
Measurement and Calibration 
of Tank Cars

API STANDARD 2554
FIRST EDITION, OCTOBER 1966

REAFFIRMED, SEPTEMBER 2012





SPECIAL NOTES 

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A 

STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS 
SHOULD BE REVIEWED. 

2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN 

CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS. NOR 
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MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 
4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE 
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR 
OTHERWISE, FOR THE MANUFACTURE. SALE, OR USE OF ANY 
METHOD, APPARATUS, OR PRODUCT COVERED BY LETTERS PATENT. 
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE 
CONSTRUED AS INSURING ANYONE AGAINST LIABILITY FOR 
INFRINGEMENT OF LETTERS PATENT. 

5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, 
REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. 

ADDED TO THIS REVIEW CYCLE. THIS PUBLICATION WILL NO 
LONGER BE IN EFFECTFIVE YEARS AFTER ITS PUBLICATION DATE AS 
AN OPERATIVE API STANDARD OR, WHERE AN EXTENSION HAS BEEN 
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION 
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT 
[TELEPHONE (202) 682-8000). A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY 
BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005. 

GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM- 

AND EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CON- 

SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE 



FORE WORD 

. The standard in this publication is one of a series approved jointly by the American 
Petroleum Institute and the American Society for Testing and Materials. This standard is 
the result of a cooperative anangement established by the two organizations to develop and 
jointly approve and publish standards dealing with quantitative and qualitative measure- 
ments of petroleum products and lubricants. 

The American Petroleum Institute and the American Society for Testing and Materiais 
take no position as to whether any method, apparatus, or product mentioned herein is 
covered by an existing patent, nor as to the validity of any patent alleged to cover any such 
me:hod. apparatus. or product. Furthermore, the information contained in this standard 
does not grant the right. by implication or otherwise, for manufacture, sale, or use in 
connection with any method, apparatus, or product covered by letters patent; nor does it 
insure anyone against liability for infringement of letters patent. 

This standard may be used by anyone desiring to do so, but neither the American 
Petroleum Institute nor the American Society for Testing and Materiais shall be held 
responsible or liable in any way either for loss or damage resulting therefrom, or for the 
violation of any federal, state, or municipal regulations with which it may conflict. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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Standard Method for  
MEASUREMENT ASI) CALIBRATIOK OF TAXK CARS' 

API Standrrd: 2554 

ASTM Designation: D 1409-65 
ADOP~E~,  I%.:.' 

This standard of the American Petroleum Institute issued under 
t h e  fixed designation BPI 2554 is also a s tandard of the American 
Society for  Testing and Materials issued under the fixed designation 
I) 1409; the f ind  number indicates the pear  of original adoption 
as standard, or, in the case of revision, the pear of last revision. 

This method u m  adopted aq a joint API-ASTM standard in 1965. 

*Pe 

1. This standard describes the proce- 
dures for calibrating tank cars. It is pre- 
sented in two parts: Part  I (Sections 2 
to 21) outlines procedures for nonpres- 
sure-type tank cais; Part  II (Sections 22 
to 31) outlines procedures for pressure- 
type tank cars. 

N m  1 . 4 t h e r  calibration standards are: surement and Calibration of Spheres and 
API Slanàarà 255O-ASTM D 1290: Nea- 

mrrement ami Caübration of Upright Cyl- 
indrical Tanks 

API Stanàmd SSl-ASTM D 1410: Mea- 
surement and Caiìàration of Horizontal 
Tanks 

API Standard 255LASThf D 1408: Mea- 

Spheroids 
API S h d a r d  2553-ASTM D 1407: Mea- 

muement and Caübration of Barges 
API Standard 2556-ASTM D 1406: Liquid 

Calibration of Tanks 

PART I. PROCEDURE FOR CALIBRATING NONPRESSURE TANK CARS 
& n e 4  

2. (a) The volume capacity of tank car 
tanks sh311 be determined in one of the 
three followings ways: 

(I) By filling the tank with a quantity 
of water measured by discharge from 
calibrated tank or tanks (water gage plant 
procedure). 

( O )  By filling the tank with Irater and 

Under tbe standardization procedures of tbe 
APT and the ASTX thls standard is under the 
jurlsdiction of tbe API Central Commlttee on 
Petroleum Sicisomment and the ASTJI Com- 
mlttce 0-2 on Petroleum Products and Lubri- 
cants. 

:TIW - 4 ~ 1  method aas adopted as A P I  Stan- 
darti 2504 In October. 1963. 

Prior to thelr preaent publicatloo. the API 
methods of test were Issued as API Code 1201 
and API Cone 1202. API Code 1201 mas issued 
as tentatire In JUIF. 1948: I t  wns rerlsed and 
rrisstied in Jonuory. 1957 ns API Standard 
1101. API Code 1201 =an Issiied 3s tentative 
i n  Dvcrmbcr. 1951 : I t  mos reTisrd and reissurd 
in Februars. 1360 ns A P I  Standard 1202. 

a Rcrlsed and adopted as standard June. 1965. 
br ariion of tbe ASTM ot the Anniial JIretinz 
and rsn6rmIng letter billot. 

-- 

weighing the car before and after filling 
(!Vater-weighing procedure). 
(SI By computing the volume from ex- 

ternal measurements of the tank and 
deducting for the thickness of ~ a l l s ,  laps, 
etc. ("strapping" procedure). 

( b )  Since 1951 the voiume of aii new 
tank cars should have been determined by 
the water gage plant procedure. 

(c) With reference to the use of the 
three different procedures for Calibration, 
i t  has been realized that there should be 
some further chrification with regard to 
the relation of these three procedures. This 
has been expressed as follows: 

(i) The ra te r  page plant procedure is 
recommended as the most accurate. 

(2 )  Where facilities are not available 
for the use of the n-ater gage plant pro- 
cedure, an acceptable alternative is the 
water-weighing procedure used for all 
t 3 p  of tank cars, and the strapping pro- 
cedure used for only nonpressure or non- 
insulsted tank c3n. 

( d )  The calibration procedures out- 
lined herein require that the interior sur- 
face of the tank be clean and free from 
any foreign substance such as the residue 
of commodities adhering to the bottom 
and sides of the tank-dirt,  rust, and the 
iike. Examination and inspection of a 
tank car may indicate the need for 
thorough cleaning if the correct estab- 
lished capacity is to be assured. 

(e) Tank cars modified or damaged to 
the extent that the capacity is changed 
should be recaiibrated; and the new capac- 
ity should be reported in accordance with 
instructions in Freight Tanfl No.  300, 
latest issue and supplements thereto, is- 
sued under ICC authority for United 
States, Canadian, and Mexican railroads. 

\VA- CAGE PLAKT PBDCEDURE 
Design and bnstraetion of Gage Phnt6 

3. (a) The gage plant (see Fig. I) 
shall consist of one or more elevated tanks 

7 
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MEASUREMENT AND CALIBRATION OF TASK CARS (APL 25%-ASTN D 1409) 

. I I  

Nm.-Any and aii delivery pipes to the car must have a slope of not l e s  than 2 in. per foot to i+sure proper and-rapid drainap. 
It is preferred to have a direct discharge pipe from the finishing tank to the car. However, the discharge pipes may be manifolded to avoid 
movement of car during Casng. 

FIG. ~.-TTPIC.+L LAYOUT OF WATER G.~cE PLAST 

of convenient size, and shaü be used for 
water gaging tank car tanks. In addition 
to the main tank or  tanks, there shaü be 
a finishing tank equipped with an  ex- 
t e d  gage glass throughout its length 
and so connected that the water level in 
the giass shall conform to the water levei 
in the tank. This hisbing tank shaü be 
of smaii diameter CO that accurate read- 
ings are obtained when d quantities of 
water are withdrawn. 

( b )  The gage tanks shall have conical 
bottoms and tops-preferably inched  a t  
an angle of 45 deg or greater from the 
horizontal-and shall be provided with 
drawoff valves a t  the bottom and suitable 
connections a t  the top for filing with 
water. The connections for filling the 
tank shall be provided with wing joints 
so that they may be moved away from 
the opening a t  the top of the tank. The 
water in the tank will then be completely 
separated from its source of supply. All 
connections shall be so placed that the 

water on the tank side of the valve %-ill 
drain completeiy. 

(c) The openings a t  the top of the gage 
tanks (which shall be just large enough 
to permit entrance for inspection of the 
tanks] shall be circular or eüipticai in 
shape, have true and absolutely levei 
edges, or be equipped with V-notches, so 
that, when ñiied to overflowing, the tanks 
shail necessarily contain a dehite volume. 

( d )  The water shaii be conveyed by 
gravity from the gage tanks to the car 
tank. The piping between the valve of the 
gage tank and the dome opening of the 
car tank shall be as short and direct as 
possible, and shall be inclined at an angle 
that will promote rapid and complete 
drainage. 

(e) During gaging operations the gage 
tanks and the tank car tanks shall be 
housed to protect them from the sun and 
rain. 

(1) A section of level track-preferably 
laid on concrete-on which a car may re- 

main undisturbed for any desired length 
of time &ali pass directly under or a t  the 
side of the g3ge tanks. The gage tanks 
shaU be a t  such a height that water from 
them wiü drain directly into the car tank 
to be gaged. Suitable apparatus shaii be 
installed to mise the mater into the gage 
tanlus. 

(e) When desired, gage’tankp may be 
equipped with suitable connections for 
ñ l ï i  from the bottom, in which case the 
valves in the supply line leading to the 
gage tanks shail be doubled and the 
nipples between the valves shaü be, 
equipped with a àraii cock or bleeder. 
To ascertain that no water is leaking into 
or out of the supply line, the drain cock 
or bleeder shall be opened after the tank 
has been filled. When the gage tank is 
filed from the bottom, a downspout shall 
also be used which reaches to  within a 
few inches of the bottom of the car tank 
to be gaged, so that the outlet is under the 
surface of the water after the first few 
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seconds of filling. The piping between the 
valve of the gage tank and the end of the 
downspout shd .be  as short and direct as 
possible, and shall be inclined a t  an angle 
which will promote rapid and complete 
drainage. 

CALXBBATION OF \VATER GAGE PLASTS 

P - v  Measures 

4. (a)  As it  is of the utmost importance 
that great care be exercwd to obtain ac- 
curate capacties, the calibration of gage 
plants shall be done by men thoroughly 
versed in the theory and practice of such 
work A small error is greatly multiplied 
in the bai  result, for the result is based 
upon the number of times a measure of 
small capacity (the exact capacity of which 
is known) can be ñiied from the gage 
tanks. This is determined by the use of a 
measure of 5- or 10-gal nominai capacity 
(hereinafter referred to as the “principal 
primary measure”) a-hich is made of such 
material or protected in such manner that 
it cannot easiiy be dented by accident and 
its capacity thereby changed. The mea- 
sure shall be constructed in such a man- 
ner that it will drain readily toward a 
mouth a t  the top drawn into a small 
diameter. The mefisure shall be fitted with 
a cover so that it will hold and deliver, 
within very narrow limits, the same 
amount of water time after time. This 
shaii be accomplished by grinding or 
machining the top of the measure a t  the 
mouth and sliding a giass disk over the 
opening. The fit shall be such that, when 
the disk is held in piace tightly and the 
measure is tipped, water will not leak 
from the measure unless the glass is slid 
off the opening. Also, the fit shall be such 
that a definite amount of water is always 
held under the glass when the measure 
stands in an upright position. The mea- 
sure shali be provided with a pouring 
spout, so that its contents may be trans- 
ferred to another v e d  without the loss of 
a drop. 

(b) Another procedure for calibration 
is to employ a memre  constructed nith 
a narrow mouth. using a needle gage to 
determine the height of the liquid in the 
measure. The top of the measure shall be 
machined or ground off, if necessary, to 
insure accuracy. 

(c) In all cases the capacities of pn- 
mnry measures used shall be certified by 

tlie US. Bureau of Standards, Washington, 
D.C. The certificates shall show the ca- 
pacity, based on the number of gallons or 
milliliters the measure hoZds or delircrs 
a t  60 F after draining for 30 sec. 

( d )  All measures larger than primsry 
shall be calibrated either by filling from 
or by emptying into the primary measures. 
In  the former use, the primary measures 
shall be cdibrated to &ver; in the latter 
case, they shaii be calibrated either to 
hold or to deliver. If calibrated to  hold’ 
they shall be wiped dry with a cloth each 
time used; if calibrated to deliver, the 
measures shaU be cleaned out frequently 
to remove any dirt or oil. 

Intumediate Yeasarea 

5. (a) For the calibration of gage tanks, 
a cylindrical measure shall be used. This 
measure shall be of intemediate capacity 
of approximately 50 to 500 gai (herein- 
after referred to as the “intermediate 
measure”). It shaii have cone-shaped 
ends, terminating in a small neck a t  each 
end (see Fig. 2), it  shall be equipped 

with a drawoff valve at  the bottom, and it 
shall be provided with an overflow at the 
top. If the tank is of such construction 
that it cannot be inspected for accumu- 
lation of foreign matter, it shall be recali- 
brated frequently. 

( b )  When calibrating the intermediate 
measure, level it accurately; fill i t  with 
water; and then drain it, allowing 2 min 
for this operation; and close the valve. 
Fill the principal primary measure, taking 
approximately 2 min for the operation 
and using 3 soft flexible connection which 
may be inserted into the measure in such 
3 way that, while filling, the end wiil be 
below the surface of the water. After the 
primary measure has been filled, remove 
hose, make up outage, and strike the 
measure gently nlth the flat of the hand 
sound the sides and the top to release 
any bubbles. Slide the glass disk, ground 
side dota, over the opening, observing 
whether or not any bubbles are visible 
through the giass. If so, siide the gias 
back part way, and aith a small sponge 
ndd more water until no bubble c3n be 

I I  

FIG.  PICAL AL IN~ERMEDIAZE MEASURE WITH SUPPORT. 
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seen. Hold the glas firmiy in place, fully 
covering the opening, and with a small 
sponge take out aii the water in the pour- 
ing lip. Thereupon, have an assistant 
carefully raise the measure to the proper 
position for pouring into the intermediate 
measure. The operator shall hold the glass 
firmiy over the opening and, 3s the mea- 
sure is being tilted to pour, lie slisll slide 
the disk off. While the contents of the 
principal primary measure are being 
poured into the intermediate measure, care 
s u l  be taken so that the primary measure 
is not aiiowed to rest against the inter- 
mediate measure-the primary measure 
shaii be entirely supported in the hands of 
the &tant so as to avoid denting. It 
shall be emptied very slowly into the inter- 
mediate, measure to avoid entrapping air, 
and shall be aiio\ved to drain for 30 sec 
after each emptying. 

(c) After the principal primary mea- 
sure has been emptied into the interme- 
diate measure a sufficient number of times 
so that the intermediate measure will not 
again hold the full contents of the pri- 
mary measure, the shortage shall be made 
up by pouriiig an additional m o u n t  from 
one or more of the smaller containers, the 
capacity of which has been certified by 
the US. Bureau of Standards. 

(d) After the intermediate measure has 
been filled with the i d  of the smaller con- 
tainers, total the number of milliliters in 
the smaii amounts which have been added; 
then divide by 3,785, the number of miEi- 
liters in the US. 'standard gallon. This 
quantity, added to the quantity poured in 
by means of the principal primary mea- 
sure, gives the total capacity. The tem- 
perature of the water used must approxi- 
mate 60 F; if 3 temperature char.qe occurs 
during cdibration, appropriate correction 
should be made. 

(e) h delivery pipette is roiivciiicnt for 
the removal of any excess liquiti when a 
desired mark on a smnll rontainer or 
zrndii:ite is overrun. 

( f )  If 3 primary measure with needle 
gage is used, the intermediate measure 
shall first be filled with water to tlie prc- 
detcrmined point; then the w t r r  shall 
ix drained slowly into the principal pri- 
mary measure to 3 point where tlie liquid 
just touches the needle gage. If this pro- 
cedure is employed, the principal primary 
measure shall be calibrated preferably to 
hold rather than to deliver. If surplus 
\ w e r  is drained into the principal pn- 

mary measure, i t  shall be removed with 
a pipette-the accumulations of surplus 
liquid being measured after the intermedi- 
ate mesure has been drained. The quan- 
tity so measured shdl be ndded to that 
mesured in the principal primary mea- 
sure. 

(9 )  For the purpose of obtaining con- 
stant results, s well as for the purpose of 
scertaining the average of calibrations 
used in determining the capacity of the 
gage tanks, the intermediate measure shall 
be calibrated at  least three times-more, 
if necessary. 

( h )  When cdibrating intermediate mea- 
sures or  gage tanks, the work shall be dis- 
continued if the atmospheric conditions 
cause "sweating" or condensation on the 
outside or inside of the vessels being cdi- 
brated. 

(i) After the exact capacity of the in- 
termediate measure has been determined, 
the measure shaii be placed under the 
masuring tank to  be calibrated and care- 
fully leveled. It is expedient to fasten to 
the sides of the measure lugs which can Le 
made to rest on a stout wooden support or 
table of such height that the valves under- 
neath the measure can be conveniently 
handled. 

Proadare for Calibriiing Cage Tank. 

U. (a) A plug or reducer, of such de- 
sign that no water can be entrapped in it, 
shaU be connected to the outlet of the 
gage tmk below its valve, the plug k i n g  
tapped for approximately 3 i-in. pipe. 
The operator shall then make certain that 
the inside of the tank to be gaged is clean 
3nd free from nist. Thereupon the dis- 
charge valve on the gage tank shall be 
closed, the supply vdves opened, and the 
tank fiiied with water. I t  is important that 
water used for calibration be clean and 
clear. If the water is used repeatedly, i t  
is well to treat it  with 3 rust inhibitor. 
The ralves of the gage tank shall then bc 
esamined to make certain that they are 
in good condition and that they do not 
leak. If 3 leak is found, the valves shall 
be repaired before proceeding. 

(b) The I-in. pipe shall then Le 
screwed into the plug a t  the bottom of 
tlie tank; i t  shall be run down to a 1-in. 
valve which is placed in such a position 
that the operator can readily esamine the 
inside of the intermediate measure and at  
the same time, by means of this valve, 
regulate the flow of the water into the 

top of the measure. To insure tightness 
and ease of operation, the I-in. raive shall 
be tested before it is applied. The valve 
should close tightly without effort. To 
bring the operator to the proper height 
for conveniently inspecting the water in 
the intermediate measure, a platform shall 
be built around the measure. 

(c )  The piping having been installed 
and the gage tank having been filled with 
water, the intermediate measure shall be 
carefully e.umined to see that the interior 
IS perfectly clean. It shall then be filled 
and emptied to wet the interior surfaces 
and allowed to drain for a t  least 2 min, 
whereupon the discharge valve a t  the 
bottom s i d i  be closed. Thi  "drainage 
period," once having been determined, 
shall be used a t  aii times in connection 
with the operation of the gage plant. 

( d )  The gage tank shall then be in- 
spected to see that it is filied to  overíìow- 
ing and that no more mater can be added. 

(e) The large valve of the gage tank 
shall next be opened sZow¿y. If opened too 
quickly, an air bubble large enough to 
csrry considerable water over the edge of 
the top of the tank may result. The sup- 
ply pipe to the intermediate measure is 
thus filled from the gage tank. The sup- 
ply valve shall then be opened and the 
intermediate measure filled. Care should 
Le taken to see that no leakage occurs 
from the discharge valve at the bottom. 
The flow to the intermediate measure 
sliall be regulated by the 1-in. v a i v e t h e  
water flowing very slowly as the level 
approaches the top. It is possible to r e p  
Iate the valve in such a manner that but 
little more water will be released than the 
amount actually required to ñii the in- 
termediate measure. If too much water 
is relesed, the excess will, of course, be 
caught in the overflow and eventually 
measured. 

(f)  After the intermediate measure has 
been filled with water, it shall be allowed 
to settle 2 min to allow air to escape. 
Shortage due to settling shall be made up, 
the measure being filled to gage or over- 
flowing. The intermediate measure shall 
then be emptied and drained for a t  least 
2 min. This procedure shall be repeated, 
and a tally shall be kept of the number of 
times it is possible to fill the intermediate 
measure from the gage tank. When the 
gage tank is empty, the last intermediate 
measure may be partially filled-all water 
írom the gage tank having been drained 
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into the intermediate measure. The \vater 
in the overflow shali also be drained and 
poured into the intermediate measure. 
The intermediate measure shalt then Le 
filled aith water (but not from the g3gc 
tank) by means of the principal primary 
measure and graduates. The gallonage 
added by means of the principal primmy 
measure and graduates, not having come 
from the gage tank, shall be subtracted 
from the capacity of the intermediate 
measure; the difference, added to the 
gallonage obtained by the number of times 
the intermediate measure is filled, shall 
determine the capacity of the gage tank. 
The gage tank shall be calibrated a t  least 
three times, or as many additional times 
as shall be necessary to secure uniform 
results. The average of these results shall 
be the capacity used when gaging tank 
cars. 

(9 )  All the gage tanks of the gage plant, 
including the small finishing tank, shall be 
calibrated by the foregoing procedure. 

Proeedure for &fibrating Finishing Tanks 

7. ( a )  The finishing tank shall then be 
calibrated to show the number of gallons 
that i t  holds at  any height. This tank shall 
be equipped nith an external gage glass, 
behind which a suitable gage board shall 
be placed in a vertical position and se- 
curely fastened to prevent shifting. In 
order accurately to read the gage board, 
the use of a carpenter's small try-square 
is recommended; thus the l i e  of vision 
\di be in the same horizontal plane as the 
bottom of the meniscus. First to be 
marked on the gage board shall be the 
height of the water in the gage glass when 
the tank is full. The finishing tank shall 
be equipped with a plug with a 1-in. pipe 
and a l-in. valve (the same as in the case 
of the calibration of the gage tank). A 
number of gallons of water shall be nith- 
drawn into the principal primary measure, 
and the height again marked on the board. 
This procedure shall be repated-the 
heizht of the water in the gage glass being 
marked on the board each time the same 
quantity of aatcr is withdrawn-until the 
entire length of the tank has been d i -  
hated. Before this calibration is staned, 
the finishing tank shall Le full; likee\vise, 
tlie pipe leading from the tank to thc L-in. 
valve (by which the operator regulates 
tile flow of sater) chil l  be full. Further- 
niore, if the principal primary measure 
does not hold the required gdloiin, -e , cor- 

rection shall be made by means of a 23-mi 
mesure, in order that the same gallon- 
age will be withdrawn each time. 

( b )  Insrnuch as considerable time is 
consumed in calibrating the tank-due to 
the fact that  definitely prescribed quanti- 
tics are d r a w  off-the temperature of 
the water in the gage glass, especially in 
warm weather, may vary considerably 
with the temperature of the water in 
the main body of the finishing tank. 
These temperatures, therefore, shall be 
carefully checked. If the temperature of 
the water in the gage dass is higher or 
lower than that in the finishing tank, in 
order to equalize the temperature and to 
prevent ermrs in marking, water from 
tiic main body of the finishing tank shall 
be poured into the gage glass to displace 
the water in the glass. No new water shall 
be added to  the finishing tank for this 
purpose; it is sufficient that a circulation 
of water in the gage giass shaii be effected. 

(c) \t'ha the operator is satisfied that 
the marks on the gage board 2re properly 
placed, the marks shall be deepened and 
the number of gallons of outage in the tank 
that each mark represents shall be sten- 
cilled on the board. Preferably, the scaie 
on the gage board should be in @oris, 
rather than in inches. Closer readings a 
be made by interpolation and by the use 
of the try-square. With the gallonage of 
the principal primary measure definitely 
establiied on the board, the bliing tank 
shali be refilled and the water shall be 
drained off in single gallons. The board 
Aall be calibrated to show the height of 
the water in the *hing tank for each 
gallon. This can be done rather quickly, 
since tlic 5- or 1 0 9 1  marks are on the 
board; and the liquid level may be ad- 
justed, if necessary, a t  each of these marks 
to avoid any cumulative error. 

Check C 4 e  Plint 
S. After the gage plant has been a l i -  

hated,  as outlined in Sections 4 to ?, it 
should be checked, if posible, by tmk 
cars which have been gaged at other 
gaging piants whose accuracy hns been 
established. 

Procedure for Calibrating Single-Com- 
psrtmeiit ' Tank Car Tanks 

3. ( a )  In  hot weather tank car tanks 
slid1 lx cooled by spraying the outside 
wit11 water before gaging. 

( b )  The capacity of the car to be 
gaged shall k determined as it stands on 
3 level track. Before gaging commences, 
i t  is important that the gage track be 
checked to ascertain that i t  is level. 

(c) The inside of the tank shall be 
esamined for the purpose of removing 
m y  foreign substances, such as dirt, rust, 
etc. The outlet valve shall be thoroughly 
cleaned and put in good condition. All 
measuring tanks shdl be examined to 
make certain that they are perfectly clean. 
A check shall be made to ascertain that 
the scale behind the gage glass on the 
finishing tank is tight and in its proper 
position. The gagers shaii make certain 
that the water used is clean. When mea- 
suring tanks become nearly empty, they 
shall be watched for sediment. If any 
sediment is present, the water shaii be 
stirred thoroughly to carry it  away. The 
operator shall examine dl valves on the 
measuring tanks to see that none are 
leaking. If any of the valves leak, they 
shall be repaired or renewed. 

(d) Each gage tank shall be sep3rateiy 
drained into the car tank, 5 min k g  
allowed for draining after the tanks have 
become empty. 

(e) When water is first emptied into 
the car pnk, the outlet valve shall be 
examined; if it leaks more than 20 drops 
per minute, the water shall be drained 
from the car tank and the valve repaired 
before proceeding. A pail shall be p b d  
under the valve in such a position that it 
will catch any leakage. Throughout the 
operation the outlet valve shdi be watched 
carefully to see that leakage does not be- 
come excesive. i f  preferred, the valve 
cap may be screwed on (a  tight @et 
being used). However, if this is done, the 
outlet leg should be filled with water and 
the valve closed. Any surplus water left in 
the car from this operation should be re- 
moved by wiping. 

(f) Repat  the filing and emptying of 
measuring tanks until the car task is 
nearly fuii. In  order to avoid error or 
Jupliation in tallying the number of mea- 
suring tanks emptied into the car tank, 
:L record shall be made immediately after 
the valve from the measuring tank has 
h e n  closed. When the car tank is nearly 
full, gaging shall be completed by the use 
_-..-- -. - 

4 This MIPC procwJure is applicable to ! n U k i -  
pic-eornprlrncnt tant cam by consldcrlag each 
compnrtmcnt intli.ritlirnlls JS a aIntle.compart- 
ment lnnk. 
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of the ñniishing tank. A straightedge shall 
be fastened across the manway opening 
in the shell of the car tank so that it is 
level with the inside of the shell a t  its 
highest point. When the nater begins to 
trickle over the center of the stmightedge, 
the tank is full. 

(g) The finishing tank shall be com- 
pletely fiIled each time, rather than filled 
to a point that is marked on the gage 
board. 

(h) The last 100 ~1 shall not be p e p  
mitted to run into the car tank faster 
than at  the rate of 10 gpm. 

(i) Just before the car tank becomes 
full, any leakage from the outlet valve 
shaü be poured back into the tank, inas- 
much as this water has already been mea- 
sured. 

(i) After the car tank has been ñlied, 
allow 15 min for settling to displace the air 
and ñll to the top of straightedge if outage 
shows, care being taken to include any 
water that may have leaked from the out- 
let valve. The' capacity of the tank sheii 
&aii be determined by taking the total 
number of gallons which have been emp- 
tied from the measuring tanks into the a r  
tank, plus the final reading of the gage on 
the finishing tank. 

(k) The capacity of the dome shaU 
then be determined by the use of the 
finisLing tank. 

(I) Throughout tank car tank gnging 
operations, the gager shall make all im- 
portant readings personally and check, as 
far as posible, all other readings. He shall 
take every posible precaiition to insure 
accurate results, and shall impress upon 
his assistants the importance of avoiding 
hastc which may result in innccurncics. 

ESTIRE OI-T.ICE TABLE 
Cencrd 

10. To providc nn entire outngc table, 
one car of cnch ches shall be water gngcd 
to show the roliiiiic held for c:icli %-in. 
iiicremcnt irom tlic hottom to tlir top of 
the tank. This ivork shall be done with 
extremc ncciirncy; and the tnhlc obtnined, 
by the proccdure cliociised in Section 2, 
shall be used in dctermining the outage 
tAble for the clnss of cnrs rcprcrentcd by 
the tnnk pged .  

procedure for ObI8¡ii¡ng OUt41gc Table 

inside. 
11. ( a )  Tank must be thoroughly cleaned 

( b )  Taiik i o  ?e gaged niiist Le. pinced in 
the shelter of the gage plant after mnking 
sure that track is level, both for length 
and width of cnr. The locntion a t  whicli 
the c3r is placed within the gage plant 
shall be such that tlie water from tlie 
finishing tank ciiaii t h i n  directly i i itd the 
tank to be gaged. 

(c) The tank sbll Le leveled by means 
of lwdges under the side harings PO that 
the bottom slieet on the inside of the tank 
is leyel longitudimlly. The tank shall be 
leveled laterally by adjusting wedges nt 
the side karings so that the bob of 3 
plumb line, when siispcnded from tlie 
center of the dome ring, rests on tlic 
longitudinal centerline of the bottom sheet. 

(a) Unscrew the standard valve cap 
from the tank and replace with a cap 
having a %-in. union connection. 

(e) Apply a bracket to the running 
board on which to support a gage giass and 
apply an adjustable connection to join the 
%-in. union on the valve cnp to the bottom 
of the gage glas. 

(f) Plumb the gage glass and clamp 
bncket solidly CO t b t  s g e  glnrc is sup 
ported in the plumb position. 

(9 )  Fill the outlet nozzle nnd piping 
until the water rcnclics the top of the 
bottom sheet on the inside of the tank. 

(h )  Apply a steel scale to brncket ad- 
jacent to gage glass, locating the zero 
point on the scale : i t  the Icvel of the 
bottoni of iiicnisciis of the nnter in tlie 
pnlm nt the top of tlic bottom sheet Icwl. 

(i) The stcd scale s ld l  Lc clnmpal 
sccurcly in position to prevcnt any climgc 
in it5 position rclative to the gage chss. 

( j )  Do nnt ange tniiks on uiiitly ùiys 
nor in freezing weather. 

(k) Cse only clean water nt a tcmpcin- 
tiirc :IS iirnr ¡;O 1: :is p:icticablc. 

(I) When gnging opcrations h v c  
startcd, they slid1 k continiied until the 
entire tank lias becn gaged. If gaging 
continiies longer than one day, the water 
shnll be emptied from the tank each night 
and refilled the nest day to the lcwl 
nhcrc qgiiig i n s  tlisroiitiniied the night 
before. 

(in) Fill the finishing tank in the gage 
pinnt uitli vater nnd allow it to settle 
5 min t o  frce the water from nir and make 
iip the oiit:igc, if my.  .411o\v ciioiigh water 
to pass from the finishing tank to the car 
tank to rnisc tlic water level in the gage 
glass to \vitliiii n fraction of thc first ?5 in., 

3nd close the gage tnnk valve. Allo\v the 
water to settle and become calm, after 
which add additional cmnll qiiniitities until 
the first % in. is reached. Allotv the in te r  
to settle and become calm. 

( 7 1 )  Check to see tlint thc w t c r  in the 
g:ige glass is exactly on the %-in. mark 
on t lie scale. 

NOTE 2.-Importanf: T d e  c x h  reading 
in g3ge g l u  with the eye on thc level of tlie 
Irotrom of the wter  curve on meniscus. 

(o)  Read tlie glass on the finishing 
gage tank and record the gallonage con- 
veyed to the car tank for the first ?5 in. 

( p )  Repeat the operation for the second 
?5 in., third 3- in., etc. 

(q )  Khen nearing the top of the tank, 
apply 3 straightedge to the highest point 
on the inside of the tank shell. 

(r) The last reading is to be taken dien 
the Irater is a t  the top of the stmightedge 
and is about to trickle over: 

(s) Measure the inside of the tank wit11 
the scale and check n-ith rmding on the 

( t )  Dran off the nnter in tlie outside 
gage ghss occnsionally, and pour it back 
into the tnnk. Keep the outside gage glass 
slintled from the sun to maintain the same 
ten ipnture  in the glass 3s in the tank. 
.\Izo he siire tlint w t c r  in tlie rage glass 
of tlie finishing tank is circulated from 
time to time so tlint the temperature of 
tlic water in tlic zincs is the same 3s the 
tcmpcrnture of tlic wntcr in the gnge tnnk. 

( 7 0  After tlic natcr is emptied from 
tiic cnr tniik,  tiie car tank must agjin be 
leveld; if it is found that the level of the 
tank lins clinngcd during the gaging opera- 
tion, the tank .clinIl be Icvclrcl n;:iin niid 

rcgngrtl. 

glass. 

Criieral 

13. Srnlcs must be scnsitivc in order to 
rcspond quickly nnd acciiratcly to small 
clinngcs in weight. They sliould tie checked 
At rcriilnr pcriods and, if nccws:iry, they 
should be adjusted to mcct check weights. 
The car wcigìit must nko be carefully 
cliccked and vcrified 3t three stages: ( f  J 
rmpty í h ) ;  (-3) tank shell filled with 
water; aiid (3) tank shell, including dome, 
filled with water. 
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MEASUREMEST ASD CALIBRATIOS OF TASK CARS (XPI 2554-ASTM D 1409) 

Definitions 

13. (0) Pare Weight is the weight of 
tank underframe and trucks (i.e., weight 
of car with empty, dry tank). 

( b )  Cross Weight is the combined 
weight of the underframe and trucks and 
the tank and dome filled with water. 

(c) Gross Weight, Tank Shell Full, is 
the wight of the car with the tank shell 
-but not including the dome-filled with 
n a  ter. 

(d j  A’et Il-eights are the difierence be- 
tween gros veights ,and tare weight. 
Please note that the term “net weights” 
is used because two different “gross 
weights” are posible [ s e  Paragraphs ( b )  
and (c)]. 

( e )  Corrected h’et li’eights are net 
weights adjusted to density at 60 F, using 
the correction factor from Table ï I I I  
(Appendix). 

Procedure 

14. (a )  Gamine the iiiside of tlie tank 
shell for the purpose of removing any 
foreign substaiice, such as dirt, rus, etc., 
then weigh the car with tlie tank empty. 
This is the tare iveiglit. (Wedges, if used 
to steady the car when filled, should also 
be used on empty weight to insure that 
nec weight includes only the water in the 
tank.) 

( b )  After the tare weight is established, 
fill tlie tnnk shell with water. The 1n:t 
100 na1 shnll be a t  a dom flow rate, not es- 
ceeding 10 gpm. Then allow the cir to 
stand ior 15 min to permit settling and 
escape of air in water. Following this, 
water shoiild be :tdded to bring the Icrel 
to tlic inside of tlie top of the trnk shell. 
Tile cnr shall tlien be weighed and tlie 
\vciglit rrrordcd. This is the gros weiglit: 
tank shell full. 

( c )  Following tlic weidiing of the car 
with the tank shell fiill of wntcr: ( i )  
when the safety vnlve is on top of tlie 
domc, fill \rith w t c r  to tlic incide top of 
the dome; or ( 2 )  wlien the safety valve 
is on tlie side of the donie, fill to tlic top 
of rlie safety valve opcniiig. This is tlir 
gross weight. 

( d )  Take the tempcrnture of the water 
a t  npprosimntely the l-ertical center of the 
tnnk. 

S\;~TE 3.-For dci;iils relative to proce- 
diires. equipment and inspection, and testing 
of cqiiipmrnt. we -41‘1 Sfmdord  33- 

ASTM D IGSC: Meo.ruring fhe Tcnipcrafure 
of Pefroleumi and Petroleum Products. 

( e )  Obtain the net weights by subtract- 
ing the b r e  weight from the gross weights. 
Multiply net weight by correction factor 
to obtain corrected net weight for water 
a t  60 F. The weight of one gallon of water 
in air at 60 F is equal to 8.32824ï lb, estab- 
lished by the U. S. Bureau of Standards. 
Corrected net weight divided by S.321247 
equals gallons capacity for the tank shell 
or for the tank and dome. The dome ca- 
pacity can be determined by deducting the 
calculated capacity of the tank sheiì from 
the calculated capacity of the tank and 
dome. 

CALIBRATISG SINGLE-COMPARTNEST 
TAXK CAR TANKS BY EXTERNAL 

STRAPPISG PROCEDGRE 

Equipmciit 

15. (a)  Tape Cdibration.-The stan- 
dard tape for calibrating tank-measuring 
(working) tapes shall be identified with a 
Report of Calibration a t  68 F by the 
National Bureau of Standards attesting 
to the standard tape accuracy within 
0.001 f t  (approximately *A in.) per 100 ft 
of length. The Report of Calibration 
for a standard tape shall include thee  
factors and/or formulas necessary to cor- 
rect the tape length for use: 

( I )  -4tGOF. 
(2 )  L‘nder tension differing from that 

uscd in calibration. 
(3) Cnder conditions of sag in an un- 

siipportd tnpe. 

SOTE 4.-The Xational Bureau of Stan- 
dards provides for standard tapes (NBS “ref- 
erence’’ tapes) only a Report of Calibra- 
tion a t  66 F wlicn the tape is completely 
wpported in a Iiorirontal position nnd sub- 
ject to horizontal teneion as prcrrribvd in 
:Valional Bureau o) Standards Test Fee 
Schedule 9G22O:-Sice¿ ‘Tapes. The adùi- 
tional data indicated in Section 15(d, Items 
( I ) ,  ( 2 ) .  and 1.9, are included in the NBS 
Report of Calibration only when requested 
I I ~  the applicant and to the extent specifi- 
rally Rqiirsted. 

( b )  Steel Rulers: 
(I) Tlie rulers used in making measure- 

i i i c n ~ .  escrpt for plate thicknesses, shall 
be of steel and of such thickness as to 
iii~iire thnt they will not bcnd in ordinary 

use. The rulers shall be graduated in feet, 
and in tenths and hundredths of a foot. 
(9) Plate thickneses shall be measured 

with 3 suitable depth gnge having gradua- 
tions to $64 in. (0.0013 f t )  . 

( c )  Struightedge: 
( 1 )  The straightedge used in making 

mwsurements a t  the h e d s  of t a n k  shall 
be of wod or other suitable material of 
sufficient width and thickness to maintain 
a subs,,c!antially straight edge when held flat 
in a horizontal position and supported oniy 
at its ends. The length of the straightedge 
should be a t  least 12 in. greater than the 
diameter of the tank on which it is to be 
used. A mali  notch shaii be cut in the. 
middle of the straightedge so that the rivet 
in the head of the tank ~ d l  not hold the 
straightedge away from the spherical plate. 

(2) A straightedge prorided with a 
pair of sliding blocks or wedges, =hich can 
be used in conjunction with graduated 
scales on the straightedge, may be used ta 
estimate the radius of the outside surface 
of the spherical head. A procedure for 
gmduating the straightedge is illustrated 
in Fig. 3. Data for graduating a straight- 
edge equipped \\ith blockc having a pro- 
jection of 0.400 f t  are preccnted in Table I. 

Measuring proetdure 

16. (a) All readings except thicknesses 
shall be made to the nearest 0.005 ft; 
thichcss measurements shall be made to 
tlic ncarest 1w in. (0.0013 ft). 

(b) Determine the average overall cir- 
cumference of the main cylinder (dimen- 
sion C,) : 

(I)  If the tank is constructed of a 
bottom sheet and two longitudinal top 
sheets, a t  least four measurements of the 
circumference shall be made on each tank. 
inen only four are made, they shall be 
taken ns nesriy as posible a t  W, XI,%, and 
3 points of tlie length of the tank 

TABLE I.-CR.\DGATIOSS FOR 
STR:IICHTEDCE. . . _ _  - ..--- --- 

üictariec 
to 

(;radnation. 
I t  

2.653 
2.668 
2.683 
2.698 
2.713 
2.728 
2.742 
2.757 
2.771 
2.786 _--. 

Hrad 
Iladiwa , 

Graduation. 
f C  - -  

9.0 
9.1 , 

9 2  
93 i 
9.4 ’ 
9.5 ‘ 
9.6 I 
9.7 . 
9.9 ’ 
9.8 i 

- .- 

Dinance 
u> 

Graditat ion. 
Ir . --- 

2 m  
2814 
2828 
2.843 
2.837 
2.871 
2.884 
2s98 
2812 
2.926 

ücid 
Iladiw 

Cnduatim. 
f t  

10.0 
10.1 
102 
103 
10.4 
10.5 
10.6 
10.7 

10.9 
loa 
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MEASUBEXMNT AND CALIBRATION OF TANK CARS (API 2554-ASTM D 1409) 

Nm-Tabìe I gim data for graduating a straightedge equipped with bloclis having a projection of 0.400 ft. 

h0.3.4TwGH1Ew WITH SLIDE8 AND GRADUATIONS FOS E S T I Y A T m O  RADIUS OF Tmr HEADS. 

(e) If the tank is consîructed of a 
bottom sheet and severai top rings, or of 
a number of complete ringe, a t  least one 
circumference shaü be determined for 
each ring. If only one circumference is 
determined, it shall be messured as nearly 
na possible to the middle of each ring. If 
two are taken, they shall be made as 
nearly as possible a t  the 45 and %.pointa 
of each ring. 

(3) Sice a circumference cannot be 
measured a t  the middle of the ring where 
the dome is located, a t  least one measure- 
ment on each side of the dome shall be 
made of that w. 

(e) Establish reference points X a t  ends 
of main cylinder: 

(I) After determining the width of the 
circumferential lap between the main 
cylinder and the head cylinder (rivet row 
spacing plus twice the width of the caiking 
edge), mark in clear and unmistakable 
manner four referenee points, two a t  each 
end of the car on opposite sides as shown 

(a) Determine average length of main 
cylinder (dimension I&,) : 

(i) If the tnnk is constructed of a 
bottom sheet and two longitudinal top 
sheets, measure the distances between ref- 
erence points X on both sides of the tank. 
The average of these measurements shall 
be taken as the length of the main cylinder. 

(9) If the tank is constructed of a 
bottom sheet and several top rings or a 
number of complete rings, reference points 
shall be established along both sides of the 
tank on the outside of the overlapped 
rings opposite the calking edges of the 

in Fig. 4. 

underispped rings (see Fig. 4). Aiter 
these points are established, the net inside 
widths of the several rings shall be mea- 
sured. The sum of these partiai lengths 
of the main cylinder must be equal to the 
overali length as measured between the 
reference points X a t  the heads of the car. 

(e) Determine the average overail pro- 
jection of each head from the reference 

(I) With a suitable straightedge heid 
against the center of the head, and two 
miers heid perpendicuiar to its edge and 
opposite the reference points, measure 
the overail projection of the head (length 
of head cylinder, plus depth of head, plus 
thickness of head) ; see Fig. 4. 

p 0 h  x (dimPnsiOm Pa and pa) : 

N m  5.-The straightedge should be held 
so that it is tangent to the tank head at its 
center. 

(n Determine the outside radius of 
each tank head (dimensions Ro and R b ) :  

(I) The tank head radius may be as- 
certained by measuring-with the straight- 
edge perpendicular to the axis of the tank 
-the distance to the tank head from the 
inside of the straightedge a t  two points 
on the straightedge equidistant from the 
tank center. Report the average of the 
depth measurements as outside depth of 
arc, and the distance between the two 
points on straightedge as chord at  that 
depth. From these measurements, outside 
radius of head may k computed. 

K m  &-These measurements should be 
checked with the stnightedge in an a p  
proximately horizontal position and in an 
approximately vertical position, plus a mea- 

surement at approximately U deg on either 
side of the verticai, taking care not to mea- 
sure at pointa where tank head may be 
dented. The average of the depth so mea- 
sured shaii be reported. To nvoid the knuckle 
curvature of the head, these measurements 
shaii not be taken nearer than 1 f t  from the 
edge of the head. 

(2) The tank head radius may also be 
ascertained by use of a straightedge 
equipped with sliding blocks, aa illustrated 
in Fig. 3. 

Non 7.-The head at the end of the car, 
where the hand britke wheel is located, shall 
be designated M head B-B for "brake." 

(g) Determine theoreticai length of 
each head cylinder (dimensions Lo and 
L b )  : 

(I) With profile board (Eg. 5) heid 
against the knuckle of the tank opposite 
r e f e m  point X, measure the distance 
between point T on the proñle board and 
reference point X on the tank. This mea- 
surement shaii be made on both sides of 
each head cylinder and the average re- 
ported as length of the head cylinder. 

Nom S.-Proeedure to be used in con- 
structing a profle board U illustmted in 
Fig. 5. 

(h) Determine the average external cir- 
cumference of the dome (dimension Cd): 

( I )  Meam? the external circumference 
of the dome at  a point midway between 
the top of the main cylinder and the top 
of the dome. 

(i) Determine height of dome above 
top of main cylinder (dimension Hd). 



MEASUBEMENT AND CALIBUTION OF TANK C h  (API 2554 - AST31 D 1409) 

--- 

X S E  

Explanation of reference points: 
E =  en&of car. 
X = ends of bead cylinder. 

S= theoretical intevction of spherical head with cyhfical  head 
A and B = en& of ringed plates inside car. 

flange ( d e t e m e d  by use of “profile board”). 
Description of lengths: 

E to X = overall-p-jection of head (dimensions P. and PI) ; head cylinder 

A to B = length of underlapped rings. 
X to X = total length of main cylinder (dimension LI. 
S to X = length. or depth, of head cylinder (dimensions L. and Lb). 

¿ = internai depth of head. 

plus umde depth of head plus head thickness. 
X to A and B tu B = length of overlapped rings. 

Description of radii: 
R. or R ,  = outside bead radius. 

H = internai he+ radius = overall he+ radius minris head thickneaa. 

R = internal radius bead cyknder. 
Nom.-ûnly reference points X are established on cars constructed entirely of longitudinal 

t = knuckle rad?- (K. and F b )  ; see Fig. 5. 

PhtÆS. 

FIG. 4 . - k T I O S  OF REFERESCE PoI?ITS FOE LEKGTH MwUBEMENTS AT SIDES OF C.WI. 
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MEASCREMENT ASD CALIBRATIOS OF TASK CARS (XPI 2554-AST31 D 1409) 

OFTANK- -.-. 
Cutting Head Profile Boa~ds 

The foliowing dimensions must be known before the boards can be cut accuratcly: 
H = radius of inside surface of sphericai head. 
R = +us of j e d e  surface of cylindrical head flange. 
r = radius of inside surface of knuckle. 
t = thickness of top plates of main tank cylinder. 

ti = thickness of tank head plate. 
H - r  

13 
Talie a square block ABCD. each side of which is equal to - , and draw two lines 

EF and GI paraliel to and at distances of t and t + t a  from the edge AB. Then draw line 
JK parallel to and a t  a distance of r from line GI. With J as a center, swing a short arc 
LM with a radius equal to 7. Draw a straight line through point K tangent to arc LM 
and then swing arc NI, using K as the center. This arc corresponds to the inside surface of 
the knuckle. Using the line NK as the perpendicular common to both the arc of the knuckle 
and the arc of the spherical head. and the point N as the point of common tangent. swing the 
arc QNS e t h  a radius equal,to Ho the he-aà radius. The ,mint S where this arc.cut+ the line 
GI ia a point on the Feoretical intersection of the sphencal head mth the cyluidnc. head 
flame. This is the Doint needed in the making of measurements for the computation of 

R - t  

heaa capacities. 
Establish reference point T by drawing lice ST parallel to AD. After this point is 

est,&lished s i n g  arc FO .with radius.equa1 to r + II and arc OU with radius equal to 
H + ti to.establish profile line along which the board should be cut. 

The finished board w i l l  be bounded by the points A B F O U D. 

- 

FIG 5.-A PROCEDURE FOR MAKIXG  HE.^ PROFILE BOARDS. 



(j) Determine diameter of manhole 
opening (dimension D). 

(k) Determine the following dimensions 
to be used in computing deductions (di- 
mension W,) : 

( i )  Width of bottom plate (-w Fig. 6). 
(2 )  Width of top plate or plates plus 

width of two laps (dimensions if', and 
IT,) ; see Fig. 6. 
(3) Thicknes of bottom plate (dimen- 

sion TI). 
( 4 )  Thicknesses of top plates (dimen- 

sions T, and T,). 
(5) Thicknesses of tank heads (dimen- 

sions Ta and T,,). 
a. If the thicknesses of tank and 

head plates are unknown and, due to 
corrosion or upsetting of calking 
edges, cannot be determined accu- 
rately by other means, it  may be 
necessary to drill a sufficient number 
of holes to permit direct gaging of 
the plate thicknesses. The accurate 
determination of these plate thick- 
nesses is important, inasmuch as on a 
large tank an error of in. in thick- 
ness wiil result in an error of approxi- 
mately 15 gai in capacity of the main 
cylinder. 

(6) Thickness of dome plate (dimension 

(7) Knuckle radii (dimemions Ka and 

(8) Obtain data necesary to determine 

T d ) .  

m. 

a3 t 

volume of deductions for dead~vood such 
as inside heater coils and appurtenances 
m d  other fittings which may displace oil 
within the tank, excluding only rivet heads 
and valve and its mechanism. These data 
shall also include position of deadwood 
with reference to bottom of tank. Report 
whether a fixed ladder is present. 

X ~ E  %-If the tank is found to be dis- 
tortcd, it  sh$l be gaged by the water gage 
plant procedure as described in Sections 3 
through 11. 

Recording of Dai8 

17. All measurements and derived di- 
mensions shall be recorded on suitable 
record forms-the measurements to be 
recorded on the record forms immediately 
after readings are made. -4 suggested form 
is illustrated in Fig. 7. 

Cornputstion of Tank Vohime 
18. True mathematical principles shall 

be observed in computation of tank vol- 
ume. The following equations are pre- 
sented as ready aids in making the neces- 
sary calculations. 

(a) :\Zain Cylinder: 
1'- = 059528 x CF x L, ...... (1) 

where : 

V,,, = volume of tank, in gaiions. 
C =.average internal circumference of 

m i n  cylinder, in feet. 

L, = average length of main cylinder, in 

Equation (i) may be simplified ri th- 
out materially sacrificing its accuracy to: 

feet. 

V-=-X sc 7 sc XL- ...... (1A) 6 1  

h r ~  10.-If the tank is ronstructed of 
nnged plates instead of longitudinal plates. 
the computation of volume for the main 
cylinder will have to be divided into two 
operations: one for the sum of the over- 
lapped rings, and one for tbe sum of the 
underlapped rings. 

( b )  Tank Heads.-If a profile board is 
not used to determine theoretical inter- 
sect.ion of head and head cyiider, the 
following equation will k useful in t3nk 
head computations: 

where: 

d = internal depth of head measured 
from theoretical intersection oí 
bead and head cyiiider, in feet. 

= rsdius of inside surface of head, in 
feet (dimension R,, or R, minus 
thickness of head plate). 

R = internal radius of head cylinder, in 
feet. 

c, = internal circumference of head 
cylinder, in feet. 

Length of head cylinder is then deter- 
mined by subtracting calculated inteml 
head depth plus hntd thickness froni O W I -  

ali depth measured fmm reference points 

Volume of tank head m y  be eomputcd 

H 

X (dimensioas P. and P,). 

as follo\~s: 
V#=783X¿ ' (3H-d)  .............. (3) 

ve = om x d x C.'+(392X 8) . -. .(4) 

where: 

V, = volume of tank head, in plions ler 

For tanks baring circumferences of 
from 16 to 26 ft and hiving h a d  radii 
approximatkg 10 fr, Equation (3) mny 

I', = 0.3dCi* + 3d' (approximately). . (1.4) 

I C )  Head Cylindu: 

or 

head. 

be simplified, as follous: 

5c. x. 
1'. = --- x .) x L.. ..... .(a 
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?~IEASUREMENT AND CALIEIWTIOZU OF TANK CARS (API 2554--4STM D 1409) 

TJUW HEADS 

DIMENSIONS 
Thickness of head plate.. .............................. 
Depth of head ........................................ 
Length of head cylinder.. ............................. 
Sum-overall length .................................. 
Radius of head-utside of plate.. ..................... 
Radius of head-inside surface. ........................ 
Circumference of cylindrical flange-external ............ 
Deduction for thickness of plate.. ...................... 
Internal circumference of head.. ....................... 
Capacity of spherical heads. ........................... 

ENDS OF CAR 
A B 

................... f t  ................... f t  

................... f t  . . . . . . . . . . . . . . . . . . .  f t  

................... f t  ................... f t  

................... f t  ................... f t  

................... f t  . . . . . . . . . . . . . . . . . . .  f t  

................... f t  . . . . . . . . . . . . . . . . . . .  f t  

.................. . f t  . . . . . . . . . . . . . . . . . . .  f t  

................... f t  . . . . . . . . . . . . . . . . . . .  f t  

.................... f t  ................... f t  
gal .gal .................. ................. 

HEAD CYLINDERS 
ENDS OF CAR 

A B 
Capacity of head cylinders.. ........................... .................. gal ................. .gal 

DOME POCKETS 

Circumferenc-xternal ...................... f t  Circumference-extemal ...................... f t  
Circumference-internal ...................... f t  Total capacity .............................. gal 

DOME MAIN CYLINDER 

MANHOLE OPENINC 
Diameter ................ f t  Volume to be added t o  capacity of tank.. ............................... .gal 

VOLUMETRIC DEDt'CTIONS 

Rivet heads ................................. gal 
Ladder ..................................... gal 
Heater mils ................................ .gal 

Valve and niechaiiisii:. ...................... .gal 
Knuckle .................................... gal 
Other deductions ........................... .gal 

RECAPITULATION 
1. Capacity of tank 

Main cyfinder ........................................................... 
Tank heads ............................................................. 
Head cylinders .......................................................... 
Dome pockets ........................................................... 
Iüanhole opening ............................... 

Gross volume ....................................................... 
Less total volumetric deductions:. ............... 

Total capacityoftank ................................................ 
2. Capacity of dome ............................................................ 

FIG. ?.-RECORD AND COMPUIATIQN SHE- FOR CACiSC TASK CAUS. 
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MAIN CYLINDER 

Alternate A-bngitridind Plate Tank 
EXTERSAL 

CI RCC Sí F E  i', E S C E S 
?4. Point . . . . . . . . . . .  f: 
?a Pilint . . . . . . . . . . .  f t  
5 Point . . . . . . . . . . .  
% Point . . . . . . . . . .  . f t  
Sum . . . . . . . . . . . . . .  . f t  
Average . . . . . . . . .  .f! 
Average inside circumference. ............................. .ft 

DATA FOR DEDUCTIONS FROM CIRCUMFERENTIAL MEASUREMENTS 
Bottom plate-Width ........................ . f t  Thickness. .............. .ft 
First top pl&te-\\'idth O.. .................... .ft Thickness. .............. .ft 
Second top plat+ìi'idth *.. .................. .ft Thickness. ............... . f t  
( *  Width is to include widths of both longitudinal laps.) 
Deduction for tape raises over calking edges.. ................................... .ft 
Deduction for circumferential plates.. .......................................... .ft 

Net unit volume. ..................... .gal 
.+2 = ..................... f t  

a1 
Average length of main cylinder-. ...................... +. 
Total volume-net unit volume x average length = 

................... 
....................................................... 

Alternate B-Ringed Plate Tank 

EXTERNAL CIRCUMFERENCES 

Overlapped Rings Underlapped Rings 
. .......................... + 2 = ............. f t  ........................... + 2 = ............. f t  
........................... 1 2  = ............. f t  .............+............. + 2 = ............. f t  
........................... + 2 = ............. f t  ............. +. ............ +2 = ............ .ft 
............................. + 2 = ............. f t  ...i.. +2 = .ft 
Sum f t  Sum ......................................... .ft 
Average ....................................... f t  Average ...................................... f t  

.......... ........... ............ 
.......................................... 

DATA FOP. DEDUCTIONS FROM CIRCUMFERENTIAL YEASUREMENTS 
Bottom plate-Width .................................................... . f t  Thickness. .............. .ft 
Ringed plates-Overlapped-Circumferentirl length. ......................... f t  Thickness. ............... f t  
Ringed plates-Underiapped-Circumferential length. ....................... f t  Thickness. ............... f t  

Deductions for tape rises over calking edges. .............................................................. .ft 
Deductions for circumferential plates-Overlapped. ....................... ft Underlapped. ............... f t  

-4verage inside circumference 
Overlapped ........................... .ft 
Underlappcd .......................... .ft 

Total length of cylinders 
Overlapped 

........................... +2 = ............. f t  

........................... + 2 = ............. f t  

............. Y- .............. 2 = ............. f t  

........................... + 2 = ............. f t  
Sum .......................................... f t  
Average total Icngtli.. ................................ .. 

Unit volume .......................... gal 
Unit volume ......................... .gal 

Underlapped 
.............+............. + 2 = ............. it ............ .f............-+ 2 = f t  
.............+............. + 2 = ............. f t  
.............+............. + 2 = .............it 
Sum .......................................... f t  

................................................ f t  

............. 

Total volume of cylinders 
Overlapped-(unit volume x sum of overlapped lengths) = ................................................. -1 
Underlapped-(unit volume x sum of underlapped lengths) = ............................................... gal 
Total voluine of main cylinder-(sum) = .......................................................... .......gai 

FIG. ?.-Rrcoia, AND COMPUTATION SRUX mu CAGING TANZ CUS. 



aiir-rc: 

t; = voiume of one he:id cylinder, in 

C, = interns1 circumference oi cylinder. 

I., = length of head cyiindcr. in het. 

I 2 )  For Plates atrd I'iute Laps iti .Ifoh irom the ovcr:ill ùeptli oi iicad to obtain 
Cy¿inder.-In order to detcminc the in- the internal depth of head. 
terna1 circumference from the corrected ( h )  I'olutnctric Dcductions.-In itlùi- 
estemil circumíerence it is necessary to tion to the deductions which are applied 
apply 3 deduction1 to compensate for the to the linear mekurements, there are se\-- 
tliicknes oi metal in the cylindrical slicll. crnl volumetric deductions which mus? be 
This m y  be computed by the lise of the :lpplicd to the gross volume of the tank 

gaU0nS. 

in feet. 

t d j  Dome Pockets: 

wliwe : 

ï p  = volume of tn-o dome pockets, in 

c,, = internal circumference of dome, in 

c, = ex tend  circumference of tank, in 

Eqntion (6) map be simplified with- 

g d i O n S .  

feet. 

feet. 

out materhiiy affecting its accuncy to: 
I',=-.- C,' &oc,. .. . . .. . . . . . í6A) 

(e) JIanhoZe Opening: 

V.'.=4.4XP>:T2 ......... Gì 
wlirre: 

l',, = \-olume. in &ns, to i n  added to 

n 
TZ = thicLness of plate. in decimals of a 

(f) Deductiotas front Circzi»iferentia¿ 
JhSunnirnts: 

(I) For T a p  Rises.-In malring cir- 
cumferentiai xwmmments the measuring 
tape is heid away from the inner tank 
plate 3t each joht by the calking edge. 
A deduction from the hpe mding must 
be nude to compensate for this fact. Such 
3 deduction for each calking jomt m y  be 
approskated by the folloning equation: 

D, = - 4 m  C, betaeen 161nd 26 it 1.. (S) 

capcity of ta& 
= &liamt?te.r of opening, in feet. 

foot. 

T 
cœ 

\\lit*: 

following eqiia t ion : 
&= 
6 S t (  WiXZj)-+> 1VzX Ti.!+ (lVzX Ta) 1 

CI-3.1 I ( --3 TI+ T:+z=)  :. ::: (9) 

\diere: 

D, = dmliiction to I>c nppiiwl to cor- 
rected esternal circumference to 
obtain the internal circiimfer- 
cnce. 

IF, = o\-enU width of bottom pinte. in 
feet. 

T, = thickness of bottom plate, in deci- 
mals of o foot. 

lV2 = ovenll nidtii of first top p h t e  (in- 
cluding widths of two laps), iii 
feet. 

T: = thicknes of first top plntc. in deci- 
mals of a foot. 

Il-, = ovmll width of second top p h t c  
(including widths of two laps). 
in feet. 

T: = thickness of second top piatc, in 
decimds of o foot. 

Equation (9) m y  k simpiificd without 
matexially d i e t ing  its aecuncy to: 
Di = 

(3) For Plate and L a p  iti Dome.-The 
deduction for thickness of phte  in dome 
may be computed from the following eqw- 
tion: 

L); = 6% 7, .. . . . . . . . .(IO) 
\\.hQrc: 

D, I deduction to be mide from ester- 
ml arcumferenee to obtain in- 

s computed. 
( I )  Deduction .for Rivet Iieads on I I I -  

side of Td.-This (leùuction may le 
taken from Table II. 

(2)  Deduction for IIcater CoZs.-Thie 
deduction ehnli Le computed from the 
length and cross-sectional are3 of the 
pipe, adding tliereto the roiiime of fittings, 
cradles, mnifoids, etc., determined from 
their number 2nd unit volumes 35 com- 
p u t d  from ciimerpions, weight, or dis- 
placement. 
(3) Deduction for Valve and Meclta- 

nism.-ïhii deduction m y  be taken from 
Table II. 
(4) Deduction for Ladder.-If the tank 

contains a ladder, the volume to be de- 
ducted on its amount amy be bken from 
Table II. 

( 5 )  Dcduction for kn&e on Tank 
Head.-The deduction to  be made for the 
Irrnuckle on each tank head may be s e e r -  
tained approximately from the foIloning 
eqw tion : 

I'r = IO F.. . . . . . . . .'..(il) 

\\.\.liere: 

I;- = volume, in galions. to be deducted 

ii = Iinuclile radius, in decimais of a 
from each head. 

foot. 

Dome O p M l Y  

19. The upscity of the dome is com- 
puted sepantelp from that of the tank 
The dome upscity m y  be computed b'. 
the following equation : 

1-.=05933 x clt x Hd. .-... (l2) 
TABLE II.-\'OLt'METRIC DEDUC- 

t d  circumference. 

mals of o fm. 

TIOSS FOB IUI'ET HEADS. VALVE 
T,, = thickness o€ dome plate, in deci- ASD MECH.L\'ISM. AXD ISSIDE 

LADDER I X  STAXDARD. SIIXCLE- 
COYPARTUEXT TASK CAR 

D, = ciduction per joint, in feet. 
T = riiirlines of caikinq e, in feet. 
C, = circiunference of tank. in feet. 
Ex.\urtz: (4) For Plate in H a d  Cy&idet.-Equa- TASKS 

V*lW &ferencc between the extenul a d  in- an1 
t h m  !in. jonits. the rnrd <Idtiction t c m l  circumferences of the 1 1 4  cylinder. Caz? 2s xgc h z  : *si* 
would h: 10) Deductions fmm JIeasuremcnts of .= -28 .- 

33 - 0.1% Lettqti.-nie oniy deduction to be a p  8.000 3 9  13 09 5.4 
30,  = 8, - 26 plied aiU k that equivaient to the thick- IO.OO0 3.6 1.4 09 : 53 

ness of the head which must be subtracted 12*ooo '' ''O '' 

tion 1101 may k C S  to compute the - .. . . - .A- 

For o tank -(i f t  in cirriiiiiicmicc with somirol 

= 0.m It (apyroxiniately) 



MWSVREMENT ASD CAL~BRATIOS OF TASK CARS (API 2554-ASTbl D 1409) 

where: 

V ,  = capacity of dome, in gallons. 
C, = internal circumference of dome, in 

Hd = height of dome above top of tank, 
feet. 

in feet. 

Equation (12) may be simplified to: 

Exanf PLE: 
The following example may clarify the 

steps taken in computing the capacity of 
a tank car tank: 

A tank car tank-constructed with a 
Kin.  bottom plate (8 f t  wide), two '%in. 
longitudinal top plates (each 833 f t  
wide) , and ?&m. tank heads-has an aver- 
age external circumference of 23.147 ft 
and an merage length, between reference 
points, of 30.490 ft.  Each head has an 
overall radius of 983 ft and an average 
owrail depth, from reference points, of 
123 f t ,  which includes head cylinder with 
average length of 0.50 ft. The dome, con- 
structed of %-in. plate, has an external 
circumference of 16.015 ft. The knuckle 
radius, to inside surface, is O 2 5  ft. The 
diameter of the manhole opening is 250 ft. 
A fixed steel ladder is installed in the tank. 

Tank Capacity 

computed as follows : 

Deduction from avmge external circum- 
ference for tape rises over clking edges 

20. ( a )  The capacity of the tank is 

(I)  Main cyzindtr: 

- (2 X 0.0417)+ 0.0339 
23.147 - 

- = 0.005 fi.. ......... (8) - 23.147 

Deduction from corrected external circum- 
ference for thickness of plates and laps 

628í03336 + 05618) - 628 X 08984 
23.032 - - - 23.032 

= 0245 ft .......................... (9A) 

Average net internai circumference 
= 23.147 -(O.WS + 0245) = 22.S97 ft 

Voliime of main cylinder 

=(- -6 , 
= 19.0W X 16.3550 X 30.49 
= 9514.91 gal .................... .(1A) 

(2 )  Tank Heads (Each) : 
Deduction from overall head radius for 

thickness of plate = 0.0417 ft  
Internal head radius 

Internai depth of head 
7 9.83 - 0.0417 = 9.7883 f t  

= 123 - ( O 5 0  + 0.0417) = 0.688 f t  
Capacity of one head 
= 793xo.688xo.688t (3X9.7883)-0.6881 
= 783X0.4733X28.6769 
= 10627 p l  ......................... (3) 

(3) Heaà Cylinder (Each) : 
Deduction from external circumference of 
head cylinder for thickness of head plate 

Internai circumference of head cylinder 
= 628 X 0.0417 = O 2 6 2  ft.. (10) 

= 22897 - 0262 = 22.63.5 f t  

= 188625 x 16.1679 X 0.50 
= 152.48 gal .................. (5) 

( 4 )  Dome Pockets (Both) : 
Internai circumference of dome 

= 16.015 -(628 x OM60)= 15852 ft 
15852X15852X15852X15852 

80x23.147 Capacity = -- 
= 34.10 gal.. ............. .(6A) 

(5 )  M ~ n h O l e  opening.- 
Capautg = 4.4 X 25 X 29  X 0.0339 

= 0.93 gal ................. (7) 

(6) Volumetric Deductions: 
Deduction for rivet heads = 356 gal 
Deduction for valve = 1.42 gal 
Deduction for ladder = 0.93 gal 
Deduction for knuckle 

radius (0.625 X 2) = 125 gal 

Total 7.16 gd 
- 

( 7 )  Totd  Capacity of Tank.- 
Maincylinder = 9,51491 gal 
Tankheads =2x10627= 2 1 2 S d  
Head cylinders = 2x152118 = 30496 d 
Domepockets = 3410 gal 
Manhole opening = 0.93 d 

Gross volume 10.067.44 gal 
Volumetric deductions 7.16 gal 

h'et capacity 10,06028 @I 

Prcpsrniion of Voiume Table 

21. ( a )  The volume of each horizontal 
segment in the heads shall be computed by 
use of Table B (Appendis). 

(b) The rolume of each horizontal seg- 
ment in the head cylinders and in the main 
cylinder shall be computed by use of Table 
VI (.ippendix). 

(e) The volume of each segment in the 
dome pockets shali be computed from 
Table VI1 (Appendix). 

( d )  The gage table shall be prepared 
with a depth equal to the inside diameter 
of the main cyünder a t  the dome. If the 
car is constructed entirely of longitudinal 
sheets, this diameter is asumed to be the 
average inside diameter of the main cylin- 
der. If the tank is constructed of a series 
of overlapped and underlapped rings, the 
table shaü be prepared with depth equal 
to the average inside diameter of the ring 
Series in one of whose rings the dome is 
located. For example, if the dome is lo- 
cated in an overlapped ring, the depth of 
the table shall be the average inside di- 
ameter of aii the overiapped rings. 

(e) The volume of each horizontal seg- 
ment shall be calculated separately for the 
combined capacity of the two heads, for 
the combmed capaaty of the two head 
cylinders, for the capacity of the main 
cylinder, and for the combined capacity 
of the two dome pockets, except that, if 
the main cyiinder is constructed of over- 
lapped and underlapped rings, the seg- 
mental voiumes shall be computed sepa- 
rately for each series. 

(fi To use Table V (Appendix), fiKt 
find ratio m/i  of the depth of segment to 
the average inside radius of the head 
cylinders, with six significant fiyres to the 
right of the decimal point; then find the 
value of d c i e n t  K for the value of mlr 
desired, interpolating as necessary. The 
totai volume of the two heads multiplied 
by coefficient K equals volume of the seg- 
ment in both heads. 

(0) To use Table VI (Appendix) for 
head cylinders, first find ratio míR of the 
depth of segment to the average inside 
radius of the head cylinders; these wili be 
the m/R values established for the heads. 
Then ñnd the value of coefficient G for the 
value of m/R desired, interpolating as 
necessary. The totai vo:ume of the two 
head c).linders multiplied by coefficient G 
e q u i s  the Volume of the segment in hoth 
head cylinders. 

(h) To use Table VI (Appendix) for 
nu& cylinder, first find ratio m/R of 
depth of segment to the inside radius of 
main cylinder (or that portion of main 
cylinder Being computed if of ringed 
construction), with six significant figures 
to the rigkt of the decimal point; then 
find the d u e  of coefficient G for the vahe 
of m / R  desired, interpolating BS neeecsary. 
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m e  full volume of the main cylinder (or 
p a  k ing  computed) multiplied by CO- 

efficient G equals the volume of the seg- 
ment. 

(i) TO use Table VI1 (Appendix), first 
determine depth of dome pockets, Using 
the formula: 

D = R - VRa- r‘ 

where: 
D 
R 

r 

Nest, find the percentage d of depth of 
segment to total depth of pocket, making 
this calculation to the nearest one per 
cent; then find the value of coefficient C 
for the value of d desired. The full volume 
of the two dome pockets multiplied by co- 
efficient C equals volume of the segment 
in both pockets. 

(13 An innage table shall have its zero 
point at the lowest point on the inside 
bottom of the main cylinder underneath 
the dome, and the separate volumes of the 
segments in the heads, the head cyliders, 
and the main cylinder shall be totaled in 
their proper relation to that point. The 
incremental volumes shali then be deter- 
mined by subtracting the volume of each 
segment from that of the succeeding seg- 
ment. Only the lower one-half of the 
tank shaü be so computed and the figures 
for the Merences shaii be added, in re- 
verse order, to the volume of haif the 
tank. 

(Æ) The incremental volumes of the 
dome pockets shaU be determined by sub- 
tracting the volume of each segment from 
that of the succeeding segment, and these 
diíferences shall be added to the tank sheü 
volume in their proper relation to the 
upper part of the tank. 

(I) Deadwood allowance for rivet heads, 
valve and mechanism, and inside ladder 
may be deducted in a lump sum from 
m i n  cylinder capacïty; allowance for 
head knuckle may be simiiarly deducted 
from capacity of the heads, the resultant 
net figures beiig used as total volumes 
when computing segmental volumes. 
Deadwood, such as heater coils, which is 
confined to a relatively small depth zone 
of the tank, shall be deducted in its 
proper relation to the bottom of the tank. 

(m) The table shall be prepared with 
capacity given at each %-in. interval of 

= depth of each dome pocket. 
= external radius of main cylinder at  

= internai radius of dome. 
dome. 

depth. incremental volunîcs shall be COZU- 

puted with not less t h n  four significant 
figures to the right of the decimal point, 
and these values shall be used in the pro- 
gressive accumulation of the tank’s ~ a -  
pacity. However, the completed table 
shall be prepared with the capacity at  each 
%-in. interval of depth given in whole 
gallons. 

(n) Cornpuutions shall be made by 
%-in. segments for the first 6 in. of t he  
tank, then by whole inches to center of 
tank, the i-in. ralues to be divided by 4 
for %-in. values. Because of the relatively 
small capacity of the dome pockets, ceg- 
ments throughout their depth may be 
computed a t  1-in. intervals and the seo- 
mental differences divided by 4 for %-in. 
VdUG. 

(o) The capacity of the dome per inch 
of height shli be computed and this ca- 
pacity, in galions and hundredths of a gd- 
lon, shall be noted on the table. 

EXAMPLE: 
Using as an example in preparation of 

the table the tank car which was used as 
an example in computation of volume, 
the following procedure rould be ob- 
served: 

( I )  ,If oin Cylinder: 
Gross capacity = 951584 ai 
Deduction for deadwood = 591 gal 

Net capacity = 950903 gal 
Internai radius, in inches 

- 2 2 s 7  x 12 
628 - 

= 43.7522, or 43%. to nearest .% in. 
Internai diameter. in inches = 81?42(7 f t  3% in., depth of table) 
Ratio m/R for %-in. segment = 0.0057142857 
Ratio m/R for 1-III. segment = 0.02285311428 

(2) TankHeath: 
Gross capacity = 21254 pai 
Deduction for knuckle = 1% gal 

Net capacity = 21129 gal 
- 

Internai radius (internal +ys of 
head cylinders), m mches 

22.635 x 12 
628 - 

= 432.516, or 43%, to nearest Y. in. 
Ratio m/r for %-in. segment = O.US7803468 
Ratio m/r for 1-III. segment = 0.0231213872 

(S) Head Cylinders: 
Grore capacity =504Sgal 
Deductions = none 
Internal rádiua, in inchea = 43% (same M 

he&) 

Ratio m/R for %-in. segment = 0 . 0 0 5 7 ~  
Ratio m/R for 1-in. scgmcnt = 0.0231213872 

?;om il.-m/R values throughout depth 
of head cylinders are the same as m/r values 
for heads. 

( 4 )  Dome Pockets: 
Cross capicity = 34.10 gal 
Deductions = none 
Depth = R - V I P -  i 

where : 
R = tsternal radius of m3in cylinder, in 

inches 
23.142 X 12 = 412204 

r = internal radius of dome, in inchea 

- - 
6.2s 

S m  12.-Addition of incremental vol- 
umes of dome pockets will begin a t  depth 
of table minus depth oí dome pockets, which 
in this example will be å7% - 12=75%. 
Therefore, additions will begin in the incre- 
ment between 6 ft 3% in. and 6 ft 4% in. of 
the table. The increments should be ul- 
cuiated from gmss capacity (34.10 gal) .nd 
factors from Tabie VI1 (Appendix). Fic- 
tors in Table VI1 may be found by fmt 
solving for ¿, per cent of total depth for 
1-in. segment: 

d = 1/12 = 533 per cent 
Enter Table VI1 at the per cent of totd 

depth (in this case, 8 per cent) to find fac- 
tor C (in this case, 0.27 per cent). The 
volumetric increase is found by multiplying 
C (027 per cent) by the gross capacity of 
dome pockets (34.10 gai). 

(5)  Dome (Above Pockets): 
Internal chunference. in feet =I5852 
Capacity, in gaiions per inch 

N a  D.-Table III illustrates the step 
which wiii be made in computing the %-in. 
values for the table. 

N a  I4.-Table IV illustrates the steps 
which wdi be made in computing the %-in. 
values of the dome pocket incrementa. 

(p) I f  an outage table is d d ,  the 
incremental values 88 estabiiahcd by the 
foregoing procedure shall be deducted mc- 
cessively from the totd tank capacity, 
starting from the top, with the zero depth 
point of the table at the inaide top of the 
tank. 
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Table Pocket 
Depth Depth 

Ft In. Ft In. 
G 3% O O 

G 4% O 1 

6 5% O 2 

G 8?'2 O 5 

G 9 %  O 6 

7 1% o 10 

7 2% o 11 

7 3% 1 O 
See Table \-II (Appendis). 

* *  su Sott 12 (p. 2 ) .  

Dome 
Pocket Total 
Depth,. Capacity,* 
per cent per cent 

li C 
_.. ..... 
... ..... 

8 0.27 

17 0.69 
... ..... 

BY INCHES TO TOP OF 

42 7.63 

50 12.13 
... ..... 

83 .53.00 

92 75.00 

100 100.00 

... ..... 

... ..... 

C x Gross 
Capacity of 

Dome Pockets." 
34.10 gal 
...... 
...... 
0.0921 

0.2353 
...... 

POCKET 
2.6223 

4.1432 
...... 

18.7550 

35..5750 

34.1 O00 

...... 

...... 

Difference 
in 

Gallons 

0.0921 

0.1432 

..... 

..... 

..... 

..... 
1.5209 
..... 

..... 
6.8200 

8.5250 
..... 
..... 

Gallons 
per 
W In. 

0.0230 

0.0358 

..... 

..... 

..... 

..... 
0.3802 
..... 
..... 

1.7050 

2.1313 
..... 
..... 
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General 

MEASUREXST ASD CALIBRATIOS OF TASK CARS ( A Y 1  2554 - AST11 D 1409 \ 

PART II. PROCEDURE FOR CALIBRATING PRESSURE TA= CARS 

23. (0) Determine the volume capacity 
of Wified petroleum gases (LPC) pres- 
sure-tY.pe tank car tanks in one of the two 
following ways: 

( 1 )  BY filling the tank with a quantity 
of water measured by discharge from Cali- 
brated tank or tanks (water gage piant 
procedure). 

(2) By filing the tank with water and 
wighing car before and after filling (wa- 
ter-weighing procedure). 

The volume of a11 new LPC pressure- 
type tank cars should be determined by 
tlie water gage p h n t  procedure. 

( b )  With reference to the use of the 
two different methods of calibration, i t  has 
been realized that there should be some 
further darification nith regard to the 
relation of these two procedures. This has 
k e n  espresed as follows : 

(I) The fim method is recommended as 
the ‘Dasic accumte procedure (see “Water 
Gage Piant Procedure,’’ Part I, Sections 3 
through il). 

(O) Where facilities are not available 
ior the use of the first procedure, the 
alternative procedure is acceptable for use 
on cars nom in operation (-w ‘‘Kater- 
\Teighing Procedure,” Part I, Sectiocs i2 
through 14). 

Tank cars modified or damaged to the 
estent that the capacity is changed should 
be recalibrated; and the new capacity 
should be reported in accordance mith in- 
structions in Freight T M f /  KO. 300, latest 
b e  and supplements thereto, issued un- 
der ICC authority for United States, Ca- 
nadian, and hlexican railroaris. 

Iiutill.lion of G a p  Tobe (Slip Tabe) 
9. With gage tube set n5th zero gnd- 

ut ion  mark in line with gage pointer, the 
bottom of excess-floa valve or liquid inlet 
must be a t  a point representing inside top 
of tank (see Fig. SI. 

]VATER G ~ G E  PLAST PROCEDCRE 
‘Sam íj.-Sce Part I, Srrtions 3 through 6, 

for “D&n and Conrtructi~ of ü3gC 

Plant.” 

P d m c  for Calibrating Prcssore-T~pe 
TiakGrT=nk. 

24. ( a )  The capacity of the car to be 
gged shll be determined as i t  stands on 

3 level track. Before gaging commences. 
it is important that the gage track be 
checked to ascertain that it is ievei. 

( b )  The inside of the tank shall be es- 

foreign substances, such as dirt, rust, etc. 
All measuring tanks shall be esamined to 
make certain that they are perfectly clean. 
A check shall be made to ascertain that 
the scale behind the gap glass on the 
finishing tank is tight and in its proper 
position. The gagers shall make certain 
that the water used is clean. Khen 
measuring tanks become nearly empty, 
they shall be watched for sediment. If any 
sediment is present, the water shaii be 
stirred thoroughly to carry it away. The 
operator shall examine ali valves on the 
measuring tanks to see that none are leak- 
ing. If any of the vaires leak, they s h a U  
be rewired or renewed. 

(c) Each gage tank shall be separately 
drained into the car tank, 5 min being 
ailowd for draining after the tanks have 
Lecome empty. 

( d )  Repe3t the filling and emptying of 
measuring tanks until the car tank is 
nearly full. In order to avoid error or 
duplication in tallying the number of 
measuring tanks emptied into the car 
tank, record shd  be made immediately 
after the vaive from the measuring tank 
has been closed. \\%en the car tank is 
nearly full, gaging &di be completed by 
the use of the Gnishing tank. A straight- 
edge shall be fastened across the manway 
opening in the sheii of the car tank so 
that i t  is level with the inside of the shell 
a t  its highest point. Khen the water be- 
gins to trickle over the center of the 
straightedge, the tank is full. 

(e) The finishing tank shall be com- 
pletely filled each time rather than filled 
to a point which is marked on the gage 
board. 

(f)  The last 100 g d  shall not be per- 
mitted to run into the car tank faster than 
a t  the rate of 10 gpm. 

( 8 )  After the car tank bas been filled, 
allow 15 min for settiing to &,+piace the 
air and 6il to the top of the straightedge 
if outage show- The capc i ty  of the t3nk 
shell ski1 be determined by taking the 
total number of niions which hare been 
emptied from the measuring tanks into the 
car tank, plus the final rending of the gage 
on tlie finishing tank. 

amined for thq purpose I of removing any 

( h )  The capacity oi the manivay nozzie 
s h l l  then be determined by the use of the 
finishing tank. 

(i) Throughout gaging operations on 
tank car tanks, the gager shall make ali 
important readings pewonally and check 
as far os possible ali other readings. He 
shaU take ex-cry possible precaution to 
insure accurate results. 

Glibrating Prrs?rure-Type Tank Cars for 
Ineremenu1 G p i d i y  Tabla 
25 To provide an entire incremental 

capacity table, fiil one car of each class 
Rith exactly one-haìf its gallonage ca- 
pacity. Then water-gage the top half to 
shorn. the capacity of each 1-in. increment 
from the center u p  to 18 in. from inside 
top of tank and of each %in. increment 
from the lû-in. level to inside top of shell. 
Then use the incremental capacities thus 
determined in reverse order for the de- 
termination of incremental capacities for 
bottom half of tank. Determine capaci- 
ties for fractional increments by inter- 
polation. 

Prepantion for Calibrating 
26. (a) Tank m u t  be cleaned thor- 

oughly inside. 
(b)  Tank to be p g e d  must. be placed 

in the shelter of the gage plant after mak- 
ing sure that track is levei, both for length 
and nidth of car. The location at rhich 
the car is piaced nithin the gage plant 
shall be such that the water from the 
finkhmg tank shall drain directly into the 
tank to be gaged. 

(e) The tank a h I l  be leveled by means 
of wedges under the side bearings so that 
the bottom sheet on the inside of the tank 
is levei longitudidly. The tank shall be 
leveled h t d y  by adjusting wedges at 
the side bearings -Y) that the bob of P 
plumb line, when suspended from the cen- 
ter of the manway nozzle, rests on the 
longitudinal ccnter of the bottom sheet. 

( d )  Apply a bracket to the running 
bcarà on which to support gage glass and 
piping. Plumb the gage glas and clamp 
the bracket solidly SO that gage glass is 
supported in the plumb p i t i o n  (see Fig. 
9). 

(e) FiII  the sump (if tank is cg 
equipped) and piping until the water 
reaches the top of the .bottom sheet on 
the inside of the tank. 
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FIO. g.-PIPiPIC AND GACE GUSS ARR.WGE3fEXT TO BE C s E D  FOR ISCREMESTAL GAGISC OF 

PRESSURE CARS 

(f) Apply a steel scale to bracket ad- 
jacent to gage glass, locating zero point 
on scale a t  the level of the bottom oi 
meniscus of water in the glass a t  the top 
of bottom sheet level. 

(g) Clamp the steel scale securely in 
position to prevent any change in its posi- 
tion relative to the gage glass. 

Glibrating Car Tanka for Incremental 
Capacity Tables 
27. (u)  Do not gage tanks on windy 

days or in íreezing weather. 
( b )  Use only clean water a t  a temprra- 

ture as near 60 F as practicable. 
(c) When gaging operations I i a ~ e  

started, they shdl be continued until en- 
tire tank has been gaged. If gaging con- 
tinues longer than. one day, empty the 
water from tank each night and refill the 
nest day to the level a t  which gaging was 
discontinued the night before. 

( d )  Gage tank to inside. top of shell, 
record capacity, and note reding oí insidc 
diameter on gage g l a s  sale. 

(e) Again fill the sump (if tank is so 
equippcd) and piping until the nater 
reaches the top of bottom sheet on inside 
of u n k  and check zero setting on scale. 

(f) Ell tank to exactly one-half its ca- 
pacity as g3ged to inside top of shell and 
check reading on scale as being a t  center 
of inside diameter of tank. 

(g) Fill the finishing tank in the gage 

plant with water and 3ìiow it to settle 5 
min to free the n-atcr from air and make 
up the outage, if any. Alio= water to flow 
from the finishing tmk  into the car tank 
until the level is nearly 1 in. higher than 
the midpoint of the car tank and ciose the 
gage tank calve. Allow the water to settle 
and become calm, and resume flow from 
the finishing tank into the car tank at a 
reduced rate of flow until the car tank 
level is exactly 1 in. above the midpint 
level in the gage glass. 

(h )  Allow the water level to come to 
rest, and check to determine if the bottom 
of the meniscus in the gage glass is exactly 
in thc same horizontal plane as the scale 
mark 1 in. above the center of the car tank 
and above the previous level. 

(i) Read the &ss on the finishing gage 
tank and record the gallonage conveyed to 
the c3r tank for the first inch in top half 
of tank. 

( j )  Repeat operations for the second 
inch, third inch, etc., until an 18-ii. out- 
age level is reached, after which readings 
for esch half inch shall be taken. 

(k) Khen nearing the top of tank, ap- 
ply a straightedge to the highest point on 
inside of tank shell. 

( I )  The last reading is to be taken when 
the water begins to trickle over the center 
of the straightedge. 
(m) Draw off water in outside gaze 

the tank. Keep outside gage glass shaded 
from the sun to maintain the same tem- 
perature in the glass as in the tank. Also, 
be sure that the water in the gage glass of 
the finishing tank is circulating from time 
to time so that the temperature of the 
\Vater in the glass is the same as the tem- 
perature of the water in the gage tank. 

(n) After the mater is emptied from the 
car tank, the car tank must again be 
leveled; and if i t  is found that the level 
of the tank h3s changed during the gaging 
operation, the tank shall be leveled again 
and regsged. 

Preparation of Gage Tables by Calculp. 
tions 
28. (a) The table shall be prepared 

nith capacity given at each %-in. irterval 
of depth. Incremental vo!umes shall be 
computed with not less than four signif- 
cant figures to the right of the decimal 
point, and these values shaii be used in the 
progressive accumulation of the capacity 
of the tank; however, the completed table 
shall be prepared with the capacity a t  each 
%-in. interval of depth given in whole 
gallons. 

( b )  Computations shall be made by 
%-in. segments for the first 6 in. of the 
tank, then by whole inches to the center 
of the tank Capacities for fractional in- 
crements shall be determined by inter- 
polation. 

(e) An innage table shall have its zero 
point at the lowest point on the inside 
bottom of the main cylinder underneath 
the nozzle; and the separate volumes of 
the segments in the heads, the head cylin- 
ders, and the main cylinder shall be 
totaled in their proper relation to that 
point. The incremental rolumes shall then 
be determined by subtracting the volume 
of e x h  segment from that of the succeed- 
ing segment. Only the lower half of the 
tank s h d  be so computed, and the figures 
for the difierences shall be added, in re- 
verse order, to the volume of half the 
tank. 

( d )  Deadwood aiiowance shall be made 
for any fittings or reinforcement plates in- 
side the tank. Such volume shall be 
deducteil in its  proper relation to the 
bottom of the tank. 

(e) The capacity of the nozzle per inch 
of height shall be computed; and this 
capacity, in gallons and hundredths of a 
gallon, shall be noted on the table. - -  - 

: la s  occnsiomlly and pour it back into (i) The volume of each horizontal seg- 



ment in the main cylinder and in the head 
cylinders be computed from TaMe 
VI (Appendix). 

( 9 )  The volume of each horizontal seg- 
ment in the heads W be computed 
from the equation in Fig. 10. 

(h) The voiume of each horizontal seg- 
ment shall be caicuiated sepanitely for the 
combined capacity of the two heads and 
for the capacity of the main cylinder. 

(i) To use the equation in Fig. 10, 
cdcuïations for each increment are made. 
The resuits are volumes for the sum of 
the two heads. 

( j )  To use Table VI (Appendix) for 
main cylinder, first find ratio m/R of depth 
of segment to the inside radius of m i n  
cylinder with six significant figures to the 
right of the d e c i d  point; then find the 
\-alue of coefficient G for the value of 
m/R desired, interpoiating as n v .  
The full volume of the main cylinder mul- 
tiplied by eaeíñcient G equals the volume 
of the segment. 

To use Table Vi (Appendix) for head 
cylinder, first ñnd ratio m/R of depth of 
segment to îhe avenge inside ndius of 
the head cyiiadexs; these wi i i  be the m/R 
ValuCs establisbai for the heads- Then ñnd 
the value of eoefneient G for the value of 
m/R dgirrd, interpoiating as mcesary. 
The total volume of the tm head cylinders 
multiplied by coefficient G e q d s  the 
volume of the segment in both head 
cyìinders. 
(k) Tbis step may be omitted when 

head cyiinders are of thesame inside diam- 

eter as the main cylindtr, providcd they 
3re added to length of main cyiinder. 

( 1 )  The following enmple may chnfy 
the geps taken in the preparation of gage 
tables for pressure-type tank car tanlis; 
(m) A tmk car tank constructed with 

an &?&in. inside diameter and a cylinier 
length, including head cylinders, of 30 ft' 
O in. has 3 nozzle with an S i n .  inside 
diameter and ellipsoidal hexis of 2: 1 r.itio. 
The problem is to determine its volume 
at a depth of 35% in. from the bottom 
of the tank. 

E2CAJIPI.E: 

of 35!i in.: 
Determination of tank volume a t  depth 

( I )  .liain Cglinder: 

\\ tiam. 

(.I) I-olicnie of Cylinder at SiiyI I l i  : 

I l  = d~aiiit.ti*r, in inctiis 

(S95.60) (03904W)= 3153.rn gal 

( 4 )  Ellipsoidal Heads: 
With the LW of cquition from Fig. 10, 

= zs: (--i o 01%- )( 43.65 - --) 3525 
3 

= 260S76 gal 
(.i) Total Tank Capacity at &;%i I n . :  

3152S72 + 260676 = 3733.54S gal 

Water-Weighing ProCCdire 
23. Scales must Se sensitive, checked at 

reguiar periods, and adjusted to meet 
check weights. The car weight should be 
taken when the c3r is empty (dry) 3nd 
with shell 3nd mnw3y filled with water; 
it  should be c3refully checked and reriñeù. 

D e f i n i t i  

30. ( a )  Tare n'right designates tlie 
weight of the empty tank, including m n -  
way; underframe; and trucks. 
(6) Gross Weight designates the com- 

bined weight of underframe; t ruck;  and 
tank, including manway, nIleà nith water. 

(e) Net Weight designates the differ- 
ence between gross and tare weight. 

(a) Cometed Xet Teight designates 
tke net weight adjusted density a t  60 F, 
using correction factor from Table ïl11 
( Appendixx) f 

Proccd- 
31. (a)  Eumine the b ? e  of the tank 

sheil for the purpose of removing any 
foreign subst39ec, su& Y dirt, Mt, etc. 
Then weigh the car with tank empty. This 
is the tare *t. (Wedges, if uad to 
steady tbe u r  when 61kd, EW dw be 
as 011 empty ueight to incun that Qet 
weight includes only the water in the 
tank.) 

(b )  After tbe tare weight is establii-bcd, 
hH the tank with water up to tàe top of 
thenœzk. The13s t fOOgdshaUbea ta  
dou Bow a t e ,  not euucoiiig 10 gpm. Tben 
d h  the u r  to stand for 15 min to permit 
settling and escape of air in =ter. Foilon.- 
ing this, water should be added to b- 
the level to  top of nozzle. The ur Chal1 
then k weighed and the weight mdd. 
This is the gross weight. 

(e) Take the temperature of water a t  
approximately the vertical center of t d .  
The thermometer u s 4  for determining 



temperature shall be 3 type which is 3~‘- 
curately caübrated. 1-t the mercury ?i F. 
column for separations before e3ch oc- 
casion of use. The thermometer shaii be 
checked periodically aminst a “standard” 
thermometer. Heplace thermometers 
n-ith readings deviating from the standard 

tlienuo&ter Ly more thmi pius or miniis 

( d )  Obtain the net weight by suLtract- 
ing the tare from the gross weight. Md- 
tipiy this weight by the correction factor 
to obtain corrected net weight for water 
a t  60 F. The weight of one gallon of writer 

in air 3t 60 F is equal to 5.32247 lb es- 
tablished by the u’. S. Bureau of Stan- 
dards. Corrected net weight divided by 
S . X ! ! ! G  q u a k  piions capacity for the 
tank. The sheii wpacity can k deter- 
mined by deducting the calrulnted capa- 
rit’ of the manwry nozzle. 



APPENDIX 

TABLES FOR DETERMINATION OF INCREMENTAL VOLUMES AND WATER DENSITY 
COEFFICIENTS 

Taken with Permission of California Natural Gasoline Association from Their 
Bulletin TS-341 (1934) 

USE OF TABLE 
In the table find the value of coefficient K for the desired value of m / z  (ratio of depth of segment to radius of 

head cylinder). The full volume of the head multiplied by the coefficient equals the volume of the segment. 

m/r K Diff. m/r K Diff. m/r  K DX. m / ~  K Diff. 
.150 .O0801 13 .o01 .ooooo O .O50 .O0055 3 .lo0 .O0300 8 

1 .O0058 3 1 .O0308 7 1 .O0814 13 2 .ooooo O 
2 .O0827 13 3 .ooooo O 2 .O0061 3 2 .O0315 7 
3 .O0840 13 4 .ooooo O 3 .O0064 3 3 .o0322 8 

5 .o0000 O 4 .O0067 3 4 .O0330 8 4 .O0853 13 
6 .O0000 O 5 .O0070 2 5 -00338 8 5 .O0866 14 

1 6 .O0072 4 6 .O0346 8 6 .O0880 14 7 .ooooo 
8 .O0001 O 7 .O0076 3 7 .O0354 8 7 .O0894 13 
9 .o0001 O 8 .O0079 3 8 .O0362 8 8 ' .O0907 14 

9 .O0082 4 9 .O0370 9 9 .O0921 14 
.o10 .00001 1 .O60 .O0086 4 .110 .O0379 9 .160 .O0935 14 

1 .o0002 O 1 .o0090 3 1 .O0388 8 1 .O0949 14 
2 .o0002 O 2 .O0093 4 2 .O0396 8 2 .O0963 15 
3 .o0002 O 3 .O0097 4 3 .O0404 9 3 .O0978 14 
4 .o0002 O 4 .o0101 4 4 .O0413 9 4 .O0992 14 
5 .o0002 1 [i .O0105 4 5 ,00422 9 5 .O1006 15 
6 .O0003 1 6 .O0109 4 6 .O0431 9 6 .O1021 15 
7 .O0004 O 7 .O0113 4 7 .O0440 9 7 .O1036 15 
8 .O0004 1 8 .O0117 5 8 .O0449 9 8 .O1051 15 

9 .O1066 15 9 .O0005 1 9 .o0122 4 9 .O0458 10 

.O20 .O0006 O .O70 .O0126 4 .120 .O0468 10 .170 .O1081 15 
1 .O0006 1 1 .O0130 5 1 .O0478 9 1 .O1096 16 
2 .O0007 1 2 .O0135 5 2 .O0487 9 2 .o1112 16 
3 .O0008 1 3 .O0140 4 3 .O0496 10 3 .O1128 13 
4 .o0009 1 4 .O0144 5 4 .O0506 10 4 .O1143 15 
5 .o0010 1 5 .o0119 5 5 .O0516 10 5 -01158 16 
6 .O0011 1 6 .O0154 5 6 .O0526 10 6 .O1174 16 
7 .o0012 1 7 .O0159 5 7 .O0536 11 7 .O1190 16 
8 .O0013 1 8 .O0164 5 8 .O0547 10 8 .O1206 16 
9 .O0014 2 9 .O0169 5 9 .O0557 10 9 .O1222 17 

.O30 .O0016 1 .O80 .O0174 6 .130 .O0567 11 .lSO .012U3 17 
1 .O0017 1 1 .O0180 5 1 .O0578 11 1 .O1256 16 
2 .O0018 2 2 .O0185 5 2 .O0389 11 2 .O1272 17 
3 .o0020 1 3 .o0130 6 3 .OOCOO 10 3 .O1289 17 
4 .o0021 1 4 .O0196 6 4 .O0610 12 4 .O1306 17 

.O1323 17 5 .o0022 2 5 .o0202 6 5 .00G22 11 
6 .O0024 2 6 .O0208 6 6 .O0633 11 G .O1340 17 
7 .O0026 2 7 .O0214 6 7 .O0644 11 7 .O1357 17 
8 .O0028 2 8 .O0220 6 8 .O0655 11 8 .O1374 18 
9 .O0030 2 9 .O0226 6 9 .O0666 12 9 .O1332 17 

.O40 .O0032 2 .O90 .O0232 6 .140 -00678 12 .130 .O1403 18 
1 .O1427 18 1 .O0034 2 1 .O0238 7 1 .O0690 12 

2 .O0036 2 2 .O0245 7 2 .OOÍ02 12 2 .O1445 17 
.O1462 18 3 .O0038 2 3 .o0252 G 3 .O0714 12 

4 .o0040 2 4 .O0258 7 4 .O0726 12 4 .O1480 18 
5 .o0042 3 5 .O0365 7 5 .O0738 13 5 .O1438 19 

6 .O1517 19 6 .O0045 3 6 .O0272 7 6 .O0751 13 
7 .O0048 2 7 .O0379 7 7 .O0764 12 7 .O1536 18 
8 .O0050 2 8 .O0286 7 8 .O0776 12 8 .O1554 18 
9 .O0052 3 9 .O0293 7 9 .O0788 13 9 .O1572 19 

30 

TABLE V.-COEFFICIENTS FOR THE VOLUMES OF SEGMENTS OF DISHED HEADS. 

r 

0 



m / r  
-200 

1 
2 
3 
4 
5 
6 
7 
8 
9 

310 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.220 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.230 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.240 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.250 
1 
2 
3 
4 
5 
6 
7 
8 
9 

31 
MEACCREMEST AKD CALISF~ATIOX OF TANK CAES (API 2554-ASTM D 1409) 

K 
-01591 
-01610 
-01629 
.O1648 
.O1668 
.O1688 
.O1707 
.O1726 
.O1746 
.O1766 
.O1786 
.O1806 
.O1826 
.O1846 
.O1867 
.O1888 
.o1909 
.O1930 
,01951 
,01972 
.O1993 
.O2014 
.O2036 
.O2058 
.O2080 
.o2102 
.O2124 
.O2146 
.O2168 
.O2190 
.O2213 
.O2236 
.O2258 
.o2281 
.O2304 
.O2328 
.O2351 
.O2374 
.O2398 
.O2422 
-02445 
.O2469 
.O2493 
.O2518 
.o2542 
.O2566 
.O2591 
.O2616 
.O2640 
.O2665 
.O2690 
.O2716 
.O2741 
.O2766 
.O2792 
.O2818 
.O2843 
.O2870 
.O2896 
.o2922 

Diff. 
19 
19 
19 
20 
20 
19 
19 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
22 
23 
23 
24 
23 
23 
24 
24 
23 
24 
24 
25 
24 
24 
25 
25 
24 
25 
25 
26 
23 
25 
26 
26 
25 
27 
26 
26 
26 

m/T 

.260 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.270 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-280 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.290 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.300 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.310 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
.O2948 
-02974 
.O3001 
.O3028 
.O3055 
.O3082 
.O3109 
.O3136 
.O3163 
.O3190 
.O3218 
.O3246 
.O3274 
.O3302 
-03330 
-03358 
.O3387 
.O3416 
.O3444 
-03473 
.O3502 
-03531 
-03560 
.O3590 
.O3619 
-03648 
-03678 
.O3708 
.O3737 
.O3768 
-03798 
.O3828 
.O3858 
-03888 
-03919 
-03950 
.O3981 
.O4012 
.O4044 
.O4075 
.O4106 
.O4138 
.O4170 
.o4202 
.O4233 
-04266 
.O4298 
.O4330 
.O4362 
.O4395 
.O4428 
.O4461 
.O4494 
.O4527 
.O4560 
.O4594 
.O4627 
.O4660 
.O4694 
.O4728 

Diff. 
26 
27 
27 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
29 
29 
28 
29 
29 
29 
29 
30 
29 
29 
30 
30 
29 
31 
30 
30 
30 
30 
31 
31 
31 
31 
32 
31 
31 
32 
32 
32 
31 
33 
32 
32 
32 
33 
33 
33 
33 
33 
33 
34 
33 
33 
34 
34 
34 

m h  
-320 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.330 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.340 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.350 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.360 
1 
2 

4 
5 
6 
7 
8 
9 

-370 
1 
2 
3 
4 
5 
6 
7 
8 
9 

9 U 

K 
.O4762 
.O4796 
.O4820 
,04864 
.O4899 
.O4934 
.O4968 
.O5003 
.O5038 
-05073 
.O5108 
.O5144 
.O5179 
-05214 
.O5250 
.O5286 
.O5322 
.O5358 
.O5395 
.O5431 
.O5467 
.O5504 
.O5541 
.O5578 
.O5615 
.O5652 
.O5689 
.O5726 
.O5764 
-05802 
.O5839 
-05877 
-05915 
.O5953 
.O5991 
.O6030 
.O6068 
.O6107 
.O6146 
.O6184 
.o6223 
,06262 
-06302 
.O6341 
.O6380 
.o6420 
.O6460 
.O6500 
.O6540 
.O6580 
.O6620 
.O6660 
.O6701 
-06742 
.O6782 
.O6823 
.O6864 
-06905 
.O6946 
.O6988 

Din. 
34 
34 
34 
35 
35 
34 
35 
35 
35 
35 
36 
35 
35 
36 
36 
36 
36 
37 
36 
36 
37 
37 
37 
37 
37 
37 
37 
38 
38 
37 
38 
38 
38 
38 
39 
38 
39 
39 
38 
39 
39 
40 
39 
39 
40 
40 
40 
40 
40 
40 
40 
41 
41 
40 
41 
41 
41 
41 
42 
41 

m/T 

.380 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.390 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.400 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.al0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.a20 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.430 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K Diff. 
.O7023 
.O7070 
.O7112 
-07154 
.O7196 
-07235 
-07280 
.O7322 
.o7365 
.O7408 
.O7450 
-07493 
.O7536 
.O7579 
.O7622 
-07666 
.O7709 
-07752 
.O7796 
.O7840 
.O7884 
-07528 
.O7972 
.O8016 
.O8060 
.O8105 
.O8150 
.O8194 
-08239 
.O8284 
.O8329 
.O8374 
.o8420 
.O8465 
.O8510 
-08556 
-08602 
.O8648 
.O8694 
.O8740 
-08786 
.O8832 
-08879 
.O8926 
.O8973 
.O9020 
-09067 
-09114 
.O9161 
.O9208 
.O9256 
.O9304 
.O9351 
.o9399 
.o9447 
.O9495 
,09543 
.O9591 
.O9639 
.O9688 

41 
42 
42 
42 
42 
42 
42 
43 
43 
42 
43 
43 
43 
43 
44 
43 
43 
44 
44 
44 
44 
44 
44 
44 
45 
45 
44 
45 
45 
45 
45 
46 
45 
45 
46 
46 
46 
46 
46 
46 
46 
47 
47 
47 
47 
47 
47 
47 
47 
48 
48 
47 
48 
48 
48 
48 
48 
48 
49 
48 

, 
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1n/r 

.4JO 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.450 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.460 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-470 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.480 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.490 
1 
2 
3 
4 
5 
6 
7 
a 
9 

K 
.O3736 
.O3785 
.O3334 
.O3983 
.O9332 
.O3981 
-10030 
.lo080 
.lo129 
.lo179 
.lo229 
-10279 
.lo329 
.lo379 
.lo429 
.lo480 
SO530 
.lo580 
.lo631 
.lo682 
JO733 
.lo784 
-10835 
.lo886 
.lo938 
so990 
.11041 
-11092 
.11144 
-11196 
.11248 
.11300 
.11353 
.11405 
.11457 
.11510 
-11563 
.11616 
.11668 
.llP21 
.11774 
.11828 
.11881 
.11934 
.11988 
.12042 
.12096 
.12150 
.12204 
.12258 
-12312 
.i2366 
.12421 
.12476 
.12530 
.12585 
.12640 
.12695 
.12750 
.12806 

Diff. 
49 
49 
49 
49 
49 
43 
50 
43 
50 
50 
50 
50 
50 
50 
51 
50 
50 
51 
51 
51 
51 
51 
51 
52 
52 
51 
51 
52 
52 
52 
52 
53 
52 
52 
53 
53 
53 
52 
53 
53 
54 
53 
53 
54 
54 
54 
54 
54 
51 
54 
54 
55 
55 
54 
55 
55 
55 
55 
56 
55 

1 
3, 
3 
4 
5 
6 
7 
8 
I) 

310 
1 
2 
ô 
4 
5 
6 
7 
8 
3 

.5?0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

530 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.540 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.550 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
.123G1 
-12316 
.13372 
.lu029 
.13093 
.131?,3 
.13135 
.E351 
.13307 
-1336.1 
.lx20 
.124Ïr, 
.13.,32 
.I2590 
.13646 
.13703 
.137GO 
-13818 
.13875 
.13932 
.13990 
.14048 
-14105 
.14162 
.11220 
.142'i8 
-14336 
.14394 
.14453 
.14512 
.14570 
.14328 
.14687 
.14746 
.14805 
-14864 
.14923 
.14982 
.15042 
.15101 
.15160 
-15220 
.15280 
.15340 
.15399 
-15460 
.15520 
.15580 
.15640 
.15700 
.15761 
.15822 
.E882 
-15943 
.16004 
.16065 
.16126 
-16188 
.16249 
.16310 

Din. 
55 
56 
56 
55 
56 
56 
56 
56 
57 
56 
56 

57 
56 
57 
57 
58 
57 
57 
58 
58 
57 
57 
58 
58 
58 
58 
59 
59 
58 
58 
59 
59 
59 
59 
59 
59 
60 
59 
59 
60 
60 
60 
59 
61 
60 
60 
60 
60 
61 
61 
60 
61 
61 
61 
61 
62 
61 
61 
62 

r- .> 1 

m/ r 
.:GO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.570 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-580 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.590 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-600 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-610 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
.1G273 
.IC4 3.1 
.1G435 
-16557 
.1GG19 
.IC631 
.lG74R 
.lGSO.'> 
.1GS67 
.lG320 
.1G332 
.170:54 
.l'il17 
-17180 
.lÏ243 
-17306 
-17369 
.17432 
.17495 
-11558 
-17622 
-17686 
-17749 
.17813 
.li877 
.17340 
-18004 
.18068 
.18133 
.18197 
.18261 
-18326 
-18390 
-18455 
-18520 
.18584 
.18649 
.18714 
-18779 
-18844 
-18910 
.18976 
.19041 
.19106 
.19172 
-19238 
-19303 
-19369 
.19435 
,19501 
.19567 
-19634 
.19700 
.19766 
.19833 
.19900 
.19966 
.20033 
.20100 
,20167 

Diff. 
G2 
GI. 
62 
62 
62 
62 
62 
G3 
63 
c,3 

G2 
Gô 
63 
63 
63 
63 
63 
63 
63 
64 
64 
63 
64 
64 
63 
64 
64 
65 
64 
64 
65 
64 
65 
65 
64 
65 
65 
65 
65 
66 
66 
65 
63 
66 
66 
65 
66 
66 
66 
66 
67 
66 
66 
67 
67 
66 
67 
67 
67 
67 

m / t  

,620 
1 
3 
3 
4 
5 
G 
7 
8 
3 

.630 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.MO 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.650 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.660 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.670 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
.20224 
.30201 
.EO263 
.?O436 
20503 
.20570 
.?OC38 
.3070G 
20773 
.203.41 
.20303 
20371 
21045 
.21113 
.21181 
.21250 
.21318 
.21386 
.21455 
21524 
.21593 
.21662 
.21730 
.21799 
.21868 
.21938 
.22007 
.22076 
.22145 
.22214 
.22284 
.22354 
.22424 
.22494 
.22563 
.22633 
.22703 
.22774 
.22844 
-22914 
.22984 
-23054 
.23125 
.23196 
.23266 
.23337 
.23408 
-23479 
.23550 
23621 
23692 
23763 
.!u834 
23906 
-23977 
.24048 
.24120 
.24192 
.24264 
24336 

Diff. 
67 
67 
GS 
67 
67 
68 
CS 
67 
68 
G8 
CS 
GS 
68 
GS 
c3 
68 
G8 
63 
69 
63 

69 
68 
69 
69 
70 
69 
63 
69 
69 
70 
70 
'io 
70 
69 
10 
70 
71 
70 
70 
70 
70 
71 
71 
70 
71 
71 
71 
71 
71 
71 
71 
71 
72 
71 
71 
72 
72 
72 
72 
n 
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JIEASLREMEST ASD CALI1;RATIOS OF TAS:< CARS (API 2554-ASTM D 1409) 

m / r  
-680 

1 
2 
3 
4 
5 
6 
7 
8 
9 

-690 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-700 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-710 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-720 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.730 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
24407 
.24479 
.2455l 
24623 
.24695 
.247G8 
24840 
.24912 
.2496.5 
.2.5058 
.25130 
.25202 
.25275 
-23348 
.25421 
.25434 
.25567 
.25640 
.25713 
.25786 
.25860 
.25334 
.26007 
.26080 
.26154 
.2G225 
26301 
.26.?75 

.26523 

.26537 

.26671 
-26745 
.26820 
.26634 
.26968 
.27013 
.27118 
.27192 
-27256 

.274 16 
-27430 
.27365 
.27640 
.27715 
.27790 
27866 
27941 
-28016 
.28091 
.28166 
.28242 
28318 
.28393 
.28469 
.28545 
.28620 
-28696 
.28772 

.26-$4 9 

.27311 

Diff. 
72 
72 
72 
72 
73 
72 
72 
73 
73 
72 
72 
73 
73 
73 
73 
73 
73 
73 
73 
74 
74 
73 
73 
74 
74 
73 
74 
74 
74 
74 
74 
74 
75 
74 
74 
75 
75 
74 
74 
75 
75 
74 
75 
75 
75 
75 
76 
75 
75 
75 
75 
76 
76 
75 
76 
76 
75 
76 
76 
76 

m/r 
.740 

1 
2 
3 
4 
5 
6 

8 
3 

.%O 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.%O 
1 
2 
3 
4 
5 
G 
7 
8 
9 

-770 
1 
2 
3 
4 
5 
G 
7 
8 
9 

.780 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.790 
1 
2 
3 
4 
5 
6 
7 
8 
9 

c 

TABLE J'.-(Confinued) 

K 
-28548 
-28324 
-29000 
-23076 
23153 
.23323 
.29305 
-23332 
.23458 
.29034 
.29611 
29688 
.29764 
.2984 1 
-23318 
.29935 
.30073 
.30113 
.30226 
.30303 
3380 
.30457 
.30534 
.30612 
-30689 
-30766 
.30844 
.30922 
.30099 
.31076 
.31150 
-31232 
.31310 
.31388 
.31466 
.31544 
.31622 
.31700 
-31778 
.31856 
.31934 
.32012 
.32091 
.32170 
.32248 
.32326 
.32405 
.32484 
.32562 
.32640 
.32719 
.32798 
.32877 
.32956 
.33035 
.33114 
.33193 
.33272 
.33351 
.33430 

Diff. 
76 
76 
76 
77 
76 
76 
77 
7G 
76 
77 
77 
76 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
78 
77 
77 
78 
78 
77 
77 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
73 
79 
78 
78 
79 
79 
78 
78 
79 
79 
79 
79 
79 
79 
79 
79 
79 
79 
80 

m/T 

.800 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.810 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.820 
1 
2 
3 
4 
5 
6 
7 
8 
9 

,830 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.810 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.850 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
-33510 
.33589 
-33668 
.33748 
.33837 
-33306 
-33986 
-34066 
.34145 
.34225 
.34305 
24384 
-3.1464 
.34.544 
.34624 
34704 
.34784 
.34864 
.34944 
.35024 
.35104 
.35184 
.35264 
.35344 
.35425 
.35506 
.35586 
.35666 
25747 
.35828 
.35908 
.35988 
.36063 
.36150 
.36231 
.36312 
-36392 
.36473 
.36554 
.36635 
.36716 
.36737 
3878 
-36959 
-37040 
.37121 
.37202 
.37284 
-37365 
.37446 
.37528 
.37609 
.37690 
.37772 
-37853 
.37934 
.38016 
.38098 
.38180 
.38262 

Diff. 
79 
79 
80 
79 
'i9 
80 
80 
73 
80 
80 
79 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
81 
81 
80 
80 
81 
81 
80 
80 
81 
81 
81 
81 
80 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
82 
81 
81 
82 
81 
81 
82 
81 
81 
82 
82 
82 
82 
ai 

nr/r 

-860 
1 
2 
3 
4 
5 
6 
7 
8 
9 

. s o  
1 
2 
3 
.4 
5 
G 
7 
8 
9 

.8SO 
1 
2 
3 
4 
5 
G 
7 
8 
9 

.s90 
1 
2 
3 
4 
5 
6 
7 
8 
9 

300 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-910 
1 
2 
3 
4 
5 
6 
7 
8 
9 

K 
.38343 
.38124 
.38506 
-38598 
.38670 
.38752 
.38834 
.389 1 G 
.38338 
.39080 
-33162 
-392.14 
.39326 
.39108 
.39430 
.39572 
.39634 
.U3736 
.39813 
.39302 
.39384 
.40066 
.40148 
A0230 
.40313 
A0336 
.40478 
.40560 
-40643 
.40ï26 
.40808 
-40891 
,40374 
.41056 
-41139 
.41222 
-41304 
-41387 
.4I470 
.41553 
.41636 
.41719 
.41802 
.41884 
.41967 
.42050 
.42133 
.42216 
-42300 

.42466 

.42549 
-42632 
-42715 
.42798 

.42965 
A3048 
A3131 
43214 

.a383 

.ma2 

Diff. 
81 
82 
82 
83 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
82 
83 
83 
83 
82 
82 
83 
83 
83 
82 
82 
83 
83 
82 
83 
83 
82 
83 
83 
82 
83 
83 
83 
83 
83 
83 
82 
83 
83 
83 
83 
84 
83 
83 
83 
83 
83 
83 
84 
83 
83 
a3 
83 
84 



m/r 

320 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-930 
1 
2 
3 
4 
5 
6 
7 
8 
9 

MEASUBEMENT AND CALIBRATIOS OF TASK CARS (AY1 2554-.4STM D 1409) 

K 
.43298 
.43381 
.43464 
.43548 
.43631 
.43714 
.43î38 
.43582 
.43965 
-44058 
-44132 
.44216 
.44299 
-44382 
.44466 
-44550 
.44633 
A4716 
-44800 
-44884 

Diff. m/r 

83 .940 
83 1 
84 2 
83 3 
83 4 
a4 5 
81 6 
s3 7 
83 8 
84 9 
a4 350 
83 1 
83 2 
84 3 
84 4 
83 5 
83 6 
84 7 
a4 8 
83 9 

TABLE V- 
K Diff. 

.44967 84 

.45051 84 
-45135 83 
-45218 84 
.45302 84 
-45386 85 
.45470 84 
.45554 83 
-45637 83 
.45720 84 
-45804 84 
-45888 84 
.45972 84 
.46056 84 
.46140 84 
.46224 83 
.46307 84 
-46331 84 
.46475 84 
.46559 84 

.(Concluded) 

m / r  K 

-960 .56643 
1 .46727 
2 .46811 
3 .46834 
4 .46378 
5 .47062 
G .47146 
7 A7230 
8 .47314 
3 .47398 

.WO .47482 
1 .47566 
2 .47650 
3 A7734 
4 .47818 
5 .47902 
6 .47986 
7 .48070 
8 .4a154 
9 -48238 

Diff. 

84 
84 
83 
84 
a4 
84 
a4 
84 
a4 
a4 
84 
84 
84 
84 
84 
84 
84 
84 
84 
a4 

»1/r 

980 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.930 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1.000 

K 
-48322 
.48406 
.48490 
-45574 
.48658 
.48742 
.48827 
A8911 
.48995 
.49079 
.49163 
A9247 
.49331 
.49415 
.43499 
.49583 
.49667 
.49751 
-49835 
.49918 
.50000 

Din. 

84 
84 
84 
84 
84 
85 
84 
84 
84 
a4 
a4 
a4 
84 
84 
84 
84 
84 
84 
83 
a2 



3 .i 

T.iI3LE \'I.-COEI:'FICIESTS FOR THE .iRE;\S 01' SEGNESTS OF CIRCLES. 
Taken with Permission of California Sa tura i  Gasoline Association froin Their 

Bulletin TS-341 (1934) 

USE OF TABLE 

In tie table find the value of coefficient G' for  the desired value of m/R (ratio of depth of segment to radius of 
cylinder). The fu l l  volume of the cylinder multiplied by the coefficient equals the volume of the segment. 

miR 
,000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.o10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.o20 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.O30 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.O40 
1 
2 
3 
4 
5 
6 
7 

1 8  
9 

G 
.0000@00 
.0000190 
.O000537 
.O000986 
.O001517 
.o002120 
-0002787 
.O003512 
.O004290 
.O005118 
-0005993 
.O006913 
.O007876 
-0008879 
.O009922 
.o011002 
.O012118 
.O013270 
.O014456 
.O0 15674 
.O016925 
.O018208 
.O019521 
.O020864 
.O022236 
.O023636 
.O025065 
.O026521 
.O028003 
.O0295 12 
.O031047 
.O032607 
.O034193 
.O035803 
.O037436 
.O039094 
.O040775 
.O042480 
.O044207 
.O045956 
.O047728 
.O049521 
.O051336 
-0053172 
.O055030 
.O056907 
.O058806 
.O060725 
.O062663 
.O064622 

Diff. 
190 
347 
4-19 
531 
603 
667 
725 
7Ï8 
828 
87 5 
920 
963 
1003 
1043 
1080 
1116 
1152 
1186 
1218 
1251 
1283 
1313 
1343 
1372 
1400 
1429 
1456 
1482 
1509 
1535 
1560 
1586 
1610 
1633 
1658 
1681 
1705 
1727 
1749 
1772 
1793 
1815 
1836 
1858 
1877 
1899 

1938 
1959 
1978 

1919 

7n:R 
.o.x 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.O60 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.o70 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.O80 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.o90 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.00GCGOü 
.006S538 
.O070614 
.OOÏ1C>50 
.007-1:'04 
.O O 7 (i 7 7 7 
.O O 7 8 8 G 3 
.O080978 
.O083106 
.O085251 
.O087414 
.O089595 
.O09 1793 
.o094009 
.O096241 
.O038490 
.O100756 
.O103039 
.O105338 
.O107634 
.O109986 
-0112334 
.O114698 
.OllÏ078 
.O119473 
-0121885 
.O124311 
-0126753 
.O129211 
.O1 3 1683 
.O134171 
.O136673 
.O133191 
.O14 1723 
-0144269 
-0146830 
.O149406 
.O151996 
.O154600 
.o151219 
.O159851 
-0162498 
.O165158 
-0167832 
.O170520 
.O173221 
-0175936 
.O178665 
.O181407 
.O184162 

Diff. 

1998 
2016 
2036 
2054 
2073 
2092 
2103 
2128 
2145 
21 63 
2181 
2198 
2216 
2232 
2249 
2266 
2283 
2299 
2316 
2332 
2348 
2364 
2380 
2395 
2412 
2426 
2442 
2458 
2472 
2488 
2502 
2518 
2532 
2546 
2561 
2576 
2590 
2604 
2619 
2632 
2647 
2660 
2674 
2688 
2701 
2715 
2729 
2742 
2755 
2768 

7X/R 

.loo 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.110 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.120 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.130 
1 
2 
u 
4 
5 
6 
7 
8 
9 

-140 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.O186930 
-0189712 
.O192506 
.O195314 
-0198135 
.O200968 
.O203814 
.O 2 O 6 6 7 3 
-0209544 
.O212428 
.O215325 
.O2 18234 
.O221 155 
.O224089 
.O227034 
-0229992 
-0232962 
-0235945 
.O238939 
.O241945 
.O244963 
.O247992 
.O25 1034 
.O254087 
-0257151 
.O260228 
.O263316 
-02664 15 
.O269525 
.O212647 
.O275781 
.O278925 
.O282081 
.O285248 
.O288425 
.O291614 
,0294814 
.O298025 
.O301246 
.O304419 
.O307722 
.O310976 
.O314241 
.O317516 
.O320802 
.O324099 
.O327405 
-0330723 
.O334051 
-0337389 

Diff. 

2782 
2794 
2808 
2821 
2833 
2846 
2859 
2871 
2884 
2897 
2909 
2921 
2934 
2945 
2958 
2970 
2983 
2994 
3006 
3018 
3029 
3042 
3053 
3064 
3077 
3088 
3099 
3110 
3122 
3134 
3144 
3156 
3167 
3177 
3189 
3200 
3211 
3221 
3233 
3243 
3254 
3265 
3275 
3286 
3297 
3306 
3318 
3328 
3338 
3348 

m/R 

-150 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.160 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.170 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.180 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.190 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 

.0340Ï37 

.O344096 
-0347465 
.O350841 
-0354233 
.O357633 
.O361042 
.O364462 
.O367891 
-0371331 
-0374780 
-0378239 
.O381708 
-0385187 
.O388675 
.O392173 
.O395681 
.O399199 
.O402726 
.O 4 O 6 2 6 2 
.O409808 
-0413364 
.O416929 
.O420503 
.O424087 
.O427680 
.O431282 
,0434894 
.O438515 
.O442145 
.O445784 
.O449433 
.O453090 
.O456756 
.O460432 
.O464116 
.O467810 
.O471512 
.O475223 
.O478943 
.O482672 
.O486410 
.O490157 
-0493912 
.O497676 
.O501448 
.O505230 
.O509019 
.O512818 
.O516625 

Diff. 

3359 
3363 
3379 
3389 
3400 
3403 
3420 
3429 
3440 
3449 
3459 
3469 
3479 
3488 
3498 
3508 
3518 
3527 
3536 
3546 
3556 
3565 
3574 
3584 
3593 
3602 
3612 
3621 
3630 
3639 
3649 
3657 
3666 
3676 
3684 
3694 
3102 
3711 
3720 
3729 
3738 
3747 
3755 
3764 
3772 
3782 
3789 
3799 
3807 
3815 



MEASCREMEST ASD CALIBRATIOS OF TASK CARS íAPI 2334-.48TM D 1409; 

m/R 
.200 

1 
2 
3 
4 
5 
6 
7 
8 
9 

910 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-220 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.230 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.240 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.250 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 

.OU20440 

.O524264 

.O528097 

.O531937 

.O535787 
-0539644 
.O543510 
.O547385 
.O551267 
.O555158 
-0559057 
.O562964 
.O566880 
.O570803 
.O574735 
.O578675 
-0582623 
-0586578 
.O590542 
.O594514 
.O598494 
.O602482 
-0606477 
.O610481 
.O614493 
.O618512 
-0622539 
.O626574 
.O630616 
.O634667 
.O638725 
.O642791 
-0646864 
.O650945 
.O655034 
.O659130 
.O663234 
.O667345 
.O671464 
.O676590 
.O679724 
.O683866 
.O688014 
.O692170 
.O696334 
.O700505 
.O704683 
.O708868 
.O713061 
.O717261 
.O721468 
.O725682 
.O729904 
-0734133 
.O738369 
.O742612 
.O746862 
.O751119 
.O755384 
.O759655 

Diff. 
3824 
3833 
3840 
3850 
3857 
3866 
3875 
3882 
3891 
3899 
3907 
3916 
3923 
3932 
3940 
3948 
3955 
3964 
3972 
3980 
3988 
3995 
4004 
4012 
4019 
4027 
4035 
4042 
4051 
4058 
4066 
4073 
4081 
4089 
4096 
4104 
4111 
4119 
4126 
4134 
4142 
4148 
4156 
4164 
4171 
4178 
4185 
4193 
4200 
4207 
4214 
4222 
4229 
4236 
4243 
4250 
4257 
4265 
4271 
4279 

m/R 
.2CO 

1 
2 
3 
4 
5 
fi 
7 
8 
9 

.270 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.280 
1 
2 
3 
4 
5 
6 
7 
8 
9 

290 
1 
2 
3 
4 
5 
6 
7 
8 -  
9 

200 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.310 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE IV.-(Confinitr¿) 

G 
.O 7 6 3 9 3 4 
.O768219 
.O772511 
.O776811 
.O781118 
.O785431 
.O789751 
.O794078 
.O798412 
.O802752 
.O807100 
.O811454 
.O815815 
.O820184 
.O824558 
-0828939 
.O833328 
.O837722 
.O842123 
.O846331 
.O850946 
.O855368 
.O859795 
.O864230 
.O868671 
.O873118 
.O877572 
.O882033 
.O886500 
.O890973 
.O895453 
.O899910 
.O904432 
.O908931 
.O913437 
.O917919 
.O922467 
.O926991 
.O931522 
.O936058 
.O940602 
.O945151 
.O949707 
.O954269 
.O958838 
.O963412 
.O967992 
.O972579 
.O977171 
.O981770 
.O386375 
.O390986 
.O995603 
.lo00226 
.lo01855 
.loo9430 
.lo14131 
SO18778 
.lo23431 
.lo28090 

Diff. 
4285 
4292 
4300 
4307 
4313 
4320 
4327 
4334 
4340 
4348 
4354 
4361 
4369 
4374 
4381 
4389 
4394 
4401 
4408 
4415 
4422 
4427 
4435 
4441 
4447 
4454 
4461 
4467 
4473 
4480 
4487 
4492 
4499 
4506 
4512 
4518 
4524 
4531 
4536 
4544 
4549 
4556 
4562 
4569 
4574 
4580 
4587 
4592 
4599 
4605 
4611 
4617 
4623 
4629 
4635 
4641 
4647 
4653 
4659 
4665 

m/R 
.320 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.330 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.340 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.350 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.360 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.370 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
-1032755 
.lo37425 
.lo42102 
So146784 
-1051473 
.lo56167 
.lo60867 
.lo65373 
.lo70285 
.1075001 
.lo79725 
.lo84433 
-1089189 
.lo93929 
JO98675 
.1103427 
.1108184 
-1112947 
.1117716 
-1122490 
.1127270 
.1132056 
.1136846 
.1141643 
-1146445 
.1151253 
.1156066 
.1160885 
.1165'709 
.1170539 
.1175374 
.1180215 
.1185061 
.1189912 
,1194769 
-1199631 
.1204499 
.1209372 
.1214250 
-1219134 
.1224023 
-1228911 
.1233816 
-1238722 
.1243632 
.1248547 
-1253467 
.1258393 
.1263324 
.1268260 
.1273202 
.1278148 
.1283100 
.1288057 
.1293019 
.1397936 
.1302958 
.1307935 
.1312918 
.1317305 

Diff. 
4670 
4677 
4682 
4689 
4634 
4700 
4406 
4712 
4716 
4724 
4728 
4736 
4740 
4746 
4752 
4757 
4763 
4769 
4774 
4780 
4786 
4790 
4797 
4802 
4808 
4813 
4819 
4824 
4830 
4835 
4841 
4816 
485 1 
4857 
4862 
4868 
4873 
4878 
4884 
4889 
4894 
4899 
4906 
4910 
4915 
4920 
4926 
4931 
4936 
4942 
4346 
4952 
4957 
4362 
4967 
4372 
4977 
498 
4957 
4992 

m/R 
.380 

1 
,2 
3 
4 
5 
G 
7 
8 
9 

290 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.400 
1 
2 
3 
4 
.S 
G 
7 
8 
9 

.410 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.420 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.430 
1 
2 
3 
4 
.5 
G 
7 
8 
9 

G 
.1322897 
.1327895 
-1332898 
.1337905 
.1342918 
.1347935 
.1352957 
.1357984 
-1363017 
.1368034 
.1373036 
.1378143 
.1383195 
.1388252 
.1393314 
.1398380 
.1403451 
.1408528 
.1413608 
.1418694 
.1423785 
.1428880 
.1433980 
.1439085 
-1444135 
.1449309 
.1454428 
.1459552 
.U61681 
.1469814 
,1474951 
.1480093 
.1485240 
.1490392 
.1495549 
.1500710 
.1505875 
.1511045 
.1516220 
.1521399 
.1526583 
.1531770 
-1536964 
.E42161 
.1547363 
.1552569 
.1557780 
.1562995 
.1568215 
-1573438 
.1578667 
.1583900 
.E89137 
.159430 
.1599626 
-1604876 
.1610131 
.1615390 
.1620654 
.1625922 

Diff. 
4998 
5003 
5007 
5013 
5017 
5022 
5027 
5033 
5037 
5042 
5047 
5032 
5057 
5062 
5066 
50Ï1 
5077 
5080 
508C 
5091 
5095 
5100 
5105 
5110 
5114 
5119 
5124 
5129 
5133 
5137 
5142 
5147 
5152 
5157 
5161 
5165 
5170 
5175 
5179 
5184 
5187 
5194 
5197 
5202 
5206 
5211 
5215 
5220 
5223 
5229 
5233 
5237 
5243 
5246 
5250 
5255 
5259 
5264 
5268 
5272 
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m/R 
.440 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.450 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.460 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.470 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.480 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.a90 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.I631194 
.1636470 
.1641752 
.I647036 
.1652326 
-1657619 
.1662917 
.1668219 
-1673525 
-1678836 
.168415 1 
,1689469 
.1694792 
-1700120 
.1705451 
.1710787 
.1716126 
.1721471 
-1726819 
.1732170 
-1737527 
-17 4 2 8 8 7 
.1748252 
.1753620 
.1758992 
.1761369 
,1769749 
.1775133 
.1780522 
-1785914 
.1791311 
,1796712 
-1802116 
.1807525 
.1812937 
-1818353 
-1823774 
.1829198 
.1834626 
-1840057 
-1845494 
-1850933 
.1856377 
.1861825 
.1867275 
.1872731 
-1878190 
.1883653 
.1889119 
.1894589 
.1900064 
.1905541 
S911024 
.1916509 
.19 2 19 9 8 
-1927491 
.1932987 
.1938488 
.1943991 
,1949499 

Diff. 
5276 
5282 
5284 
5290 
5293 
5298 
5302 
5306 
5311 
5315 
5318 
5323 
5328 
5331 
5336 
5339 
5345 
5348 
5351 
5357 
5360 
5365 
5368 
5372 
5377 
5380 
5384 
5389 
5392 
5397 
5401 
5404 
5409 
5412 
5416 
5421 
5424 
5428 
5431 
543 
5439 
5444 
5448 
5450 
5456 
5459 
5463 
5466 
5470 
5475 
5477 
5483 
5485 
5489 
5493 
5496 
5501 
5503 
5508 
5512 

7n/R 
.SOO 

1 
2 
3 
4 
5 
6 
7 
S 
9 

,510 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.520 
1 
2 

- 3  
4 
5 
6 
7 
8 
9 

.530 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.540 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.550 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.1955011 
.1960526 
-1966045 
.1971567 
-1977093 
.1982623 
.1988157 
.1993694 
-1999235 
.2004778 
-2010326 
-2015877 
.2021432 
.2026991 
.2032553 
-2038118 
.2043688 
.2049260 
,2034836 
.2060416 
.2065999 
.2071586 
.2077176 
.2082770 
-2088367 
-2093967 
2099571 
.2105177 
.2110789 
-2116403 
.2122020 
.2127642 
-2133365 
.2138894 
.2144525 
.2150159 
.2155796 
.2161437 
.2167081 
2172729 
.2178381 
.2184034 
.2189692 
.2195353 
.2201017 
-2206685 
-2212356 
-2218029 
-2223706 
-2229387 
.2225071 
-224075.7 
.2246447 
.2252141 
.2257837 
.2263537 
.2269240 
.2274945 
.2280654 
2286367 

Diff. 
5515 
5519 
5522 
6526 
5530 
5534 
5537 
5541 
5543 
5548 
5551 
5555 
5559 
5562 
5565 
5570 
5572 
5576 
5580 
5583 
5587 
5590 
5594 
5597 
5600 
5604 
5606 
5612 
5614 
5617 
5622 
5623 
5629 
5631 
5634 
5637 
5641 
5644 
5648 
5652 
5653 
5638 
5661 
5664 
5668 
5671 
5673 
5677 
5681 
5684 
5686 
5690 
5694 
5696 
5700 
5703 
5705 
5709 
5713 
5714 

m / R  
.560 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.570 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.580 
1 
.2 
3 
4 
5 
6 
7 
8 
9 

.590 
1 
2 
3 
4 
5 
6 
7 
8 
9 

,600 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.610 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
-2292081 
-2297800 
-2303521 
.2309245 
-2314974 
-2320704 
.2326439 
.2332175 
.2337915 
-2343659 
.2349404 
2355154 
.2360906 
.2366660 
2372419 
.2378180 
-2383944 
2389711 
2395481 
.2401254 
.2407030 
22412809 
-2418591 
.2424376 
2430164 
-2435954 
2441748 
2447545 
.2453344 
.2459146 
,2464951 
3470759 
-2476570 
.2482383 
2488200 
-2494019 
.2499842 
.2505666 
2511494 
2517325 
2523158 
2528995 
.2534833 
.2540674 
.2546519 
-2552366 
2558216 
.2564065 
2569924 
2575781 
.2581643 
.2587507 
2593372 
.2599240 
.2605113 
-2610987 
-2616864 
.2622743 
.2628625 
.2634510 

Diff. 
5719 
5721 
5724 
5729 
5730 
5735 
5726 
5740 
5744 
5745 
5750 
5752 
5754 
5759 
5761 
5764 
5767 
5770 
5773 
5776 
5779 
5782 
5785 
5788 
5790 
5794 
5797 
5799 
5802 
5605 
5808 
5811 
5813 
5817 
5819 
5823 
5824 
5828 
5831 
5833 
5837 
5838 
5841 
5845 
5847 
5850 
5852 
5856 
5857 
5562 
5864 
5865 
5568 
5873 
5874 
5877 
5879 
5882 
5885 
5887 

míR 
-620 

1 
2 
3 
4 
5 
6. 
7 
8 
9 

,630 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.640 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.650 
1 
2 
3 
4 
5 
6 
7 
8 
9 

si60 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.670 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
2640397 
2646287 
.2652179 
.2658075 
.2663972 
.2669873 
.2675775 
2681681 
2687589 
2 6 9 3 5 O O 
2699413 
2705328 
-2711246 
-2717167 
2723091 
2729016 
-2734945 
2740875 
.2746808 
2752745 
2758682 
.2764622 
.2770566 
.2776511 
2782459 
2788410 
2794363 
2800318 
2806275 
2812235 
3818197 
2824162 
2830130 
2836099 
2842070 
2848045 
2854020 
.2860000 
2865981 
2871965 
.2877950 
2883938 
2889928 
.2895922 
2901916 
.2907914 
2913913 
2919915 
2925918 
9931926 
2937934 
2943945 
2949958 
.2955973 
2961990 
.2368009 
.2974031 
.2980055 
2986081 
2992109 

Diff. 
6890 
5892 
5896 
5897 
5901 
5902 
5906 
5908 
5911 
5913 
5915 
5318 
5921 
5924 
5925 
5929 
5930 
5933 
5937 
5937 
5940 
5944 
5945 
5948 
5951 
5953 
5955 
5957 
5960 
5962 
5965 
5968 
5969 
5971 
5975 
5975 
5980 
5981 
5984 
5985 
5988 
5990 
5994 
5994 
5998 
5999 
6002 
6003 
6008 
6008 
6011 
6013 
6015 
6017 
6019 
6022 
6024 
8026 
6028 
6030 
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MEASUREMENT AND CALIBRATIOS OF TAXK CARS (API 2554-ASTM D 1.109) 

m/R 
-680 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.690 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-700 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.710 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.720 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.730 
1 
2 
3 
4 
5 
6 
7 
8 
9 

C 

.2998139 

.3004171 

.3010206 

.3016244 
-3022282 
.3028323 
.3034367 
3040412 
.304 64 59 
.3052509 
.3058560 
.3064614 
.;O70669 
.3076727 
-3082787 
.3088849 
.3094913 
.3100978 
.3 107046 
.3113117 

.3119188 

.3125262 

.3131338 
-3137416 
.3143497 
.3149578- 
-3155662 
3161748 
-3167836 
.3173925 
.3180017 
.3186111 
.3192206 
.3198303 
.3204402 
-3210504 
.3216607 
-3222712 
.3228819 
.3234928 

.3241038 

.3247151 

.3253266 

.3259381 

.3265500 

.3271619 

.3277741 
3283864 
.3289990 
-3296117 
-3302245 
-3308376 
.3314509 
.3320642 
.3326778 
-3332916 
.3339057 
3345197 
.3351340 
.3357484 

Dîff. 
6032 
6035 
6038 
6038 
6041 
6044 
6045 
6047 
6050 
6051 
6054 
6055 
6058 
6060 
6062 
6064 
6065 
6068 
6071 
6 M l  
6074 
6076 
6078 
6081 
6081 
6084 
6086 
6088 
6089 
6092 
6094 
6095 
6097 
6099 
6102 
6103 
6105 
6107 
6109 
6110 

6113 
6115 
6115 
6119 
6119 
6122 
6123 
6126 
6127 
6128 

6131 
6133 
6133 
6136 
6138 
6141 
6140 
6143 
6144 
6147 

m/R 

.740 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-750 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.760 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-770 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.780 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-790 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TA 
G 

.3363631 

.3369780 

.3375929 
3382080 
.3388233 
3394389 
.3400546 
.3406ï03 
.3412864 
.3419025 
.3425188 
.3431354 
.3437520 
-3443688 
.3449857 
.3456039 
.3462203 
-34683'17 
.3474553 
.3480731 
.3486910 
.3493091 
.3499273 
-3505457 
.3511642 
.3517830 
.3524018 
.3530203 
-3536400 
.3542594 

.3548789 

.3554985 

.3561182 
-3567381 
.3573582 
.3579785 
.3585988 
-3592193 
.3598400 
-3604608 
-36 10818 
-3617029 
.3623242 
.3629455 
.3635671 
.3641887 
.3646105 
.3654324 
.3660545 
.3666767 
.3672991 
.3679216 
-3685442 
-3691669 
.3697898 
.3704129 
.3710360 
.3716594 
.3722828 
.3729063 

LBLE VI.- 
DiE. 

6149 
6149 
6151 
6153 
6156 
6157 
6157 
6161 
6161 
6163 
6166 
6166 
6168 
6169 
6172 
6173 
6175 
6176 
6178 
6179 
6181 
6182 
6184 
6185 
6188 
C188 
6191 
6191 
6194 
6195 

6196 
6197 
6199 
6201 
6203 
6203 
6205 
6207 
6208 
6210 

6211 
6213 
6213 
6216 
6216 
6218 
6219 
6221 
6222 
6224 

6225 
6226 
6227 
6229 
6231 
6231 
6234 
6234 
6235 
6237 

.(Continu 

m/R 

.800 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.810 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.820 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.830 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.840 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.850 
1 
2 
3 
4 
5 
6 
7 
8 
9 

:ed) 

G 

.3735300 
-3741538 
.3747778 
.3754019 
.3760261 
.Yi66504 
.3772749 
.3778991> 
.3785242 
.3791491 
.3797740 
.3803990 
.3810243 
.3816497 
.3832750 
-3829006 
.3835263 
.3841521 
.3847781 
.3854042 

.3860303 
-3866565 
.3872830 
-3879095 
.3885361 
-3891628 
.3897897 
.3904166 
.3910438 
.3916709 
.3922982 
.392925.5 
.3935531 
.3941807 
.3946085 
.3954363 
.3960643 
.3966923 
-3973205 
.3979488 

.3985771 

.3992056 
-3998341 
.4004628 
.4010916 
.4017205 
.4023495 
.4029785 
-4036076 
A042369 
.4048664 
AO54959 
-4061255 
.4067550 
-4073848 
-4080146 
-4086445 
-4092746 
.4099048 
A105349 

Din. 
6338 
6240 
6241 
6242 
6343 
6-45 
6346 
6347 
6249 
6249 

G350 
6253 
c35-í 
6253 
6256 
6257 
6258 
6260 
(i261 
6261 
6262 
6265 
6265 
6266 
6267 
6269 
6269 
6271 
6272 
6273 
6273 
6276 
6276 
6278 
6278 
6280 
6280 
6282 
6283 
6283 

6285 
6285 
6287 
6288 
6289 
6290 
6290 
6291 
6293 
6295 
6295 
6296 
6295 
6298 
6298 
6299 
6301 
6302 
6301 
6303 

m / R  
.8GO 

1 
2 

4 
5 
(i 

8 
9 

.870 
1 
2 

4 

6 

8 
9 

-880 
1 
2 
3 
4 
5 
6 
7 
8 
9 

.890 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-900 
1 
2 
3 
4 
5 
6 
7 
8 
9 

-910 
1 
2 
3 
4 
5 
6 
7 
8 
9 

., 

r) 

o .> 

r 

c 

G 
A111653 
.4117957 
.4IZJZGL 
.4 130.X7 
.4 136S7-í 
.JI43181 

.415J799 

.4 1 G3103 

..I 168419 
A174731 
.4181044 
A157358 
.4193671 
.4199987 
.4206303 
..I 3 12620 
.4218936 
.4225254 
A231575 
A237894 
-4244215 
A250535 
.4256857 
.4263181 
.4269504 
.4275823 
.4282154 
A288480 
.4294805 
.4301133 
A307461 
-4313790 
-4320118 
.4326449 
.4333780 
-4339111 
.4345443 
.4351775 
.4358109 
A364443 
.1370778 
.4377113 
-4383448 
A389784 

. A396122 
A402459 
-4408798 
.4415138 
.4421477 
A427817 
A434157 
A440499 
-4446840 
A453183 
.4459526 
.4465869 
-4472213 
A478558 
.4484902 

.4 14 3489 

Din. 
6205 
6301 
6306 
6307 
6307 
6303 
6310 
6310 
6310 
6512 
6313 
6314 
6313 
6316 
6315 
6318 
6316 
G318 
6321 
6319 

6321 
6320 
6322 
6324 
6323 
6325 
6325 
6326 
6325 
6328 

6328 
6329 
6328 
6331 
6331 
6331 
6332 
6332 
6334 
6334 
6335 
6335 
6335 
6336 
6338 
6337 
6339 
6340 
6339 
6340 
6340 
6342 
6341 
6343 
6343 
6343 
6344 
6345 
6344 
6346 
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m/R 
.920 

1 
2 
3 
4 
5 
6 
7 

9 
,930 
1 
2 
3 
4 
5 
6 
7 
8 
9 

a 

&fEASUREhfEST AND CALIBRATIO'; OF TANK CARS (API 2554-ASTN D 1409) 

TABLE VI.-(Concluded) 

G 
-4491248 
.4497594 
-4503941 
.4510288 
A516634 

.4529331 

.4535681 

.4542031 

.4548381 

.4554730 

.4561081 

.4567433 
-45'73784 
.4580136 
.4586489 
.4592841 
.4599195 
.4605549 
.4611902 

-4522983 

Diff. 
6346 
6347 
6347 
6346 
6349 
6348 
6350 
6350 
6350 
6349 
6351 
6352 
6351 
6352 
6353 
6352 
6354 
6354 
6353 
6355 

m/R 
.940 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.950 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.4618257 
.46246 12 
-4630967 
-4637323 
-4643679 
-4650036 
.4656393 
A662749 
.4669107 
-4675464 
-4681823 
-4688182 
A694540 
.4700899 
A707259 
.47I3618 
.4719977 
-4726338 
.47326 9 8 
A739059 

Diff. 
6355 
6355 
6356 
6356 
6357 
6357 
6356 
6358 
6357 
6359 
6359 
6358 
6359 
6360 
6359 
6359 
6361 
6360 
6361 
6361 

m/R 
.960 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.970 
1 
2 
3 
4 
5 
6 
7 
8 
9 

G 
.4745420 
.4751781 
,4758142 
-4764505 
A770867 
.4 7 7 7 2 2 3 
.4783590 
.4789953 
.4796316 

,4809043 
.4815406 
.4821769 
.4828134 
A834497 
.4840862 
-4847226 
.4 8 5 3 5 9 O 
A859955 
.4866319 

.48026ao 

Din. 
6361 
6361 
6363 
6362 
6362 
6361 
6363 
6363 
6364 
6363 
6363 
6363 
6365 
6363 
6365 
6364 
6364 
6365 
6364 
6366 

m/R 
-980 

1 
2 
3 
4 
5 
6 
7 
8 
9 

.990 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1.000 

G 
.4872685 
A879049 
A885414 
.a91779 
A898145 
-490451 1 
.4910876 
.4917242 
.4923608 
.a929973 
A936339 
A942705 
A949072 
A955436 
.4961803 
.4968169 
.4974535 
.4980901 
-4987268 
.4993633 
.5 o o o o o o 

Diff. 
6364 
6365 
6365 
6366 
6366 
6365 
6366 
6366 
6365 
6366 
6366 
6367 
6364 
6367 
6366 
6366 
6366 
6367 
6365 
6367 
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d 
Dome 
Pocket 
Depth, 

per cent 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
?2 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

C 

Total 
Capacity, 
per cent 

0.03 
0.07 
0.10 
0.13 
0.17 

0.20 
0.23 
0.27 
0.30 
0.33 

0.37 
0.40 
0.43 
0.47 
0.50 

0.63 
0.69 
0.75 
0.88 
1.00 

1.06 
1.23 
1.47 
1.61 
1.75 

1.85 
2.16 
2.40 
2.64 
2.88 

' 3.25 
3.50 
3.87 
4.21 
4.58 

5.00 
5.34 
5.80 
6.21 
6.71 

7.21 
7.69 
8.18 
8.71 
9.25 

9.78 
1029 
10.77 
11.48 
12.15 

t i  
Dome 
Pocket 
Depth, 

per cent 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81  
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 

C 

Total 
Capacity, 
per cent 

12.75 
13.50 
14.25 
15.00 
15.78 

16.71 
17.59 
18.50 
19.50 
20.50 

21.59 
22.59 
23.64 
24.73 
25.82 

27.00 
28.25 
29.55 
30.82 
32.33 

33.63 
35.11 
36.50 
38.18 
39.63 

41.35 
43.25 
45.00 
46.90 
48.68 

50.71 
52.88 
55.00 
57.13 
59.29 

61.25 
63.40 
65.55 
67.68 
70.00 

72.38 
75.00 
77.55 
80.25 
83.10 

86.00 
89.13 
92.35 
96.10 

100.00 
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C R E M E S T  AXD CALIBR.4TIOS OF T A S K  CARS (.%PI 2554 - ASTI1 D 1.109) 

TABLE VIII.-RELATI\T: DEXSITY OF WATER. 
Water 

Density, ib 
per gai 

8.3351290 
-335.1207 
-3356664 

8.3358669 
.3360231 
.3361357 
.3362057 
.3362336 

8.3362204 
.3361665 
.3360729 
.3359400 
3357686 

8.3355593 
.335312'i 
.3350294 
.3347100 
.3343550 

8.3339650 
.3335404 
.3330819 
-3325899 
.3320649 

8.3315074 
.3309177 
.3302965 
.3296440 
.3289608 

8.3282473 
.3275037 
.3267306 
.3259283 
-3250972 

8.3242376 
.3233499 
-3224345 
.3214916 
.3205216 

Correction 
Factor 

.9991743 
-9991394 
.9991099 

.9990859 

.9990672 

.9990536 

.9990453 

.9990419 

.9990435 

.9990500 

.9990612 
-9990771 
.9990976 

.Y991227 

.9991523 

.9991863 

.9992245 

.9992671 

-9993139 
.9993648 
.9994198 
.9994788 
.9995418 

.9996087 
-9996794 
.9997540 
.9998323 
.9999143 

1 .ooooooo 
1.0000892 
1.0001821 
1.0002785 
1.0003783 

1.0004816 
1.0005883 
1.0006984 
1.0008118 
1.0009285 

Tempera- 
ture, 'F 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

105 
106 
107 
108 
109 

Water 
Density, ib 

per gal 
8.3195248 
.3185015 
-3174520 
-3163767 
.3152758 

8.3141495 
.3129982 
-3118221 
.3106215 
.3093967 

8.308147 8 
3068752 
-3055790 
-3042595 
.3029170 

8.3015516 
-3001635 
.2987531 
-2973204 
2958657 

82943891 
2928910 
.2913714 
.2898305 
.2882686 

8.2866858 
2850823 
.2834582 
-2818137 
.2801490 

82784642 
.2767595 
2750351 
.2732911 
-27 15275 

8.2697447 
-2679427 
.2661217 
2642817 
2624230 

Correction 
Factor 

1.00 10484 
1.0011715 
1.0012978 
1.00142'73 
1.0015599 

1.0016956 
1.0018343 
1.0019761 
1.0021208 
1.0022685 

1.0024192 
1.0025728 
1.0027292 
1.0028886 
1.0030507 

1.0032157 
1.0033835. 
1.0035540 
1.0037253 
1.0039033 

1.0040820 
1.0042634 
1.0044474 
1.0046341 
1.0048235 

1.0050154 
1.0052099 
1.0054070 
1.0056066 
1.0058088 

1.0060135 
1.0062207 
1.0064304 
1.0066426 
1.0068572 

1.0070742 
1.0072937 
1.0075156 
1.0077400 
1.0079667 



1-1 70&10/6!+4M 
1-1 700-1/82-56 
1-1 7 0 W l 8 3 - 5 6  

1-1 700-11/84-56 
1-1 70&9/86-2.5C 

1-1700-1 2/87-2.5C 
1-170O-â/89-2C (2A) 

1-170&5/90-ZC (5D) C 
1 -1 700-392-1 C (1 E) C 

1-01102-10/93-1C (1E) U 
PD-0120û-11/96-0.75C (3E) U 

11/9&XXV 
6/00-4.3C 
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