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Dear Sir:— .
Apart from the rovision of our designs of C towers and special towers which are duly progressing under your

attention, for which I thank you, T wish to refer to the question of ¢ Safety Factor,” since I had the pleasure fo peruse
a part of DuBois you sent me and Rankine.
Referzing to Rankine’s * Applied Mechanies ¥ whose index wocnam to pages 274, wmw ebe. Hmmmu.&bm of * Factor

of Bafety.”

In the formula (P. 862). o
o . > F

P 7S or L= _
_ H+§%,| - m H+ma%
3 ’ ’ (2

He gives /=30, 000 Tbs. per sq. in. as the ultimate strength and 6,000-9,000 Ibs. per sq. in. as the working Toad

mo_. wrought ﬁoF wherein he evidently means the factor of mpmmq 8 wm a.s ratios mlm ?w wm 000 1bs., he yneans

the ultimate mﬁmum._? is also shown at the bottom of P. mmwv
In the same way, when H fake ﬂum ﬂoywba stress 18,002 Ibs. @E.. sq. in. mon stesl Om moooo Tbs. wﬂ. m@ in.

aliimate stross, in the formuls, umit mﬁﬁu%» I call the factor of safety to be Mm%m =3-1/3.
1800072 18000+

. Reading DuBois’ ﬁéuw I find on page 361 the same Ho..aﬁ&m.
. P S,

A

where mﬁmﬁm 8, correspond to S »Bm\. of mm_ﬁﬁﬂm.gmwgﬁd&%
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According to his analysis on previous pages, S, called by him the elastic limit unit stress is neither the limit of

elasticity which he gives as 20,000 on P. 358, nor the ultimate strength, but some value intermediate such - that the
smq .

1+0— 2

To this wuubmﬂomh examples, however, he makes S,=40,000, which is really the ulfimate mr.mumsp of wronght iron,
according to Rankine. .

According to DuBois’ defmition of the factor of safety, we must, in our case, first find out what is the valne of

his ‘S, for our material of 60,000 ultimate strength, because S, enters in the column formula as a predetermined

value will give the unit stress to just buckle the column.

value and depends upon the quality of material, as he says.
1t wwm American Bridge Company have been mmmmm.ﬁum our towers according. to DubBois, 1 should like to know
what is the value of S, they meant to take.
DuBois gives on page 358, limit of elasticity for wrought iron=20,000 lbs. per sq. in., and on page 361, he gives
elastic limit wnit stress=8,=40,000 Jbs. per sq. in, for the same matexial. |
To call S, the elastic litnit umit stress, while it is doub'e the limit of elasticity is somewhat misleading, bub ab
any rabe, in his numerical examples, S, is w&w.mﬂ quite close, if not equal, to the ultimate strength rather than the
limit of elastieity.
T am nob attempting to criticize DuBois, bub simply comparing hire with Rankine, in regard to the mmmEEow of
safety factor, and in the belief that my understanding is in accordance with Rankine.
With these short remarks, I am s.EEm to be straightened out, if I be mistuken, by some authoriéy on the subject.

I remain,

B A SELLREEEREHRHE g
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. Yours truly,
(Sgd.) N. SHIRAISHI.

May 27th, 1913.

.E.H.. Richard Khuen, Resident Engineer,
Ammerican Bridge Company,
Pittsburg, Pa.
Dear Sir:— ‘ .
I appreciate the courtesies you have extended to us while we were in Pittsbarg.
I am sorry that X could not ecome to a speedy decision aboub our tower design while I was in Pittsbrrg, as T,
expected to, but I am pleased to advise you that wo have finally settled the question and the revised specifieation is
being sent to you to-day from Mr. Ralph D. Mershon. In this revised specification, we have taken the wnit of work-
ing stress-of 18,000 Ibs., according. to-which we are going to ask you for your revised design.
To make my meaning clear, I have to compare the mnit stresses in the previous and revised design. In the pre-

vious design, you multiplied the actual loads by 2-1/2 and then in finding section of members, you used the unit stress
30000

28,000 1bs.. per sq. in. net for temsion and llﬂl. Tbs. per sq. in. for compression members.
1+ 150007
In our revision, SWm the ‘actual loads (do not multiply them by any ?@o& and then in finding the cross section
of members, use the unit stresses 18,000 lbs. per sq. in. for tension and IW% Ibs. per sq. in. for compression.
1+

18000+
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The towers will become much lighter than in the previous design. - I am deviating from the course of having them

very ms.wmgﬂﬁmm but I will not frouble you at present with my reasons in so doing.

1 exceedingly regret to put you to the trouble of revising some calewlations, which you have already done, in accordance

with our previcus specification.
- Thanking you in anticipation for your kind atfention, 1 remain,
Yours truly,
- Imawashiro Hydro-Electric Power Co.
(Signed) N. SHIRATSHI. -
Managing Director. -

June 4th, 1913.
Professor William H. Burr,
Columbia University, New York City.
Dear Sir :— ‘
A difforence of opinion as to the accepted uwsage and practice having arisen in connechion with some structual work
T have in hand, T desire to submit the questions involved fo you. Will you be kind enough to pass upon the matfers
discussed below, writing me fully in regard to them, and at the same time sending your bill for your services in so

doing. . .
(1). Suppose it be desired fo construct a framed structure which it is assumed will in practice be subjected to a

B o4 SECLREEERERIEHE . 21
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total maximum external force of F. Suppose it be specified that the struckure is to have a factor of safety of 2. Is
it not a fact that this factor of safety of 2 means that, if the structure be subjected to o fest force distributed as
assmmed for the fores F, and if the test force be increased uatil the strueture fails, the structure will fail at a value
of the test force equal to approximately 2F. (If theory and practice chiecked exactly it would fail at exactly 2F.) Is
not this interpretation of the factor of salety of a framed struchire the nsually accepted one, and is it not strictly
correct ? ' If not, wherein does the error lie?

(2). Consider the column formula: -
S,

P=— N‘ "

1te

in which p is the force per square inch of section of the ooFEF or slnt; S is m__w@HoHE@ﬁ&% the elastic limit of the

material; { iy the length of the eclumn; # the least radins of & gyration; ¢ a constant. Is it not a fact that this
formula gives the unit load at which the column will firil, and that if it is desired that the column:be:constructed with
& factor of safety of /; then p/f is the value of the load per unit seetion that must be employed? Tn order that there
shall be no possibility of misunderstanding, I will take a concrete example.-

Suppose the clastic limib of the material to be employed in the strut be 50,000 pounds per square inch, that I/r
be 100, and that ¢ be taken as 1/18,000. The above formula gives p as equal to 19,3001bs. This value of 19,300
@oﬁﬁ% is, as I understand it, the pressures per square inch of section of the strub that will just cause the strut to fuil.
.Pum if we desire a factor of safety of 2 we must wse a- .pressure one-half this value, or 9,650 pounds per "square inch.
Is aﬁm interpretation of the strut formula, and of the factor of safety as applied to a strut, correct, and if not, where-

in is it in error?
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- (8). I understand the ultimate compressive strength of a material to mean the pressure per unit area which will
canse failure in the material- tested when the sample tested_is so short compared to its area: that it canmot fail by
buckling, and it is in this. sense that I use ultimate compressive strength in what follows.

As T understand if, in, the light of present knowledge as evidenced throngh the various strut monupswm_ the ultimate
compressive strength of a material does not enter into the ultimate strength of the strub; the EﬁBm__a strength of a
strut depends upon the elastie limib of the material. The above formula is often made use- of by taking for the
numerator of the fraction some value less than the elastic limit and - then using the unid force so obtained as the work-
ing unit foree. In cuch eases T understand the factor of safety.of the resulting strot to be practically the ratio of the
elastic limit of the material to the value used in the numerator of the formula. Is this understanding’ correct, and- if
not, wherein: does the error.lie? ) - . S .

T shall greatly appreciate: an early reply. to this letter:  Your familiarity with the subject will undoubtedly epable
you to Q&oﬁ% dictate a letter covering the matter. If it should happen that you consider my point of view as being
in error;. I shall greatly m%mﬁ.m@.m_g it if yon will refer me to literature clearly dealing with. the subject.

© Very truly yours,
a . L L R : o PR .. {Sed) RALPH D. MERSHON.

LT June 9th, 1913.
Mr. Ralph D. Mershon,
80 Maiden Lane, New York o;w

B & EESLIREESRERIRHE

i
il




1430

B 4 smoeppEesEEdGHE 24

Dear Sir :— - Lo . :
T have carefnlly read your letter of inquiry of June 4th meﬂ..muum the accepted usage and wum.o@.om in Hmmﬁg to
the application of Gordor’s forraula for structural columms. ‘ o
(1). You are entirely correct in your Eﬁwﬁﬁgﬁ of the meaning of the term < Safety factor” as being the

quotient found by dividing the load causing failure U% www mnmpwwmw m&uﬁﬁm&? working load. If 2F is the load which
causes failuve of the column and if F is the greatest permissible working load the safety factor is 2.

(2). Under the second inquiry of your letter you set forth Gordon’s Formula for structural columns, or as it is
sometimes  ealled H”m_u.._u.bmum. formula, with S, as the pumerator of the formula, S, representing approximately the
elastic limit of the material. The interpretation of the numerator of that formula ‘which would made S, in general the
elastic limit of the material is not correct. It has become; during the past few years, rather cormmon for enginmeers
to assume that the quantify in question is the elastic limit of the material in consequence mﬁo&m&@.. of their lack of
familiarity with the: significance of the amalybic processes om which the formula which you cife is based. The quantity
58, is analytically the greatest intensity of compression in that normal cross section of the column at which failwre is
supposed to take placs, .mﬂm it is assumed in the analysis to be composed of two parts, one due fo the uniform com-
pression over the normal section of the column due to the imposed.load, while the other part is due fo the bending
to which the column is assumed to be subjected by the imposed load. Furthermore, the quantity ¢ which is usually
assumed to be constant and which you take in your illustration as 1/18,000 is actually not constant, as it contains as
a factor the same intensity of beénding compression which enbers the numerator S,. As a mabter of fact S, would
take approximately the value of the elastic limit in an ideal columun for which the ratio I/r is .excessively large, ie.
perhaps 500, or even larger than that guantity. The ratio Ifr for.eolumns ordinarily used for structural purposes
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rarely equals 100 for load other than wind and then it is frequently limited to 120.
- All column formule of the Gordon type are tacitly :supposed to be based upon fests of full size columns. .The
resulb of these tests as you are aware are used for the purpose of finding empirical values of S, and ¢ which wilt
make the results of application of the formul® agree as closely as possible with the actoal loads omﬁwmbm failore in
these tests. Instead therefore of S, being even approximately the limit of elasticity, it is, or should be, considered
an empirical quantity determined by actual test, usually having a value intermediate between the elastic limit and the
ultimate compressive resistance of the material in short blocks. Again, it will depend to a.material extent in a built
up column npon the lattics bars or other -spacing members whose function it is to keep the component parts of the
column in their proper positions even up to failure. If the lattice bars ate too light the quantity S; has been found
in many ecases of wrought iron columns for below the elastic limit, whereas in properly designed columns of the same
material it was customary to use values from 36000 to. 42000, and had sometimes even more; a common average
value was 38000 or 39000, which evidently is much nearer the ultimate resistance of wrought iron than the elastic
limit. dhmoidﬂmam@, we have so few ‘.HmhmEo tests of steel columns that we are mot in position to assign with great
confidence a value of S, for that metal, but so far as those tests have been made they indicate for usual values of I/r
a value of §, for above the elastic limit precisely as in the case of ﬂwoumrw iron. - .

If you would desire a further discussion of the matter it would give me pleasure to arrangs.a convenient time
to meet and talk with you.

I do not desire to make any charge for this communication as it is a rather academic matter which has arisen
in connection, I understand’ with matters in which my old Japanese friend, Mr. N. Shiraishi is inferested.

Very sincerely, (Sigoed) WM. H. BURR.

B SECYREEERERHKHS . 24
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ST .07 June 7th, 1918,
*Ralph D. Mershon, Hsq., - ) . -
- 80 Maiden Lane, New York City.

Gmmu.. mn.- -
T have your letters of June 2nd and 4th regarding the factors:of safety and column formulm. The mattor of

factors of safety is an exceedingly confused one. The factor of safety is generally used as a sort of blanket protection
against errors and uncertainties of all sorts. It might m.H%m,EH be called a “Factor of Tgnorance” instead. |

Your supposition in paragraph 1 of the letter of June 4th is sfrictly trme as T see it. ¥ theory and practice
checked mmmmﬂw.. the strocture would just fail ab 2F. However, as a matter of fact, theory and practice do not check
very well in general as réegards framed structures. By “Theory ” of course is meant the usually accepted methods of
calculating stresses and Istrengths of members. It is certainly possible to calculate the strength of a structure
particularly a tower, to within a few percent of its actual breaking strength but this requires more accurate methods
than those in common use for framed structures in general. -

In paragraph 2 the formula which you give has the form of the well known Gordon’s or Rankine's formula. I
believe you are mistaken in using. S, the elastic limit of the material, .in this formula. In the accepted use of this
formula the ultimate crushing strength of the material is employed. (Tests for wrushing strengfh are seldom made but
the accepted practice is to assume it equal to the ultimate tensile strength). ‘ o ;

- If you will turn to.the chapter on Columng in Church’s © Mechanics” you will see that in the derivation of fhis
formula reference is had to the ultimate crashing strength and nob to the elastic limit. Youn will also see in the same
chapter that there is a formula, “ Euler’s Formula,” in_ iﬁowu the caleulated strength of a column is based on the
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elastic limit of the materinl, Fuler's formula is not very much used, I believe, and it is of dirrefent form from that
which you give in your letter. . .

By reference to the tables of safe loads for columms in the Cambria hand hook you will see that the strengths are
caleulated by using the ultimate strength of the material in the formula you give and then a factor of safety of 4 is
applied. This, 1 feel sure, is the ‘commonly accepted manver of using it.

In the concrete example you give T believe the actual breaking strength of the strut would be greater than that
shown by your. computation.

- Tn- paragraph 3, your definition of the ultimate oEm.me mﬁmwmap of a material is, T believe, correct.

So far as my information goes, the. strength of a strut is not directly dependent on the elastic limit of the material.
T believe that where s structure is designed for a load F and it is shown by actual test fo have sfrength to sustain
a load 2F, it should be said that it has a © Test Factor of Safety of 2.7 Such a factor of safety iz often roore
relinble than 2 factor of safety of 3 or 4 E.ﬁdmm at by ooﬁwﬁpﬁob in the usual manner.

Yours very truly,
(Sgd.) D. R. SCHOLES.

Montreal, June Oth, 1913.
~ Mr. Ralph D. an.mrou..

- 80 Maiden Lane, New Yorlk, NY.
Dear Sir:— . - . R o

B sEd REERZERHKHE
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I have to acknowledge your letter of June 4th. Reply to same has been delayed by reason of my absence from
the office. o ‘

T have considered -the various questions raised by yourself and discussed same with ofhers in the offies, with the
result that we all agree that your yiews, in regard to the matter of factor of safety, are entirely correct.

The difficulty is of cowrse that there has been, more or less, a disposition to consider the factor of safety. based
upon ultimate strength of material rather than upon elastic limit. For instance you will note in the old Carnegie
hand-book that 5,000 Ibs. is used in the column formule and a factor of safety of 4 or 5 is based upon this nltimate.
Then also the fact that a tension member does mot finally fail until the uliimate strength is reached might suggest
to some, although I think improperly, that ap.m ultimate strength is the proper basis for determining the factor of
cafoty. - _ o : : _

In contradiction fo this I think it should properly be considered that permanent deformation of a frame’ structure
due to permanent yielding of any of the component parts is really equivalent $o a failmre and not necessarily the
complete destruction of the structure. : .

In view of the fact that some uncertainty Huumqmmm as to whether the ultimate of the elastic Jlimit should be used
as the basis of defermining the factor of safefy, it appears to me that the only safe way wherehy controversy is to
be avoided, is fo state definitely that the factor of safety, of say 2, is based upon the elastic limit of the material.

. Hoping that the foregoing gives you the information you desire, . ) ‘

. I remain,

Yours truy,
(Sigued) R. S.-BUCE.
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Ralph D. Mershon, Fsq., New York, June 5th, H@Hw

No. 80 Maiden Lane, New York City. e
Dear Sir:— ‘

We are in veceipt of your favour of the 4th inst. asking us three questions with teference to the safety factor in
framed steel stroctures. We would reply thereto as follows:—

”m._HM_m._H. Tn our opinion the safety factor for any stracture is the Tatio of the breaking stress to the unit stress
used ; so that your interpretation of question one is correct. .

- SECOND. . The columon formnula given by you iz based on the crippling strength of the column, with proper redne-
tion for the varying lengths. Tt hag been found by experiment that the numerator of this formula is closely m.mmﬁowﬁpmam
to the elastic limit of the material used, so that by using the elastic limit for the numerator of this- formula you are
arriving ab the practical crippling strength of any column, and if a certain safety factor is desired you will have to
devide the results obtained on this basis by this safety factor.

THIRD. As stated above, the numerator of the compression formule closely approximates the elastic limit of the
material, and the crushing strength of material when i blocks so short that buckling cannot take place does not
enter into the actual strength of struts as construeted in.ordinary. structures. .

You are also correct in stating that were a mumerator is msed of less than-the elastic limit, the safety factor of
the strut is @wwuogwmuw the ratio of the elastic limit of the material to the value used in the numerator.

Yours very truly,
mmwmbm& BOLLER ..MOUQM % ”_wbHqu
Cons. Engrs.

o s oEgERERHYHE 21
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