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Structural Material Requirements in

Municipal Building Codes,

An exasmination of the various Building Codes
and ordinances of American cities shows some.littlae,
varidtion in requirements and specifications for struct-
ural material, Tach writer or engineer, to whom has been
asslgned the task of preparing the several ocodes, has had
individusal theory or rule which he embodies 1n the work
while holding in the main to the generally aocepted pro-
visions., It 18 for the purpose of comparing the varie-
tions in the different codes with the hope of deducing
what might be considered as gtandard practice, that thise
investigation has been started.

It iB readily to be seen that a knowledge of
the building requirements is necessary to the designer
whoBe work may be erected in uny part of the United
States, While not intending to fuxnish an abetract of
the codes of all cities it is the intention to point out
those requiremsnts moat subject to vartation and to show

the rangs of the wariation,



guality of Materialas.,

Careful study of a large number of codes dis-
ologses the fact that many hove been prepared from one
originul with only such changes as are demanded by nate-
rials and supplies which sre prodursble in a particular
locallity. Practically no large divergences of practice
have been found., Thers appears to be a tendency for many
cities to ullow the head of the Building Department con-
slderable latitude iIn the acceptance of materials. The
Code of the City of St. Louis (Revised Building snd
Plumbing Laws, 1916} is a notable example of this, Sec-
tion 345, on Quelity of Materisls, stating:

"All materials sre to be of such quality for
the purpose for which they are to be used as
to ingure, in the judgment of the. Commission-
er of Public Bulldings, ample safety and seo~
urity to 1ife, limb and neighboring property.
Buillding matexials are fto conform to lsgal,
trade and manufacturers’ standaerda, snd 1o be
subject to the approval off the Commissioner
af Public Buildings, who may require: tests to
be made by the architect, engineer, builder,
or owner to determine the strength of the

‘atruotural materials before or after they are



incorporated in & building, and may regquire certi-
fled coples of results of tests made elsewhere
from the architect, eungineer, builder, owner, or
other interested parties. (R, C., Sec. 70.)

In the same code this is limited by Section 471, Con-

gtrucetion shall conform to accented standards:-

The matsrials and workmanship of construaetion

for the framework of skeleton buildings shall

not be inferior in quality to the reguirements

of the standard specificatione of the "Associa-~

tion of American Steel Manufacturers.” (R. C.,

Sec. 188,)
When a bullding commission 18 headed by a competent and
reputable engineer, no better provision could be made to
insure oonstruction of the highest clase and safety than
Section 346 above quoted., In the hands of a politiaeal
incompetant 1t is one of grave danger permitting abuse
of office by favoritism and freedom for grafting, For
8 oonsideration, any material wonld be accepted with
such diaaatroua results a8 may readily be foreseen. Sec-
tion 471 safeguards thle by stipuleting that construction
mgt be In conformity with:accepted standerds, that of
the Association of American Steel Manufactursrs being
gpecified. Many clties are content to refer to this

gpecifioation as their standard, some copying it at length
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and others by reference, and still others modifying it to
suit their own particular requirements. In many cities
reference is made to the accepted handbooks for "quality
of materials" and "working stresses™ but thersin lies
danger of dispute owing to much obsolete data heing re-
tained in many of the current handbooks. A clause of
this sort should be wodified by the phrase "and accepta-
ble to the city engineer."

In regard'to the quality of structural materials to
be used four types of specification are met with. One
refers certain materials to a standard specification, as
in the Building Code of the City of Cinecinnati, 1914,
Section 393, Page 85:

"Wrought or Cast Iron and Steel. 411 structural,

wrought or cast iron, or steel, in quality re-
quirements of tests, workmanship and in assemhlage
and interconnections of shapes shall be in accord-
ance with the standard specifications of the Assoc-
iation of American Steel Manufacturers, as given
in the hand books of the reaspective standard man-
ufacturers.”

Another form of this is that used by the city of Xala-

‘mazoo, Building Code of 1912, Page 17, Chapter 7, Para-

greph 1, which makes i¢s reference more general and covers



all materials, it reads:

"Quality of Materials. All materials are to be of

good quality for the purpose for which they are in-
tended to be used, and conform to trade and manu-
facturers' stundards. A1l meterials must be free
from imperfections whereby its strength and dura-
bility may be impaired; and no materisl will be
classed as good when its strength falls below ten

(10) per cent below the best of its kind."

The second type of specification is illustrated by that
of the City of New Orleans where the City Engineer:is
given full power to reject any material that he may con-
sider not amply safe. The same criticism applies to
this as to Section 345 of the St. Louis Code, which hsas
already been quoted.
City of New Orleans Bullding Laws, Part VII,
Seotion 56, Page 18.
"Be it further ordained, etc., All materiale shall
be of such quality for the purpose for which they
are to be uaqd'ae;'in the juldgment of the City Nug-
inesr, will insuio ampie,safety and security to life,
linmb and nqtghhdéing property., The City Engineer
shall have. ib# power to reject all matarials which
in his opinion are unsuitable, and may require tests

to be made by the architect, engineer, builder, or



owiter to debermine the strength of the structural

materials before or after they are incorporated

in a building, =nd may require certified copies of

results of tests made elsewhere from the zrchitect,

engineer, builder, owner, or other interested per-

aons.,

Sections 13, 14, 15, and 16, Article IX,

Building Code of the City of Detroit, illustrate a third
trpe where part of the materials are specified at length
an@ part provided for by reference.

Section 13. rought Iron, "all wrought iron

shall be fibrous, tough and ductile, uniform in
charscter and heving an ultimzte tensile strength
of not less than forty-eight thousand {48,000)
pounds per square inch with & yield point or com-
mercial elastic limit of twenty-siz thousand
(26,000) pounds and an elongation of eighteen
(18) per cent in eight (8) inches, including

fracture when tested in small specimens,"

Section 14, Cast Iron. Txcept where chilled
iron is specified, all castings shall be tough
grey iron, free from injurious cold shuts or
blow holes, true to pattern and having sn ulti-

mate tensile strength of not less than sixteen
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thousand (16,C00C) pounds per square inch.

Sample pieces one (1) inch square, cast from
¥ metal in sand moulds, sholl be cap-
able of suétuining on a clear spun of four (4) feet
and eight {8} inches, a center lozd of five hundred

(500) pounds when testr~d in 2 rough bar."

Section 15, Bteel Custiigs. "Steel castings shell

be nmade by the open hearth or crucidle process and
shall ge free from injuries, and hlow holes, and
ghell have the following minimum requirements:

All steel castinss shall be annealed.

Sample bars to develop at least an ultinate
strength of seventy thovsard (70,000) pounds per
square inch, with a yield point or commercial clast-
ic limit of thirty-one thousind five hundred (31,500)
pounds per square inch und an elongation of eighteen
(18] per cent in two (&) 1nches, including fracture
~rd a2 reduction of twenty-five (25) per cent in srea,™

Section 16, Structural Steel."All structural steel,

including rivets, shall have their physicul =nd chem-
ical properties in accordance with the Maunufacturerst
Standard Steel 8pecifications, as revised to February
6, 1903, and as found in the hsnd books of steel man-

ufacturers.
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The Bullding Code of the City of New York, imend-
ed 1906, hes been the model upon which the codes of many
of the smaller cities have been based and is copied at
length as an example of the fourth class where complete
requirements for all materials are quoted at length.
This is, in all probability, the safest form for all cities;
vet, in the hands of competent authority, the svecifica-
tion of the City of St. Louis is by far the most ration-
al.

Section £1, New York Code, Page 14

Structural lMaterial, /rought Iron, 4ll wrought

iron shall be uniform in character, fibrous, tough
and ductile. It shall have an ultinmnte tensile
resistance of not less than 48,000 pounds per square
inch, an elastic limit of not less than 24,000
pounds per square inch, and an elongation of 20 per
cent in eight inches, when tested inlsmall specimens.
steels All structural steel shall have an ultinate
tensile strength of from 54,000 pounds to 64,000
pounds per square inch., Its elastic 1i:it 3™ 11 De
not less than 32,000 pounds per sguare inch and &
minimum elongation of not Jess than 20 per cent in

eight inches. Rivet stcel shall have an ultimate
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8trength of from 50,000 to 58,000 pounds per square
inch,

Cast oSteel. 5hall be rmde from open hearth steel,

containine one-quarter to ovne-hnlf per cent of car-
bon, not ower eight ocne-hundredths of one per ceunt
of phosphorus, ad shall be practically free from
blow-holes.
Cast Iron. ©Shall be of good foundry nixture, pro-
ducing & clean, toush, grsy lron. Sample bars,’
five feet long, one inch syuare, cast in sand molds,
placed on supports four feet six inches apart, shall
bear a central load of 450 pounds before dresking.
Castings shall be free of serious biow-holes, cind-
er spots and cold shuts. Ultimate tensile strength
ghall not be less than 16,000 pounds per square inch
wvhen tested in smull specimens.
WORKING STRESSES I STRUCTURAL METAL.
From the tubles of working stresses (Tables 4,
B, C) appended to this cun be seen at a glqncé the cur-
rent practice in designing steel members and comment is
hardly necessary. For the most part but little variation
is found and in the extreme values riven are not worthy
of consideration as they are isolated cases and are quoted

tn only one or two Codes, most cities following closely



the values given 28 average. The average table is prace . .
tieally coincident with the American Association of Steel
Manufacturers' Standard.

WORKING STRIUESES 1IN TIMBIR.

A wide variation is found in the specified
stresses for timber memhers, due in part to the variations
in the results of the various tests upon which they are
baged and to the fauct that various factors of safety have
been used. Owing to the varying nature of wood in regard
to knots and other growth irregularities and to the ef-
fect of drying or seasoning it is most difficult to get
accurate test data. Tiber specifications are continual-
ly in a state of revision as new tests are made and exper-
1enée ripens. At yresent timber work must be designed for
safety rather than economy. The following tables D, E, F,
G, H, I, and J give examples of the variation to be met
with and the designer must use experience and judgment
in his selection of stresses. From the information giv-
en it appeﬁrs that‘moet‘valuea are based on tests of seas
spned materials! free from checks and blemishes, and due
consideration should be given this in design where first

quality timber is not available.
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LOADS ON COLULINS

The tendericy of many cities is to.fbllow the liew
York Specificufiuné which specify the loads on Wrougﬁt
Iror and Steel Columns up to a ratio of L/R = 120 and on
Cast Iron colwans with L/R = 70, where "L" is the length
in inches and "X" is the leant radius of gyration in inch-
es. These v~ lues =re frow the formulne 15,200-58L/R for
steel, 11,300-30L/R for @ast Iron, =nd 14,000-80L/R for
Virought Iron.

llost of the cities investigated specify the
formulas that shall be used for finding the safe loads
for columns and Table L is here appended showing the var-
ious formulae that are in use and also a calculation for
each different formla to show the variation. The spec-
ification of the City of Zt. Louis is to be noted espec-
ially as allowing the ratio of L/? to be used as high as
a vilue of 240, (wec Muble K.) In none of thé standard
texts or the subject can » justification for such a use
be found and it would indeed seem foclhadrdy to incorpor-
ate a column of such dimension in any buildince., The gen-
eral practice provides & maximum ratio of 120 for Vrcught
Iron and Stcel and it is seldom that the ratic of 40 is

exceaded,



New York is largely followed in the specifications
for the loads on tirber colunns and again most cities spec-
ify formulae Tor the calceculation of the load. The maximum
ratio allowed in the majority of cities is L/D Z 30, where
L is the length in inches and D the least dimension in inch=-
es, The appended mables M sud i show the formulae used and
a comparative excnmle of the stresses piven by them,
MASQIIRY,

There is a practical agreeance on lLasoury Safe
Lozds in Compression as shown in Table 0, and as all the
cities guoting Fxtreme Miber Stress (Bending) agree ex-
actly, Table P gives the standard value for the various

materials,

CONCLUSION,
From the topics iunvestigated within the scope of
this Thesis we may draw the following conclusions:

(1) T™he Specificntions.of the Americen Associstion
of Steel Manufacturers sare generally accepted as the
standard specification for structural metal.

(z) Such divergencies a8 are fourd in Municipal
Codes are mrinly on the side of safety.

(3) That in the design of any city structure the
cdde of that city should be secured and aarefﬁlly studied.
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(4) That there is soume little divergence in the fore
milae for columns theugh nll quoted appear to give safe
resultse.

| (5, Nimber gtresses are in a state of revision and
owing to 1lack of homogenity of @he'material, should be
used in design with a liberal factor of safety.

(6) Masuary stresses appear to be well standardized.

(7) It would be well for the Socisty of Municipal
Engineers to prepare and publish a Standard Specification

for Municipal Structural Materisal.

Limited tine for the prepnration c¢f this invest-
igation has prevented the incorpor-ting of reinforced cone-
crete specificaticns in this work. This subject alone would
maké material for future work along this line and such a
work, in connection with = discussion of the aceepted prin-
ciples of design, would be & timely end valuable addition

to Tngineering Literature,
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