam-
ctcrs apart, except undcr thc engines where the spaeing is SJ diameters 
apart . ' ' • 

Keelsons arc to have liorizontal plates riveted as required for their 
thickness and for Girder butts, and the spacing in thc top anglcs not to 
exceed 7 diameters, and in the reverse angle not to exceed S diameters. 

Frames and Reverse Anglcs connected to plating are to have rivets 
spaced not more thau 7 diameters, and where double rivcting is rcquircd 
the spacing applies to each row. Rivct holes in frames, in way of shell 
seams, are to be drilled after the frames are faired in position. Thc rivct 
holcs at the round of bilge are not to be punclicd until after the frames are 
turned. -

Wcb Frames and Side Stringers. The riveting in bu t t s of platcs is as 
requircd as for Girder but ts . Face bars are to be at tached to the plates 
by rivêts spaced not more^than 7- diameters, frame bars to shell and wéb 
plates by rivets spaced not more than SJ diametcrs. Whcn frame bars are 
double riveted •íhe rivets are to be spaccd not more than 8 diameters for 
zigzag riveting, and not more than 7 diameters m t h chain riveting, in each 
row. • , 

Floors with single bottoms, which are not at tached to center girders, 
are to have riveting rcquired for midship plates, and spacing as for girder 
but ts . 

Beams. Thc spacing of rivets connecting plating to beams is not to 
exceed 7 diameters, and whcrc beams are fitted to alternate frames the 
spacing is not to excecd 6 diameters. 

In the riveting of beam knccs not more than two hqles are to be 
punchcd in each knee before the beam is faired in place. 
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Attachments. The rivets in bcam knccs, brackets, and overlaps on 
brackets are not to be spaced more than 5 diameters with single and chain 
riveting, nor more than 7 diameters in each row for zigzag riveting. The 
riveting of these various attachments is set forth in Cut 80. 

ATTACHMENTS 

DEEP FRAMES, CHANNELS, 

SIZES AflE CIVEH IN INCHES 

WEB FRAMES BULB ANGLES 

Depth 

6 

Øi 

7 

7 Í 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

1 6 

1 6 

1 7 

1 8 

1 9 

2 0 

2 1 

2 2 

2 3 

2 4 

• 2 6 

2 8 

2 7 

Bracketa 
R vets ia each 

Ko. 

3 

4 

5 

8 

7 

7 

8 

9 

lÔ 

12 

13 

14 

15 

IS 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

Size 

CHpa 
Riveta in each 

Flange 

No, 

2 

3 

3 

4 

4 

4 

5 

5 

6 

7 

g 

8 

9 

9 

10 

10 

n 
n 
12 

12 

13 

14 

15 

16 

S zc 

• 

1 

i 

í 

i 

i 

l 

î 
1 

I 

l 

l 

i 

í 

i 

l 

i 

i 

I 

Depth 

2» 

2 8 

3 0 

3 1 

3 2 

3 3 

3 4 

3 G 

3 S 

3 7 

3 3 

3 9 

4 0 

4 1 

4 2 

4 3 

4 4 

4 5 

4 6 

4 7 

4 8 

4 9 

6 0 

6 1 

B/acl^etfi 
Rivets in each 

No. 

32 

20 

21 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

Size 

i 

i : 
î ' 
1 i 
f i 
Í i 
° î 

i 

i 

i 

i 

i 

• i 

i 
I 

i 

Clips 
Riveta in each 

Flange 

No. 

18 

20 

J2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

30 

24 

25 

26 

27 

28 

Size 

i 
t 

1 ' 
íi 
• | l 

i I 
" i 

î i 
° i 

í 
i 

i 

î 
i 

1 

i 

1 

1 

I 

1 

1 

1 

1 

Depth 

e 

6 ! 

7 

7 i 

8 

8 

1 0 

I I 

1 2 

Braclíeta 

v e ^ m e a c 

No. 

, 3 

3 

4 

5 

6 

7 

7 

3 

9 

Size 

CUps 

Flaogc 

No. 

2 

' 2 

3 

3 

4 

4 

4 

5 

e 

Size 

i 

Cutí 

Stanchions and Deck Girders. The rivets in plate seams of built 
piUars are to be spaced 6 diameters, and those iu bars not more than 8 
diameters. The rivets connecting face angles to girder plates are to be 
spaced not more thau 7 diameters. The rivets in deck clips are to be 
spaccd not more than 6 diameters. Stanchions are to havc the following 
riveting: 

Stanchions under 3 J " diameter to have 2 J " rivets in each palm. 
Stauchions of 3 J " to 4\ " diameter 2 1" rivets in each palm. 
Stanchions of 4J" to 5 | " diameter 3 1" rivets in each palm. 
Stanchions of 5f " and over diameter 4 1" rivets in each palm. 
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Bulkheads. The rivets in bulkhead frames are to be spaced S diam-
eters in the she.ll flange, and as required for watertight seams iu the bulk-
head flange. 

Bulkhcad stiffeners to plating spacing is 7 diameters. 

Deep tank stiffeners spacing is 5 | diameters. 

Bulkheads of deep tanks to be double riveted. 

The following table gives requirements for the rivcting of end attach-
ments in bu kliead con.struction, Cut 81. 

B U L K H E A D S 
SIZCS ARE GIVEn 1N INGHES 

ATTACHMENTS FOR STIFFENERS IN PASSENGER VESSELS 

Typo of StJl eiier iiud deptli in Inchcs 

Thi 

12 

ChJninila, 12X3! 

16X4 -

BRACKETS 

knesH 

40 

44 

44 

44 

52 

54 

Flange Width 

3i 

3Î 

43 

4J 

Rivets in 

No. 

4 

7 

9 

10 

15 

16 

each Arm 

Size 

3 

i 

1 • 

l 

CLIPS 

Rivel . n each FJange 

No. 

3 

4 

6 

0 

S 

S 

S 

9 

9 

Sbe 

1 

â 

i 

î 

î 

Cut 81. 

Panting Arrangement. In the after peak and for 15% of the forward 
length of the ship from keel to well above the load line, the spacing of 
rivets connecting shell plating to frames and stringers is not to exceed 5J 
diameters. Shell clips in peaks are not to have rivets spaced more than 
5 diameters. 

http://she.ll
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Shell Plating, Seams in shell plating in vessels under 250 feet long 
may be single riveted. 

Seams at ends in ships under 300 feet long may be single riveted. 

Seams in superstructure may be single riveted, except a t breaks. 

Seams in supcrstructurc a t breaks to be riveted as tabulated. 

Seams in vessels having machinery in after end to be double riveted 
on the flat of floor forward of midship haíf length. 

AII other shell plating is to have d.ouble rÍAætcd seams. 

Gu-uwale Angles having flanges of .widths for single and double riveting 
are to have rivet spacing as rcquircd for watcrtight seams. 

Machinery Casings whichare exposed to the weather are; t o be riveted, 
in accDrdance with requirements for watert ight bulkheads. •Machincry 
casings.not so.cxposcd, aud hcnce not required to bo watertight may have 
6 diameter spacing in seams and end connectious, except in the but ts of 
cásings ând othcr parts csscntial to girdcr eff cicncy. 

Masts and Spars. Masts and bowsprits in sailing vessels may have 
single rivetcd scams whcre angle stiffeners arc fitted throughout their 
length. They shall be double riveted where no stiíîeners are fitted,. 

Masts in .steanicrs, topmasts and j 'a rds of sailing vessels may have 
singlc rivctcd scams. 

Eiid connections in masts from below the wedging up to the cap are 
to be treble riveted. Top masts for sailing vcsscls are to be treble rivetcd. 

Doubling P ates are to be single riveted a t cdgcs with rivets spaced not 
more than 5 diameters. The rivets in thc body of the plate are to be 
sufBciently close to bring the plate siu'faces well home, and should be put 
in before the cdge rivets. , 

Gussct connections for bracket floors arc given in Cut 82. 

ju Feel 

200 and under 2^0 

2';o and under ÔO 

JOO and undpr 350 

350 and imder 400 

400 aud undi r 4o0 

450 H d [inder S O 

|600 and under 550 

550 and undu t U 

600 and under íioO 

0^0 and undtr 700 

G U S S E T 

Depth of Vessd 
i i Fect 

16 ind und.r 20 

20 and under 24 

21 and under 27 

27 fllid undir -iO 

30 and under 33 

33 aud miji.r Jfj 

3(j jnd under 39 

Cy aad urider 13 

42 ind uudcr 45 

41 iiid under 48 

CONNECTIONS 

A M „ ™ „ 

Spacing 

5 írames apart 

4 framcs apftrt 

3 íramea apart 

3 frnmes apart 

2 frameá apart 

1 frame apart ' 

1 frame apart 

Contiouous pliife 

• .Ciantinuous. plate 

CoDt auyus plaíer • 

ON BRACKET FLOORS 

AFTEH BOUT 

Riyeting 

Four ?í-Rivota 

FivB 5Í-Riveta 

Five K-HJveta 

Eight K-Riveta 

Eight Jfj-Rivefá 

•Five y^-RivtU 

Six J-s-Hivctg 

• Seven J i-Rivetî 

EÍEht Já-Rivcta 

Eight. l-Riveta 

'FOHWARO O ' MlD 

Spacing 

4 fraraes apart 

3 frames apart 

2 frames apart 

2 frames apart 

1 framé ãpart 

Continuoua plate 

Continuous plate 

Continuous platc-

Continuoua plate 

Continuôtie platc 

9Hír HXLf LENOTU 

líiveting 

four 5Í-Rivets 

F ve Jí-Riveta 

Five Já-Riveta 

Ei'glit JS-Rivets 

Five "J's-Riveta 

Saven Í^-Rivcfd 

Fight K-Rivet3 

Ten ^^Riyels 

Ten í-Rivet9 

Ten 1-Riveta 

Cut 82. 
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LLOYD'S REGISTER OF SHIPPING 

Rules for Rivets and Riveting 

TEST REQUÍREMENTS 

Rivet Bars • 

Tcnsile strength • • .25 to 30 tons per square inch. 
Elongation (In 8 times diameter) 2 5 % 
Elongation (In 4 times diameter) 30% 

Mamifactured Rivets 

Shank Bend (Cold) 180° Flat on itself without fracturc. 
Plattening Test (Hot) . . . . Head to fiatten to 2 J timcs the diameter of the 

shank without tearing. 

In Cut 8,3, the ,size of rivet to be.uscd with ^''arious ,sizes of plate is 
given as required by Lloyd's. The proportioning of countersinking for 
various thickness of plate and size of rivet is also illustrated. • 

For 5 /^" R lvs t . 

^ /4" í i l v a t . 

For 7/G*' Rlvot , 

For 1 l /B" RiV' 

For 1 1/4" Rlv'et. 
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LLOYD'S REGISTER REQUIREMENTS 
Standard Rivet 

Porm to be used in Outside Plating. 

•'{/[ 

r»--l D - " ^ 

. - î - l ^ - " - , 

- - - i . e D -

«--D . - » 

M 

Cut 84. 

The tapered neck of rivets to be of suitable length in relation to the 
thiclmess of the plate in which it is intended to be used. 

Thc foUowing table gives Rules for Riveting as required by Lloyd's. 

T iickness 
of Plate. 

Diam. of Rivet. 

.22» 
to .34" 

%' 

RIVETmG 
.34" 

to .48" 

%" 

.48" 
to .66" 

• % ' 

.66" 
to . 88" 

1" 

.88" 
to 1.14" 

IH ' 

1.14" 
to 1 .20 ' 

mi' 
Spacing of 
Frames. 

20' 
2QA" 
21" 
21M 
22" 
22 J^' 
23" 
23K' 
24" 
2iA' 
25' 
25 J í " 
26" 
26M' 
27" 
21^2' 
28' 
2 8 ^ " 
29" 
29}á" 
30' 

im' 
31" 
3134" 
32 ' 
3 2 ^ ' 
33" 

Number of Rivets in Each Row. 
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In the coustruction of ships intended to carry oil in bulk, special care 
must be taken to provide against local stresses a t the end of oil spaces, 
super-structures, c t c , and for the necessary compensation for the close 
spacing of the rivets throughout the structure. Solid scctious should be 
uscd as much as posíîiblc, ílangcd ends of plates being preferred to angle 
connectious. 

Thc spacing of rivcts connccting dií erent members of tlie structure 
in oil spaces is not to exceed 5J diameters. Two rivets arc to be fitted 
through all bars in way of double riveted scaras. Threc-ply work, close 
bcvels and thc use of pacldng are to bc avoided to the utmost extent, and 
any rivet holes which are the least unfair are to be reamed and larger rivets 
f t ted. 

The foregoing covers riveting in ship construction quitc completely, 
but many persons engaged in ship con.struction may have suggcstions to 
offcr in relation to tables, etc. While this compilation is gotten up with 
the idea of helping them in their worlí, there arc probably many tables 
tha t arc very liandy to the ship layer out or dcsigncr, and any 'suggestions 
in relation to this subjcct would be weleomed b-y us. 

To conclude tliis section it might be statcd tha t tlie United States 
Shipping Board estimates tha t the nonnal tounage of merchant marine 
will not be restored to the state it was in prior to the World War for many 
years. Requirements for tonnagc have normally increased, so tha t 
intensÍA'e ship construction may be considered as a basic industry for this 
generation. 

As far as the Unitcd States Mcrchant Marine is concerned, it might 
be said tha t wlúle thc prescnt Shipping Laws restrain, tliey do uot pre-
vent the operation of American vessels. 
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SECTION VIII 

B R I D G E S 

The proportioning given in Structural work will largely follow for 
Bridge construction, although therc are some standards adopted in this 
work, peculiar to itself. Generally in Bridge dcsign the allowable stresses 
are reduced, as compared to Structural work. 

The compo,sition of steel used.' for structural steel for bridges has been 
standardized bjr the American Society for tcsting materials, and which arc 
as follows: The steel is to be made by the Open Hcar th Process. 

Phospl orous, Basic, not ovcr 

Physical Requirements: 
Tensiie strength, Ibs. sq. in 
Yield Point, Min., Ibs. sq. in 

' Elongation in 8 ", Min. % 
Elongation in 2 ' 

Number Tcsts, pcr mclt: 
Tension 
Bend 

Structural Stccl 
for Bridges. 

0.060 
0.040 
0.050 

55000—65000 
K T S 

1500000-^TS 
22% 

A. 

1 
1 

Rivet Stee . 

0.040 
0,040 
0.045 

46000—56000 
> 2 T S 

ISOODOO^TS 

180° Plat. 

1 
1 

Material | " or under in thickncss íiat on itself. 
Over f" and to Ij" in thickness around a pin whose diameter is equal 
to the thiclmcss of the máterial specimen. 
Over I J " in thickness arouud a pin the diameter of which is twice thc 
thickuess ot thc spccimen. 

Eyebars tcst are required to bend without failure as follows: 
f" or uuder around a pin d = t. 
î " to 1 | " around a pin d = 2 t. 
Ovcr l " around a pin d = 3 t. 
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Many large and important bridges have been constructed in the last 
few years, notably the Manha t t an Bridge, Blaekivells Island Bridge, the 
Hell Gate Bridge, and the Quebec Bridge, the lat ter of which had two 
disastrous failures during its coustruction. 

Due to the curtailment of all railroad improvements, there has bcen a 
serious lack of new Railroad Bridge building. Many Railroad Bridges 
wcre never designed to carry the traíEc imposed upon them, and the 
iiumber of such structures tha t have been doctored up to strength, by 
patching up, is almost beyond belief. 

In the comstruction of the Hell Gate Bridge, 8x8 angles werc used, 
these being the largest size obtainable. Better proportioning would havc 
resultcd if 10x10, or 12x12 angles could have been obtaincd. I t is the 
prcsent tendency to utilize as large sections as possible, and the Steel 
Manufacturers will have to consider thc advisability of rolling the heavier 
•sections to meet this requircment. 

Special steels have been tried, notably in tlie Blackswell Island Bridge 
where Nickel steel was extensively used. Silicon steel is in use, in the 
Ohio River Bridge at Metropolis, Illinois, this steel containing approx-
imately 0.3S Silicon. Tests of this steel give higher yield point and tensile 
strength without reducing thc clongation or reduction of arca. The 
Silicon steel is used for top chords, main posts, main diagonals, and for 
the end panels of bottom chords. AU other rolled material in the bridge 
s of medium carbon steel. 

In the Manha t t an Bridge Nickel Steel rivets were used the specifi-
cations for which were: 

Nickel Steel Rivets. 

Tensile strength 70000 to 80000 
Yield p o i n t . . . ; . . . . , . 45000 
Elongation in 8" 1600000-^TS. 

In the Manha t t an Bridge Mediun Carbon Steel rivets were also used, 
the requirements for which were: 

Medium Carbon Steel Rivets. 

,Tensile strength 50000 to 58000 
Yie ldpoin t 30000 
Elongation in 8" 1 6 0 0 0 0 0 T - T S . 
Reduction area 5 0 % 
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In bridge design thc following points should be given consideration as 
far as riveting is concerned. 

Shearing and Bearing of Rivets 

The rivets connecting parts of any member must bc so spaced that the 
shcaring stress shall not exceed 9000 pounds per square inch, or J of the 
usual allowcd strain on that mcmber. 

The pressurc upon thc bearing surfaee per square inch of the pro-
jectcd semi intrados (diameter times the thickness of thc piece) of the rivet 
hole shall not cxceed 15000 pounds, or l î timcs the allowed strain on that 
mcmbcr. 

For ficld rivcting the above valucs should be reduced to 2/3 the value 
given. 

Rivets must not be u,sed in direct tension on any part of a bridge 
structure. 

Generally the pitch in all elasses of work should ncver exceed 6 inches, 
or 16 times the thinnest outsidc platc. 

The pitch of the rivets should never be less than 3 diameters of the 
rivet. The pitch of rivets at the ends of compre,s,sion mcmbcrs should not 
cxcccd 4 diameters of the rivct for a length equal to 2 times the width of 
the member. 

Thc rivcts gcncrally uscd in bridge construction are -1", |" , and J " in 
diameter, and are Button head. 

The distance between thc cdgc of any piece and the center of a rivet 
hole must never be Icss than I j ", except for bars less thau 21" widc. When 
practical it shall be at least 2 diameters of the rivet. 

On account of the nature of the work, as much of thebridge work 
should be done in the shop as possible, thereby driving the maximum 
number of rivets by pressure machincs. In any case no rivets exceeding 
I" in diamctcr should be hand driven, and they shQtild not bc allp^ved. 

Field riveting must bc reducedtothe minimum, and if possible should 
be entircly avoidedin.Bridgc construetion. 
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CHAPTER X 

RAILWAY CAR AND LOCOMOTIVE CONSTRUCTION 

There are about 2,500,000 freight cars in serviee in this country, 
and while this number includes the oid wooden freight cars, the construc-
tion of replacemcnts is largely oí steel construction. It was formerly 
figurcd that tlie life of a steel freight car was 25 years, but more recent 
data seems to indicatc that this is much too high a figure. Construction 
of railroad freight cars is donc at the rate of approximately 50,000 cars per 
year, although the capacity of the country is probably four timcs this 
amount. 

Locomotives are manufactured for United States railroad use at 
about the rate of 5000 pcr ycar, and about that same number are made for 
foreign account. Probably if urgently pushed this country would have a 
capacity of some 15,000 standard locomotives per ycar. Locomotive 
building has been standardized, types adhered to, methods of con,struc-
tion comparable to the bcst productive methods, and a locomotive can be 
tumed out much more rapidly than was practiced a few years ago. 

The construction of locomotives and the fabrication of stccl cars must 
comply with the requirements for high grade structiiral work, and of the 
Boiler Code. In addition the requirements of the Master Car Builders 
Association, now known as the American Railroad Association, and of the 
Interstate Commercc Commission must be met. 

Following are the grades of steel used ín this type of construction as 
standardized by the American Society f or Testing Materials: 

Material. 

Open Hearth Steel: 

Phosphorous, Basic, undcr : 

Structural for 
Locomofcives. 

.050 

.050 

.050 
55000—65000 

i ^ T S 
1500000^TS 

A. 

Strtrctural for 
Cars. 

.060 

.040 

.050 
50000—65000 

i ^ T S 
1500000 H-TS 

A. 

Platcs for Cold 
Pressing. 

.060 

.040 
050 

48000—58000 
táTS 

1500000-i-TS 
A. 

NoTE A. Bend Tcsts:—The test specimen shall bcnd cold through 180° 
without cracking on the outside of the beut portion as foUows: 

For material f " or under in thickness flat on itself. 

For material over f " and up to and including I j " in thickncss around 
a pin the diameter of which is equal to thc thickness of the speci-

For material over IJ" in thickness around a pin equal to twice the 
tliickness of the specimcn. 
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MoDiFiCATiONS IN ELONGATION:—For material over f" iu thickness a 
deduction of 1 from the elongation specified shall be made for each 
increase of | " in thickness above | " to a minimum of 18%. 

For matcrial under 5/16" in thickness, a deduction of 2.5 from the 
percentage of elongation in 8 ", as specified shall be made for each decrease 
of 1/16" in thickness below 5/16". 

REQUIREMENTS FOR RIVET RODNDS 

The requiremcnts of the American Railroad Association and of the 
American Society for Testing Materials are compared below: ' 

Requirements of — 

For Rivet Steel for = 

Open Hearth Steel: 

Phosphorous, Acid 
Phosphorous, B a s i c . . . . 

Physical requirements: 

Elongation in 8 " 

A.S.T.M. 

Car Rivets. 

.040 

.040 

.045 

45000—60000 
K T S 

1500000-hTS. 
180° flat 

A.R.A. 

Locomotivc Rivets. 

. 30 to .50 
.040 
.040 
.045 

45000—55000 
^ T S 

1500000^TS (-1-) 
180° at (*) 

A.R.A. 

Passenger & Freight 
Car liivet Steel. 

Optional. . 
Optional. 

,040 
.040 
.050 

45000-60000 

isoooob^-TS (H-) 
180° flat 

C). Quench Bend required also, 180° flat. 
Elongat on need not exceed 30%. 

The priucipal parts of a Steel car of any type are the framing, trucks, 
breaks, and draft gear. 

The framing consists of center, side and end sills, with suitable bracdng. 
The floor, sides, and end plates are riveted to the framing and securely 
braced. 

The ear must meet the requirements of the Amcrican Railroad Associ-
ation in regards couplers, trucks, wheels, axles, etc. 

The car must meet the rules of the Interstate Commerce Commission 
in relation to hand brakes, bralce steps, sill steps, side handholds, end 
handholds, uncoupling levers, etc, for numbcr, dimensions and location. 
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DIMENSIONS OF RIVET HEADS 

Rivet heads for car construction shall conform to the dimensions 
showu on the purchaser's standard drawings when so specified, otherwise 
the head shall conform, within 5% above or below, to the dimensions 
shown in the íollowing table. 

D I M E N S I O N S FOR RIVETS. 

Diam. of 

D 

M 
G 

% 
Ví 
9 

% 
«-
M 
1 3 

Vi 
Í .5 

1 
1, \ 

m^ lA 
VA 
Ws 
VA 
m 2 

Cone Head. 

A 

15, 

i 2 . 
64 
2ÍL 

Z I 
15. 
I_ 

' X3. 

a i í 
Aâ 
!i_3 

% 
.1 5 

1 i -

IJ-̂  

1-£-
-1 1.1 

1.^.1 

iK 

B 

A 
6 4 

3 3 

6 4 

Vs 
u 1"32 

l i ^ 

•1-16 
1 2 J : 

m m m 1 5 5 

1 1 1 

2A 
2-A 
9 1 1 
^ 3 2 
2 ^ . 
3A 
3K 

C 

A 
3 2 

6 4 

6 4 

1 6 

y^' 
'6 4 

. 3 1 

6 4 

6 4 

% 
6 3 

-í 6 4 

1 1-3. 
- '•64 

-••32 

m 

Button Head. 

B 

A 
3 5 
6 4 
3 3 

% 
a lA 

1 1 1 
1-5-
1.?^ 
11X 

itt 
IM 
1 5 5 

1 3A 

Sê' 
9-3-
0 1 3 

2 ^ 
3A 
3K 

C 

3 
1 6 
1 5 
6 4 

3 2 
2 i 

H 
2X 
1 5 
-12 

3 9 

14 
*A. 

VA. 
6 1 

3-7. 
3 3 

6 4 

lA 
1}^ 
lA 
m2 

Steeple Head. 

B 

y^ 
% 
H 
Vs 

1 
Ws 
m Ws 
i ^ 
i ^ 
iM 
VA 
2 
23^ 
2M 
2% 
ÍVi 
'i% 
3 
3K 
4 

C 

K 
rt 
?̂  
Yg 

M 

% 
l i 

% 
3^ 

1 
lA 
IJ^ 
l i% 
1}^ 

ms m-i 
1% 
2 

Coun-
tcr-

Head. 

C 

Vs 
A 
å 
ã T 

M 
A 
-A 
3 3 

H 
.13. 

1 s 
3 2 

^ 
Vfi 

.12 

^ 
T6 ' 

M 
• J i 

1 

»-A->| 

Cone 
Head. 

A = i | x D 
B=1M X D 
G=KxD 

Button 
Head. 

B = 1 M X D 
C=MxD 

Steeple 
Head. 

B = 2 x D 
G=D 

Countersunk 
Head. 

C = H i D 
T a p e r = 7 8 degrees 
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FoUowing are the Master Car BuUders, or Ámerican Railroad Associa-
tion requirements for rivcts. 

Rivets for Passenger and Freight Equipment Cars 

B E N D T E S T : — T h e Rivet shank shall bend cold through 180° fiat on 
itsclf as shown in Cut 86, without cracking on the outside of the bent 
portion. 

Cut 86. 

FLATTENIKG T E S T :—Rivct hcads shall be flattened' sideways, when 
cold,- to a thicknessof 1/3, and whcn at a driving heat to a thickness of 1/4 
the original diameter of the shank, ^vithout splitting. 

NuMBER OF T E S T S :—One bend and. one flattening te,st shall be made 
from each lot of 100 kcgs of cach diameter or from each d iamete r in any 
one melt, cach of which must confonn to the requircmcnts spccificd. 

If any test specimcn from the rivets originally selected contains 
suríace defects not visable before teíîting, bu t visablc aftcr tcsting, onc 
retest shall bc allowed. 

Samples representing a lot of rivets shall bc marked in a manner that 
will not impair their valuc for test purposes. 

RIVETS FOR TANK AND UNDERFRAME 

The requirements are substantially the same as for rivets given above. 

I f h a s been usual, however, to require 10 rivets from everjr 100 kegs 
of rivets for chcck analysis in case of dispute, regarding chemical com-
position. 

RIVETS FOR LOCOMOTIVES 

The rivets for locomotivcs use are used for Locomotive boilers. 

T E N S I O N TESTS:—Rive t s shall conform to the requirements as listed, 
and the elongation measured in a gage length not Ifess than four timcs the 
diamcter of the rivet. 

CoLD BEND:—180° fiat on itself without cracking. 

QUENCH B E N D :—The Rivet shank when hcatcd to a light cherry red 
as seen in the dark, and not lcss than 1200° Faren ieit, and quenched at 
once in water of a temperaturc between 80° and 90° Farenheit, shall bend 
180° flat on itself without cracking on the out,side bent portion. 
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FLATTENING T E S T :—Rivet heads shall flatten sidewisc, whcn cold, to 
a thickuess of 1/3, and whcn at a driving heat to a thickness of 1/4 of the 
original diamcter of the shauk, without splitting. 

NuMBER OF T E S T S :—One Tensiou Test (when specified). 
One Cold Bcnd. 
One Quench Bend. 
One Flattening Test. 

From each lot of SO kegs of each diameter or from each diameter in 
any one melt, cach of which shall conform to thc rcquirements specified. 

Tcnsion, bend, and fiattening test specimens shaU be of the full section 
of the rivets as manufactured. 

When accurate accounts of the matcrial havc bcen kept and. the melts 
can be identified, only one set of tests for each diameter in each melt shall 
be taken for thc finished rivets. 

If rivet bars or rivets have been cold worked, the test specimens shall 
be heated to a drawing heat and allowed to cool in air before tcsting. 

Rivets f or cars are largely -|" in diameter. In underframes of gondolas 
j " and 1" rivets are largely used. In the construction of Oil Tank cars, 
the requirements for oil tightness arc substantially the same as given. for 
oil tight seams in Ship construction. I t would be well for the Oil Tank 
Car Builders to note the composition of oil stops used in ship building as 
given in Chapter VII . 

All punching and drilling in car construction must be done accurately, 
and the drífting of holes not permitted. Reaming should be done after 
the parts forming a built up member arfe secured by bolts. Buckles and 
lumps should be faired out before rivetiug is commenced, and cold ham-
mcring to make fits should not be permitted. Rivets should be driven 
by prcssure tools or pncumatic hammers. Finished rivets should be first 
class, and loose and burned. rivets cut out and replaced. No recupping of 
rivets after driving shouid be pcrmittcd. 
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CHAPTER XI 

TANK, CHIMNEY, RIVETED PIPE, AND MISCELLAN-
EOUS CONSTRUCTION 

Large quantities of Riveted Steeî Tanks, Smokestacks, Pipe, and other 
fabricated plate work are used industrially in this country. Much of this 
material is not made to standard specjfications, although manufacturers of 
this type of apparatus have standardized their own products for the pro-
duction benefits dcrived therefrom. 

TANK STEEL 

Tensile strength 55000 to 65000 pounds per square inch. 

Shearing strength 45000 to 50000 pounds per square inch. 

Tank plates made of soft steel, while the heads are made of fianging 
quality steel. 

The operations conducted in the manufacture of tartks, smokestacks, 
e t c , are as follows: 

1. LAYING O U T : -The plates, head disks, and shapes are layed out 
to template, and all holes located in the flat. 

2. PUNCHING: AII material is carefully center punched, and clean, 
sharp center punches used. Clean and sharp punehes and dies are neces-
sary, and a clearancc of approximately 1/32" between punch and die is 
good practice. 

3. SHEARING: A I I calldng edgcs must be bevel sheared or bevel 
planed to an angle of 70°. 

4. ROLLING AND BENDING TO SHAPE : This work is done cold, thus 
avoiding strains due to heating, and should be doné by pressure machinery. 

5. FLANGING: The use of a Flanging machine is to be prcferred t o 
the work done on a Stake table and hand work. 

6. R I V E T I N G : This work is preferably done in a Hydraulic or 
Pncumatic Riveting machinc, with mechanical Holder On, The proper 
pressure should be applied to different sizes of rivets and rivets allowed t o 
properly " se t , " before pressure is removed. 

7. CALKING. Pneumatic Calking machines should be used, and 
equipped m t h a well rounded nose tool. 

8. T E S T I N G : A I I fabricated work of this nature should be tested by 
water pressure if in tank or pipe form, a pressure 1\ tiraes the working 
pressure being used. Rivets should be tapped for condition in stack and 
other cylindrical work without bottoms, and all loose and burnt rivets 
cut out and replaccd. 
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9. PAINTING: A good pairit should be used for the preservation of 
all work, and to give neatness in appcarance. I t should be remcmbered 
tha t a single coat of paint furnished the maximum protection, as compared 
to any other coats subscquently applied, and tliis coat given by a manu-
facturer should be doue with care and thoroughly. 

10. G E N E E A L : N O artificial methods of making tight joints should 
be permitted under any circumstances. Sal Amoniac used to rus t 
tight a joint is dangerous, as in the majoritj? of cases tlie Tank Builder does 
not know the use to which his tank will be put. FiUers if used should be 
limitcd to the minimum. 

The strength of riveted joints in this work would be as discussed 
previously, bu t in round numbers the eíficiencies may be repeated as: 

Single Riveted Lap Joint = 60% 
Doublc Riveted Lap Joint = 70% 
Triple Riveted Lap Joint = 7 5 % 
Triple Riveted But t Joint = 84% (Double Straps). 

Double riveting of seams in the round seams of pressttre or storagé 
tahks is unnecessary, and this is likewise t rue for rectaiigular tahks in 
general. There might be sizes of tanks tha t would require double riveting, 
bu t for gencral use thc statement stands. 

ROUND TANKS 

T A N K P L A T E S — i " thick, of quahty known as Tank steel. 

COVER—No. 10 gage steel, of quality known as Blue Annealed. 

BoTTON—For tanks under 12 feet in diameter, joined to shell by fianging. 
If over 12 feet, use 3 X 3 X 5 /16" angle for corner connection. 

CoAMiNG—Upper edge of tank to have a 3 X 3 X 6/16" angle placcd 
optionally inside or outside, as reinforcement. 

SEAMS—Bclow water line single riveted vrith f " rivets, spaced 2 i " pitch. 
Rivets in Coaming angle spaccd 8" pitch. 

Round tanks for buildings are seldom large enough to require over J " 
plate if strength only is considered. Greater thickness is sometimcs used 
for durability. Round tanks are morc cconomical the nearer the diameter 
and depth approach each other. 

The thickness of a tank is found by using the following formula: • 

D X P 
Thickncss 

TS X FS X E. 

W h e r e : — D . = Diameter of Tank in inchcs. 
P. = Pressure in pounds per square inch. 
TS. = Tensile Strength of the Plate. 
FS. = Factor of Safety. XJsually taken as 4. 
E. = Efficicncy of the Riveted Joint, as given above. 
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ROUND PRESSURE TANKS 

Straight seam's should be double riveted, lap joints, or triple riveted 
bu t t joints as the strength- required may indicate. 

Round seams should be singlc riveted.-

Di,shed head.s should be proportioned as f ollows: 

Diameter of Tarik. Thickness of Head. 
36" and under. 1/16" thickcr than shell. 
36 " to 96 " 1/8 " thicker than sheU. 
96" and ovcr. 1/4" thickér than shell. 

For reversed heads, as uscd on bottoms, the values should be: 

Diameter of Tank. Thickness of Head. 
72" and under. J " tliickcr than normal hcad. 
72" to 96" i " thicker than normal head. 

Do not reverse heads in diameters over 96". 

RECTANGULAR TANKS 

Rectangular tanks are the more economical the more nearly they ap-
proach being a Cube, bu t on account of utility and strength they should 
be kept as shallow as possiblc. 

FoIIowing are proportions of these tanks: 

Hcight. 

6 feet to 8 teet 

T iickness of Plate. 

M;; 

%" 

Rivets. 

%' 
%' 
%' 

Spaciiig. 

2 % " 
2M' 
2}// 

A rectangúlar taiik must be braced, the maximum straiu being on the 
bottom, hence braces shou d be nearer together towards the bottom. 
Braces are spaccd approximately 4 feet apar t horizontalty and as follows 
in the vertical: 

Depth of Tank. 
5 feet. 
6 fcct. 
7 feet. 

8 feet. 

Bracing. 
At top only. 
Oue 3 feet from bottom, one at top. 
One at 2 fcct from bottom, one 4^ feet frora bot-
toiu, and one at top. 
Onc 2 feet from bottotu, one 5 feet from bottom, 
and onc at top. 
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STACKS 

Large numbers of Steel stacks are used in the construction of the 
modern office buildings, hotels, e t c , and still larger quantities are used 
industrially. Guycd stacks are largely used industrially, while exterior 
and interior steel stacks supported by the building walls arc used in build-
ings. In larger industrial plauts self supporting .stacks are used. 

Stacks should be built in courses of steel plate not over 60 inchcs high, 
and so formed tha t each course telescopes into the bot tom of the next 
succeeding course. I t has becn practicc to make stacks heavier near the 
bot tom t h a n at the top, when as a mat te r of fact the stack should be 
built of the same weight luaterial throughout, as the top is exposed to the 
action of condensation products aind is more rapidly corroded than tlie 
bottom. Specifications generally read, half f", and half 3/16", or one-
third I" , 5 /16" aiid i " . I t would bc bcttcr to luake stacks of i " or | " 
throughout rather than thus specified. 

Rivets vshou d be of. t ie following sizes: 

Rivet. 
3 11 
8 
1 " 
2 
3 If 
8 

8" 
3 / ' 
4 

Stack P ate. 
No. 10 Gage. 

3/16" 
1/4" 

5/16" 
3/8" 

Spacing. 
3^ inchcs. 

" 
" 
" 
," 

Cone or Steeple heads are employed in this work, which standards 
havc bccn given prcviously. Points should bc thc samc as the head of the 
riycts uscd. 

AII seams should be single riveted, and flat driven inside field rivets 
permitted. 

Stacks fastened to the outside of buildings sometimes give trouble due, 
to the condensation that takes place at the top, as mentioned abovc 
trickling through between the plates, and often spattering onto the build-
ing walls causing un.sightly stains. To overcome this the rivets should 
be spaced closer and the seams calked. 

Many officc bui ding stacks arc carríed in the interior of the building, 
and occa,sionany oval or rectangular stacks are used. Rectangular stacks 
are not usually fitted with angle connections a t the comefs, bu t are rounded 
therc, to a radius of approximately 3", and each coursc bcing of two plates, 
and thus haviug two vertical seams. New York Building Laws require 
t h a t stacks be built of a t least J " plate, if lower than tha t thickness they 
must be galvanized. 
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Such stacks as mentioned above are supported by braces every floor, 
and if this is not entirely satisfactory the stacks should extend through 
to the boiler room floor, the stack terminating in an angle ring approx-
imately l" thicker than the material in the stack. Smoke Box Breaching 
should be inscrted at the proper height. 

Self supporting stacks should preferably not be over 25 times their 
diameter in height, as over this ratio .strains bccome cxcessive. The 
bases should fiare out to l i times the diameter, and tapcring to meet the 
normal diamctcr of the stack at approximately 1/16 of thc height of 
the stack. 

The thickuess of the plate at the bottom need not excecd J" as far 
as strength is concerncd, whilc gcnerally no part should be less than i " 
thick. For durability 5/15" plate should be used as the thinnest material. 

Such stacks are usually lined, and provision should be made for 
supporting the brick work lining on the interior anglc ríngs that can also be 
used as fastencrs and stifEcncrs for the courses, which are assembled in from 
20 to 25 foot lengths. The bríckwork should not be in contact with the steel 
plate of thc stack, but a space left which is fillcd with loam. Any openings 
out in the sides of stacks of this type should be carefuUy rcinforced, as 
in the lower part of such stacks severc strains exist. Tliree-quarter rivets 
are generally used in the lower portion of such stacks and double chain 
riveting on zigzag riveting on the ends of thc flaro. The upper portion of 
such stacks may have | " rivets spaced from 3 to 3^ inches. 

For convcnience in the figuring of tariks the two foUowing tables are 
given. One to determine the bursting pressure of cylindrical tanks, and 
the other for thc numbcr of gallons contained in various sizes. 



THEORETICAL BURSTING PRESSURE—CYLINDRICAL SHELLS 
JOINT EFFICIENCY—100 PER CENT 

TENSILE STRENGTH QF STEEL—55,000 POUHDS PER SQUARE IMCH 
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InBíde Diai ieter 
^ I it H » 

THICKNESS 

525 
648 673 

1924 
1850 
1782 
1603 
1458 
1336 
1234 
1146 
1070 
1002 
944 

The safe working "presaure ie found by 
1. diam. X H in. thick, factor of safety 4, 

dividing tlie above bursting presauree 
siugle riveted lap joint efEcieocy .548. 

by the factor of safety and multiplying tlie quotieut I 
i iI<.54S-1251bi. 

y t ieeffîciencyof ttieloDgttudinalioiat. £sample: Shell 
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RIVETED PIPE 
Riveted pipe is nianufactured with a spiral seam or a straight seam, 

and in sizcs ranging from 3 inches diameter up to 72 inches in diameter. 
It comes into extensive use for Exhaust steam, Suction pipe, Condenser 
piping, Compressed air and Vacuum work, and in Water supply, Hyd-
rau ic mining, Hydro Power plants, and Dredging. 

SPIRAL RIVETED PIPE 
Spiral seamed pipe is mantifactured in sizes ranging from 3 inch to 42 

inches in diameter, the steel uscd in its manufacture being high grade Tank 
quality of from 55000 to 65000 pounds tensile strength, and tlie rivetsvised 
in making the seam are usually driven cold, so that they are of high quality 
annealed special material. 

^il íllíllMMti! i 111W 
ffifflTÍrrFr [^^ 

llll 
Tííiffltni' 

ffîB 
llliíll! 1 l-]w"ffîl1t[lll4ítfil M •! n̂ ^ Ĥ^ 

iî j IBlilttMllf^^ i™ 

1 1/4' 

1 1/8- , 

: 7/8" 

GAGE SHEET 18 16 14 12 10 8 8 S 

In 1/64" s 4 5 7 9 11 13 l/4" 6/16" 

SIZE SIVET 1/8" S/ie ,1/4 5/16 /S l/S S/S II/I6 3/4 

Cut 89. 
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In thc manufacture of such pipe, a strip of sheet metal is wound into 
l clical shape with one edge overlapping the other for riveting the seam. 
I t is practice to makc this metal to metal joitit, so t ha t the steel in the outer 
lap is stretched somewhat, and to oí sct it slightly in order to make thc 
interior of the pipe as smooth as possible. This scam is tlie strongest 
par t of such pipe, as has been demonstrated- in numerable Burst ing tests 
the metal in 'thc solid sheet failing before the seam gives way. 

Spiral seams have an efTiciency of 100%, and this type of pipe is from, 
30 to 60% stronger t l ian the same size of Straight Seam pipe. This is 
natural as the joints in straight seams are directly proportional to the 
ef&ciency of'the Lap joints U-Sed in their construction. 

Cút 89 gives curves sliowing the rivet spacing, thiclíness of sheet, and 
size of rivet as commonly cmployed in this typc of construction. Thc 
dash and dot line is used for locating thc pitch of rivets. 

Plat or Pan Headed rivets are usually employed in this work, and the 
rivets inserted from tlic inside when practical, forming a But ton or Cone 
point on thc outside. In work employing the opposite, vis rivets placed 
from the outside in, it is impor tant to make the formed hcad as ílat as 
possible so as to avoid friction within. the pipe. 

In flanges for riveted pipe it is an advantage to liave thc necks of 
flanges fitting onto the pipc as thin as possible so t ha t flanges and pipe can 
be fittcd togetlier and the rivet holcs punchcd through both pieces a t one 
t ime. Drilling of F ange neck, and of pipe to tempîate is liablc to error, 
and the holcs not always fair, besides being expensive. 

iíPPHOXIKATE EUESTIKG PHESSUHE OF STRAIGit SEAM PIPE, 
TBICKKESS OP SHBET and-SIZE OP RIVET, 

40" 

36 

0] M 

0, 3 

'Th'rn'rl Tí' 11 I HIn• nrT • ' i "^fflÍtílrff"ttt! Imt :• 

OAGE OF SEEET 14 12 10 S 6 S 6/16 3/8" 

SIZE Oí RIVET 1/4 6/l6 S/S l/s E/8 ll/ie S/4 3/4 

Cut 90. 
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STRAIGHT SEAM RIVETED PIPE 

This type of pipe is not as strong as Spiral Rivcted pipe for the same 
thickness of sheet, bu t it can be mac e easier in largc sizes. In this woi-k 
tlie Roundabout seams are single rivcted, while the Longitudinal seams arc 
double rivetcd, the rivets beiAg staggered in arrangemcnt. The lap on 
these joints should be such t h a t from the centcr of thc Rivet to the edge of 
the plate is never less than IJd. , and on Plange connections it should be 
from 2 to 2|d. ' Rivets in Flange conncctions to the pipe proper should be 
prcssure driven. Straight seam pipe has practically the same uses as 
given for Spiral pipe. The bursting pressure for this type is given in Cut 
90, with gage of sheet and size of rivet commonly employed. 

' In using any riveted pipe a factor of safety of 4 should be uscd on the 
Theoretical Bursting Pressures given forWorking Pressure on ordinary 
work. "When the pipe is subjectcd to Hydratilic use and "Water hammer 
might occur the factor should be increased to 6 or even higher. 

RIVETS IN SPLICE CONNECTIONS ON RAILS 

In the introduction of the welded Rail joint used extcnsivcly in Street 
Railway work, on accourtt oî the better electrieal characteristics, rivets 
have taken the place of the Sphce bolts usually used. This gives a more 
rigid joint, and aftcr the wclding there is no play in such a joint such as 
might occur through bolts coming loose due to the working o£ the joint. 

Cut 91 iUustrates such a joint, and the following table gives the 
diameters.of rivcts t h a t should bc uscd for thc replacing of bolts in welded 
work or permanently connected Splice bar to Standard rails. 

Size o£ Rail. 

90 to 100. 
TS to 90 
40 to 75 
30 aiid35 
12 to 30 
8 and 10 

Rivet Diaî ieter. 

1" 
%" 
%" 
%" 
A' 

• V 

Numbcr of Rivcts pcr Joint 

6. 
6. 
4 . 
4 . 
4 . 
4, 

Such joints are in satisfactory seryice in Philadelphia, Cleveland, and 
other eities. 

RIVETS FOR SHEET METAL WORK 

This class of rivets are made from high grade soft steel, and for t in 
work are tinned. They are made flathcaded, bu t ton headcd or counter-
sunk. The Standard countcrsink for this class of work is 80°. 
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Such rivets are not ordinarily subject to specific tests, but when 
required the tests are as foUows: 

CoLD TEST.—Rivets shall be flattened to f of their original diamcíer 
then bent through 180° and. flattened on themselves, this to be accom-
plished without showing flaws, crack or other defects. 

HoT TEST ;—Rivets shall be heated to a red heat and flattened, then 
reheated and bent 180° flat on themselves without showing flaws, 

This class of rivets are packed in cardboard boxes, one pound to a box, 
unless otherwise specified, the box marked "with brand and the size of the 
rivets, 

The following tables shows the sizes of these rivets, the shanks of 
which are given in Wire sizes. Cut 92 gives the heads. 

RIVETS FOR SHEET METAL WORK 

SIZE. 

8 Ozs. 
10 
12 
14 
1 Ib. 
I M 
I J Í 
I M 
2 
2/2 
3 
3M 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 

FLAT H E A D . 

Size of 
Wire. 

.092 

.095 

.105 

.109 

.111 

.120 

.130 

.134 

.144 

.148 

.160 

.165 

.176 

.185 

.203 

.215 
,224 
.233 
.238 
.259 
.284 
.300 

Length under 
Head. 

A" 
JU." 

Tl 
,1 // 

TS 

W'i. 

w M" 
H" 
3 2 
6, '/ 

1 1 r/ 
11 II 

H" 3 5 . " 
64 

•Êfí 

2 9 // 

15 // 
•Vî 

y/-
M" 
i i ' 

Diameter 
of Hcad. 

1.A" 
64 15 " 
64 
15 " 
•ff 

¥1 Ã " 
•a 

6 4 

W' 11II 
33 1 1 // 
S2 

Vs' 
2 5 " 

i i " 

1 3 í' 

w. 
yí" 
M." 
6d If" 
Te 
%1,U 

32 

Thickness 
of Head. 

.025 

.025 

.025 

.025 

.028 

.032 

.032 

.035 

.035 

.042 

.042 

.049 

.049 

.058 

.058 

.065 

.065 

.072 

.072 

.083 

.083 

.083 
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SMALL RIVETS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Round Head. 

Pan Head. 

Plat Countersunk Head. 

Cone tlead. 

Oval Countersunk Head 

Oval Head. 

Flat liead. 

Truss Head. 

Wagon Box Head. 

COUNTERSUNK. 

Size of Wirc. D amet 

.083 

.095 
. .109 

.120 

.134 

.148 

.165 

.180 

.187 

.203 

.220 

.238 
,250 
.259 
.284 
.300 
.312 
.343 
.375 
.437 

er of Head. 

158 
182 
210 
232 
260 
288 
322 
352 
367 
398 
432 
468 
492 
510 
560 
592 
617 
680 
742 
867 

Thickness of Head. 

.043 

.050 

.058 

.064 

.072 

.085 

.090 

.099 

.103 

.112 

.122 

.132 

.138 

.144 

.158 

.168 

.175 

.193 

.211 

.247 
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CHAPTER XII 

HEATING OF RIVETS, FURNACES AND FUELS 
When steel is heated for some length of timc at a temperature above 

that of softness and just below its melting point, it becomes coarsely 
crystaline, the erystals have weak cohesion, this condition bcing called 
burnt steel. If rivets in this condition are driven, they will break up as 
they have no toughness, and when cold they are very brittle, and may be 
broken off short and the fracture being bright and glistening. The carbon 
in such ,stccl does not appcar lo have been burned out, when chemical an-
alyses are made, nor is any oxygen alosorbed by burnt steel, so properly 
speaking thc condition really is not one of burning at all,,the bad êffects 
being apparently caused by the crystalization. Although burnt steel may be 
restored by very slow annealing, it should never be attempted as it is only 
a trick of the metallurgist, and the value of restorcd burnt steel is still 
very doubtful. 

In Scction II, under a description of the manufacture of stecl mention 
was made of the taking up of gases by steel, and the subsequent release 
of thesc gases on cooling the steel. An actual analysis of the gases oc-
cluded in steel, and which gases were obtained by a heating of the steel in 
question for 36 hours in a vacuum, at a temperature of 1800° Farenheit 

Carbon Dioxide, 
.Hydrogeii, 
Carbon Monoxidc, 
Methane, 
Nitrogen 

CO2, 
H2, 
CO 
CH4, 
N2, 

0 . 4 8 % 
4 9 . 6 2 % 
48.05%o 
0 . 4 0 % 
1.45% 

In these experiments it was determined that approximately 10 timcs 
the volumc of the steel was represented by the gases given oí , and the 
steel takenwas of the soundest obtainable, and cut from an ingot so that 
the sample eontaincd no blow holes. In unsound steel the volume of gas 
from steel secms to be lowcr iu quantity and on repeated tests amounted 
approximately 5 volumes of the steel taken, or only 50% of the amount 
found in sound steel. 

It is a foregone conclusion that gases are in steel, and unfortunately 
the opinion of ccrtain persons regarding the subject are iiot bascd on a 
thorough knowedge of the subject. For such pcrsons edification it might 
be added that steel looses the above mentioned gases, as the temperature 
of cold stecl is raised, and approximately as follows: 
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ITydrogen is given off a t as low as 650° Farenheit. 

Hydrogen is given ofE at the fastest ra te a t 1250° Farenheit. 

Hydrogen evolution drops oí from this point and is complete at a 
temperaturc of 1800° Farenheit. 

Up to a temperaturc of approximatety 1000° Hydrogen represents 
9 0 % of thc gases given off. 

At 1000° Carbon Monoxide begins to come off. 

Carbon Monoxide is at a maximum at 1400° Farcnheit . 

Carbon Monoxidc cvolution then tapers off and is a t a minimtim at 
a temperature bf 1600° Farenheit . 

While t h e above gases have been found in steel, good and bad, and as 
s ta ted all steel contains gases, the absorption of gases by hot steel is not so 
ea,sily effected. Hydrogen is however absorbcd by hot stccl a t a tempera-
ture of 1800°, and in the NaCcnt state, such as in Cold Pickling can be 
readily takcn up by steel. Manganese in steel and Nickel seem to favor 
the absorption of gases, and Carbon opposes it, whilc Silicon seems to 
retard the evolution pf gascs on hcating. In as much as rivets prior t o 
use are given two heatings, any chance of deletarious gas occulsion would 
not occur. While the heading temperaturc may approximate, 1600° in 
many cases, slow cooling follows, which is ideal for the liberation of all 
gases, and in the ncxt heating for driving, at approximately 1250° Faren-
hcit, becomes an additional safeguard as it is a t this temperature as noted 
above tha t the liberation of Hydrogen is the greatest. 

Natura l gas is the ideal fuel, and an idea of the quant i ty uscd can be 
formed from the fact t ha t in Ohio, over 2500 Industrial concerns arc 
using this fuel and consuming over 150,000,000,000 cubic feet per annum. 
With thc high calorific power, and uniform composition, which is prac-
tically pure Methane, or thc foUowing analysis may be noted: 

Natural Gas 
Carbon Moiioxide. CO. 1.5 
Methane, CHi 94.0 
Hydrogen, H2 .0 
Nitrogen, Oxygen, ctc N2 4 .5 
B.T.U.percubicfoot , 1030 

I t might here be s tated tha t the S. Severance Manufacturing Company 
uses 'Natural gas in the manufacture of its rivets, and believes t ha t thereby 
a superior r ivet is produced. 

In order to make this discussion about gas, stccl and fuel complete, a 
word should bc givcn about High Sulphur Fue s and Stee . The injurious 
effects of sulphúr on metal have not becn substantiated, aud when injurious 
i t must exist as previously indicated as Manganese Sulphide. No Man-
gancse Sulphide could possibly be formed by sulphur taken up by steel 
from the fuel us^d to heat it. Fuel oil naturally is high in sulphur, and as 
high as 3 % sulphur i s common , bu t no concern using such material is 
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experiencing any trouble from that elemeut entering the metal. Much of 
this trouble if it exists is due to the incomplete combustion of the fuel and 
to poor design of the heating furnace using this fuel. Proper methods of 
burning, and adequate combustion chambers "̂ vill positively eiiminate all 
troubles of this sort. 

HEATING RIVETS 

In heating rivets the heater should know his business. Good work as 
far as a properly heated rivct is concerned can be obtained from a coal or 
coke fire, although in this type of fire there is danger in overheating of 
rivets due to thcir being covered, and scaling is naturally exccssive. 

Oil furnaces and gas furnees heat rivets uniformly, and the flame 
is directed onto the work, tending to keep down scale to the minimum. 
Indireet heat ovens are also very successful, and are more economical in 
gas consumption. 

Furnaces with a magazine for holding cold rivets, and into which a 
handful or a keg full of cold rivets ean be emptied, these feeding down 
gradually into the heating chamber are to be given serious consideration 
by any concern desiring to get the maximum out of its apparatus. 

Portable rivet heaters are used to some extent, which are nothing more 
than a fumace mounted on a truck, and with a fuel pipe that can be 
attached to a source of supply. 

The performance of reliáble rivet furnaces is givcn as foUows: 

Type of Furnace. Heating Space. 
L W H 

14" X 12" X 5" 
7" diamcter. 

12" X 12" 
36" X 15" 

Oi per Hour. 

2 Ga lons. 
50 Cu. Ft . Gas. 

lOOCu.Ft. Gas. 
3 Gallons Oil. 

Rivets Heated 
per Hour. 

500 %•' 
200 %" 
400 %" 
600 %'''íi3 

The following points about furnaces in general should be noted. 

By haying twin hearths, or even four hearths in the same furnaces that 
number of riveting gangs can be served by the same fumace with a 
resulting economy in fuel. 

Hopper feeds are economical, and permit of the maximum number of 
fuU heated rivets out of a fumace, and preheat the cold rivets by the 
exhaust gases. 

Gas fired furnaces should preferably be insulated by cork or insulating 
bricks to secure maxim-um economy. 

Oil burning furnaces if properly regulated give a non-scaKng flame. 

With a ombustion chamber under the hearth indirect heating is ac-
complished, and by thus heating above or below, a soft, soaking, non-
scaling heat is produced, which is ideal for the heating of rivets. 



THE S. SEVERANGE MANUPACTURING COMPANY 

Cost is not always a fair guide on performance, as satisfactory heat-
ing is of first importanco. In a tcst recently conducted at the Newport 
News Shipbuilding Company, rivct heating by gas and oil were compared, 
and with the following results: 

Puel. 

Oil 
Gas 

Unit Gost. 

6c per ga . 
55c per 1000 

Rivets Heated. 

400 Pounds. 
400 Pounds. 

Time Heating. 

44 Minutes. 
57 Minutes. 

Cost. 

52,5c 
53,Sc 

Gas heated rivets considered best because no scale was present, and 
were said to stay hotter than oil heated, and thus could bc driven longer, 
due to being heated evenly all the way through. Oil heated rivets were 
extremely hot on the outside but not as hot in the center and hence eooled 
more quicMy. 

MANIPULATION 

Good work by a riveting crew or gang depends fundamentally on 
properly heated rivets. With a good furnace, either oil or gas fired, the 
heater can give his undi"vided attention to regulating the forge so that there 
will be no burned or underheated rivets, irrespective of the speed at which 
the gang works. 

Proper operatioh tends towards regularity, and productive of propcrly 
upset, tight, full headed rivets. The cooling contraction then is more 
uniform and calking reduced to a minimum. 

Rivets should be heated slowly and uniformly, and not soaked after 
they have comc to heat, as soaking tends towards decarburization. 

Sparkling hot steel rivets should be discarded. Steel at the melt-
ing point flows away rapidly, and sHm points result, which will not head 
properly. The heater should not heat rivets faster than the gang can take 
care of them. A buming rivet gives of sparks, but is injured even before 
this indication takes p ace. 

The self-feeding furnaees mentioned permit of a heating rivet being 
in sight at all times, and an adequate supply of properly heated rivets at 
all times. Rivets should be put into a fumáce head first, not because 
the head is larger than the point, and thus would require more heat to 
uniformly heat, but because the point can be tonged easier than the head. 
It does not matter which cnd is put into a furnaee first as far as heating is 
concerned. Steel heats up at the rate of 100° per inch per hour when in 
ingot form, and the dimensions of a rivet are infinitesimal in comparison, 
but is heated from the surface inward in all directions henee the head or 
point does not enter into the argument. 
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TEMPERATURES FOR DRIVING 

Hand, Pneumatic, and Pressure riveting rcquire differeut ranges in 
heat, due to thc vcry nature of the driving. Hand and pneumatic driving 
require a hotter rivet than does hydraulic, or Pnettmatic Machine driving, 
Small rivets cool off quicker than large qnes and thus they should be heated 
to a higher tempcrature. 

Heat Hand Driven rivets to a light yellow heat, or 1900° Farenheit. 

Heat Pneumatic Hammer Driven Rivets to a fuU bright cherry red 
heat, or approximatcly 1450° Farcnheit. 

Heat Pressurc Driven Rivcts to a dark cherry rcd, sometimes called a 
dark red, qr to approximately 120O° Farenheit. 

Prcssure should be held on a Pneumatic or Hydraulic Pressure Riveter 
until the rivet has set, and a pressurc out of proportion to the size of the 
rivet should not be used. Incidentally the plates in contact with rivets, 
whcther pressure, pneumatic hammer, or hand driven should not get too 
hot, and cvcrybody knows the danger from blue heated plates. Blue 
hot rivcts shouid Hevef be hammcred under any condition. 

The proper pressures to be applicd to rivels whcn pressure driven are 
approximatety as foUows: 

Size of Rivets. 
1 n 
2 

Ã " 
5 n 
8 1 1 w 

. l ( i 
3 tf 
4 
7 /' 
S 

1" 
1 1 " 
• ' s 1 1 " -'é 

Pressure in Tons, 
20 
25 
28 
34 
40 
50 
64 
80 

100 
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CHAPTER XIII 

PUNCHING PLATE AND DRIVING RIVETS 
In punching plate the inteníîity of thc pressurc requircd for perforation 

of the p ate, ãncreascs with- the thiekness of the plates, and thus lateral 
flow of metal is more likely to occur thc thickcr the platc. The hole 
made by punching is always slightly conical due to the clearance between 
the puncli and die, which is commonly 1/32 of an inch, and for this reason 
Swell Nccked rivcts are used extensivcly, the taper to the neck fitting 
into this taper in the hole. : 

The urgent need for ships brought improvement in punching ma-
chines, and one well known design of punch and table operated by onc 
man, is capable of punching from 13/16" up to 1 1/16" diameter holes in 
steel plate from 9/16" up to P | " in thickness a t the rate of from 420 to 
670 holcs per hour. The plate material which can be handled runs from 
5 fcet to 8 feet wide and from 24 feet to 30 feet long. An avcrage of 4000 
holes in 9 hours has been obtained with such machincs. 

Experiments have demonstrated tha t the resistance to punching is 
approximately the same in v a l u c t o tensile strength, and thus for punch-
ing calculations 50,000 pounds per square inch ean be taken, and for an 
apprcciation of the force necessary for punching the following eonsidera-
tion is quoted: 

Force of Punching = ir d X t X 50000. 
Whcrc d = Diameter of the Hole in inchcs. 

t = Thickness of the plate in inches. 
Tf = 3.1416. 

And f or a | " hole in ij" platc, would be: 
Force = 3.1416 X î X 4 X SOOOO. 

= 58900 Ibs. for punching one hole. 

In punching multiple holes the force required for perforation may run 
into very large figures. 

In punching a good ductile plate, the arca of metal around the hole, 
probably is not injured at all, bu t whcn plates are more or less hard and 
so called stcely, the: effect of punching may cause serious local injury. 

For this reason holes are punched small and rcamed to size to removc 
any injured metal. 

A drilled hole undoubtcdly is stronger than a punched hole, bu t it may 
have sharp corners t ha t arc a detrimcnt as they may act like a shear cdge 
on the rivet. A punched hole i n m e t a l may haye áll dangcr from over-
strain on the metal around the hole removed by anneahng the plate, bu t 
it is common practice to ream to size removing thc injured metal. In 
punching the depth of injury is under j " , and by reaming even less than 
t h a t amount any incipient cracks will be cut out. : 

155 



THE S. SEVERANCE MANUPACTURING COMPANY 

Probably no shop fabricating steel is operating their drills, when 
drilling soKd at the proper speed and feed, and the foUowing table is given 
as a reliable one in this respect. 

SPEEDS AND FEEDS IN DRILLING MILD STEEL 

Size 
1 

1 6 

% 3 
1 ( 1 

¥ 1 6 

H 
•å 
Vi 
•k 

% 1 1 
16 

M 
tt 
% 
fl 

1 
lA 
ms 
lA 
iM 
1 * 
m« 
lA 
IJÍ 

E. P. »1, 

2445 
1800 
1290 
700 
.550 
358 
300 
270 
230 
216 
190 
185 
166 
149 
142 
134 
128 
115 
113 
107 
102 
93 
92 
90 

FeedPcrRev 

.002. 

.003 
.005 
.005 
.005 
.005 
.006 
.006 
,007 
.007 
.008 
.008 
.009 
.010 
.010 
.010 
.010 
.011 
.011 
.011 
.011 
.012 
.012 
.012 

FecdPerHir 

m 
5H 
4% 
3K2 
2|4 
l e i ; 
1 51 
• ' 6 1 

ms 1 39 
^ 6 4 
1-3-3 

l î 
1 3 1 
l 6 4 
•1 3 1 

l e 
•1 2 7 

1 11 

1 9 

1 n 
Í&4 1 I ^ 

1 11 
i-64. 

m 
i ^ 
l Ã 
1 5 
i & 4 

Cut 03. 

RIVETING 

Hand riveting is slow, and has a tendency to form a shoulder before 
the rivet completely fills the hole. In hand riveting the tail of the rivet 
is held up, while the point is headed by two riveters working with hammers, 
the head either being made conical with the hammers alone, or finished by 
means of a snap, shaped to the desired head. 

Pneumatic hammers perform good work, requiring compressed air at 
approximately 100 pounds pressure for their operation. With this type of 
riveter it is necessary to have the plates firmly bolted and drawn up as no 
pressure is exerted tending to draw the plates together. By describing a 
large circle on the outside of a head, it is possible to make a short rivet 
look satisfactory, and inspection should be careful to see that this dis-
honesty is not practiced. 
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Riveting hammers are made in the following sizes: 

Capacity 
in Rivets. 

%" 
%• . 
/2" 

%" 
%' IK" 

IM' 
Ws" 
m/' 

Blo-ws 
per Minute. 

1750 
1542 
1272 
1000 

760 
700 
620 
800 
700 

Gubic Feet Air 
used per Minute. 

18 
20 
22 
25 
25 
25 
25 
28 
30 

Air Hose 
Connection. 

//' 
%" M" 
%• 
%' 
%" 
%" 
%• 
%• 

Weiglit o£ the 
Hammer.complete 

1 1 % Ibs. 
12 
123^ 
20 
23 
25 
26 
26 
3VA 

Pressure Machinc Rivcting causes the pressure on a rivet to be applied 
gradually over thc entire rivet, does not tend to form a shoulder, and the 
hole is completely filled before the head is formcd. The machines are 
operated by the pressing of two dics, connected by means of a lever, 
toggle or othcr system of levers to Steam, Hydráulic or Pneumatic actuated 
pistons.. Steam operated riveters are apt to s tar t with a jerk, hence 
applying uneven pressure, while hydraulic are apt to be slow in reaching 
the point of action, Pneumatic coming up quicker to the work. I t has 
been mentioncd tha t the Holder On is quite as important as the Rivcting 
Mechanism, and compressed air Holder Ons, and other power devices are 
to be preferred to Dolly Bars, and hand hcld long handled hammers. 

RIVETING MACHINES 

The Jaw Riveter, or as i t is sometimes called in shop language "BuU 
Riveter ," is a compression machine of thc toggle leverage type and drives a 
rivet by a single squeeze. Such machines are used extensively for general 
structural work. Air pressure, or steam, a t from 80 to 100 pounds pres-
sure is requircd for operation. 

A Compression Lever Riveter is made with an Angle Lever and is used 
on Bcam and Girdcr work for Bridges in particular. The rivet hcad is 
formed by compression, levers acting on a fulcrum containing at one end of 
the levers the Rivet dies, and the other end connccted to Toggle Links. 

AUigator Riveters, made on the Compression Lever prínciple are used 
extensively on Railway Car eonstructíon. Properly suspended this type 
of maehine can operate in the vertical or horizontal postion, and the angles 
in between. 

One well known make of Boiler Riveter consists of a machine having 
two long arms on the ends of which is a cylinder with a Piston hammer, 
one end of the hammer being cupped to form the head of the rivet. On 
the other arm are the Holding On dies, with a proper anyil to abáorb the 
hammer blows. The rivet head is formed by a succession of quick uniform 
blows, yielding accurate work. Plates are squeezed together by the action 
of the long leverage arms, the pressure being approximately 5000 pounds 
on this leverage, before the hammer commences to work. This pressure 
is maintained during the riveting, and for Boiler, Tank, Smoke stack, and 
Riveted Pipe work the machine is good. 
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In another well known machine two motions, a toggle action at thc 
beginning of a stroke, foUowcd by a lever action at the completion of a 
stroke,'are employed. ' This permits of leeway in the adjustment of dics 
forming tight fully driven rivets with a comparatively rough adjustment 
of dies. On aecount of this pcculiar motion driving of cold rivets is donc 
well, as time is given for flow of metal to take place and fill the hole com-
pletely, and then forming the head on the leverage action. Such machines 
operate on air pressure at approximately 100 pounds. 

Hydraulic Riveters are compression riveters opcratcd by hydraulic 
pressure, requiring an accumulator for propcr maintaining pres.sures and 
adjustment to suit different sizes of rivets. The water pressure involved 
amounts to between 1000 to 1500 pounds, requiring Prcs,surc pumps, 
Hydrau ic piping, valves and accumulator. The lighter weigbt less ex-
pensive air operated rnachines described above are taking the place of thc 
heavy cxpensive hydraulic riveters. 

Electrical Riveting Machines. A machine is on thc market that heats 
and drives rivets by Elcctrical power. The Cold rivet is inserted betwecn 
plates and a heating electrode brought åowa in contact with the rivet, heat-
ing the rivet to the usual driving temperature. This electrode is then 
swung out of the way and a Pressurc Riveting head containing a snap 
brought over thc heatod rivct, Gcaring cxcrts uniform pressure on the 
rivet point forming the head, Since ,such rivets heated electrically heat from 
the core outward they are easy to shape, and thus tends to make a good fit. 
Rivcts for electrical heating must be free from scale, and must bc tumblcd 
or sand blastcd bcforc driving. Such machincs are made to take from l" 
rivets up to rivcts as large as 1 |" in diametcr. 

CAPACITY OP RIVETERS :—The Toggle, Lever, Air Operated machiiics 
describcd above, have a capacity as high as 2000 j " rivets driven pcr hour. 
The sizes of such machincs arc as follows: 

PressureontheRivet. Capacity in Rivet size. 

20 tons. ' i " Structural. 
30 tons. I " Structural. 4" Steam. 
50 tons. J" Structural. f" Steam. 
70 tons. 1" Structural. J"S,team. 

100 tons. , ' li" Steam. 
125 tons. I j " Steam. 
150 tons. l i 'S team. 
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RiVETiNG RECORDERS : There is danger as has been mentioned, of 
releasing the pressure on a rivet in pressure riveting, prior to proper 
setting of the rivct. Tha t is thc prcssure on the die m a y be reîeased beforc 
the rivet has had t ime to cool. In" .such an event the plates may spring 
apart to such an extent t ha t the shrinkagc of thc .rivct in cooling will not 
pull the plates together enough to insure a tight joint. A Recorder is in 
use in Europe which operates by the piston pressure and a control valve 
connected to a gage with red aiid black pointer. The pressure is kept 
constant for a prcdctermincd number of seconds when the red pointer 
indicates t h a t the pressure can be released, and the pointer returns to zero. 
Graphic records are also made with the instrument. 

CoLD R I V E T I N G : Plates up to f" in thickncss, and using f" rivets 
are sometimes cold headed. Such rivets shou d be annealed prior to use. 
To drive Cold Headed rivets the following pressures should, be uscd: 

Size of Rivet . Prcssure on Rivet. 
i " 12 tons . 

A " 15 tons. 
I " 22 tons. 
J " 31 tons. 
f" 56 tons. 

OPERATION OP R I V E T E R S : In die adjustment and the operation of 
riveters, carc should be exerted not to crush or scallop thc plate in front of 
a rivet. Finns and washers should not be formed around the head of a 
rivct, and if plates arc not closely bolted together bcfore riveting is done, 
a washer may form bctween the plates. 
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PUNCHES, DIES AND SNAPS 

PuNCHEs: A set of Punching tools consists of the following, as 
iUustrated in Cut 94. 

© «» 

Gut 94. 

The Die holder holds the die, and the Punch Stock with Nut holds the 
punch. A gage bolts to the frame of the machine and indicates distanee 
to edge of the plate being punched. The Stripper straddlcs the punch and 
puUs the work off the punch after it has gone through the plate. The. 
Stripper is adjustable to various thicknesses of metal. 
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STANDARD RIVET DIES AND SETS 

The following are representative standards for Rivet dies, Cut 95 
illustrating the Standard of the American Bridge Company, and thc Stand-
ards for Cone Head Rivet and Button Head Rivet snaps. 

u . - - A - - • * 
•— 3 -» 

Cut 95. 

AMERICAN BRIDGE COMPANY 

Standard Rivet Dies 

For Rivet. 

1" 
U" 

2" 
91. >/ 
^é 
9 1 " 
^2 
0 3." ^ 4 

3" 
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Cone Head Snap 
Area B = Area Rivct X 3. 

G = Diameter o£ Set X .43. 

Button Head Snap 
Area B = Arca Rivet X 2.5. 

G = 4B. 
D = M B X 1.024. 

Lengtli of Rivet to form liead = .45E. 

Diameter 
of Rivet. 

¥ 
T"G 

¥ T í 

% 
T6 

A 
re 

% "U" 
M 
T ¥ 

% 15 
l í i 

1 
Ht 
VA 
l A 
\v. 
m. iM 
l A 
VA 
l-fs 
í% 

B. 

w 
tv 
3 5 
fil 

l 

% ws 
3 1 
3 3 

l ^ 
l A 
l i î 

1 « 
IM 
i-a-
lis 
i i i 
2 , ^ 
2 « 
^ 32 

2K 
2H-
9 1 9 . 
^ 3 3 
2AS. 

2 i 

C. 

# 3 " 

•g-J 
3 

l í i 

M 
Á 
•G 

•% 

6Í 

T! 
33. 

jHí 
Tá 
31 
3 3 
Í 5 

II 5 1 

37 
33 

fiT 
15 
16 

T î 
'•'32 
1 •j\-

^T 

1 ^ 
1 « 

DÍaraeter 
of Rivet. 

A 
T"6 

% 5 
1 6 

% 
T^ 

A 
0 

16 

% T 

¥ TiT 

% 1 5 

l " 
l A 
i K 
I w 
VA 
if^ 

ms i,V 
i i^ 
l A 
IM 

B. 

t 
' V 
• % 

y 10 
33 

T Í 
3 5 
"3 3 

K 
1 
^ 3 3 

l A 
^Ts 
iJií 
1 i ^ 
-'-33 
l | 
1 « 
1% 
1>Í 
2 
2iV 
2 T 6 
2/i 

2A 
2î'.-
2A 

c. 

_ 5 , 

tl _ 5 -

Íf 
T 
3 " ^ 

/"e' 

13 
3 3 

i í 
Wí 

• 6 T 
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STEEL FOR DIES AND SNAPS AND PUNCHES 
It pays to have quality tool steel dies and punches, and thc following 

data may bc of interest. General lack of quality in stccl used for these 
tools and of poor hcat trcatment are respionsible for poor life of tools. 
A consumer of thesc tools best fmd out details of both of these features 
as cffecting his punches, dies and snajjs. When driving hot rivets in large 
nrunber the life of sets may be increased if they are allowed to cool at 
intervals. Thus extra scts should be provided for r.iveters. The follow-
ing arc actual results in practice. 

Ordinary Cast Steel Dics 4000 rivets each set. 
High Speed Dics . . . , 50000 rivets each sct of dies. 
High Specd Steel Dies 180000 rivets driven with four pair. 
Vanadium Slteel Rivcting Hammer Dies. In continuous service for 

14 monlihs, driving rivets in Shipbuilding work. 
Carbon Steel Dies are apt to break in the shank, when used witli 

Pneumatic hammers, duc to crystalization of the steel due to 
vibration. 

Chrome Vanadium Too Stee Punch and Die on 5/16" hole lasted for 
4422 holes, on 13/16" holes lasted 4402 holes, aiid on 13/16" 
holes lasted 5453 holes. 

162 
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CHAPTER XIV 

MISCELLANEOUS DATA IN CONNECTION WITH 
RIVETS—USEFUL TABLES 

HIGH SULPHUR RIVETS 

Dr. John Unger, of the Carnegie Steel Company made an exhaustive 
test covering experimental rivets containing varying amounts of sulphur, 
with the f ollowing results: 

Heat . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Garbon 

,09 

Manganese. 

.43 

Pliosp iorous. 

,012 

Sulphur. 

,030 
,031 
,050 
.060 
,090 
.116 
,140 
,160 
,180 
.250 
.254 

Rivets' I " by 2 " were made, and test rivets were subjcctcd to the fol-
lowing tests. 

1 Shank Bent Cold 180° Flat. 
2 Hot Flattcned then Bent Cold. 
3 Hot Flattened. 
4 Hot Upset. 
5 Cold Upset. 
6 Hot Flattened. 

Shearing test, u,sing 2 rivets of each grade riveted into plate, so that 
the holes 13/16" were 2" from the edges of the plate, the rivets being 
machine driven. 

Heat. 

1 
4 
5 
7 
8 

Sulphur. 

,030 
,060 
.090 
.140 
.180 

Tests 
1 to 6 inclusive. • 

AU O.K. 

S ieari ig Strcngth. 
Pounds per square inch 

48900. 
48300. 
48800. 
46700. 
47400. 

These results would lead to the belief that sulphur is probably not 
as harmful as we suppose. 
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MILD STEEL AND HIGH TENSILE STEEL RIVETS COMPARED 

A test was run by the Japanese Naval Departmcnt to determine the 
mcrits of rivcts made from these two grades of stccl, and valuable find-
ings resulted. The steels used wcrc as foUows: 

Stee . 

M ld Steel 
High Tensile.. . 

Carbon. 

,21 
,41 

Man-
ganese. 

,46 
,51 

Sulpliur. 

.039 

.039 

Phos-
phorous. 

.011 

.022 

Tensile 
Strength. 

56000.-
89500. 

E ong-
ation. 

3 1 % 
20% 

EPPECT OF FINISHING TEMPERATUKE: The tensile strength of mild 
steel was not effccted by the íînishing temperature but the elongation was, 
being best at a temperature of 1300° F., and worst at a temperature of 
1500°. 

The tensilé strength of high tensile steel was not effected and thc 
elongation was best at 1S00°F. 

The shearing strength of rivets was invariably greater than the shear-
ing strength of the raw material from which they were made. 

The recommended driving tcmperatures from the rcsults of the tests 
were: 

Rivets of High Tensile Steel drivc at 1800° F., Machine driven. 
Rivets of Mild Steel drive at 1900° F., Machine drivcn. 
Mild Steel, Hand or Pncumatic Hammer driven at 2200° F. 
High Tensile Stccl Hand or Pneumatic driven at 2100° F. 
ExPLOsiVE TESTS: IU an explosivc tcst, high tensile and mild stcel 

rivets were strcsscd by exploding powder in a closed chambcr, the high 
tcnshe showing marked superiority. Results of the test caused recom-
mendation of employing thickcr heads than ordinary practice and high 
tensile steel. 

LOCATION OF UPSETTING IN NECK OF RIVET IN DIFFERENT 
TYPES OF DRIVING 

Upset by hand, stoutest section was always close to hammcred cnd. 
Upset by Pneumatic hammer, nearer the middle, and holes better 

íil ed than in hand, riveting. 
Upset in Hydraulic riveter, holes best filled of any. Rapid cooling 

of head of rivet and ends permits swelling in middle of ,shank. 
TiGiiTNESs op JoiNTs: Joints with 1" and IJ" rivets, connecting 

three thickncsscs of 1" plate, in their order of merit were: 
Riveting. Method. 

Both Ends Countensunk... .Hydraulic, Hand, Pneumatic. 
Neither End Countersunk. . Hydraulic, Pneumatic, Hand. (Hand being 

markedly inferior to Hydraulic or Pneumatic). 
Joints "i'ífith two thicknesses of plate gave the relative inferiority of 

Hand Driven rivets as very slight. 
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LONG RiVETS: By rcaming long holes to a hyperbolic contour, this 
test demonstrated tha t long rivets could be used m t h good results. 

Nic EL STEEL J O I N T S : Dr. E. Preuss conducted elaborate tests on 
Nickel Steel rivcts, and on Nickel Steel rivets in joints they were found 
to be from 2 to 2 j times as strong as Carbon Stccl rivets of the same size. 

SLIPPING OP P L A T E S : AS far as slip is concemed Nickcl Stcel and 
Carbon Stccl rivets were apparently equal. In tests conducted at thc 
University of Illinois SIip was found to bc a function of workmanship as 
much as any thing else, though contractabili ty and gripping properties of 
rivcts have an iníluence. In these tests paiiiting a joint with red lcad, 
graphite paint, and unpainted resulted in slip occuring very close togcther 
a t loads within ordinary working shcaring stress of rivets, and the graphite 
paint giving a lower value than red lead, and red Icad lower than un-
painted. Dr. Preuss determined tha t the slipping of a B u t t joint is greater 
than a Lap joint of the same ul t imate breaking strength. 

FoRMiNG H E A D S ON N I C K E L S T E E L : Rivets require approximately 
2 5 % greater pressure in heading when made of Nickcl steel, as compared 
to ordinary mild stccl rivcts. 

CORIÎ.OSION T E S T S : Immersing Nickel steel and Wrought Iron 
Rivetcd joints in Sea water for two months, resulted in thc Nickel stecl 
joint loosing nearly twice as much weight as a wrought iron riveted joint. 
The actual results were: 

Nickel Steel Rivcts, in Joint. Loss in weight = .0043% 
•Wrought Iron Rivets, in Joint. Loss in weight = .0021% 

EFFECT OF CAUSTIC ON RIVETS AND JOINTS 

Caustic liquids apparently have a bad effect on tanks and riveted 
containers in gcncral. Slacking back of the rivets and the calking edges 
cause leaks, and due to the embrittling cffect of Caustic on steel Sheet wiU 
ultimately develop cracks. Apparently Hydrogen is ahsorbed by steel 
where immersed in Caustic, this leading to thc cmbrittling efEect. 

ELIPTÎCAL RIVETS 

Since in theoretical design thc value P — D, is used as a basis íor 
values, it is apparent t ha t if rivets were made eKptical, and placed with 
their minor axis in the theoretical line of fracture of thc plate, the quant i ty 
P — D will be greater, while the Shearing Section remains the same. 
Joints would be proportionally increased, bu t the manufacturing difficulties 
would be incrcased out of proportion. 

REMOVING RUST FROM BADLY PITTED STEEL 

Apply to the surface two par ts of Sodium Bisulphatc and oiie par t 
Common Salt. Moisten just enough to adhere to the surface. The 
mixturc can be left on the platc unti l clean, or hastened by scraping ofE 
the mixture and wire brushing, and applying anew. Usually 24 hours will 
clean a badly rustcd plate. When clcan apply a coating of oil, so as to 
avoid the trouble again. This mcthod is said to bc chcaper and more 
eí ective than sand bíasting. 
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PAINTING IRON AND STEEL SURFACES 

A single coat of paint affords the greatest protection. Microscopic 
examination of a paint film, discloses that upon a second app ication of 
paint to a painted surface that the undercoat is partly redissolvcd and 
fresh cellular cavities are opened up, and the second eoat has made the 
í rst coat more porous than originally. A single thick coat aí ords the 
maximum proteetion, the gradual oxidation of the solvent afîording protec-
tion and preventing the formation of empty spaces in thc coating. 

•We havc incorporated various tables in the text of this eatalogue at 
appropriate places, and in order to bring tabulation to a completc state 
as far as might be required generally by the rivet user wc furnish the 
following. 

TABLE OF DECIMALS AND COMMON FRACTIONS 

32da 

1 

2 

3 

' 4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14' 

15 

16 

•64th8 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 

2 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

Decimals 

.015625 

.03125 
-046875 
.0625 

.078125 

.09375 

. 109375 

.125 

.140625 
•. 5625 
.171875 
.1875 

.203125 

.21875 

.234375 

.25 

265625 
.28125 
.296875 
.3125 

.328125 

.34375 

.359375 

.375 

390625 
.40625 
421875 

.4375 

.453125 

.46875 

.484375 

.5 

Fraction 

% 6 

H 

%6 

Via 

H 

32d3 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

64ths 

33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 

49 
50 
5 1 ' 
52 

53 
54 

56 

57 
58 
59 
60 

61 
62 
63 
64 

Decimals 

.515625 

.53125 

.546875 

.5625 

.678125 
,59375 
. 609375 
.625 

640625 
.65625 
671875 

.6875 

.703125 

.71875 

.734375 

.75 

,765625 
.78125 
. 796875 
.8125 

.838125 

.84375 

.859375 

.875 

,890625 
.90625 
.921875 
.9375 

.953125 

.96875 
984375 

1. 

Fraction 

%B 

^ 

^VÍG 

K 

1%6. 

á 

"/•le 

166 
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United States Standard Gauge for Sheet 
and Plate Iron and Steel. 

Gauge 
Number 

0000000 
000000 
00000 

0000 
000 

00 
0 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 

29 
30 
31 
32 

33 
34 
35 
36 

37 
38 

Thickness 
in 

Fractions 
of an Inch 

íl 

^ • 1 

/> 
'3 3 
Tã 

A5. 

5 Î 

'Å 

f as 

1 6 5 

BVÔ 

ffS S 

5 2 5 

615 
_L 
«J) 

640 
1 2 3 5 

Sslv 

Thickness In 
Decimals 

of an Inch 

.5 

.46875 
4375 

.40625 

.375 
34375 

.3125 

.28125 

.265625 

.25 

.234375 

.21875 

.203125 

.1875 

.171875 

.15625 
,140625 
.125 
,109375 

,09375 
,078125 
.0703125 
,0625 

,05625 
,05 
,04375 
,0375, 

.034375 
03125 

.028125 
,025 

,021875 
,01875 
.0171875 
.015625 

.0140625 

.0125 

.0109375 

.01015625 

.009375 

.00859375 

.0076125 

.00703125 

.006640625 
00625 

A jproxi-
mate 

Thlckness 
in Milli-
meters 

12.70 
11,91 
11,11 

10,32 
9,53 
8,73 
7,94 

7,14 
6,7.5 
6,35 
5,95 

5,56 
5,16 
4,76 
4,37 

3,97 
3,57 
3,18 
2,78 

2,38 
1 98 
1,79 
1,59 

1,43 
1,27 
1,11 
0,953 

0,873 
0.794 
0.714 
0.635 

0.556 
0.476 
0.437 
0,397 

0.357 
0,318 
0,278 
0,258 

0.238 
0,218 
0,198 
0.179 

0.169 
0.159 

Weight per 
Square Foot 

in Pounds 
Iron 

20. 
18,75 
17 50 

16,25 
15 
13 75 
12,50 

11,25 
10,625 
10, 
9 375 

8,75 
8,125 
7.5 
6:875 

6,25 
5 625 
5, 
4,375 

3 75 
3,125 
2 8125 
2,5 

2,25 
2 
1,75 
1,50 

1,375 
1,25 
1,125 
1, 

.875 

.75 

.6875 

.625 

.5625 
,5 
,4375 
,40625 

,375 
,34375 
.3125 
.28125 

.265625 

.25 

Weight per 
Square Foot 

in Pounds 
Steel 

20 4 
19.125 
17.85 

16.575 
15.3 
14.025 
12.75 

11.475 
10,8375 
10.2 
9 5625 

8.925 
8,2875 
7,65 
7,0125 

6,375 
5,7375 
5,1 
4,4625 

3,825 
3,1875 
2,86875 
2,55 

2,295 
2,04 
1,785 
1,53 

1,4025 
1,275 
1 1475 
1.02 

8925 
,765 
70125 

,6375 

57375 
.51 
44625 
414375 

.3825 
350625 

,31875 
286875 

.2709375 
.255 

Weight per 
Sq. Meter in 

ICilograms 
Steel 

99.601 
93.376 
87.151 

80,926 
74.701 
68.476 
62.251 

56,026 
52,913 
49,800 
46.688 

43,575 
40,463 
37,350 
34,238 

31 125 
28.013 
24.900 
21 788 

18,675 
15.563 
14 006 
12,450 

11,205 
9,960 
8,715 
7,470 

6,848 
6,225 
5,603 
4,980 

4,358 
3,735 
3,424 
3,113 

2,801 
2,490 
2,179 
2 023 

1,868 
1,712 
1,556 
1.401 

1 323 
1 245 



THICKNESS 

w 

..M. 

'J l 

- l Æ 

V-^ -

T ^ 

I-ii 
5Í 

l í ê 

l í 

I Î4 

2' 

í . 

.01 

.02 

,04 

,05 

,06 

,07 

.09 

.10 

.11 

.12 

.13 

15 

.16 

.17 

.18 

,20 

.21 

.22 

.23 

,25 

.26 

.27 

.28 

,29 

,31 

.32 

,33 

.34 

.36 

.37 

,38 

,39 

H 

.05 

^ 7 

,10 

.12 

15 

,17 

.20 

.22 

.25 

.2? 

,29 

.32 

.34 

,37 

.39 

.42 

.44 

.47 

,49 

,52 

-54 

.56 

.59 

- ,61 

,64 

.66 

.69 

,71 

,74 

.76 

.79 

Ã 

,11 

,15 

, ! 8 

.22 

.26 

,29 

. ,33 

,37 

,40 

,44 

,48 

.52 

,55 

,59 

,63 

,66 

,70 

_,74 

,77 

.81 

,85 

.88 

.92 

.96 

.99 

1.03 

1.07 

% 

.20 

.25 

.29 

,34 

.39 

,44 

.49 

.54 

.59 

,64 

.69 

,74 

,79 

,83 

.88 

.93 

,98 

1.03 

1,08 

1.13 

1,18 

1,23 

1,28 

1,33 

1.37 

.42 

1,101,47 

1,14 1,52 

1.181,57 

Ã 

,31 

.37 

,43 

,49 

,55 

,61 

,67 

.74 

,80 

,86 

,92 

.98 

1 .04 

1 10 

1,17 

1.23 

1.29 

1.35 

1.41 

1,47 

1.53 

1,60 

1,66 

1.72 

1,78 

1,84 

H 

.44 

,52 

.59 

.66 

,74 

,81 

,88 

.96 

1,03 

1,10 

1.18 

1,25 

1.33 

1,40 

1,47 

1,55 

1.62 

1,69 

1,77 

1,84 

1,91 

1.99 

2.06 

2,14 

2,21 

l,9o!2,28 

1.962,36 

-k 

.60 

.69 

,77 

,86 

,94 

1.03 

1,12 

1,20 

1,29 

1,37 

1.46 

1,55 

1.63 

1,72 

1,80 

1,89 

1 98 

2,06 

2,15 

2.23 

2,32 

2,41 

2,49 

2.58 

2,66 

2.75 

H 

,79 

,88 

.98 

1.08 

1,18 

i .28 

1.37 

1,47 

1,57 

1,67 

1.77 

1,87 

1.96 

2,06 

2,16 

2.26 

2.36 

2,45 

2,55 

2.65 

2.75 

2.85 

2.95 

3,04 

3.14 

Â 

,99 

1.10 

L t l ' 
1.33 

1,44 

1.55 

1^6 

1,77 

1,88 

1,99 

2,10 

2.21 

2.32 

2,43 

2.54 

2 ^ 5 

2,76 

2.87 

2.98 

3.09 

3.20 

3,31 

3,42 

^ 

1.23 

1.35 

1,47 

1,60 

1.72 

1.84 

1,96 

2,09 

2,21 

2,33 

2,45 

2,58 

2.70 

2,82 

2 ^ 

3.07 

3.19 

3,31 

3,44 

3,56 

3,68 

3,80 

3,5313.93 

a 

1,48 

1,62 

1,75 

1.89 

2,02 

2,16 

2.29 

2,43 

2,56 

2,70 

2.83 

2.97 

3,10 

3,24 

3,37 

3,51 

3,64 

3.78 

3,91 

4,05 

4.18 

4,32 

H 

1.77 

1.91 

2.06 

2.21 

2,36 

2.50 

2.65 

2.80 

2.95 

3.09 

3,24 

3,39 

3,53 

3,68 

3,83 

3,98 

4,12 

4.27 

4,42 

4,57 

4,71 

i i 

rô7 
2.23 

2.39 

2,55 

2,71 

2,87 

3,03 

3-19 

3,35 

3.51 

3,67 

3,83 

3,99 

4,15 

'H 

2,41 

2,58 

2.75 

2.92 

3.09 

3,26 

3 .4 ' 

3,61 

3.78 

3.95 

4,12 

4 30 

4.47 

4,314.64 

4,474,81 

4.63 

4,79 

4,95 

5,11 

4,98 

5.15 

n 

2.76 

2.95 

3.13 

3,31 

3,50 

3,68 

3,87 

4,05 

4,23 

4.42 

4,60 

4,79 

4.92 

5.15 

5,34 

5.52 

5.335.71 

5,50 5.9 

1 

3,14 

3.34 

3,53 

3,73 

3.93 

4,12 

4.32 

4.52 

4,71 

4.91 

5,11 

5,30 

5,50 

5,70 

5.89 

6,09 

6.28 

l A 

3,55 

3,76 

3,96 

4,17 

4.38 

4,59 

4.80 

5.01 

5.22 

5,42 

5.63 

5.84 

6.05 

6.26 

6.47 

6.68 

I J ^ 

3,98 

4,20 

4,42 

4,64 

4,86 

5,08 

5 30 

5.52 

5,74 

5,96 

6.18 

6.41 

6,63 

6,85 

7.07 

l íV 1>4 l íV Ws l % l>É • l A i% l i - i IH l ' fs iH I H 2 

T o o b t a i n t h e s h e a r e d a r e a o f h o l e s t w o i n c h e s a n d less i n d i a m e t e r 

t b r o u g h s t o c k t w o î n c h e s a n d less i n t h i c k n e s a , f n d t h e d i a m e t e r a t 

t h e l e f t a n d t b e t h i c Eness a t t h e t o p . T h e i n t e r a e c t i o n g i v e s t b e 

s h e a r e d a r e a . 

4,43 

4.66 

4,90 

5,13 

5,36 

5.60 

5,83 

6.06 

6,30 

6,53 

6.76 

6.99 

7.23 

7.46 

4,91 

5,15 

5,40 

5,65 

5,89 

6,14 

6,38 

6,63 

6,87 

7.12 

7,36 

7,61 

7,85 

5,41 

5,67 

5,93 

6,j_9 

6.44 

6,70 

6,96 

7,22 

7,47 

7,73 

7,99 

8,25 

5.94 

6.21 

6,48 

6.75 

7,02 

7,29 

7.56 

6.49 

6.77 

7:06 

7.34 

7.62 

7.90 

7,838,19 

8.10 

8,37 

8.64 

8,47 

8,75 

9,03 

7,07 

7,36 

7 66 

7.95 

8.25 

8.54 

8.84 

9.13 

9.42 

7,67 

7,98 

8,28 

8,59 

8 90 

9.20 

9.51 

9,82 

8,30 

8.61 

8.93 

9,25 

9.57 

9.89 

10.21 

8,95 

9.28 

9.61 

9.94 

10.27 

10.60 

9,62 

9,97 

10,31 

10,65 

11.00 

10,32 

10,68 

11,03 

11,39 

11.04 

11.41 

11.78 

11,79 

12.17 12 57 
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TABLES OF IKCHES AND MILLIMETERS 

Iliches to Millimeters. 
1 Inch = 2,5,4001 mm. 

Millimetcrs to inches. 
1 MiUimeter =0,039,37 inches 

2 " = 50 
.3 " = 76 
4 " =101 
5 " =127 
6 " =152 
7 " =177 
8 " =203 
9 " =228 

8001 
2002 
6002 
0003 
4003 
8004 
2004 
6005 

TABLE OF ROUGH 

Len th, Inches. Millimeters. 

y 

'4", 
%", 
A' 
Vs" 
'Vi" 
%" 1" 

VA' 

m/' VA" 

3. 
5, 
6, 
8. 

10. 
11, 
13, 
16, 
20, 
22, 
25 . 
30. 
32. 
40. 

2 
3 
4 
5 
6 
7 
8 
9 

EQUIVALENT 

' 
' 
' 
' 
' 
' 
' 

= 
= 
= 
= 
= 
= 
= 
= 

.07874 

.11811 

.15748 

.19685 

.23622 
,27559 
.31496 
.35433 

MEASURES 

Lcngth, Inclies. 

m" 
VA' 
2" 
2// 
3" 
4" 
5" 
6" 
7" 
8" 
9" 

10" 
11" 
12" 

Millimcter 
45 . 
47. 
50, 
65 . 
75. 

100. 
126, 
150, 
180. 
200. 
230, 
2.54, 
280. 
306. 

RIVETS IN MILLIMETER SIZES, THEIR EQUIVALENTS IN INCHES AND 
NEAREST STOCK SIZES 

M . 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Equívalent 
in Inches. 

.47244 

.51181 

.55118 

.59055 

.62992 
,66929 
,70866 
, 74803 
,78740 
.82677 
.86614 
.90551 
.94488 
,98425 

1,02362 
1,06299 
1,10236 
1,14173 
1,18110 
1,22047 
1,25984 
1.29921 
1,33858 
1.37795 
1.41732 
1.45669 

Nearcst United States Size. Uti ted States Sizes. 

.500 

.500 
,5625 
.5625 
.625 
.6875 
.6875 
,750 
,8125 
,8125 
.875 
.875 
,9375 

1,0000 
1,0000 
1,0625 
1,0625 
1,125 
1,1875 
1.1875 
1,250 
1,250 
1.3125 
1,375 
1,375 
1.500 

= 
= 
= 
= 
= 
= 
= 
= = 
= 
= 
= 
= 
= 
= 
= 
= = 
= = 
= 
= 
= 
= 
= 
= 

Vi 

¥ 
^ 

% 
16 

Vi 
l .p . 

13 

% Vs 
6 

1" 
1" 
l A 
1 T 6 
V/s 
l V 
l A 
VA 
VA 
lA 
ms 
ms iM 

¥' 
|l;; 

• % ' , 

/s' 
15 '/ 

1"° 
l A ' 
VAs' 
l n > " 
VAi' 

1 T % " 

IH" 
VA/ 

U. S. leng 

Metric en 
M M 

= 
= 
= 
= 
= 
= 
= 
= = 
= 
= 
= 
= 
= 
= 
= 
hs 

,500 
,5625 
,625 
,6875 
.750 
.8125 
,875 
,9375 

1,0000 
1,0625 
1,125 
1,1875 
1,250 
1,3125 
1,375 
1,500 

vary by 
.0625 inches 

Jtlis vary by 

^ .03937 inches 



T H E S. SEVERANCE MANUFACTUIÍ.ING COMPANY 

Convertable Elongation:—Rivet materia has Íts clongation common y measured 
in 8 " gage lengtlis. Many times its convenient to know what the probably elongation 
woti d havc been Ín 2", 4", or 6" gagc engths. I t Ís necessary, Ín order to arrive at a 
comparison to have t hc rccords of elongation of t he same material over two gagc lengths. 

A consideration of the strctching of a p^ece of rivet material is worth whilc, and a 
specif c case gave, on a ten-Ínch gage length, marked off into 1" sections t he following 
résults:—• 
Inch 1 2 3 4 5 6 7 8 9 10 
Stretch. . .20" . 2 1 " .22" ,25" .30" .52" .52" .28" .27" . 23" 

*fracture. 
Fracture occurcd at the 6th inch, and the stretch in t ha t Ínch was .52 Ínches, so 

tha t the elongation in % for tha t inch was 52%. 

Tak ng dií ercnt gage lengths, vis 2", 4", 6", 8", and 10", we get for percentage 
elonga.tion thc foUowing values: 

GageLength = 2 " 4" 6" 8" 10" 
% Elongation - 5 2 % 4 0 . 5 % 3 5 . 7 % 3 3 . 6 % 3 1 . 0 % 
In stretching under a ioad a test piece of steel undergoes two types of strctchiug. 
A. = A general extension proportional to the gage length. 
B . = A local contraction, and cstension independent of the length of the test p ece, 

as exemplifîed by tlie necking Ín at fracture. 

Thus elongation is composcd of two parts, or A + B. 
In ordcr to formu ate this condition:— 

Let E = Totaî extension. 
L = Gage length. 
A = Genera extension which we will call b timcs L or bL. 
B = Loca Extcnsion at Necking in which we wil call " a . " 

Percentage elongation = 100 times E -^ L. 
And taking the vahies abovc we get;—• 
Percentagc clongation = 100 ( a -^ L + b). 
As the gage lcngth Ís indefinitely increased this vakie approaches 100 b., as exem-

plif ecl Ín the tcst casc q-uoted above. 
Local extcnsion " a " is proportiona to tlie sqtiare root of the A of thc tcst piece, 

and thus wc can say a = c V ' A. 
Our formula now becomcs 

Percentage elongation = 100 1--^^— + b ).-

To get concrcte results, and bearing in mind t ha t it is necessary to have two tcsts on a 
materia gaged in two differcnt lengLhs in order to determinc the probable results Ín 
another gage lcngth. 
A test of Rivet Rod gave 39.5% elongation in 4", area of bar = 1.332. 
A second test of this material gave 30.2% in 6", area of bar = .953. 
What would bc the ELONGATION in 8", on a bar of this material .500 area. 

íst . Tcst, in above formula = 
% Elongation = 39.5 = 28.8 c + 100 b. 

2d Tcst, in above formula = 
% Elongation = 30.2 = 16.1 c + .100 b. 

Combining 1 and 2, algebraically we get: 9.3 = 12.7 c, or c = .732 and b = .184. 
Having determined c and b values for this material we can estimate the probably 

elongation of the third test in 8 ", as: 
Percentage E ongation = 100 (-732 (V-SOO^) _^ ^jg^j 

8 
% E l o n g a t i o n i n 8 " = 2 4 . 9 % 

The clongation for tliis piece in a 2" gage length would be; 

Percentage Elongation = 100 .' ' " ^ ^ •''"'' > + .184) 

= 44.2% 
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THE S. SEVERANCE MANUFACTURING COMPANY 

SEVERANCE MANUFACTURING COMPANY STANDARD RIVET 
HEADS 

Cone Head 

CONE HEAD 

DÍameter 
D. 

¥2" 
Â " 

%" 
Vi" 

%" 
1" 
l A " 
VA" 
l A " 
VA' 
lû' 

m/ i i ' í " 

m/ l A " 
ms" 

Width 
W. 

J L 5 " 

1 J ^ " 

1 1 1 '^ 

1 XÎL'I 

1 i i " 

ISÎ" 

Width 
B. 

%' 

l l " 

\Vi' 
1 3 1 " 

2 ^ " 
1h" 
ni^." 
^•3T 

2ff" 
2 ^ " 
2éî" 

Depth or 
Height H. 

y/ 

%" 
63 " 
64 

l A " 

i G4 

IM" 
^̂  l A " 
l î " 
l i i" 

Button Head 

BUTTON HEAD 

Cut 100. 

Diameter 
D. 

y/ 

%" 
%" 
%' 

1" 
l A " 
\ys' 
\-h' 
m." l T " 

\Vs' 
Ifs" 
l ^ " 
l A " 
15^" 

Width 
. W. 

%• 
l Ã " 
l i " 
lire" 
If " 
I H " 
i « " 
IM" 
l | t " 
i t 
2 ^ " 
2f«" 
? 1 Å " 

•13 3 ' ^ 

2%' 
2ti" 
2W 

Depth or Height 
H. 

% 

•% 
5 1 

6 3 

lA 
lA 
IM 
l i i 
l A " 
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THE S. SEVERANCE MANUFACTURING COMPANY 

S. SEVERANCE MANUFACTURING COMPANY STANDARD RIVET 
HEADS 

STEEPLE HEAD 

Steeple Head 

Diameter 
D. 

Yi" 
Ts" 
%" IX" 

Vi' 

%' 
\" 
l A " 

• \ys' 
l A " 
\y/' l A " 
\Vs" 
\-a" 

m/ l A " 
\%" 

Width 
W. 

1" 
I H " 
IK" 
1 « " 

\y/ Ws' 
\%' 
\%' 2" 
2%" 
2%' 
2%' 
2%" 
2%' 
2%" 
2%' 
3 " 
3%' 
3%' 

Depth 
H. 

%' 45 '/ 

l ^ " • 

\ys' 
1 1 3 . " 

ÍU." 

1 2X" 

1 XA '1 

1 3 5 '/ 

l ^ " 

léf " 
lif " 

Flat Countersunk Head 

FLAT COUNTERSUNK HEÂD 

V"°-

Diameter 
D. 

M" 

5^" 

M" 

16 

1" 
I T S " 

\ys" 
l í r " 
IJ i" 
l A " 
v%' 
l A " 
I K ' 
l í " 
l % " 

Width 
W. 

• Vs' 

' 32 

Wi' 
'-Tî 

2-h' 
2-Å" 
2W 
2W' 
2tf" 
2M" 
2t í" 
222." 

Depth 
H. 

K" 

W" 
J " ,/ 

^" 

19 " 

%' 2 1 . " 

23 " 

•M" 
2 5 . " 

1 3 . / ' 
16 



THE S. SEVERANCE MANUPACTURING COMPANY 

S. SEVERANCE MANUFACTURING COMPANY STANDARD RIVET 
HEADS 

Flat Head 

FLAT HEAD 

•f 
u 
i-X 1 

Cut 103. 

Diameter 
D. 

M" 

%' Í A . " 

• % " 

%' 15 " 

1" 

i H " 

IJÍ" 
1 _5_ " 

IH" 

IH" 
l j % " 

IH" 

Width 
W. 

%' 

l i | " 
IT^" 
IST" 
Ig^ 
l í i " 
IJÍ" 
l î l " 
I S " 
9_5." 
9_3_ " 

2il ' ' 
913 '/ 

2ÎÎ" 
2 H " 
2fi" 
^ 32 

Depth 
H. 

Vi' 

Vs' 

-T^" 
15 '/ 

y/ 
W' 

%" H" 
H" 

• % " 

,2 5 " 

13 '/ 

Oval Countersunk Head 

Thc leiigth of Countcrsunk Rivets includes the head to the top of 
Countersink. 

OVAL COUNTERSUNK HEAD 

Diameter 
D. 

A' 

• % ' 

í" 

í/s' 
l-i's' 

• \H" 
l A " 
\Vs" 
l-ã" 
\y/ 

m/ 

Widt 
W. 

%' 

i 1 6 

m 1 55 

2 Ã 

7 1 5 

2 | | 
2-n-
2V, 
2 í i 
^ 3 2 

h Depth 
H. 

K" 
3 2 

3 2 

Xí, 

A" 

T " 

%" 
3 2 

M' 
1 6 

Rounded Top 
Depth X. 

5 W 
3 2 

-^ 
yn 
•g 

13 " 

3 2 

H' 
H" 

10 " 

6 4 



THE S. SEVERANCE MANUFACTURING COMPANY 

S. SEVERANCE MANUFACTURING COMPANY STANDARD RIVET 
HEADS 

Pan Head Straight Neck 

FAN HEAD 
STRAIGHT NECK 

Cut 105. 

Diametcr 
D. 

Vi" 

%' 1 1 " 

Vi" 
13 " 

Vs' 

1" 
l A " 
IKs" 
1-A" 
VA' 
\-h' 
\%' l-iV' 
13^° 
l A ' 
\%' 

Width 
W. 
13 '/ 

1 " 

\H' 
1 S '/ 

m/ 
\%' V/i' 

2" 
2-h' 

. 2W' 
.2%' 

2'yí 

Width 
B. 

y/ 

%' 
%/." 13 II 

%' 
1" 
l A " 
iK" 
1 V ' 
iM" 
l A " 
I H " 
l-ré" 
i><;" 
l A " 
1%' 

Depth 
H. 

%" 

y/ 
17 " 

5-í" 
1 1 " 

M" 
2 5 " 

fl " 
•21 II 

y/' 
1 6 " 
1 6 

Pan Head Swell Neck 

PAN HEAO 
SWELL NECK 

T.; 

Cut 108. 

Diametcr 
D. 

y/ 
-Ts' 

%' 
%' W' 
%' 15 " 

1" 
itV" 
IK" 
l A " 
\H' 
l-nr' 
IM" 
l A " 
i J i " 

\-w \%' 

Width 
W. 
13 '/ 

29 " 

1 " 

I T Ã " 
V/i' 
1 T ^ " 

\A' 

Ws' 
\%' 
1 í 1" 
2" 
'}3.." 

2A" 
2H' 
2A" 

Width 
B. 

y/ 
Ts' 

%' 
Vi' 
W' 
%' 15 II 

\" l A " 
\%" l A " 
\H" 
l A " 
\%" l A " 
IJ-Í" 
l A " 
i ^ " 

Dcpth 
H. 

Vs" 

T ^ " 

M" 

1 9 " 

iH" 
1 1 " 

2 3 " 

%" 25 '/ 

1 3 " 

2 7 '/ 

K" 
39 " 

1 6 

Depth 
of Neck 

C. 

VA" 

TS" 

• % " 

13 '/ 

• ^ " 
15 " 

A' 
1 7 " 

_ 9 _ " 

19 " 

5^' 
2 1 '/ 

2 3 '/ 

Ji" 
35 " 

1 6 

DÍam'tr 
Neck at 

E. 

M" 
11 // 

M" 
T " 

i ' 

1 1 " 

iS" 
I M ' 

i l^" 

i K ' 

15-á" 
1 1 1 " 
-^16 



THE S. SEVERANCE MANUFACTURING COMPANY 

CHAPTER XV 

TRADE CUSTOMS AND INSTRUCTIONS FOR SPECI-
FYING RIVETS 

In specifying rivets, care should be taken to give all necessary in-
formation,—^length, diametcr, stylc of hcad, number of pounds or number 
of kegs, "with specification as to the -weight of each keg. If possible, rivets 
of Standard sizes, such as indicated in various parts of this book shovtld be 
used, and packages should be used to save delay and extras. A slight 
change in the type of head, the specification of au abnormal weight of keg 
m a y tend to cause unnecessary delay. 

We aim to carry in stock: 
Round (or But ton) Hcad Structural and Bridge Rivets, packed in 

kegs of 250 pounds cach to thc following Standard Chemical and 
Physical requirements: 

Chemical Properties 
Carbon 08 to .12. 
Mauganese 30 to .50. 
Phosphorous 040 or under. 
Sulphur 045 or under. 

Physical Properties 
Tcnsile Strength. Pounds per square inch, 46000 to 56000. 
E l o n g a t i o n i n S " . % 1400000 4- Tensile Strength. 

2 5 % to 30% 
Cone Head Boiler Rivets packed in Itegs of 200 pounds cach to the 

following Standard Chemical and Physical requirements: 

Chemical Properties 
Carbon 08 to .12. 
Manganesc 30 to . 50. 
Phosf)horous 040 or undcr. 
Sulphur 040 or undcr. 

Physical Properties 

Tensi G Strcngth, pounds per squarc inch, 45000 to 55000. 
E longa t ion in 8" % 14S0000 -^ Tensile Strength. 

2 6 % - H t o 3 2 % . 

We aim to carry a stock of dies and stecl rivet bars to make promptly, 
Rivets for Ship Construction, Boilcr Construction, Bridge Construction, 
c t c , e t c , -with Heads of Standard Dimensions and meeting Standard 
Specifications. 

Ship Rivets and Countersunk Head Rivets are usually madc to order 
therc beiug several types of heads as has been previousljr indicated. Pages 
171, 172, 178 and 174 describe recommended Standard Heads. 

Wc aim to carry in stock Stcel Bars t ha t have becn inspected and 
approved by the Lloyd's Registry of Sliippiug, and of the Amcrican 
Bureau of Shipping, rcady to make into Ship Hull Rivcts, as specified, 
promptly. 
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T H E S. SEVERANCE M A N U F A C T U R I N G COMPANY 

PRICES AND TERMS 

Prices quoted, unless otherwise stipu ated, are for immediate acceptance and are 
subject to change without notice. 

Priccs quoted are for base sizes, un ess otherwise stated, and the standard ists o£ 
extras apply. 

Special prices wi l be quoted on spccial or unlisted goods. 

Terms of payment on a l sales are net cash in th i r ty days, after date oî Invoice, to 
one-half per cent. discount if paid within ten days from date of ÍnvoÍce. 

Cash discount, when allowed, apphes to the net amount of invoice, after freighr 
allowance has becn adjusted. 

Accounts not paid at matur i ty wiU be drawn on a t sight, after due notice of our 
Íntention has been given. 

AGREEMENTS 

A l material to be shipped by freight unless otherwise specified. 

No allowance will be made for cartage. 

Al orders accepted and contracts entered into are subjcct to delays on account of 
strikes, fires, accidents, or other causes beyond our control. 

AU defcctivc or Ímperfect material will be replaced free of charge, f.o.b. our mi l, 
but no claims for damages arising therefrom, loss of time, or materia s will be allowed. 

CATÍCELLATIOT S 

Cance lation of orders entered upon our books will be accepted only with our 
consent, atid upon terms t ha t wi l indemnify us against oss. 

SHIPMENTS LOST OR DAMAGED 

Our responsibility ccascs as shippers ui")on obtaining signed bil of lading showing 
that shipment has bcen .dclivered to and accepted by thc transportation company in 
good order. 

Consignee should prcscnt claim to Ihe transportation company for delay, loss or 
damages of goods in transit. 

Consignee should see t ha t expense bil bears notation in ink, endorsed by the 
transportation company's agent, when accepting a shipment on wliich oss or damage 
has occurred. 

For guidance in specifjdng rivets the fo lowing tables of " E x t r a s " are given, 
covcring Íarge and small rivets. Refcrcnce to thc Base Price as currently quoted Ín 
Trade Papers is suggcstcd, and correspondence invited by any prospcctivc users of 
rivets. Currcnt priccs wil be promptly quotcd, wíth terms, deliveries, and conditions 
of sale, to any interested. 
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•THE S. SEVERANCE MANUFACTURING COMPANY 

LARGE RIVET LISJ 

(Rivets 3^ inch diameter and larger.) 
Adopted October 15th, 1912, 

Reviscd February 2d, 1920. 

BASE SIZES 
BOILER RIVETS, Standard Ileads Base price the 100 bs. $ 
STRUCTURAL RIVETS, Standard Heads " " " " g 
SI Í IP RIVETS, Standard Heads " " " " $ 

Diameters, ?^" to l ^ " inclusive. Lengths 2" to 5' ' inc usive. 
Paclæd in kcgs or bags of 200 Ibs. to 300 Ibs. each. 

STAKDARD EXTRAS E x t r a t h e lOOlbs. 
1—H " and ^ " diameters ^O. 50 
2—% " and ^ " diameters .15 
3—Rivets larger t han í^" dianieter .25 
4—Lengths 1" and shorter .50 
5—Lengths bct^wccn 1" and 2" .25 
6—Lengths over 5 " .25 
7—Flat Hcad Rivets .25 
8—All Standard Countersunk Head Rivets .25 
9—Swell Neck Rivets .25 

10—Spccial Heads other t han our regular Standards .25 
11—AnncaUng Rivets ^ " diameter ahd argcr. (Om- rivets are a l made hot and 

do not need annealing cxccpt for spccial pm'poses) .35 
12—Rivets packed in 100 Ib. packages .25 
13-~W,e prefer not to brea kegs, but if customer íinds it is necessary to order 

less than 100 pounds of a size, add $1.00 í a t for each size. 
14—AIl Cone and Countersunk Head Rivcts to be charged at Boiler Rivet price. 
15—Cost of testing and inspecting, if any, to be at customer's expense. 
16—High Carbon or Specia A loy Rivets, special extra price upon application. 

RIVETS TO LLOYD'S SPECIFICATION 
17—For HuIIs. Add to t he price o£ Ship Rivets '. .10 
18—For Boilers, Add to tlie price oí Boiler RÍvets .15 

DIRECTIONS FOR ORDERING 
Rivets are divided into two classes as to size and are known as:-—• 

LARGE RIVETS ( 3 ^ " diamcter and larger). 
SMALL R I V E T S ( V " diameter and smaller). 

1. Grade of Rivets required 
(Boiler—S tructural—Sh p). 

2. Type of Head 
Conc—Button—Pan—Steeple, etc. 

3 . L e n g t h • 
Measure Comitersunk Rivot to Top of CS. Others under head. 

4. Diameter 
5. Quanti ty packed in—size kegs 

Standard Kcgs. Boilcr 200 Ibs. Structural and Ship 250 Ibs 

6. Wlien needed ' 
Date 

7. Shipment Routing 
8. SpecÍal MarkÍngs oí Kegs 
9. Ordercd by 

10. Shipped to 
11. Send shipping papers to 
12. Send invoice to 
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T H E S. SEVERANCE M A N U F A C T U R I N G COMPANY 

SMALL RIVET LIST 
ÍTa' diameter and smaller). 

Adopted and Effcctivc May 19, 1920 
STANDARD HEADS ONLY 

Old Standard Wire Gauge. Cents per pound in 200 pound kegs. 
Rivets are made from scant ized wire so as to fit holes o£ tlieir ratcd sizc. 

Díam-
eters 

J7_ 

Vs 
11 
ji. 

No. 1 
No. 2 

No. 3 
Vi 

No. 4 
No. 5 

No. 6 
3 

No. 7 
No. 8 

No. 9 
No. 10 

No. 11 
No. 12 

No. 13 
No. 14 

A4in. 
Wire 

Diameter 

.422 

.361 

.330 

.300 

.288 

.272 

.249 

.242 

.230 

.211 

.196 

.180 

.172 

.156 

.141 

.128 

.113 

.104 

.090 

.078 

LENGTHS 

6-3Î 

17 
17 

18^ 
18K 

19 
19 

19 
19 

22 
22 

22 
22 

3i2i 

17 
17 

17?..̂  
17M 

18 
18 

18 
18 

20 
20 

20 
20 

2-1 

15 
15 

151 
15i 

16 
16 

16 
16 

17 
17 

17 
17 

17 
18 

19 
20 

21 
22 

26 
28 

7 3 
5 1 

ISi 
151 

16 
16 

16i 
161 

16i 
16i 

17J 
17 

17S-
17J 

17i 
18-i 

19i 
20i 

21i 
22i 

26i 
28i 

-ff 2 

16 
16 

16i 
16i 

17 
17 

17 
17 

18 
18 

18 
18 

19 
19 

20 
21 

22 
23 

27 
29 

16 

17 
17 

17 
18 

19 
19 

19 
19 

19 
20 

20 
20 

20 
21 

22 
23 

26 
28 

32 
37 

% 
18 
18 

18 
18 

19 
19 

19 
19 

20 
20 

21 
21 

21 
22 

23 
25 

29 
31 

36 
42 

11 

19 
19 

19 
19 

19 
19 

19 
19 

20 
20 

21 
21 

21 
22 

23 
27 

30 
32 

37 
47 

6 
le 

20 
20 

20 
20 

20 
20 

20 
20 

20 
21 

22 
22 

22 
23 

25 
29 

32 
34 

39 
52 

9 

20 
20 

20 
20 

20 
20 

20 
20 

20 
22 

22 
22 

22 
23 

25 
30 

33 
36 

41 
54 

/i 

20 

20 
20 

20 
22 

23 
23 

23 
24 

25 
30 

33 
37 

42 
57 

32 

21 

21 
21 

21 
23 

24 
24 

24 
25 

26 
32 

36 
38 

43 
00 

3 
10 

21 

21 
23 

26 
25 

26 
26 

27 
36 

39 
43 

47 
60 

3 2 

22 
24 

25 
26 

26 
27 

29 
37 

42 
47 

52 
62 

A 

24 

25 
27 

27 
28 

31 
39 

44 
52 

57 
65 

32 

25 

26 
28 

29 

32 

67 

67 

5-64 (Min. Wire Diam. .074) same ist as No. 14; 3-32 (.088) samc as No. 13; 7-64 (.104) 
s a m e a s N o . 12; 1-8 (.120) same as No. 11; 9-64 (.136) same as No. 9; 5-32 (.151) 
s a m e a s N o . 8; 11-64 (.165) same as No. 7; 7-32 (.211) same as No. 5; 9-32 (.272) 
same as No. 2. 
InteiTaediate lengths and diameters take list o£ nearest smaller size. 
Rivcts made from smallcr wire t han No. 14 will be quoted on application. 
Standard Heads are Round—^Wagon Box—-TITISS—Cone—Flat—Flat Counter-

sunk and Pan Heads. AU other shaped heads and Hcadless, Shou der and Pointed 
Rivets are special on which prices wil be quotcd on apphcation. 

The above list applies only on BULK Q U A N T H T E S n 200 Ib. kegs. Other pack-
ages take the following List Extras: 

Packcd in 100 
' 50 
' 25 
' 5 or 10 

1 

Pou .nd Kegs add 1 Cent to abovc List. 
Boxes " 3 Cents " " " 

" " 4 " " 

Specia íinishes such as Mctallic Coating, Plating, Tumbling Bright or Polishing 
after annealing quoted on application. When ".Tinned" Rivets are ordered Metal ic 
Tinned are furnished. 

THE S. SEVERANCE MANUFACTURING COMPANY, 
GLASSPORT, PENNSYLVANIA. 
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