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_SYNOPSIS

The object of this.thesis will be to determine
the effects of dimensional discrepanclea due to construection
of concrete columns, with respeet to design values; on the
safety of the structural member, and to determine a tole-
rable limit for these discrepancies.

After a discusa*on of aafety faectors in general
and the faetors that affect it, the effeet of dimensional |
discrepancies will be considered- in particular. Statlatlcal,_
data is analyzed to check the contribution of tolerances
to the safety factor. C ertain.examplss taken from the local
practice will illustrate that better results for the safety
“factors may be obtained if the controlling=nn the site is
done properly.
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Initial cost of structure

wost of failure 4

Cost of unserviceability

: Load

Mean Load

Change in mean leoad

Safety Factor

: Probability factor

Pp : Probability of failure

Probability of survival

: Probability of oeccurance of an extreme load
~: Probability of occurance of a -load intensity less than L
Fg + Probability of cceurance of a miﬁiﬁmm., strength
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Ps ¢ Probability of unserviceability :
PY : Probability of occurance of the ultina’te 1oad S>L
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Probability of cccurance b

Strength - : i

Mean Strength -

‘Change in mean strength

Quality characteriatic

Mean value

Mode value

Factor of ignorance

: Number of occurances

: Caonstant probability

Difference af strength and loading
Confidence limit parameter

Angle included between x-axis and the line of balance:
Standard deviation '
Standand deviation of load

Standard deviation of strength
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Engineering can be: dafined as the art and science “
of controlling and adapting the forces of nature so that %
more comfortable and better liting canditians are attained
for the human society. In this capaeity, engineers have to* "=
deal with natural phenomena Snd fbreca, and must overcome ,7%4
them. However natural forces axu runGOQ in eharacter and .f s
though a pattern may be observed 1n some phenomena from time
to time, the engineer must rely on his "engineering 1udne—ﬂ;%§
ment®, and make assumptions pcrtaining ‘to the action of sﬁch,-j
natural forces and " base his wgrk on these.vThis shows hat ;
‘ ‘engineers are wofking in a degreq of uncertainty. Lhis. un»‘:Fb
certainty, this relative ignorunce of natursl forces Wwith .
which the engineers must work hﬁve c&uaed ‘them t6 1n1206uce
allowances when they are dealing with auch forces.‘The civilé
' engineer, probably, is the unluckicst ampng hi's collegues,
having to. deeign for forces of whieh in mcst cases he is
completely uncertain, and has to make larga allowances from
time to time. < :

These allowances have come to be recognized as
factors of safety. In the past, factors of safety were . A
assigned quite arbitrarily, stemming either from past expe-  *
rience with a similar sort of problem, or from excessive and
extreme caution. At the present ss we have*come to learn thaﬁ,
behaviour of our materiels,'and as our deeign methods have» ﬂ}
improved through the ages from trial and error methods ‘on< 'f
‘wards, it has been possible to' make great reductions im our
by safety factors, thus achieving more and mqre economy in.time,i
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energy, and materiel, It indeed is a long way from the z1g~ b
gurats of the Dabylonians, and the massive construction style
of the world's greatest emgineers, - The Romans, to the moderéﬁ
skyscraper, yet the best is not achieved. | fﬁ

With the introduction of the computer to solve
structural preblems, it has been possible to refine design
criteria and methods eveh further; but with respect to the
procedure; the assumptions that are to be made prior to de-
sign lag far behind, thus depriving ue of'achievinp real
economy that could otherwise be attained by our brand new
systems. : '

One possibility to achieve better results, is to
accept the probabilistie attitude towarﬁb the fhctor of safetr
Though many engineers still refuse to recognize or admit % :
determination of safety factors by statistical ana1y31s, is %
a better mathod ‘than our pravious soluticna, and is here to
stay until still better methods can.be develaped.

'The'¢ore of the méthdd can'very’brxefiy bé éumma— S
rized as follows. Many variable factcra centribﬁto to’'the
uncertainty in our assumptions prior to design. These Vari-.
ables however: moetly obey the normal or Gaussian distributien
of probability, and furthermore can be combined with one an- f*
_ Other, thus giving rise to a single factor,af\qafety,-whlch
is by far the mqfe the more reliable‘ahd economic - safety )
factor, and which zives a battér insight to the whole problem‘f
of design in comparison with the empirical factors of safety
that are in use today.- |

Tolerances or dimensional discrepancies in construc-
tion is one of the variables which contribute to the final -
safety factor. up to date no one has really bothered to deal
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with this aspecty assuming, perhaps quite Eorreetiy, that ol
the effect of tolerances is quite unlmportant and negligabls,vwi
to the final safety factor. The object of the present study. R
is to inveatigate the contribution of dimensional discrepan-

‘g v
;)' ;

¢
cies to the final result, and thua to fill @ gap whieh is '@3
existant in the engineering literature, and to Justify or to '?a
refuse this asaumption. ‘ ‘ ‘ Pg

haia

The measurement of tolerances, hoWwever requires j
a great amount of time, due to the experimental and statis- -‘ é
tical nature of the nork ~and so far very little has been dcne }ﬁ
in this field. The idea of the present study was, therefore, &
to start as a first step, with a simple case. A8 this simplev;g:

case the effect of construction tolerances on the safety of Qj
4
3

.‘,

reinforced concrete columns has been'selected This selec-
tion is made primarlly because:

X The failure of columns is of primhr# importance,
since it costs more in terms of human life and
materiel. ;

2= ihe ultimate strength of colunns can be expressed
with simpler equationn. ‘

3~  The measurement of eolumn dimenaions is nuch easier
than that of any other atructural element.

The results of the study are prééented below,
following a literature review and analysis on the factors
which affect the factor of safety, and in conclusion a better
insight has been gained as to where construction tolerances
stand with respect to other factors.

It is observed from Tables 2 and 3 thet £f the = |
effects of dimensional discrepancies are neglected, the 0
‘percent of error in the safety factor varies from 2.76:% 3§
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for the case where p ie u.OOS %6 5. 26 for the case where
p is equal to U. 030. _

It will héhcheasval €5 Chapter IA, Part I that
allowing an error of (1 “+4) cm, where A'is a very small
quantity, the error in:the safety factor is bounﬂ to be
about five or six percent. Furthsrnora, ia ordar to preVent
‘the error to exceed 5 % in the lliﬂt& thctar, the erpors in
the dimensions of the columns musi he &hdnt Q.T em. However,
 with increasing column dimensions this Jimit may slso be
somewhat extendad, ntill yieldingfa 5‘% érror in the safety
factor.
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APTER 11

A _LITERATURE SURVEY AND ANALYSTS

A~ SEQUENCE OF DESIGN

structure with a deeidéd level of sa»*foty, at. a’ minimum cosﬁ.-“
lccording to Freudenthal(ﬁ)and Broam (1&) the sequence cen- 5.
3ists of three ateps* 3

1-

2=

g

“mined, and its probability distribution eva},uated.

SAFETY FACTORS, cwsmmc*r;g ggggmcss

AND STATISTICAL MEIHODS

The work of design invol,ves the proviaion of &

Determination of design 10&6‘,,. o the specifica-
tion of the standard losd pattern, and its relation-
ship with tne actual; the mluaﬁcn cf‘ the probebi-—w
1ity of occurance of various intmities o:f' loads,
and the analysis of the time dependence cf the
standard load, and ita v&riability. & .

Determination of the strength of the structure, i.ex i

structural analysis. This step includes ‘the consi-

deration of the strength eof 'the“*building materiels,
the selection of sections,and the structural arran-
gement of them and the analysis of the structure in 1
the light of the aforementioned. In this step the

~maximum intensity of standanrd load which can be app- . B

lied to the idealized st&&icture without causing ;
failure during the period of service must be’ deter—

Determination of a quantitative vﬁlue of Sa*rety, ise
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safety analysia. This consiats of. two stepa~ .
a~ Formlation of the rules for the selection. of
- the design conditions of the structure with rea.
pect to the uneerviceability and failure, and
choice of the optimal rule. This is formulated
on the basis of two fund&mentally different app~
roaches: 1- Direct prebability approach which
specifies numerical values for the probabillties'1
with which both failure and unserviceabllity are
to be avoided, and 2= ?he _economic approach _
which compares the cost of fnilure to the cost -
of inereasing the carrying capacity of the strue~v~
ture. ‘

b~ Determination of the in&enqi%ies of the standard. *j
- load associated with the acceptable probabilities
of failure and of unaerviegahrility that have re-
sulted from the selected decision rules. 3
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B~ SAFETT FACTORS

stress® invelves a comparison batween a computed maximum
strain, and the strength of the materiel, and implies the .
existance of a margin between the two. However the Jjustifi-
cation of this margin has been queqtioned by most engineers.
Freudenthal (1) points out that as its conventional name i
"margin of safety® suggests, it reveals the subjective stri-.
ving on the part of the designer for an adequate measure of
safety, as well as’ .&: conaeiauansna of the limitations of"
his knowledge, and the arbitrariness of his;aasumptions; that
its real character has remained obscure, however and its mag-
nitude is generally estimated on the basis of subjective jud
ment rather than tbjective fact, and that wery little has be
done to establish a criterion for its determination on a more
rational basis than the experience aﬁd.Jqueaent of the de-
signer. Even the most refinéd~deaign is thus depri#ed of'itgz
merits, the designer being compelled to choose the fundamental
assumptions of his design largely on the basis of subjective
arguments, without ascertaining'their validity by the identiéf_i‘
fication of the objective conditions. Research in the sphere_”“i
of new materiels cannot be expected to bear its full weight
upon the economy of structures if the safety factor can be
fixed rather arbitrarily "between 1.25 and 4.00 or even hig=
her". Therefore an analysis of the safety factor to identify
its true character and to detemmine its objective values has
become of imcreasing urgency. ihe conventional safety factor
N, can be stated as:

N — yleld stress i
allowable stress

whereas the new definitions (5),(2u) are as follows:
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and as Freudenthal (1) points but the true character of safetly
factor is disclosed by the introduction of a statistical cén—i
cept of physical qualities, accorﬂing to &hich the individual
properties composing the structural ﬁhunomena of strain and
resistance are presented by frequdncy distributlons 1nstead
by individual, i.e. minimum or maximum values. The safetvy
factor, correlating the induced strain.with the resistance of.
the structure is derived from dbservable ‘and measurable phy=
sical properties and phanqnena- 2

- The correlation of strain and nesiatanee requirGS-fp
“careful analysis of all features of atruatural daeign, both'

“from the points of view of basic assunptions, and of statis- :
tical interpretation, even though the available experimental
data is st111 far from completa. : &

The principle underlying the cnncapt of the factor j
of safety can be understood best by reviqwing ‘the rundamantal
difficulty of structural design. The atractural characteristial
"strain® is a result of calculations ‘whereas "pesistance" is 5
derived from the observations vi. phya;cal properties, and &
hence the result of material conception. The two character- |
istics, therefore, are uncompatible with each.other, and can-
not be equated. Consequently strain may only be correlated s
to the resistance by a relation of inequality, which is ex-
pressed in termms of a probable correlation range. This range 5_
itself 13 a function of the degree of perfection in the concapt‘“
It should therefore provide for the *ollowing -5

1- The imperfectlon of human observation, ungertainty
2- The imperfection of design procedurea, ignorance

| The range therefore is a function of the twe fac=

[¥%. Y ‘o
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tors cited above. The improving methods of design have done :
much to decrease or eliminate the eecond factor, however the -
uncertainty in obserwvation, though it can be reduced due teo
changing of circumstances that are cauaing it, can never be
removed completely. Hence the safetw factor is a measure of
uncertainty rather than of ignorance. 1nd&y we are able to
reduce it partly because of refined methnds of design but e
mostly because of excellent control of production, and stan--f
dardization of enpineering materials._;' » oy

The laws of structural déaigﬂ'afe derived from the
laws and principles of classical nachanica, However, most un=
fortunately, but inevitadbly a certain nqmbar of parameters of
these equations represent observable or mnasurable physical
properties or phenomena. The appliaation of the equations to"
structural desizn reqnires the introduction of real Values of
such properties under all posaible agnditions of practicle 3
importance. Some of this values must be predicted or estimate,,
sinece the observation and meaaurement of these under all relevs
conditions are impracticable. Such prediction is entirely di =
ferent from laws of clasaical mechanics, and it can only refer_t
to past experience; making the e¢ffect of chance an abaolute" i
necessity. Systems of chance thus give rise to statistical
laws represented by frequency distributions. Prediction based’ “~
on & statistical casualty, therefore, may be expresaed only in
terms of the probability that a certain event will oceur ‘
within definite limits.

The value of the safety factor N may be derived
from the condition that the maximum load L or "strain® induced
in the structure by actual service conditions mast never cause .
such damage as to impede its fitness for service, even were
this maximum load to coincide with the lowest value of the
structure's strength, or "resistance™ 8. Thus:
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If #4L denotes the maximum range o fluctustien of actual
load about the éxpected value T, and +AS the maximum range
of fluctuation of ‘the streagth of the structure about its = °
expected value T, the maxinum‘lnad will be

(I+AL) /. , LAY
and the minimum strength will never be lesa than
AT SRRy r (5)

So by eqs' 3 ; the condition to JuBt ﬁrevexit the failure of -
the structure ) - -

ﬁAL=§;As' L B e

factoring §and T , and dividing bath sides with the factor?v
(1 +AL/L,) we obtain :

in which by definition

¥ LoASS , (8)

1 +AL/L
and eventunally |
T =x58 (50

At this point it would de advisable to consider the i :
Ratio Method of safety factor determination (14) . Brown beg ¢ff,
by defining stress and load factors. He has defined the stress |
factor to be the ratio of the ultimate stress of materiel to “ff

1 71y




© ROBERT COLLEGE GRADUATE SCHOOL . PAGE
/ BEBEK, BYANBUL

the greatest strength induced by design loads into the mate=
riel i.e. the design stress. He also defines the load factor
as the ratio of the ultimate load to cause failure to the won
ing load. Nowadays load factors have penetrated the codes of 3
design practice for steel and cancrete, yet they also have |
their own shortcomings. Though Torroja, chairman of ICBR Come
mittee advocated their use (9) other authoritative names on
the subject of safety, such as rreudenthal, Herzog, Resen-
blueth, and Collier (12),(13) defend the view thet load fae-
tors are really of no help to the enginqer. ' '

prown (14) defines factor of safety aa the ratio 0’
resistance of structure > to theldetign lqad effcct P o
stands for maximum siress at the critical aection at failure
in the stress factor, and the load applied Just to cause fail—
ure in the load factor, whereas ngtanﬁa,fbr maximum stress
created at the critical section bx}tke design load in the :
stress factor, and the design load in the load factor.

The design load L is generally the greatest reason- .|
ably anticipated load in use, and the resistance 5 is general
the lowest reasonably anticipated atrength of the structure. y
Both the load L, and the gtrength S can be selected at any - L5
point on their respective curves. (Fig.l) However the selection
of lower values of 1, and higher values of & apparently give . r
higher values of safety factor N.

The intention is considered to be to give a ratio of
the lowest reasonable anticipated resistance .of the structure t
to the highest ‘reasonably anticipated loading* ¥rom the pre= f;
ceding the safety factor is finally de*ined as :

' Baker,u.LesA.3 "The Work of the European Committee om Cbnpreté#i;'
| Structural Engineering, vol 36, venuary 1958 '}
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Fig.vl.

which is apparently the same equation as given by Freudenthal.

It should now be appropriate to recall that if there . |
are a certain number of events, with their individuél chances
of occurance not affecting each bther, then the probability
of them all ocecuring is equal to the product of all the sepa~
rate probabiuties.(as) (24) (26)

P(B, ,L, R SRS ) =z:\1>(13. R &7 )
der A6 AREHE of ‘this explanation, and referring
O _:qg—‘“: - - | i | ——
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back to Brown (14), it is observed that L is multiplied by
a factor i which varies according to the certainty and ade-
quacy of the loading date, and S is divided by a factor J ;
which varies according to the certainty and adequacy of thef'
strength data of the structure. Then in order to obtain a. |

balanced situation, o
iL=—§— (11)

and cross multiplying
5 s e
and substituting eq. 3 | Ao
N=i1ij i : i SR (11v)

which is the factor of safety from the engineering viewpoin&‘
In order to satisfy the social factor of safety the provideé'
strength S is increased by dlviding it by a factor k Then f'
the balanced situation is VENWETY s

and cros; mulﬁiplication.yieide : ’. _ & Ke
R ,, {12e); ‘

and substituting eéo - - » ‘ e g
=i e (12b)

where N is the final factor of safety. The values of i, J,

and k¥ are necessarily greater then unity for normal selec- *
tions of reasonable loads and strengths.
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expected number of load applicatious,'qrﬂon the basis of an
economic balance between the c&ot oft increae:t:;g safety, and
the cost of failure (6)-. The choi:ﬁe of ‘the. Bpecificaticn of
the probability of failure depénﬂs a’n the importance and e
of the structure. It is- evidcnt ﬁ'xai'r the pre’bability of :f.‘ 1~
ure of an important structure or of.a struoture the failure
of which would endanger human’ 1ife ahould be practlcally :
Monumental structures, too,(14) which are. built. with a loi
span of life in consideration should ﬂl&ﬁ have h.j.gh safet
factors. Unless the design (6) could he hased on an absolu‘
upper limit of the load intenalty, anﬁmn a distribution 0! e
the signiﬁcant strength pameter knm to- be defimtely 1 :
nited at a minimum valuej structums based mn such bases
however be inefﬁcient and unecanomical. It is, moreavar,
quite logical to attempt to da&&gn for Zero . pmbabihty of"
failure or unsernceability as othe? risks to.a structure;
fire or earthquake are accepted as ine?itable. thhough all:

quite small, and its magnitude f:lnda mmerical expressionf
in terms of insurance rates or of that par‘t of the rates
which represent the pure risk. Hem;e eompariScm of the riak;
of failure or unserviceabihty with bt.her riska of similar

cation of an acceptable probability df failure or of unser—
v1ceab111ty. : '




J

sity with an improbably law carrying aapacity,ﬂ%;e;‘str“' 3
or ultimate load, which weuld praduce*failure ef the stru-'

number of load appllcations. ..f,

b '-'7‘.1.«;,'_:. 4 : o
The economic apprqach to the specification of an
acceptable failure risk is based un the assumptien that th

fa11ure, and to ‘a lesser extené the cdst af unserviceab
are necessarily functions of %.ha pm‘bqbility of failure PF
of unserviceability P, for which ‘the - atructure has been
designed, the optimal economic probabilitiea of failure ore;
unserviceability should make the sua of the 1nitial aast of
the structure A, and the capﬁtalized coat c@ failure or. 6f¢

~timal probabllities arez(l?) ‘f;-;f“ :'lg»‘.‘f

A+ P c R a minimum LS

and A+ P gg---- a m_nimum

T%‘ %*%-v%‘-*o

and also




The total cost of failui'e is mde up of' m omp
nents, one. ,vhich is inde‘penden‘h of‘ P‘= :

%
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The 1nf1uences that affﬁct tﬁe fuctor ef safety
have been divided into twoc groups, hearing Telatively upon }
load and carrying capacity RLHE 12w  In{addit;on to these g
principal groups, an 1ntermediate gro&p.smbodying influenceé
of -the method and procedure qf the comgutatiqn of strgin has
been introduced.

a= Dead 1oad > va‘ ;
b~ Live load with dynamic affects

5. Ungertatnty end Variability ef‘external couditiqns’
that are independent of‘the 1@&6 J“ j‘ cele MR
‘a~ Change of tempecature o S R
‘b= ¥ind forcee o e A ‘ '
- g Uncertainty of béhavieur of subsoil

3= Variation of rigidity

4~ Imperfection of methodg andshbbvcemings of aSBumpti-4k
a- Accuracy of methcd anﬂ the toIerances of %
‘numerical caleulation ‘ :

b= Inadequapy of’absunptions coneernlng init4

and boundany conditidns Pt i




¥

- the accuracy and the refinement of design methods a
: ticns, specific&tiéns«concerﬁing 1LVe loads are the

'mcst ‘conspicuous. %hs valuea pégommended are arbitre
Tang for the most part, haye na structural aignific

end flctitious conditionajia nntieeébly lacking.:

;ponent parts of the ai&uﬁturew mnerafore, the com
consideration of the &plerances of- weight and.di'

Uncertalnty and inaccuraqy af the aéénm§é¢ma¢hhni
of earrying capacity - 2 .‘ e B
a~ Inaccuracy or inaéequacy of the coaceived
; mechanism ‘”f;'* R - ¥
be Variabllity of’xesiaténee iimits df matar

Variation of structural dimenaions

-

‘.1‘4 4

gions will lead to a reﬁécnably accurate eatimate 6”
the variation of the ‘dead load.:“ﬁ,ﬂ TR 2
On . the part of the live: laa&a,khow@ver, it can be aa
that among the many instanaga of 1nccns;stency betwe

the inadequacy and’ vagueaess af the underiying assump

emanating often from.nan~engineering quarters. A g
cut distlnction between everyﬁay conditions af servie




stipulated representé far ﬁm ‘Wbat»i-“'partﬁ, hi{?.hl?
voumble conditlona, thé omiaranm Of Which ;lﬂ |




sure permanently and ws.th a dqgmo of aafe't.y 'equ |
that required for the prineipal service loaoa,,

severe atorms, need onl;; be exﬂeated ou rare'ecnb"
Hence mnﬁ forces ahcmld be in&ro&ueed 1nto the a

values are concerned whereaa mﬁmm affec‘tq shou,l._'
be afitt el pas et in the facwr' ;’af.'aafety Long time ,,




The foundatlon is .an integfal p@rt'af the A
and its behaviour, mainly erending ‘on, the beha?i,
of the subsoil exerts conaiderablerlnfluence @n

ture is either entirely negleateﬁ'in tﬁ% co&yen:
design, being based mOStly onith’fJ'\

_1nsinn111cant. : v;,»;;u~\3,,.m

6~ _Accuracy of methods ag § ;eranges of numerica'«
tatlon.

1f hort cut methods are applied as substztutes E
strict theoretical ana1y31a, the range of errar ﬁ
be compensated by an approprlate incrwase 1& the
ral factor of safety. The functional depenaence of
safety factor om the relat1Ve crudenesg of tha des
method is thus establlahed Thﬁ-maximum range af




5 varlatlon'“

Sf

'-tancg

a function of two vavlehies, at sectional oharac

. is epplied, g0 that the Eame mﬂteriel which appe
' perm:mently tough. and defcnﬁable under low stra;

soundary conditlans._v_ ; FE
Boundary conditions are expreésed in terms in
lacement, and the anngar deflectiﬁn of ena ‘se
The boundary cqnditions far thevaupperts may be
rived from obaervatlona of the movement of the:-

rarily, or to 31mlify thc mathemati¢s witheuﬁ-
factory. evidence that, tne ch@iee i& ﬁutional.r :
The manner in which the b\f;;r#g;nénd;tidﬁs;fcrggnégk
sectlona are assumed will ¢Qﬁg¢derap1¥ infiuencer ‘l

should be
Tshoulé'bciﬂ

Unéertaint& :!d'“': :ﬁtﬁﬂfi' )

fitness for- service of a strnctuxa¢ It is priw

tie, @nd. the resistan&é, qatrength- of - the m&té
For practically every 8ﬁructural materiel this
tance is influenced by'the :ate at whiéh strain
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g-  TOLERANCES

| The issue of toleréndes'éﬁd“&iﬁﬁnSibhal é?fﬁf&{ij
12)(16)(22) is one of the facmors %hqtf ffluence the. ﬁetermf'
nation of safety factor, though it 4ffeet is almost negzli
in standard procedure.. According tovvoliiar(12)‘ thareﬁiss
one source of dimensional errnrs'icona¥rﬁctiau, Nnne ‘are.

not generally exceed 2% to %% the fluctuations of areas
section moduli are within the ranga of ﬁé o 6% abouﬁ the,

also with its change in the future ob&ng tb detarioration
These influences must be c@ﬁﬁiﬂerad, therefore, r

corrosion.
ien of the initial aaféty f&gtor. fj*

#he_compgtat



1~ Variation

a- 1n the

general : a*ig

b- for expnsed carner col
umns,-contr&l ﬁointa'
and grooves 7

Variatlon from straight,
correct positicn in plan o‘
buildlng 1ines, position o
columns, and wall d;men~5‘
gions.




_ Furthermore John R. Nichoiﬂ{&E) -has s@ated”‘hwt, i
tolerances must be related on tha one W to' tl'mil!‘- &i &

complete ¢omparison of valuea gﬁ&an
622 for- various struetural membam.
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characteristxc X (Fig. 2),»
tistics of the frequency distri
servations,xﬁ‘of the charge;etia
mean value is | S

tion into two equal halves wherea& 3@ ’théf
the maxirnum frequency the diatribqﬁqn tﬂ;tains‘ 'gha
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deviation of the quality characteristic X is given as:

The standard deviation (T) can be defined as the radius of

gyration of the area under the theoretical probability curumﬁ
about the center, i.e. T. (7)(9)

If the paremeters of the distribution fUnction

chOSen guch that
+@

Jrerae saiie S

the integral  _ ¥ .'*“ e

a 2y Y A .- .'-"

facturinh processes an effort is generally made to at%ain
definite value of characteristic prapgpty. This obJect@w& ‘
be expressed either by stipulating a minimum value: of the
perty or by imposing a limit on the fluctuations about i%ﬁ
most probable value. In either case the objective cannpt b
achieved in any degree without imposing controls on the @ An
facturing process, in order to insure the systamam&c elimi:
tion of assignable causes of fluctuation, thus reducing.th‘ ;
range of dispersion of the individual values. The visiblg; e
effect of such contreol is to produce a unimodal frequean i
distribution of the characteristig be}l,qpapgf yh{g§.§n



ideal casc of maximum control, may be axpreasqd hy'
or Gaussian law

X,?,G‘- = = e 7,0'51
£( ) ‘ﬁ(z{/:éagﬁ, s
Where

2 = ..._!..._x_.x -.’

a

The distribution functiehn-af rssl prO$é!ii. 2
rally deviate more or less from the idcal form ¢
eq. 20 even if the degree of produotign gﬂgtrvl

high. They are mostly asymmetric and thé most probable
value of the distribution, its mmdal vulug X,. dif”fi‘
the mean value X.(Fig. 2) ok 1 i NI

sarily arises as to whether the value aiiod\qt thaﬂld bc
pulated as the minimum limit or whether thg inetitablﬁ :
sion of values should be controlled about an expected avt 3
It can easily be shown that the setting of minimum 1mj_4¢r- 2
although still the prevalent conventional procedura, 13
siderably less effective in safeguarding such a limit, and B
less reliable than the control of fluctuations about an’ex
ted mean or most probable value. The current opinion that
quate safetly can be insured only by specifying minimm limi
is unfounded.(1)

Bven under adequate éonditiens of control the oceu
rance of values lower than the stipnlatad minimnn is at111
possible, this probability is computqple by a statistica;;
~ terpretation of the tests. The only. pdusibility of r0dac$¢
“f ihis probability pract1cally to zene ts by antrollmn3€ ‘gﬁf



dispersion of values about an expected mean value, ihﬁéf
fining the minimum limit in terms of the probable extreme
of fluctuations below this mean value. The distribution
tions reproducing the results of the check tests deterﬁiné
the range of fluctuation £jo about the mean, or the most p
bable value of X, in such a manner as %o enable the desig
to make the probability of an individual value amaller th

- J&, lower than any arbltrarily chosen figure

Experience should be represented by the mean vaj
X of the observations, together with its standard deviai
Only in cases in which the available data are unsuitable
statistical interpretation owing te defieieagi!ﬁ'la £
character will it be necessary to stipulate exttamaa_‘,
for all possible values of the phenomenon or tha charﬁc‘
tic considered., Only than will it be neceaaary to 11m1t
‘maximum range of fluctuation by assumptions based on ihé -
1ateral information end to introduce the midpoint hetleﬁn_‘:
extremes as a tentative approximation ef the most prbbﬁb ’
value. (1)

ek S e Tk 4 d o



der spec:xfied operating conditions, and S the mmity o‘
same type of load that would produce milure of the stme

or unserviceability i.e. strength, the follawing &lati
(6)(17)(18) « s

r-_-—_S-L(‘o 2

determines the conditions of failm'e or of unaervicubi‘

the inequality r>» 0 is the condition of snrvivai,:’,gg ‘l" :
s PR

tor of ignorance™ m)1 is introducod eq. 22 bwdma

Po s el e @

Decause the statistical variations of & and It,, e
independent, the probability of failm P is the p!'odnat
" the probability P, of occurance of a 10&5 intenSitJ exc'.
L, and the probability By of occurance of a failure load
(23) (24) (26) conversely the probability ﬂf Cumm is ths
probability P{ of occurance of a load intensity 1&98 thm
and the probability P, of occurance of a failure load §) 1
Doth probabilities can be defined either with respect to fe 1~
ure or with respect to unserviceability; :provid’ed'v that the
failure load i.e. ultimate load 8 is related to actual fail:
ure or to unserviceability of the structure respectively.

“hen L and S are normally distributed with neansi_,
T and § and standard deviations ¢ and ( and if two variables’
x and y are defined by ’

""The analysis presented is a more detailed expanai.on of tha"
study given by Freudenthal 6 !



so that the distribution functions of x,nnd y un%
to eq. 20

p(x)= T R b —%—3 ) o

p(y)—'

exol- f)

Hence the probability of any comﬁﬁn;tfﬁﬁ““ ‘
defining a certain value of the variabluéstﬂ?j

.

follows: From eqg.s 24 and 25 ‘_,;? .;;7;13§ifhv

r=5-1=(5-yq)- (zg-T)

and regrouping fti{ift4 fv P

b Ew.

and the probability is given by _. ,ﬂf»A'}fj§f;*

N -

p(x). P(¥)= (28)

- o L

px). p(¥)= b,

- e[ 2 f]




IT Quadrant of S=L Ay ;,Quaarant of 1

improbable failure failure x> 0'.,_
x {0, y>0 (shaded volume exy
sing probabi
N fai lura I’,
/i “" / X Wiy
lines of constant £
probability [ o
R b3
v \!
: III Quadrant of ce ;‘.\{I
survival x <0, P
y<0 N y ’A'z‘:.
(elear volume expressil : o i
., probability of survivgl =
\ P;:l-PF) | i

s b - e— -

< lines of constan
prdbabi lity g e

In Fig. 3 the x and y axes represan; the 'g"q.gvg.g and 25‘ :




taking the logarithms of both sides of eq. 30
lnp=1n1=1n2n=F(Ppy¥)ine

Inp= —1n2n - -%'—(xa +y2) : ;

therefore

5-(z°+ ¥°) =-(1n 2'n+1ng)

hence

x°+ y° = =2 1n (2 p)-—- t.sos 103(211 l;) (54):

coordinate system describe circlea. 'Ihe W ef thb_il&
can be found to be at /gy and Dbi ba' lpﬂhtihg |
x * ¥ "‘O

The radius of the circle is equal‘t‘ef

£ 2, 154 = 1%(2“ b RS
In the same coordinate 8 ,,'stem, the neceaam ew
balance is to have r=0. Therefore from esq. 27 SN Kty

el S ) it +N)=,o
and

T-T=x +y0’

ik
which cuts the length (¥ - f)/cr on the x-ax.‘v.a and(s ﬁ
on the y-axis. The slope of eq. 37 is found by ana]:tic s
metry. Since the equation of a straight nne 1&

-

g+ D ‘ s (53)

yg,=—- xQ +(% - r)

and divﬁ,ding eq. 39 by G,
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A
¥y = C,;,x+ T

Hence the slope of eq. 37 is (-~ /7). The condition that t!
line of balance eq. 40 be tangent to the e¢ircle of consts
probability eq. 34 is that the radius of the circle i8s p¢
pendicular to the line of balance at the point of tangency.
Defining the angle, the lines of balance form counte‘i'-:clb
wise with respect to the x-axis, as d the cmplemﬂataw p
angle is found to be (R-&) Fig.s 3 and 4. i

qual to 90 degrees, angle(2)is found to bﬂ

180 ~ [ 90 = 180 +o¢]= o= 90 :

and from there angle(3)is found tobe - .
90 = (&t = 30)=m~o

1]

The cosine for angle (3)is found to be

cos (ﬁ-d)ﬂ-—-&- ~

%

There fore eq. 41 becomes

-1 te 7
cos(M—
o (

From Fig. 4 it can be discerned that the area cf the tri.
AOB can be found by two wholly different aethods, yielding, ¥ -

identical answers, i.e.

b

Area = ac = b A0 == bd -

At y= 0 eq.37 gives x as equal to(!-g}lqzwmch i.a ih



‘-" i * e o o e — ”'-. “

wa i 3 b %
& i be N

‘JL ";f;——;a-—_-_

;

' keqiml tp(c) « Then (d)

| ' 4= KC= (xz- x':’z".{ I?'

 Therefore (d) is given as




Simplifying

( - LR ‘t(

Q.G

the equation transforms into E R e T

-

§-1)= trfcr"’ 7

and dividing by G

(s -1) T e e

SESVFR YRR
Q: 3 AL ;

which determines the relationship ;

by eq. 36 , eq. 44 separates the'regiﬁﬁ 6§ -4 j
from the regmn of "surﬂval" (r)!.’i) m m» 1

with reference to Fig. Angle (2’) W.Mt';:ﬁ
equal to(ol— 90) . The cosine of angle (2) 8 Vi

cos (- 90)=_—%%

and of angle (5) is ' sl

cos (6 - 90)= -g—

i.e.




cancelling

and the sine of

and of angle (5)




and

QX =L -1

The probability of f‘ailnrt
(L,8) along the line r=0 is given 3’;
under the surface of rotation p(x,s)
plane along the 1ine =% U perpendl ,

based on the mean values

L=L=8=8

an arbitrary stralght line of negat,ivé ﬂ@pﬁ_ m;,‘,
the origin, the chances of failux‘e ot* m;wi b
and equal to 0.5 as in this case tb,e plauu
the volume of Px,3) s s

o i
S

safety”, and the ratio S/L is the fge:tor«of aﬁﬂty um
pect to the mean values of the applinﬂ 1@@ md fﬁilm

'1'.4-:0’

and S= 5 -y G




It TI.C{, al
associated safety factor, which ahould be defiuaﬂ mm
the probability factor, I where N=3/L, can be computed
eq.s 42 and 43. This is the core of the design probldn,
conversely if either 5,0 ,, and p, or 3 3 B;.C; are |
the permissable mean value of T or the probability of fai
can be computed, which representa t.he wm of the mung p

Eqg. 43 can be rewritten 80 as to pcmit the di
evaluation of the probability factor K‘

multiplying by qc ’ FRARD o A

522 50+ = zﬁof +tfof |

¥, ‘:é‘
regrouping eq. 48a 3 | e ;;' ' “4 e
- 1247 - 2 L4 P-tifa0 &7
such that S e i
2 : ‘ org AV
2 2 Gs |

and ‘dividing eq. 48¢c by T

. —%22(1 - t?.-gé—;)— 2




(Vs ) and losds (V. ) and the confidane ;
Tables relating this parsmeter to the

in the Appendix ( Tables B and G) *W :
average strength 5 is kept W times larger
load T , the probability of failure viﬁ ;hﬁv :

factor must be decreased in the follo@ng:mgg!
the design factor of safety N such that, W7o S e

g [y t..T..) RS e

. ta V) Foe
R aTaer.




In eq. 52 the numerator is called thn Mmtmum
and the denominator is called the ove]
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~CHAPTER III

_BFFECT GF _CONSTRUCTION m s i
ON THE SAFETY 0?

REINFORCED _CONCRETE M—

A-  THEORETICAL DERIVATIONS b R

The main objective of the present stpée m %q 3

b ey T

tigate the effect of dimensional diseregnnnigi ggqjgg
? L Y
struction on the structural safety. e

ges occur in the safety factor. Gné dr thesev
dimensional discrepancies of a stfuatuﬂ!% e

cause;

1- The failure of columns is of primary 1mp¢rtan¢¢,
they cost more in terms of material loaees and

life.

o~ The ultimate strength of columns can e cxprecsed

by a simpler equation.

rement of column dimenaiqns is eaaiestw
: m&hen struc;

3~ jieasu
columns are not integrated




concrete columns which followe.

P= 0.85 £'A f_'f,&s'; Pyt
-This equation represents the'Iqulthi‘A

P 1is the load carrying capaci§¥
f¢ is the ultimate compressive s
is the area of concrete ,
is the yield strength of st
s 18 the area of steel reinfff

= P

Pssz‘f‘I‘

and the mean value of P is the
Hence /

T T+ Y 0.8 DL

‘The coefficient of variation of G,%
variation of the product of two varial
Appendix, Table A, for such relatioﬁ#,

chJ V&— EA" ]
The coefficient of variation of Y, 7?
also obtained from Table A as follows =

rJa"‘i

A

variables, C and Y. Table A alsa giVeS ths

- ficient of variation of a variable, ﬂhich ia‘ f
lﬁ,ﬂ g L




of two other variables. Hence the coeffictent i
of P may be written as follows' , * '

V= Ve
T+7Y

Substituting the values of V_
eq.57, Vo transforms into

¢ = /(%?+ *fif’.)‘z'? + ()P i ,

B4+ T

Considering Go/(T = ¥)° alone, it is ¢
both numerator and denominator by s

1
[+

-

0

and also d1v1ding the numerator and
by YQ one cbtains y

Bl T IO Y Y
A e :




approximately at the center and W hﬁ a‘l‘ t
toe of the column in questiom, wem tﬁkm
smallest dimensions were consiﬂared.a 'nhm
of the measured, {.e. the aetua;t ei’bsﬁ s

was calculated, using eq. 18, ﬁ!
and the standard deviation of tw,‘a

by the following equation.

a

Lol o
X



Coefficient of variation of concrete are‘.ﬁiv3n
G = 04026952 % Hi b

Coefficient of variation of 0t£ll;ataa§(’~3ﬂ;f
N, = 0‘402911?8' A

The afore mentioned values wnre Bubatitntﬁd
where the necessary values for'ﬁg , and fg ﬂv?ﬁ
from Appendix Table D. Both of theagvﬂhu m
to equal 0,15, since this value eomapwﬁa ’ao
worse limits of good quality cnntrol 6f E T
of steel reinforcement. o 7,‘

practice, the percentage effétgﬁ
from & minimum of 0.5 % to a A

p at each solution, varying o
ues of p were taken such ﬁhat they
of 0,005, The results are pra !
Figo B %

nrobabilitlea of failure, nanely

po‘ == 10—4
and

..5
%2:: 10

were considered.




"

In eq. 50, tr is the cauff'
meter, and from Tables B and C in the,
determines that tp equals 3 .72 lnd 4;27'—
tant probabillty of fallurelgnf p.. and

tained by the six Vp v.aluaa_.-
tabulated in Table 2 and plet

value of N, eqe 52 was re ‘
each N the appropriate vali
tained in step two is uuﬁ. _

desizn values was assumed. 0!! %» asi
sumption, tg and t, are taken ggl.utl 'W.




the procedure that was diselooed in steps
inclusive, was repeated agaim. This time,
V  was taken to be equal to aero itx oq.60 i

sultmg values are presented in Mlﬁ ;'l and
11, 12, and 13 respectlvelx.



noetﬂcmastmmnm.
BEBEK,ISTANBUL

2=  RESULTS

The detailed derivation of all the results can bt
found and followed through, in the ecalculations, M‘Nr

ippendix. Below
L8 presented in
ire provided in

Mean wvalue

Mean value

Standard deviation of the ratio A /,‘j 0

Standard deviation of the ratio &‘/L.‘ of D&Qﬂ. areu

areas VA,,

areas V

The percentage of error between Tables 2: -nd ¥ for a
tant probability of p,, at p =0.005 3 1.78 % ]

The percentage of error between Tables 2 and 3 fcr l
tant probability of p,, at pr.O’O : 3.44 %

The percentage of error between Tablea 2 and 3 fer a
tant probability of p,, at p=0.005 2 2.76 %

The. percentage of crror between Tables 2 and 3 for a :
. tant probability of p,, at p=0.0%0 : 5.26 %

: 0.02643

Coefficient of variation of the ratio AA/AD of stu);"i '
: 0.029183 _ o

a resume of seme of the most f,mpnrtamt rec
a concise form. Explanatory Tabl« and |
the following pages. :

of the ratio Ay/Ap, of ddﬁeratd-ams T
of the ratio A /A, of steel mn I&

q 0.02664

0; : 0.03067
s

'\r
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A FBumber of Occurances




altézoo +
190€0°0 ¢
86050°T ¢

9 = oy







 (‘h)mBusmg jo uoTieTae Jo jueterzzecy

00TST®




%)

Probabilidy Factor (.

«010







- 4
. o
&
~ s
; A
S a
2 £
] 5'“?
s g"
(< I -
o
&
&
o
&
L &)
?h
KE

2.0900 +=




()

- 1.710C

~ 1.7000

1,010




)

"

3

Coefficion¥of Variation

Figure - 11

!







Probability taotor(ﬁ)'

O

for the constant probability of




3 iy e e T E———— " ”
o . SR e ke e ' " . S
o (&) tooas oo o
2 .
E: €0 020* _ oto* 000*

4 T T o i 25 Wt T 00E6°T

— 0086"1
.'
m < ocoiét
w
o . N
WS. o m
— W ~
Tk ~ 0066°T
33
S
-4
e — ooto*s
“0&
=t
. Jo L311TqRqexd juwgsuo0 oYy 107 .
, —1 00t0'z
. VET ~ emftg
a ; - OOmOo‘w :
e % _ (n) Joaoey Mmoroe o 3



-

L. 1.6400

i ]

41.6240

 for the cometent prebadility of
, e .

+

«010

% of ateel ()

020

’
A
T
S
i
¥
g



CAMESES DR
uolm ‘COLLEGE emnwt m ¢ oo M R PAGE
L SR TN | s

i i

In the construction site. fmn whera values for Tab}.J
P, G, H, and I were taken, thirty odd eéncrete test cubes werc
- broken to measure the compressive atmg,th of concrete. The .4
variation of the seven day strength m 153 kg/cm the maxi-'!
mun strength being 350 kg/ca’, and the minimum 197 kg/ca’. Tt

~ is not however deemed necessary to. cansieder this variation, 1
since the design, i.e." Zs—dq!atrmgth% of ‘concrete was assuud
to be 160 kg/cn®, and even the lowest. valie of the seven day |

| _‘fcubes exceeds the 28 day strength by 5’7‘ kg/e.m « This, of couw
;diregﬁ.y causeu an: increase in the quw i’a@tar, but at the

"5 '_sale time it s quite needless, and rqpremta a loss of money‘

it _eansed by the unnecessary zeal md ezag&siwa diliggnce of the

engineer in chargm o i SR A
It ia now appropriate that the &'equenc;r distmbu«
tions of the ratio of actual areas to dcaign am&s be cansi- ,_J
‘Qered.(Fig.s 5 and 6) For ratio af con.ci‘et.e areas: . i
S A 0,98893 A
Ta ¢ O 02664 iyt iy
Va + 0.02693 | |

T, f 105098
WIA 3 0 02918

5
P

These resulta are :m. aacﬂmmce 'With m mc‘ults db-i




pace 6

; taimed below by approximate mle of thumb methods. For instlmci

T in the case of the ratiog of concrete areas:

and . Sk
| D,=1.07000 ~ 098893 == 0.-08107

...9.4...._&!. Wa G.OBOOEI

- and since,

ARt D)/2 Bedl2 o ximue&sw

”1@

o,

which means that, there is only an error of 0.1 %. Oue can alaq
run through the same procedm tor the ratic of areas, of s‘ceeh

to obtain:

S Bye 1,05098 - 0, 98000 = 0.07093

and
E,= 1.13000 = 1.05098 ==0.07902

_;_g_& P Mga&_-?mz.so;moo.

" and since,

- which means that in this case the e.rrm: i's about 15 % .

.‘&.___ilﬂ_ M&w 9.02500

:xi
"1

It is also intereeting to point out that, although
ik ._the mean for the ratio of areas af" eoncrete is. belaw unity, 1.1
: .the constructed areag are’ in general, mller than their de-

Aol "s!;,gn values, ‘the mean for ratio of steel. amas 1& above unity :

1=



oL

;aSSnnption is not without founﬁatinn,.,

' | -mznasummn T A A

- i S

Whitol ibans thas steel 1y piadiced In 1arger tHan hostakl et
uunsions. These discrepancies have their own effects., The de— j

" viation of the steel area means that more steel is to be used

in the construction than is indicatad .in the design, which in
turn comes to mean that more money than nhecessary is teo be
spent, without visible benefit wheraas the discrepancy in thg‘
‘concrete area means that the actual areas are samaller than an-
ticipated ones which results in a thecretical decrease of the
carrying capacity of the structure. 1n qnestien.

The ratio ¥/C (Chapter , baction A) was defined: o
to be the ratio of concrete area to steel area, whereas ft &}
is rather the ratio of the gross erosa sectional area of’ths~:f
caluhn, to the area of the steel. Hﬂmn?er since the values a

~of concrete columns{Appendix, Table F) include the cross sea» ‘
‘ tional areas of steel in them, and uinme the percentage of Tﬂ

ateel, which does not exceed 3 % at most 1is qnite small, thia {

G

Bg observation one can daduce that QQu ‘6u will re=
ault in a hyperbola if it were plotted. ﬁ@wevtr, the curve is )
so flat, with a radius of curvature of snch great magnitude, A

“that within the limits p 0.005 to ps 0030, it may be approx-p

imated to a straight line ( Fig.s 8 and 11) The equation of
this straight line calculated from Fig. 8. by the formula 2

is Lol
- 2.9 i ‘
Y~ g

It will be recalled that thﬂ values Vf " and V; wer&l

‘L?obtained from (Appendix, ?able D) bnth as belng equal to 0. 15 .

This value represents the maximum va?iation 1n steel reinfor~ 5
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cement, and it was chosen in order to obtaln the largest va~. ?3
riation possible in V? which in turn gives the smallest and -
of course the most critical safety factor. It also represents "ﬂﬁ
the maximum variation in goad controlled concrete, or the m1~iff

nimum variation in fair contrclled eoncrete, and is both a
probable and sensible choice.

In eq.52 tg and t, are confidance limit parameters
of the probability of strength being below design strength,
and the probability of load being ahcve design load respec-
tively. Both of these probabilities are assumed to be 10 %,
(zable D) although the probability that strength will be 5%
below the anticipated value is the assumed practice in Europe.,JL
The choice of 10 % is based on the fact that Ain Turkey , the
quality control is poorer, and that 1w % is g mistake on tha
safe 31de, yieldlng a still smaller factor of aafety. From
Tables B and C one can determine that both ts and %, are
equal to 1.28 .

ATE %s. dame cnnatdaged vorthwhile to. investlgate th.d
cftbet of the second expressian under ‘the radical sign in’ QQtZ
it represents the effect of steal and‘is nnltipliod by the %
f%ctor | Ko

prcbably would be somgwhere about 3 % in the coefficient of
variation of strength Vp ; and thia Ii for the maximum valuei
- of p, Which {s equal to 0.030 . Numerically
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where the ﬁrst term represents concrete, and the secomi tern
represents ateel. : X -

The question at once arises as to what the et‘fect of
tolerances are, ‘and what would have happened had they not heen;
considered? The effect of tolerances is represented by Vo tm@
coefficient of variation of the mnerete area. Assuming this tq&
be equal to zere, and dropping the & ftemm, a new set of valuegj

of % (Y), of probability factor N, and of safety factor N are,
~calculated and presented in Table 3. It is natural to await the
new set of safety factors to be: amallor than the previous set,,,

presented in Table 23 and the results eonﬁm this observatio j
The deviat:tcms Dbetween the two eﬁeta bamme more pronounced a.i :.?
'the pereentage of ateel p is inma.aﬁ. Hmrever. at most the 3 1 -
viation adds up to 5.26 % . This shows, therefore, that slthough
the i.ne,luaion of the effect of telarm'ic;es in, t&u calculation
safety factor provides an added raﬁnment to the design, m s
_emlusian of it dees not have a great effect on ‘the overall o=
ture. L, )

It will alsc be noticed. that whm; the effects of t
dimension.al discrepancies were neglected, anly \;‘_ was consid-
dered to be zero. Strictly end theoretically, Va, should have ;‘;;
also been ‘considered as gero during this ‘process. However, as
it was mentioned earlier, when its effect is & maximum, lies
when p=0.030 , the effect of the stepl area in eq.60 is only
9/10000 of what concrete conmmte&. Thepefore , practically
nothing is changed by keeping - the cwarﬁcient of variation of
steel as it is, instead of reducing it to' 2gps. This, however '{?z
saves one,a lot of unnecessary. m«i, and by keaping v the
way it is, a great ecmomy of | ‘time is acmewﬁu
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In order to check what the situation is where there J
is nene or very little quality control, eighty more columns -
were measured. These measurements were made at two \molly dif- ‘{
ferent building sites, and forty columa were measured at oaen
gite. The measurements were taken as the previous 40C were maﬁp
i.e. three measurements were taken f‘mm each column, one frou W
the top, where it is integrated into the oeiling above, one
approximately at the center of the ¢olumn and one at its toe. : 1
The smallest dimensions were ¢hosen as is leustomary, and an 1
actual cross sectional area was detequ- Then the ratio of J
these actual cross sectional areas to intended "desig,n cross -
sectional areas was calculated The x‘esult is presented in -/flitj
Fig.T . As it can be observed in the figure, the distribution, 7
curve thus obtained for the above mentioned columns is extm- 2
mely skew. Having made the reading! at tam different sites .
may be one of the greatest reasoms fdr thin skewnesa; but the ;j
poor quality control exercised at both of the sites is eert&j: ) e
1y an outstanding reason. One might therefore, point out that‘. 3
better the quality control exemim at the ‘budilding aite, ﬁlﬁ‘*
more one ¢an expect from the cmutmona executed under the -
influence of the prodability theory. This is based on the factg%
that good quality control deermet the skemu ©of the disty-
ribution eurve and also causes it %o beceme wrmr., and tnﬁq{‘
2% better mmlts are obtained.

Committee 622, and R, Nichols have given certain'iggé
 values for deviations, and these are presented in Table 1, -

Wnile these are more or less held fo be true for the majority
" of the readings (rable F, Appendix) which do not exceed a to- j;
lerance limit of 2 em, in some cases the deviations are r‘aan;hea'“;w
‘large. ‘

HTos e
’*;5‘& g
REy )s s 2R

What Nichols states in Chapter IT, Section B, comel v
_under fire from Anderson 22 + Anderson criticizes Nichels: 1 .,
as being outdated. "Nichols" he lma vntten "was thinking cf
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cast-in—place concrete con:truction . It is true that today ‘
concrete construction is moving towards prefabrication of ’_
structural members, and becoming an industrialized process ” :;
in which mass produetion of factony»manafhctured structural
elements will prevail. However, it is a;ao true that these
changes are taking place in highly developedand industrialized
regions, and in Turkey, as in most parts of gurope, the pre~ %j
dominant practice is unfortunately‘cna#-inrplace construction.f,
Beth the strength variations and the dinansional deviations ;;
are more pronounced in this type cf eonatruction. Therefore,'—‘h
what nichols has stated in 1940 ia still true and acceptable
in Turkey today.

To conclude, it mlght be added that' by adopting ¥A1f%

the principle that neither design. 1@:&;, nor safety factors,’ 5
and permissable stresses should be ,quied arbitrarily, it {f@
will be possible not only to eliminatc _inadequate design, bﬁtkiiﬁ
frequently to achieve considerable eeanony. It might be pos= 15%
: sible, moreover to determine correct safety factors and per- = =
missable stresses for unconventianal strugtunna, or new ;;«;_ﬁﬂi

strnctural forms and materiels. i rer e i o 'féﬁﬁ
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.;]}1Calculatlon‘of the mean'value of;theirail
'7 f“sect1ona1,areas of concrete to the d351gn,"

:’"%fSum,total of ‘the, ratlo of actual t“
,5 Number of readlngs taken,(ng 250

f@fareas of concrete'rﬁf,9W*

Z(Xn;' 1;)2 0.235115711
”QfTherefore, thﬁ standard’de71at

Gf»;‘ —-—-——-—-———-° Q’Zéém "2 04050666

.030666
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' ¢ CALGUIATION OF TR COEFFICTENT OF VARTATION OF STFENGTH

l'n thls section eq.GO_will ved several tlmes
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 m-owms

.02323 | ,(_)2334

R "@?‘é..-—" 0. 15091

.02327 »
N (1 + o 015)2

L e fo 15018

s g: b0

V:-“- j .02323

(1'+'0

V,.: .14946

 m—caems
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. >"7? 0 02323 B I
(1 + 0, 030) :

.14804
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‘7”ﬁfvarlat10n V

i D- uALCU“LA’.EION EIF PROBABILITY} FA \TOR

. In thls sectlon eq-SO v111_beﬁsolved several tlmes,.v
‘fx‘for changlng COnfldance llmlt parameterftP; i o

Y - :, Appendix

”7¢§ éawsm

'fj.507y7

o CaSe 2 v,,o 15091 £372

(1-—:3.72 0.150912)N 2 jﬁfﬁ(i ).722 O.u190

O 68486 N - 2 N +-O 72877

ﬁ?i;?f??ﬁ:
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Case 4 'v 110, 14946 o 3.72

(1 - ‘7‘? 2 "‘.'1"49262)N




- - THESIS - e e e s
o ROBERT (COLLEGE' GRADUATE scuom. Sl eaGE B4
~ BEBEK lSTANBUL

Case8VP 15091 t,: 4;2'17‘7_77";

(1 ’~ Ry 27V o 150912)N | 2 1\:+ (1\‘;4 27. or.019'6)”;

o 58478 N ----2 N,+ s l6;4264~1_

N &= 3 06108

 Gase 9 Vp 015018 .tfp 427 S e

(3. -Q 4.27 0.15018 ) 2-— 2 ¥ + (1; ~ ‘427';"0 0196) =

O 58879 N - 2 N -+ O 64264

E= sv

| Case 10 vf,.,o 14946 t,,' 4 27

1"‘ 3 01468

o case ii\ ) ‘vf,“; ' 0,{‘1437'5";’ :lifc;r,=l _7:’4 27

o (1 - 4.27 ko 148’"2"' 2)

o 59660 1\1 i

‘“‘V;:Case 12 VP i o 14864, Ctpn 4

(1 - Zf?ﬂ -—frso‘zz) g 5-0198) -
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0.60039 '5:“,2 ~ 2F + 0.64264 = 0

.97089
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THE SAFETY FA TOR N_:

E-_

CALCULAT TON oxn

: In this section eq 52 Wlll be solved seVeral tlmes,"
for changlno values of coefflc1ent of variation of strength

'V (WQ ’ and probablllty factor K. In this equatlon confidancé;-
11m1t parameters for strength and load ts and tL,Vare both

~ taken to be 1.28 from Tables B ‘and C, Appendix, for constant'i
probabllltles of 10 % VL is stlll equal to O 14 . Eq. 32 1sf'

(1 = t,_V)

and suﬁstitutinglthe;givenlvalues into the equation, it becomes;

Case

Case

Case: %

'N‘;=

%

.N'ﬁ

(3 i 108 V)

(1 -[1 28] [o .145)

v ?'0;15165;

P .

¥t 0.15165,

: e

N = 2.49355 -

'1‘{ .4 2. 50737

l 17920

T 3;08568

5.08568

1 - (1. 28)(0 1)165) = D, loggg;l‘

1 17920

3 2. 49355

1 17920
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Case 4

- Casge 5

Case 6

Case 7

Case 8
Case 2 "

 Case 10

33

Vo: 0.15091,

¥ : %.06008

N = 5.06108 —

0.15018, -

1--(11._28)(0..15091)v.v',_,,_ 2.09354

-~ 1.17920

VP:'O;ISOIS

 N= 3.03745

v, ¢ o‘.-149‘45 A

1= (1 28)(0 150;8_) = 1.69901"
1 17920 R

r\y:;j 3.037457

1= (1 8) (0,15091) :;'2'.-08575
1.17920 S

T & 2.46750

N = 2.46730 —

V,: 0.14946,

f

_TJ

1 - (1 28)(,0.14946) ~ i.69908

. 1‘17920

i'\'f' . 3‘».01468'

N = 3.01468 -

Vi 0.14875,
N = ,2.45469
V?. 0. 14879,

2 99234

1:~ (l 28)/0 14940) -2 06746 :

L. 17920 o

T 2.45469

1 - (1 28)(0 148751 = 1. 68531}

’ 1 l792u ’

'-2 99234

(1 28>(O 14875)__ 2 05441'

1 17920
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C.a’s;e 11 : Vr: Ofl4804, ﬂ' ke 2.44240

N = 2.44240 2= (1. 28)(0.14804) | = 1.67875
e T 107920 0

Case 12 % o;,14804, T : 2.97089

N = 2.97089 L= (1 28)(0.14804)= " 04,,01
1. 17920 ==
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F— CALCULATION OF THE cozuxnlmr OF VARIA.TION Or SI‘REN GTH -
. 'ITH THE EFFECT OF TOL::.RANCLS NEG L.uCI'DD '

In this section,.as in section]C, eq.60 will be

" solved several tlmes for Vp with changing values of p "

'However thls time. both W% and Vg are taken to be equal to
zero. V! and: %y as before are taken to be equal to 0.15 -
,from Table D, Appendlx - Eq. oO therefore transforms into :

. ’ e 3
. 1 L2 Dp°

Ve |T—2 4y

s fp‘(1+p)2 -,"?(1+p)2

Substltutlng the given values and 31mp11fy1ng, .‘__u,ff

Pz' ‘~Of15 _ ﬁ;+'p* :
' Now, 1nto thls new equatlon, the different values of p are
;substltutea. e

‘Cage 1 .p.: 0.005

| V= ——2elo fl +o.005
o (1+ o.oos)

‘x{,,z-, Q. 14851

. case 2 p: 0.010

[ 18 N /1--0.0102
o (14—0.010) R
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Case 3

Case 4

Case

5

% = 0.14705

P ;*0;015

- Q.15
\? =

5

(1 +0.015)

. p :.0.020

Ve _
P (14 0.020)

Vo= 0.14562

. 0.15

14+ 0.015

Vo= 0.14420

Cp:0.025

0,15

- /1 + oo

_Vp= 0.14282

. case 6 p:0.0%0

- O.*l"B :

DV il 1 +8.025°
P (1 +0.025) / o o

.o

A . 2
P (1 4 0.,0%0)

Vp= 0.14146

j 1 f““"o.oé‘o‘z. o
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G- CALCULATION Of THE PROBABILITY FACTOR N, WITH THE

'"K'ZCT OF TOLERANCES NESLEC"’“T :

In this secti on as in section D eq. 50 m_ll be
solved several tlmes, il.e, once for each value of V .
;;verythlng, is the sam 5 exc_ept the v values R which ' are
taken from the-prevceding,chapier. As given in section D,

(- tHWA)T2 ~ 2 T +(1 - t2 0.0196) = 0
gase 1V, : 0.14851, tr,; 3.72

iy

,(1'-_"5.72 ' .14851) B - 2 W +(1 - ..722 .0190) . 0

e 69479 N2 - 2 F 4 0.72877 =

Case 2 U, : 0.14705, t,: 3.72

(-3 -,722’0,_:!‘.'47952)5’51'-2 ~2T+ (1 37722 5TOTE) ==

0.70081 F2 — 2 ¥ + 0.72877 =

W = 2.,42502
Case  —2, vr’ 5.14562, tf, 372
(1 il 6‘"3“"5?2)1\: ]— 2 W+ (1 - ‘5‘?3, 732 a“’".c“‘l%)

0.70649 F° — 2 N+ O.72877

R 2.@0”134-




THESIS

ROBERT COLLEGE GRADUATE SCHOOL - o  pacE

BEBEK lSTANBUL

92

Case 4 TV, :0.144_20, t,1 3.72

(x- 3-:7 T 1442&) 2-2 i + (1-—‘7”. z 0‘"""5.019 )~c

0. 71230 m2 -2 T + 0.72877

=2 ;'377_45'

Case 5 VP ;-’0;14282, tF: ,3'.'72_ |

o ,~7l77u I’2 - 2 N + 0.72877 :.-—,0 l

 Hem2.5561

Gase 6 V. i 0.14146; t: 3.72

(- EREE —_—“uj.la‘.‘_lﬁmgz.)ﬁzf 2 W+ (1372 07015%) = 0

0.72309 T2 = 2 W + 0.72877 = 0

H= 2.33411
L gmse T V. 0.14851, t,: 4.27
R | 2-‘-"‘——""‘2""2 i - 2-——'—3) ,.
(-7 TSR 2 T + (1 - T‘" 5.0106) = G

0.59778 K2 = 2 T + O. 64264

N == 2.98565
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Case 8 VP : 0.14705.,- »t?"_'4*27'f

L1 -7 272 GRS 7)) - 2 T + (1 = 73272 50196) = 0

_.50580 F2 - 2T +0.64264= 0

F = 2.94071

Case 9 W, : 0.14562, t,: 4.2

(1 = 7727° 57145629 5° ~ 2 N + \1 - 727 TRI%E) =0

0.61328 T2 — 2 F + 0. 64264 =0

¥ 5'2;89980

.Case.‘iO. _ _VF ,:' 091.442@, tP:~ 4.27

@ - 77272 oI TR —

2 T+ (1 - T27° G0196) = 0
062094 W2 = 2 W + 0.64264 =

w—

W = 2.85892

| Casell Y : 0.1428'2," t,: 4.27

(1 -7 27 op 1428“2)\’ —2 %+ (1 - 4 72 u.u196) = 0

0.62805 F° ~ 2 W 4 0.54264 =0

' T= 2.82185
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‘ .Case 12 VF : Ofl4146,- ) t",:' 4.27

(1 - 770 OUITEEY N - 2 W+ (1 - §927° 0.0196)= O

0.63516 B2 — 2 T +0.64264=Q

W= 2.78558
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H= CALCULATION OF TH SATBT; FACTOR N, WITH}TH:
' ‘-EFFEC“ Or mOLmRﬁNVLS,N GLEC :3 :

: o In »hlS sectlon, as in sectlon E, eq. 52 will be solved .
sevaral tlmes each tlme for a new value of 1‘4, and all . other

- values are the same as in section E, i. e ts and t botb are

-‘equ&l to 1.28, and vL is .equal to U.J.4 .. The follomnp' equatlon
_' tharefore is used. ' :

.' N: ﬁ 1"" 1328 V_{ :
(1= (1.28)(0.14)) .

Case 1 V, :.0.14851, § : 2.45055

i cuasoss L= (L0 ey
RS 1.17920 B Lo

. Gase 2 V. : 0.14851, N : 2.98565

= 2.08565 —L = (1.29(0.14359 ° _ 2.05063

1.17920
 gase 5. W}’i.0.147u5, -E ; 2.42502.

S 1. 17920 mao22l2
Cgase 4 Y oo 14705,]‘ 2. 94071

N.~ 2. 94071 ,1 = (1. 28)“” 14795) = 2,02444
| Covarsa T
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Casa

© Case

- Case

. Case . !

~ Case -

. Case

. Case 11

”J_(N~=:2§334liﬁ'

N '=2.40134 -
A :’40.1,4562

=

V@ 0.14420,

v, : 0. 14282

:-N ~.2 35561

N = 2.82185 —1

Ve

V, : 0.14562, N : 2.40134

1.17928

f{ S ‘2«.'8'9980 |

%f— §1'28)<Q‘1456é} 7ﬁ:1Q65585

2.89980
s l 179;&

v5-:»o.144263

| 1 - (1. 28)(0.4962)“ = 5.00076

| 1 - (1 28)(0.14420)

N = 2.57745 —
ot 117920

'_E:i

1.17920 '

? L035561

"ﬁ:%’2Q8§892~"1 (l 28)(G 14420)"

(1.28)(’) 14282)

©1.17920
| 7:"0.'143282 N 2.82185 e

(1 20)(0 14"82)

‘ l 17920

<. 2-33411‘ :“‘

o. 14146 1,7:

j 1.17920°

.,’2;37-7'4'5 f f e

= 1.64401

= 1.97694

= 1.63244

i
bt
o
Gl
R
AR
P

— (1, 2%)(0 14146) - 1. 62@99
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Q .14'1‘46', T  2.78558

1 - \1 28)(0 14146) = 1'93453
1. 179"0
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" I- NOTEZS ON.THE LIMITS OF ALLOVAPLE AE{RQR‘ B

Given. a rectangular column, w1th.the deszgn i.es

- 1ntended dlmen81ons as (a) and (b), in width ‘and dmpth, there,a
is p051t1vely goxng to. eAJ”t a dlscrenancy, as descrlbed 1n'f

the prev1ous chapters._ Denotlng the d;scrupun01es as:&a ané
ASb in (). anc kb) respactlval), 1@ defining both. Aa and

&b as, negatwve, so ‘as: to insure’ the worut probable case, _
'the de81gn aﬂu‘CPOSb sectzonal arcas can be wrmtteq as fo1lovo'5

.-

De81gn Area ;;' a.b

.Actual Area: B3 (a —Aa)\b /‘;b;«- a.o - a. Ab - blka +Aa

*‘ﬂeglect¢ng the la term swnue 1t is. of uCCOﬂd order,_tae
“aoovc cxpres:10n for the actual area can be wrltten as."*_j 

"Actual Area  :] b - alkb - bh.

vano dLv1d1n5 the acthal area bJ the deolgn area,

DeSign Area EETEEN U - : R ‘_ L S

,?1Nhere the express;cn a”ter (l) stands for. the coefliclent of A
"varlatlon of the areas %&/3 To magnlfy the ex1stunt errors uo
'fthe utmost, a square column o the smnllest cross sactlon must
 4be con81dere6. For instance a’ 20 % 20 can be. con81aered '71thf'
,311owances oi 1 cm. on. ‘each side. Then equatlon A becomes,: 

Aza

Ra 10 of areas l ~~2

ijand with the given values the coeff101ent of varlatlon comas
'fout ta be O 033, whence the percenu of error in the saPety
'faCuOP ba arely passes Plve or six pe¢ceni To obtaln thc coef-
':“,f1c10nt of varlatlon ‘of concrete armau, . Q. 026992 por a.
' 20 cm by 20 cm column cross; sectlon,‘from tne above equation,‘
tvone observes that the ratlo ZBa/a must not ex ceed O.S cm.:_ ‘

Y
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KEY TO TABIES

Table Az Thls table glves formulae fon the mean,
“stan&ard devwatlon, coeffic1ent of varlatlon Tor. . :
*'varlous functlons and is obtalned from ?efeLence,,i
_number 18 '

 Tables B and C These o tables give varlous L
'_velues for areas under a normal clstrlbutlon curve,-f
‘and are obtalned from Reference, numbers 123, 26 .

;Tables ) and . E _ Theoe two tebles glve varlous

values 10r the coeffﬂclent of varlatlon,of atrength“ﬁ

1of relnfor01ng,steel anc of concrete, and also theycf
- give tne ccefflclent ot varlatwon of" load. ”hey

Nere taken frcm Rezerences, number 17 {

"Table SO ihes table was constructed by the data
VObtalned at a constructlon 81te, eno w1th.thc help

ef chls ﬁlg. 5 was plottec. It glveo, ba51cally,‘*

*the ratlo of the actual concrete area to the 1nten»fg
'edea or aesxgn value.? ' ‘ i B

Table G : This table was also constructed by the

V-data obtalnec at bhe same conetructlon Slue, anc s

Fig.5 was plo+ted using tms tables It glves the :

Vratlo of the actua‘ steel anea o the nomlnal area,,*
;and the mean ‘values for concrete and steel ratlos

vere calculated by the helo af Tables F and G

.flables H,and I These tables shor the calculatlon
. procedure. for the obtainment of the standard devia=- .
~ tions for ratlos of concrete and steel areas respec—j

tlvely and are. coqstructed by the help of data ob~‘

' ﬁtalneu prcm Tables F and q. In these tables X "
'irnpresent the ratlo of concrete ereas, and X the en;

"-ratlo oF Sceel areas. a
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 Value(X)

Arithmetic

Average (%)

~ Variance

G

Coefficient

‘of Variation

% |
; 3
,\,1(

| I.V‘W‘ =
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TABLE B -

B
-

¥ -tC.

' “With ¥ as the mean value, there are two probablll-:'”
ties‘of oaservatlon in.a normal di sbrlbutlon curve‘_

1le "An- ooservat;on may be smalTer than x - Crt , in
 wh1ch case Lt wxll be denoted as A, a

2+ An observatlon may be greater than k - (Tt in, '
“which case iu w1ll be denoteu as. A '

_ In Table B whlch occuples the next two pages,
‘Values of A2 is vlven for correspon,dwn~ values oi t ‘and in’
' Lable which is on the tnlra follov1ng page, vdlues of.A4 13

f‘gi en for the correspondLnﬁ valaes of t ' ' o
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~ Here the values given below are for Ay :

3.0

4.0

OT

;09

.~ .00
.01

oy
04
.05
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.08

00135
e
o%es7
0783
o
07233
00159
0108 |
404723 '
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.o*207
ot133
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';05211 .
07130
R
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f?§479

C 0
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.0%281

6
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08599

08330
3

~170 -

>182

NIRRT ISP Ty

0%
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Sugzested Coefficients of Varistion.and Tolerance Limits

TADLS - D

for some Structural’Materiels"are given below :

Materiel

Coefficient
: ) 0:0 ),Av
Variation -

Probability of
Strength Belng

pelow Design
Strength

P §

Steel

Reinforcement,

£

"

0.10 = 0.15

005 — 0.10

Concrete, £,

excellent control

5004 control
|fair control
poor control

0.05 — 0.10

0.10 — 0.15

0,15 — 0.20
0:25 and aéove

0.50 in Hurope

Structﬁrai,

'i'Steel;*fj

0.08 = 0.10

0.01 — 0.5

B
‘_'j
o
-
o
\
A
R
-
]
e
|

Remafk :':This Tahle is taken

from (l])]infRefefehcesu
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Paiture .

| Logses 40
.Oonst;uublou,
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: fPefmisﬁable '
 Probability
‘of Failure -

p v ;_

OObfficient of

Vﬂriatlon of Loads

. ‘vv"".

3

Values of ﬁhe safety fuotor ¥

VsA Coeff clen+ of Vhrlatlone of Strength

EX

f7-Excellent \
;Control

Goad ,“i' Falr | Poor

Oontrol Control . | Control

16_:-f

 ,100 ,

 Trafiic Loads

. Jead Loads ' ”,C;OG‘
: ;'lea LOadS . "bool

T"af“ic»Louds

Live Loads - Oul

0424

Dead Loads = 0,08
_ ‘LIVG'LOuda ’Qil’
. T.r‘c.f.g lc I)O ud. ’ ,‘ Oy¢2

4[

4

| Doed Loads 0.8

4

0.05 B

1.16

,1,g7~:a

:2““1;1 !
‘31040’ .

Sla34
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130 | 1.5 192
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TABLE

-

~,“m1n1mum'Actualu"(
Dlmen31ons -

-'1n Som

in

- Design .
- Dimensions = |
' cm.

‘ ~ :A¢tuél:g

Areaz

:1n Suly

;Uesxgn,
_Area;
vinem”

“Ratio . §

cof

Areas f

i,_29 80
- 1-29.85

29.41
1 28.52°

| 29.85
- 60.31

58.55%

173014

1.39.62
1 29.35
o 29.65'

|1 30.28
-} 29.78

1 29.83
. 29.84-
19.71

20,31
.430.01
-} 29 88,

| %0.15

| ss.84
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| 29.89
-} 59.48°
). 6028

R RN
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MM KK
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M x44>#x .
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10942 |
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154,46"
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100.47. |~
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109;74\ :

110.56
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©.59e23
60.27.

i77 72

97.21 |
80.,%2 .}
99.12

“30.00
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30 .00
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%30mo:
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%0.00
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20 00
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- 3000
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. 3000000
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24oo.ooon€0
3000000}
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13000000 -
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3600.000] 0
3000.0uoﬂ~
33004000

fasoa 000| -
13300.0005

3300000
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Q.98425 1
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02688
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Minimom
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De31gn
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: T‘Areaz ’
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1 29.74
. 29.84

| 30.69.
1 29079;
29.62
. 29i84'
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1800.000

':3400g000
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2200 .000}
-1400,000}
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- Minimum Actual
" Dimensions

in

cm

Design
Dimensions - .

cm

‘iAétUal:‘

-Areazﬁ‘

Jin cm™

Design’

,Arééé;

'}in‘cm

. Areas .

:5Ratio N

Sof .

T 2u.81

b 20.28

34,65
2053
20.22
o :45114

50,24

20.21
20 .36
30.2%
21.32
20635"
19.74
- 20.42
21.06

.21.01
19.66

20,09

20.52
29.41
119.92
¥ 19065

45.04
39.92.
20.21
20 .99
35.14

19.82"
20.19
19.25
119.36
20.32

Ko x>4x‘,:x MK KN HNNKER RN NK R>¢N><N~YVN>¢N¢¢xA:‘

BRI

80.38
99.86

89.54

90.42
89.09

1109.45
70433

89.85 |

69.84

\70054  
90.24 |
39.64 |

T79.8%
'69038”
79.22

>69-94:2'
99.81 .
.88.51:.
79.69}
~79.39

‘f59574-;
- 59.95 1
T9.74 |

98.32

128,16
500895'%

- 99.89

189.07

159,93
59.36-

’20}00

in

35,00

20.00
- 20.00

45.00

50400

20,00
. 20..00
30,00
20,00
7‘20000»

T 20.00
© 20,00
20,00
20.00
-20.00.

20,00
20,00
- 20400

20.00

20.00

20,00
30,00

20 .0u

©20.00

. 45.00
4000

20.00

20,00
_55.00

.,JZ0.00{
.20.00
- 20.00
-20 OO

'Mﬁqx¢<x'7;xp{xw¢m1, N»ﬂxk<w;‘ R R xbvwv<x" x;4N:<N'

}4%‘%#4%”:-

80.00
100.00

- 60,00
60,00

90.00
- 90.00
110;00

'90.00
70,00
-70.00
- 90.00

.~ 80.00
- 70.00
‘70500’
80,00

1u0.00;
90 .00

80,00

© 60.00
..80.00

130.00

50.00
100.00
70 .Q0

90,00
190.00

70.00

H,QOQOOQ

70.00
C80.00}
 60;0©’

100.00¢
775.00

785,167
f20500129,

1810 .489

2707 {497
2982. 246 }

 1803.743

1840.951
269%.191

i23330687
;1431 216

1773639}
21441 .,498
'1409.268
1842 701[‘
1887.818{

)4 1576.042]
136.895!

1364.011
1460446

1591 530

418.383'

2u48.101

2603.,079¢

1587 +425

flsﬁq}oiéb

éGéOeégﬂf
2393,204f -

1611.545

20740232:

2640“658

2540 131‘
- 1027 . 469}
1922.883
. 1349.005{
11809.302]

/1800.000

'jzsoo.ooo 0
- 2000,000}

1800,000

2700,000% 1
3000.000'

Tlaao.oooﬁ
1800 .000}
-.2700.000f O

2200 ,000

1400, ooo;;

_1800 000 ;@
- 1400 .000}
" 1400.000}
1800000}
zlSO0.000jg

. 1600,000}:

1400°.000

1400.0001;
ﬁZOOO'UUO :
2700.000} 0
116004000}

16UOOOUO

'27006000;;
24u0.000}. 0
';1600 OOO:;
"2000.000f
. 2625.000¢ -

—zeoo.ooofl
1000.000]
. 2000,000| -

1400.000

‘1.00208 :
fl 02278}
s 299743 -
91#06077'_W
1.,022301

1.0431

0.99471)
fl 01319“55
'1.02405§ .

.96410

0.99214¢ -
- 0.97501}

26}9965511'
2997171
1.00722¢ " .

098536
002964 r.*'f‘" :
51 006621
21.02372% -
.048794
1600.000-&0;98503fw;
1.05431¢
| ©0.97429} -

1400000}
11600 ooo;c

0.99470} -
1.0250614
© 1.0058%4.
v,gogyg T

ff

1.03712)

1.005961

,ig75971$ﬁ
1.02747
0496144}
- 0496358} .
. 1.00550] |

Ly b
O e T - . . . . v , . .
T N S DN S oL s B - g L . s S e




" THESIS

* 'ROBERT COLLEGE GRADUATE SCHOOL R PAGE>‘lﬁ
| BEBEK,ISTANBUL ~ RSLIREER
[
Minimum Actual ue31gn, Actual =De31gn'i ‘Ratio |
'~ Dimensions. Dlmen31ons' Area,. | - Are&2 ooof
in cm ‘in ecm . in cm™- in. cm™” - Area
20.73 x 89.52 | 20.00 x 90QOO-“1855;7501ulBOOAOOO,Ll¢03097'V
19.86 x 129,12 | -20.00 x 130.00 | 2564.323{ 2600.000] 0.,98629 |
1 19.93 x 168.14 | 20.00 x 170.00 | 3351.030| 5400.000} 0.98560 j
20,20 x 79.81 | 20.00 X 80.00 {1612.162} 1600.000} 1.00760}
20.75 x 99.43 | 20.00 x 100.00 j 2053.173! 2000,000} 1.03159} .-
34.49 x T4.22 | 35.00 x 75.00{2559.848} 2625.000{ 0.9751871 -
20.5% x 99.07 |' 20.00 x 100,00 -2033.907| 2000.000; 1.01695} -

] 20444 x 69,73 20,00 x 70.00.11425.,281{" 1400.000; 1.01806}
-19.90 x 99.12 20,00 x 100,00 | 1972.488| '2000.000| 0 .98624 1 .
1 29.73 x 89.42 | 30.00 x.A9O.OO 2658.457| 2700.000; 0.98461}
- 20441 x 72.95 | 20400 ¥ .‘80%'300‘” 1631.780| 1600000} 1:01986
120,79 % 79.55 | 20.00 x . 80.00 | 1653.845| 1600.000 ‘1.03365
45,04 x 60.T74 45,00 x- 60.00 | 27354730} 2700.000] 1.01323

1 39.92 x 58.52 40,00 x- 60.00 | 2335.118} 2400,000{ 0,97338
. 19.84 x 80.05 | 20.00 x_,80.00»;1588,192 Al6OO.OOO;aQ;99262
- 20.80 x T79.23 | 20.00 x 80 .00, 1649.024 {1600.000 1.03064
] 19.98 x 0 69.32 | 20.00 x. 70.00°] 1385.014] '1400.000{. 0298930
120,10 x 69.11 | 20.00 x 70.00 |['1%389.111] 1400.000| 0.99222
1.19.95 x. 79.91 | 20.00 x .80.00 1594.205;51600.000 ~0a99638.:,«
$20.00 = 69.51 | 20.00 x 70.00 | 1530,200} 1400,000 0.99300 |
£ 20.82 x 79,20 | 20.00 x 80.00 | 1648.944 '1600.000 1 03059 i
20.88 x- 79.82 | 20.00 x 80.00 | 16664642} 1600.000; 1.04165{" "
20.24 x 69.45 | - 20.00 'x : T0.00 | 1405.653] 1400.000} '1.004Q057¢ - °
20,36 x 69.28 | - 20,00 .x  70.00 | 1410.541} 1400.000; 1.00753| .
20.81 x T79.68 | 20.00.x 8u.00} 1658. 141,,1600.000 1 03634‘ L
20.20 x 69.39 | . 20.00x T0.00| 1401.678 1400 OOO 1 OOlEO,ﬁs
1 90.38 x  99.3% | 20.00 x 100,00 { 2024.345| 2000.000; 1.01217} -
1 30.28 x 838.69 | 30.00 = 90.00| 2685.533| 2700.000{ 0.994541 -
1. 2068 x T79.12 20,00 x . 80.00 | 1636.202¢ 1600.,000f 1.02263}
18.10 x 78.32 | < 20.00 x 80.00 1417,592 _1600.000. O~88600
1. 39.81 x 59.70 |. 40.00.x 60.00 ,237’.657’;2400.000 Q. 99027;
©20.35 x T79.61 .| 20.00 x 80.00]| 1620.064| 1600.000 1 01254 | -
0.04 x 99.31 | 20.00 x 100.00.} 1990.172| 2000.000{ 0.935091 -~
CBAT2 X T5.18 35.00 x  75.00 ] 2610.250 2625,000 0,99538 L
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b

Minimum Actual

Dimensions |

in ecm

-~ Design
Dimensions
L vin cm

‘,];n cm

'ﬁctual

Area2'

;”Désignu;

47in em

Area,

:MRéflO

of

“Areas .

20,70
20.20
19.79
20.65
- 20.28

19.8%

20426

20.15

| 35.22
1 1981

19.94

20.351
©19.80-

;30.28

20,00

1 .20.90

44,67

40,79

20.23

- 20.23
19.48
13.54

20,21

" 29.61
28.82

. 29072
30.64
- 30.38

29.46
29.14

39,28

3U.08

29.92

PO KRN

HRMKN  RREMNNK O MMMEKK KK KEN

: N>1N;<N.

B R N R

f69914
- 89.51

168.14 |
"79596

99439

74.81
M‘QO’OO'

128.91

50.54

: 97i17\‘

69.49 |

1 98.72

89.72

79 .61 e
&79119n
59'71 
59.72

79.11

©79.74

69.44
69648

78091'
70.06 }

'99.24
:98.94
90.12
79.52 |
98.62 |

73.80:
109.65
88,72+
198.36
99.96 |

99.60

89.59 |
128.16

‘20000
fZOQOO
“Z0.00

20.00

- 20,00
.35600

2000
’ZQ;OO

30,00

20400
. 20.00
20.09
© 30,00
30,00
©30.400

30,00
- 30 400

20,00 x
. 2UQQO'

20.00 .

20,00

20,00

20,00
45,00
 40.00.

.20.00;

©7 20,00
- 20,00

%003

BB MMM

30,00

- 30.00
’ 30.00,
30.00

,N;<N;¢xi' x:¢x»¢k,-_x>¢x><w -

B EEETRS

oMM KM

R

100.00'

70,00

90,00

90.00

1139;00,

170.00

' 80iOO‘
100 .00
- 154007
13QDOO

50.00
100.00-
- 70.00
1100.00
.90+ OO;

‘8o;oo
- 80.00

- 60.00

- 60,00

80.00

'30..00 |
v”70oOO%
- 70.00

80.00

ST000 1

100,00

-100.00
80.00-
'lOOpOO

- .80.00
110.00
- 90.00
1100.00
100,00

2051.720

1396.623

1T771.403
1850.034{
‘2599 085.'

’3334;216
1619.9904%
2002.709
,26340808: 
2553.707}-

1067;768v
1973{523"

1375.902

2048 .440
 2716.7227

1592 200.
- 1655.071
266742461
24354979
'1605 142

1613;140

1752.691}
1357639

1507 .970
1415. 913

_ 2938 496’
~2891.451
- 2678.3661
2436.493

2996.076

2301.448|
3195 .201

3484 ,922

29584569
2990803

000,000

1400.,000)
1800.000

1800000}
2600,000}

?“10001000‘

1600.000 0
'1600.000]
 2700.0UOHw
.2400,0001. 1
1“1600 OOOEf

,16uO.OOOfH
:1400,000}
1400.000 0
1600.000
14oo.ooo,;

3000 Ooo.
3000 000,

2700 000}
- 2400.0004
{3000.000,

»2400 ooof
3300.000}
3600,000

3000.000

15000.000|

1,0308@. ‘
Q.99759 | .
0.98411

1.0278Q¢ |
0:99965]
,34u0.000270598065a

1600, ood\

2000 000}
2625,000! " 1
2600.0JO 5

1.01249} -
1.00135%
1.00374 ]

.98220 o

~fl 00777 -
2000000 -0 o
- 1400,00G -
2000,000;
2700‘000ﬁ;

0.98676:

0.98279]
1.02422
.00610;;“

.99515]

1.0%442%

0.93787}
001499 _;
1.00321} -

‘31.00841."

0,96651

0.969741 -
. 0.94248')
l 01157 ¢

.9795u‘}5.
095048 i' 
.;o 99199

1.01521

‘ﬂ_.99869

-O 95727 o
0.96824} .-
0.9580% |
©0.98622
,O 99693 ?gq

'S

R T R T T R T R T T T T I T T O
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‘Minimum Actual |

Dimensions:
in’

em

. Design -
 Dimensions
'in”,angx

,,Adtual' V
_ Area2 e
~.4in cm

' Hln cm -

He31gn
Area, -

.Ratioﬁ

| Areas

cof

39 .1%

58.66
30,13
4 29.71
’  40048

39,92

29.71

o 30)52‘
19.77-

19.81

30,28
{ 50.58
'} 40.15

1 20.24

- 30.72

] 29.39
129.89
39,72

29.87
- 3ue31
1 59.32

- 58,70

v 3o;i¢

30 .48
1 30.39.
29.72.

'f2§;46

30004‘
30435
. 28.T4
29.84'

><N‘N>¢N

?<N.%¢¢x'.

‘ x§<xh¢x‘[

MR NN

SRR R

*fN-N NPV

MORONKH

59.21
59.82 {
99.32
110.52

108.46
79.61
99.59.
.99.82{
168.13

148 61

’ 9 081”
109.76 |
109.61
14745

4944

108.26 -
;l09319,
88.61

1 99.18
- 98.42°
- 59.44 1
- 59.61 |

99.52.
- 78.81-
~79.81
‘98!39j,'
78.49

79.41
95.91
78.64
88.12 -
99.81 |

60. OO'
30, oo,

- 30,00
30,00
- 3000
20.00

20.00

30.00

30,00
- 40.00
20 .00°

50.00..
130,00
“30.00
39400
i‘40;00;

LB oo
‘ _1’3U QOO
60,00
6U Q0

30.00
- 30.00
':30900

30 .00

+30.00
30,00
730,00
30460
'30.00

fN&<N‘x$:

Mo xb4x~‘

7Nb<><x‘x<<

"“&Nﬁxﬁ.xxxwx~txxxxx

f;N~K_N;{ﬁ

-110.00.
110.00

100.00
100,00
»'70»003

150.00
160.00

115000

1110.00
- 80.00°
110,00

100,00
1100 .00
; 60 OOU
- 60.00
1U0.00

5100;00;

~_80.00f
1-30.00 
100.00-

1100.00

60 oo*
60.00
100.00

110.00

(P ety

110.00

50,00

190.00

80.00
'80.00
100.00

80.00
190.00

'3501.087,
3509.043 |

2992.512

A3241 955
i4473¢850M5

245,195}

2370.,786
2958.819

3046 ,506
5323930}

2943.964}
-2991.967

3356.461
4400.842

2984.383|

1499157
3325.T47

2332, v 59U
3262.597
3519.589

2962.50T7 {
2499 .107
3017.617 |

2999.533 |
12402.129
2401.483
2989 .7683
2532.723)

2359.419 |
2971.256
.25%2.569
2978.350

3600.00@;
3600 .000}
3000.000
4400.000

3300,000

2400.000
- 3000.000
3000,.000t
3400.0004

Q3000.000
“3000.000]
‘3SOQ;OQOj
;09%@0:5.

3000.000

1500.000.‘
"3300::000
.2400.00C
- 2300.,000
f3600 OOO

‘3000 o o-
3000000
'3600.0004
- 3600.0007
3000,000}"

3000000
?240040UU:
- 2400,000¢ -1
3000 .000] ' O
2400.000| 0

2400,000}
- 3000.000
24004000} ©
27004000

3000 OOO

0.97252 |

1.01578 |

©1.01550 ¢
0297763

°€ﬂ;981;2‘5];
C0.99732 )
1.01711%

‘?o 994%4.
- 0.97944

;QO:§9984 ,
1.,00089

0.93799 |
}-0.99277-

L S w B

0.97474

;o 09750 | -

0.98241

0.98337]

. 0.98783|

0.98627

1.00019}.

0w 9927f},ﬂj
S 1.00780f
10.971831
0.98867 |
0} 097766

987so‘f"*:

0.97197 -
1ouss7|

L000621
099658‘if.'
97T

Q. 974:5--;],
0.990421 -

0.9344T7 |
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ROBERT COLLEGE, GRADUATE SCHOOL
: BEBEK,ISTANBUL -~

”M1n1mnu Actual |
: Dlmen31ons o

;n'cm

Design
L uimen51ons
1n. cm g,qt

‘ ’ :Actuaif-
Area, . -

Design
area, | o

'Ratlo

rof.

ﬁAreas f

29,42
158416
1 58.64

| 30.46

1 39.21
| 29.64

29.64

3  - 29.81
\29#95‘

38.52

i,29;17.
-} 30.26
| 19.8%

! ,20195:
129126

28. 34

| 28.86

- 1-29.46

29.74
] 28.73
- 3Q.,08 -
| 29.64

| 015
| 30.34"
29.89

29.64

QM M:4><x

><M'N$¢x,f;

,Nxxmx[

MM KN

er}¢%:x775

: 3‘K““‘ﬁ¢‘w'

N A N o B

- 88.72 .
108.81 -
48,17

147.27 -
108.43
-109.17 | .
' 97 .24 |

C9T.82°
- 98.27 -
T8.42

133;91

110445 |
110.85fff
"98.68
58.81
59.47 | -

10873 |-

89.68" |.
110.92 |
“79 84 405

- 99.42
5’58.86f
106:81

98 67wg(
T8.43 |
- 88.67 |
99.67 -
99.12:

,fSQ;OO;
63,00
1 6000
30,00
~30.00

40,00
30 000:;‘
30,00
130500
;yr30.00a

1aeo.oo.
' 40.00
30.Q0
30.00-
0.0

izo.oof

30.00

30,00
-~ 30400
:?-;50.00&

'§4o.oo;
30,00
-+ 30.00.
a 60 OOO.
63 .00

30,00
30 .00,
ﬁ4Q.OO?

’30;O03

30,00°
30.00
:30.00

_ngxxf;&wxwxfﬁxkawjﬁﬁxxxxﬁ}xwwxxjﬁxx%ww"

»«N4x${3ag

100.00°
 6u.00-
-100 .0Q
'110.00"

110.00
780.00 .
110.00~
B0.00y

150. 00.
110.00
110.00
é170.00_

 150 OOk
-lO0.00Q
- 80 Q0
}110 OO

flO0.00Q
60 .00
66.00

~.90.Q0-

110.00

5 80.00;

'100.00‘
90 .00
100.00 '}
BDO OO

Jinem®

2924936
3481.458
3451 .550
2860 .580
3314.353

3478711
3225,128.
2408.843
3240 .94
,1443 173

0887, 965
14176.72%
(5184.489
(2942.482
5546.107

‘3135.825:
2856361
2935.325 .

2214.581

.»3200;853r

4336 257'
3230.169
2907 .113.
33774458 |
3476.022_,

};2903.814
13123.813
3466 .132.

3336.474

2566458 |

2974.901
2379..565.
2650.546-
2954.219.
2955.758 |

3000 .000:
'3600.,0001 G
3600 000
5000 .000
3300. 000

3600, 000 |-
3300.000
©2400.000) 1
3300.000
- 1500. 000

3000.000;*
. 4400°.000
3300000
3000 .000
;3400 000

5600, 000
3000000
3000 .000
"2400.000
13300000

z44oo.coo
3300.,000!
13000.000|, ©
%600,000] Q
3600.000 ﬁ

’3000.000 ‘0
3300.0001
5600.000}( O
1 3300.000}'1
2400 000‘3'

e3ooe.ooo};
?2700;009_
3000 .000 |
3000..000.

»u.97465;?}&3
S96T0T |7
:QUQ95875",;A
Q95356 |7
,51}?9435fi~¥f

,flq04528ﬁ;5 :
-0.95212 4 -
10497844 1157
0.92274 1
30 96996:f¥ﬂﬁ

o.98552 |
9. 97884 |+
96904 |, -
0.93818 |
196555 |

0496631 |
097731

.00368 |
1 @.98210|
Q. 96212,355*

96760,,”95
Q. 94661 L
aassozfﬁ»;

-03991537::i'
0.99149 | . -
$0.08161 1 -
098474 |-
.0.98525' |,

0:96266 1
10.94926'1
10.96500 1
10.9808% 1

T
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Mlnlmum.Actual f
Dlmen31ons‘ :

-in:

De31ga _
Dlmensions S

cm

“Tactuar |

‘,Aregzof
in cm

1uesign

?jﬂln cm”

Area2

(

of

| 19.16.

| 49,17

"{19 98

1. 33,61'

| 44.28

19.86
1976
15 .84

R

19.24

1 20.58

1 ' 88.99

EEEEE

1:30.04
2033
1 19.97:
"'19 18f

N’ N‘N xN

, '19686i
134409
}:19.86
20.89

’N#{»fx_xsj&

- 20.53

. 20435
120422
20.63

xxxxx%

334;08
1 20.09:
1.19.85

MR NN

| 48.98

1°19:86
11973
| 29,07

'20..03
| 19.86x

;~xw¢x,x:g[;

78.96 B
89,74 -
‘'69.69-

69431
.88.98"

89.31 |
6057

lBD 76j
'69..85
- 98.97
,149r§7;*%f

1139.61. .
79465 |
98 96 |
159.71‘1

.139;41#"

98.96 . |
10084 . |
"69.72
'99.34

78.96
99434
89.31 |
,53,59<3’_

89.98. |
109.10
81|

: ln'

20.00°
20,00

20.00

jgzo.oo_

20.00]
50400
= 20,00
120400

30.00

-~ 2000
20,00

,20 005
35.00"
©20.00°
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wominal Diameter

Cin @a o

Rk - .
Nominal Area in ca® 1 1.13098
- . T ;
Actual ~Actual ~ratio of || Actual Actual | Ratlo of
Diameter Are32 -~ areas || Diameter Area - Areas
in ma { In cm i in. mmeg in cm '
12.2 .t 1.16899 L 103361 ) 12,4 1.20763 | 1.06777
12.3 1.13823 1.35082 | 12.5 1.22719 1§ 1.08507
12.3 - 1.1882% - 1.05052 4 12,5 S 1.22719 . | 1.08507
12.4 1.20763 L.06TT7T. 12.3 - |- 1.18823% | 1.05062
12.3 1.18825 1.05062. 12.4 | 1.2076% | 1.06777
12.5 1.22719 1.98507 4 12.5 1.22719 | 1.08507 .
1245 1.22719 1.08507 {  12.4 | 1.20763 | 1.06777
ol2.] 1.124990 - 1.01673 12.3. ] 1.1882%3 | 1.05062 .
12,1 | -1.14990 1.01573 12. S 1:22719 | 1.085%07
12.2 1 1.16899 ““1.03561'., -12 3 1.1882% ° | 1.05062°
12.5 1.22719 - 1.08507+ || 12.1 | 1.14990 |~ 1.01873
S 12.5 | 1.24690 1.10250 .3 - 1-.1.18823% | 1.05062. .
12.5 . 1.22719 | 1.02307 12.5 .| 1.22719. |.1.08507 -}
-12.1 | . 1.14990 - 1.01673 12.5 ,1.22719‘,4,1 08507;1.
12.2 | -1.15899 - 1.03%61 |- 12.6¢ | 1.24690 | 1. 10250
12.3 | 1.18823 1.05062 S 12,7 | 1.2667T |- 1.12006
12.% | 1.18823 | 1.05062 1z 3 | 1.18823 1.05062
12.9 ~1.30698 - 1.15%62 |1 12.5 .} 1.22719 | 1.08507
1203 ©1.18823 1.05062 12.4 ' 1.20763?f S 1.06777
12.4 L 1.20763 | X06TTT | 12.9 'l 30608‘ S 1.15562 0
12.3 | 1.1882% 1 05062 12.4 "1 20763 | 1L.06777 -
12.5- 1.22719 | . 1.08307 1244 2076% - 1 L.06777
12.5 } 1.22719 l O3DQ7 1 X2.4 1.20763“ CL06TTT . -
12.4 | 1.20763 }l ‘7(7 1244 1.20763 fl 05777‘a“f
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