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FOREWORD

e recent years greoat strides have been made towarde improving the
quality and stremgth of both comerete and steels Rellable conerste with
a compressive strength of 5000 to 12,000 psi and sultable steecl with a
tensile strength of over 200,000 psi cen be obtained,! If high strength
conerete and high strength steel can be used together satisfactorily a
substantial reduection in materials will result, 7This is partly due to
the fact that the meterials are stronger and partly due to the Fast thrat
dead load ie redueed,

In designing a plain reinforced eoncrete beam it is asmmed that
about one=third of the eoncrete (the part in compression) 1s effective
in resisting moment, The other two~thirds of the goncrete serve mainly
to enonse the reinforeing ateel in the tension portion of the beam,

From the above faects it appears that much of the added expense of pro-
dueing stronger consrete would be nM.‘

It might be assumed that hipgh strength steel could be used to ade
vantage in plain reinforeed concrete, However, the high working stresses
in sueh steol oause it to deform mueh more than the surrounding conerete,
end erasking of the econcrete occura,

Prestrevsed conorete i a type of reinforeed eoncrete construction
in wrieh both high strength gonerete and high strength steel can be
utili.ed satisfactorily. Prestressed cm;rm dates back at least to
1885, when a patent wae iseued to P, M. Jagkson of Jan Franeiscos In
1928, 7, %, D111 of Alexandria, Nebrasim, obtained a patent for the

1. Ooff, Les "Prestressed Conorete = A New Frontier", Engineering
Newa=Tocord, Jeptember 1, 1040, Val, 143, Yo, 9
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sanatruction of prestressed conerete units., Also in 1028, Pugene Prey-
sinet filed his fundementel FHHtsnt in France) he demonstrated that high-
strength steel is essentisl to the suceess of prestressed concroetes

Buropean gountries have used and developed prestressed ooncrete to
a higher degree than we have beeause they have a soarcity of materials,
Accounts show that they heve used prestressed concrete in the construetion
of itemes renging from bridges to bath tubs, These countries have sonduetoed
and are still econdueting considerable research in this field,

In the United Stntes materials do not contribdbute nearly as mueh to
the cost of construetion as they do in Duropee Tor tide reason there haas
not been the interest in prestressed eoncrote here that exiets in Europe,
Howover, ths few strustures ™uilt hore dave proven tholr worth, and at
present interest is mountings In the United States prestressed concrete
hae been used to gonstrust hridges, Cloor slmbm, beams, %tanks, pipe, and
fence poste,

United States engineern and architects fimd 4t difficult to desipn
strustures of proestresced concrete beosuse of a laock of informstion on
design progedures, There is aleo a laek of construotion methods that it
into our economic condition of relatively high labor cost as eompersd to
cost of materials, There is o definite need for more research on pre-
stressed eonecrete in the United S¢ates, Mollowing is a quotation from a
paper prepared Ly the Portland Osment Assogletion entitled "Review of
Sesearch in Prestressed Concrete”t

In the development of any now ldea, research in some

form is neceseary to uphold the theories and to prove

that the new idea 1s sounds Yith presiressed conerete

we have & new idea entering the Ameriesn construetion

fields Unfortunately, there is a dearth of American
114



research data to substantiate the design theories,
mphanis 1s plaged on the need for American research
data for two reasonss ¢this date would de more conw
clusive and definite regarding American materials;
Amorioan engineers are generally reserved in their
attitude toward the results of foreign research.
Tris laek of information may delay and minimigze the
effectivencas of promotion of prestressed conecrote
besause of a relustance to aeccept and apply new
theories until thorough teste have been made, For
this reason, Ameriean laboratories and research
orgunizations in thies Pleld should make an efort to
supply the answers neeessary to properly establish
prestressed gonorete as a competitive construction
Mm’.ﬁlg
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INTRODUCTION

The problem to be eonsidered in thia thesie im the deflection that
securs in unbonded prestressed conerete beams while the steol is being
tonsioned, Unbonded (sometimes eslled postetensioned) prestressed
beams have no bond between the prestressing steel and the eoncrete, It
has been reported that this defleetion, for some conditions, is not ase
ealeulated,* Following are some conclusions reported to the author of
this thesis: (These eonclusions were drawn from obaservations of bheams
teoted for various purposes,)

1, During the tensioning of the steel prestressed
concrote beams with only umbonded reinforeing
have upward bow or upward defleetion that is
groater than eszleulated,

2, Tho exeessive defloction beeomen particularly
noticeable after the ntress in the beam reaches
about one«third of the ultimete strength of the
sonerete.

3« Beams of the same type ms in number 1, but with
a small amount of plain reinforeing in the form
of a mild stesl mesh or a few small diemeter
mild steel rods, have defleetions in line with
enleulated values,

In considering item number two nbove it seems possidle that the
shange in shape of the beam as it deflects might have some ef'fect on
the setion of the beam, Genarelly, the loads acting on a beam sre

*3ee Appendix A, Pape 53,



perpendiocular to the axis of the beam and are of a constant values The
forees acting on & prestrossed conerste beam from the prestressing steel
are of a different nature than the ususl forceas Prom the above fagts
it seems worthwhile to investigate the possibility that a change in shape
of the beam would alter the effect of the prestressing foree.

In eonsidering item number % sbove 1t appears possible that a non=
uniform distribution of stress is the cause of the excessive deflection.
The reason for this is that the small amount of plain reinforeing, proe
perly placed, probably would tend to give a more umiform distribution
of stress in the eoncretes, If a soncentration of stress oecurred at
some point in the beam the effeet would be mueh the same as i a mater-
fal of lower modulus of elastieity was at that point. In other worda,
it would have greater strain than the materiel in the rest of the besm,
A gondition of this sort might bo aceompanied by excessive deflection.
Iff & preotressed comerc-te beam with unbonded steel and with no plein
reinforeing was built and tested, the shape of the deflegtion curve
might reveal the presence of stress concentrations if they oeccurred amd
were of sufficient magnitude to couse excessive defleetion,

There are at leaot two courses of action open for investipgating
the eause of the unpredicted delleetions of unbonded prestressed oon-
erete bdeams, One is the testing of hesms in the ladoratery for the
specifiec purpose of studying the def'leotions, This would give more con-
clusive data beeruse the observations upon whieh thre previously
mentioned conclusions were drmwn were not observations of tests mede
aspecifiemlly for studving defleectionss Anothsr sourse of aetion is to

investigate umml design formulas in order to determine if an error is



being made vhen using these formulass In studying the problem st hend
the suthor decided to follew each of these courses of astion.

The investigation of usual design Tormulas indicated that thane
formulas are theoretically sound, It was found that various changes in
the effect of the prestressing foree occurred as the beam defleeted,
but the changes eancelled eaeh other,

The testing of beams in the laboratory indicated that satisfactory
prediction of defleetion for the prestressing operation can be made if
the proper velue of %, is used, Using measured values of strain and
saleulated values of stress it was found trat T, for an unbonded pre-
stressed goncrete beam with no plain reinforeingy was sppreeiabdbly lower
then the generally accepted values (B, = 1000 £ is generzlly used for
designing eoncrete structures,) In the same menner it was found that
the value of E, in an unbonded prestressed eonerete beam with a small

mount of plain reinforeing was more nearly equal te 1000 f1.



INVEITICATION OF ®ONMULAS USED TN DESTON

Commonly Used DNealpn Irocedurs
Tho method of superposition has heen used quite generally in the

design of prestressed beams, Ussentially, thias method eonsists of the
following:
la Oaleculnte stress due to the prestressing foree,
2, Caleulate stress due to dead lond,
5« Onleoulate strees due to live load,
Ay Add the proper combinations of 1, 2 and % to
determine whother or not ;hc resulting stresses
will be satisfectory,

A oimple exsmple will be worked in order to illustrate more oleare
1y the method and to point sut the formulas involved. Migure 1 shows
the besms A caloulation of stresses at the eentor 1ine will be mede
for prestressing forge, dead losd, and live load,

Sreas in eonerote from prestressing Torees
Direet atress » %

T = Total prestreesing = 121,000 1b.
A = Total erossectional ares = 108 sge ine
Direot stress = % . 1170 pei

londing otress = ? (etress at outer fibers)

¥ = Center line moment {rom prestrossing foree
i mTe s (121,000)(1e2) = 250,000 ins lbe
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ql%o%g‘.
T e 729 tnt

Bending stress = W » 1420 pad

Stress in conerete from dead load:

fo = # ¢ (stress at outer fiders)

2
- o
¥ 2 9,58 1hy/ine
L = 280 in, -

tor, * (2uZ0)(240)(2HO) » 67,500 tns 10
o "y <

Streos in conorete from live loads
A 1ive load moment at the center line such
that live load bending strees = 2100 pai
will be assumed,

The strese dlegrams in Pipure 1 show the distribution of stress
from each of the causes of stress. Shown also are stross diagrems for
different eombdbinations of the stress.

Deflection at the eenter line will also be determined by supers
posltion for the beam in Figure 1,

Deflection dus to prestressing forces

ye or2e
i

g
*See Appendix i, Page 44,




T = 121,000 1b,
0 = l;g ine

= 240 in,
z = (s)(mﬁ)
I = 729 in‘

ye ‘51“%%%?- }%ahoﬁ i:}!.z.&)

Y =2 0,379 ins up

Daflestion due to dead load:s

1-%:‘

¥ = 9,38 1b,/in,

y= 240 M 40 )

¥ = 0,111 in, down
Defleection resulting from prestressing foree and dead lead:s
¥y = 0'579 - 0111 = 00%5 ine up

The deflection caleoulations illustrated here represent the neges~
esary c¢eleulations for econditions that would axist at the tima the steel
is teneioned., There are other considerations; such as, plastic flow in
the conerete, shrinkege in the conerete, and ereep in the steel, These
things will effeet stress conditions and deflections over a peried of
times Unbonded prestressing operations are ecompleted in a comperatively
short time (sometimes a few minutes). Théof'on. 1t seemed improbable
that plastie flow in the eonerete, shrinkage in the concrete, and ereep
in the eteel would have an appreciasble effect on the deflections being

considered in this paper,

*See Appendix A, Pape A4,



Diseuseion of Oommonly Used Design Formulas
The formulas used for ealeulating stress and deflection due %o

doad load and live loed are fTorrulas that have been found %0 glve eatlies
factory resulta Tor beams of most any material and types In the derie
vation of these formiias no ascount is taken Far the chacge in shape of
the beam as it deflecte. But, since these formulas are applied in the
same manmer as Tor any other heam, it seeme lopleal that they should
give satinfactory results when used to design prestroessed concretas
beans.

The formulas used to deternine tha effeeh of prestrossing foree
have not been used to the extent that the dead load and live lomd
formules have, The prestressing formulas also do not take into asssount
the change in shape of the heam as 1t deflects, Therafore, an investi-
gation of the prastressing formulas wae made,

As shown by the example prodlem, the mement in the bdeam due 1o proe
strossing foree is geloulated by multiplying the tension in the steel
by the offaet of the ateel from the eentral axias of the beams There is
another way of ealeulating the mement, at any seection due to prestress,

and the forces involved are showm in Figure 2-1

Thia method gives ree
sults that are identienl to resulis obtained by the method used in the
11lustrative problems This approach to th; problen alse does not take
into econaideration any change in the ef'fest of the prestressing Toree

as the beam ghanges shape when the steel is being tencioned, This

1. Parme, Alfped Ly and Perls, Oeorge Ty "Designing for
Continuity {n Prostpescsed “smetures”, AT Tournal, Sopbembher, 1081,
Proesedines v, 48,
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latter mothod 1s montioned here beesuse the free body disgram involved

will be used in the following investigation,

The author will now attempt to show whether or net the ehange in
shepe of an unbonded prostressed concrete beanm will couse an appreciable
ghange in the effeet of the prestressing forge., Mirst, a cuse will be
eonsidered in whieh there is n parabolic plagement of the steels The
steel will interseet the end of the beam at the gentral axis of the

boary
Reforring te Mpure %as

t-%!
y‘lwoaig

Y, ® offset of cable from eentral axis of beam
htrmﬂrthowi@ntontntt)lnul =Lex
: 2

¥.=~0r%§(j,§-!aoxa)
y,'-o*c-*v#
o * dgr - b
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Referring to Figure 3bs

yd.Y"y-

e

Y4 = offsst of cable from undeflested gantral axis
Referring to PMlgure 41
Fy = Ty tan ©
(F» Ar)r » T, tan (0 +420)
IY= 0O
-'ftune-.nx.'rxun(e *20) =0

T, [tan (0 440) = tan @ =
A 20 o -"E

Talking tra limit as 4 6 approaches sero
T, 50020 = A i
: de

00820 « 1 « (%‘)2

=)

A= T (y" « 8g)= vortical force per unit
L horizontul distance
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Consider the vertiesl foree as being two parts as
shown in "gure 4b.
T! % will be eonstant and aet up.

T' ¥" will vary with defleotion and will act down
when y" ie negative (y" e negative when de= .
Flestion is upe)

L/2
ind resetion due to T, % Janit length = /o ‘l‘*%dz = 1'*
: =

End reagtion due to T y"/umit length = T, r'L
=0
Moment due to T, = <T.y (since the moment is negative

when y 18 positive,)

Moment due to T, y'L e B x
£0 = 0

Moment due to ‘!"%0 T e x
L

Moment due to T, Junit length = (T Wx) = 47_ox2
"% %

"

Moment due to T y"/umit length
x
£ for T‘y'ﬂnotout‘l"Lty'éx

irj,; yrax
Lever arm for moment at x 2 x - ¥
A i A
Mz (x =%) T!f,"l'l = fﬂxfor dx - T, [‘xy'dx)
Total moment due Lo prestressing steel =

2 X 3
“Ty + Ty = - T hex o T hex o« ’“':-l ylix - "x/o""""

" e
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-1 * s00

y' ®a) » 20,% ¢ ves + A
y" = 205 + (2)(5)agx ""(n’l)(n)anx(“"a) i
xT, [xy".dx = x‘rx["l?‘a v (2)(3)azx 4-...(,,-1)(,1)‘"!(:\-2)
* oee] dx
= xT, [20,% + 3a,2° wersfocd)(mla s
(n=1)

b3
*ol.]
i o

(ne1)

® xT [20% « 5‘51:2 #eeenB X + oo

xtllfxy'dx =T, (20%2 » 5a5x5 teoentx™ ¢ 4us)

Tx/o‘xy"dx . Tﬁlx[z‘agx > (2)(5).512 +...(n~1)(n)anx(n°1)
* oee] dx

x
* Ty [2—.?;*_2 - (2)(%)l315 ;..,(n—l)(ﬁ)nnx“ﬂ.]o
2

T, é xxy‘dx z T, [12x2 . 2a5x5 +eve(n=1l)a x0 « ...J
Txy‘| xo0 X T Tylyx

Kemeot, from dead lead = yig - w?

2
Equation of elaatio ocurve with dead load and prestress acting:
Ely" = M (M = moment due to prestremeing and dead load)

EY [2‘2 * sy ® (n-l)(n)anx(“’z) * soe|® wWlx = E‘Z-

e OB
n
- T! (&O * 81X 4+ se0 T R X ¢+ ooo)

* Txllx - Tx’&ox « T be 12

3 '{?'

- Tx(2a232 * s * nnnx" * een)

- T, (a2x2 ITE (n-l)anxn * sse)

2
“ulx =g - Ty - Tedox o Thg x
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L |
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L =
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Collecting coefficients of like powers of x and setting them
equsal io O,
=2 Efa, = rato =0

-z~5m5.2~rhao
L

~5e4 Elay - x + T e = 0
2
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<Aex Ell’-O
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The above expression for defleetion at the center line is identieal
to the expression obteined by the usual method,* This then shows that
for the case gonsidered the change in shape of the beam produces no
ehenge in the effeet of prestress faree, Thers ressins to be considered
the ocnses vhere the prestressing steel interseets the end of the beam bee
lov the central axis and above the central axia., The case of the steel
being at a constant affsel, a» shown in Fipure %a, will naxt be con-
sidered. '

Referring to Pigure Sb

Let y & deflection mt any point
Lst erigin be at left remction
AeT, ¥y

Ty = T’ | weo

Moment due to T, » «T (¥ + @)

]
Muantduota'ryt'!‘y ’*.ox

Nl ST
mzmmn-ﬂxlrd: ‘!![:y‘t

Total moment from prestressing steel = «T (yse)s 'f'y'l = x

*jen AW“ A' P&EQ 640
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" il
l-:ﬁ!x/o‘ydx-‘txlxydx
let y = - ax :l:2 + L :" +
' y 30 1 * ‘2 see? n eee
Equation of elastiec eurve with dead lesad and prowtress

aeting

E1 [2&2 * sve ¢ (._1)(“)‘“!(:1-2)‘. nooj‘ %z: X - %f; - T’O

'TR (lo * alx * ses ¢ lnta * .ub)
"Tx‘l" » rx(aazxz * ses ¥ mnxn * ee)
"fx 0.212 * see * (n-l)untn * ooo]

ET[2a, + aes + (n-l)(n)l,,!(n'z)*---]s b x - - Too <T,a,
4 .. 2 2

0 = EI [2‘2 * ass b{n‘-l)(n)anx(““a)o...]- %5‘ - !'xﬁ + T8

2

-~ Tx.'o

Collecting eoefficients of like powers of x and setting them
equal to O,
2iTay +» Tyo ¢ Tyn, = O

2‘3EI.3 - ﬂ' =0
2
5'5310.4 + i =0

&»53!:5 =0

nOSOhﬂaueey'OvrheanO

%9 Te
2EI
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Tre above erpression for deflection is observed to be identieal

to thae exyression obtalned by the ususl methods,*

Diseussion & Oonelusions of Investigation of Pormules Used i Desien
It appears from the two foregoing examples that the change in
shape of an unbonded prestressed goncrete beam as it deflects will have
no effeet upon the agtion of the prestreseing force. A defleotion up

or down of the beam will change the magnitwde of the vertieal forces

and will ehange the lever arm of the thrust on the end of the beams
The net effect, however, 18 zmero. In the derivations shown it will be

*See Appendix A, Tmpes 55,
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noted thet the terms involving moment due to a ehange in shape of the
beam eaneel, Upon inapecting ™gure 4b, the devalcepment leading up to
the expression for moments due to prestressing forece; and the mamner in
whieol terms enneel outy it con bhe seen that Por any similar ecane Lhe
same terms will eaneel, Tt i3 the opinion of the author of this paper
that the Tormules that have been used to ealeulste de’lesetions of un=

bonded prestressed beams arae thearetieally sound, "



TEITING OF BEAMS TN THE LABORATORY

Description and Design of Tost Beams
As & means of dotermining the extent to vhieh unexpooted de-

flestions in unbonded presirsmsed eoncrete beams ocour and to deteet
the cause of suweh defleetions, beams were built and tested in the labo-
ratory. As previously sisted, if the unbonded prestressed beam had in
1t a mmal)l amount of plsin relnforcing, tha defleotions were observed
to be in line wlth ealeulsted values. In viev of this faet two bemms
wore bullt. Cne homm had only prestressed reinfareing. The other heam
was identionl, but 4t hed in addition e -111 amount of plain reinfore-
ing.

It waa decided to use a besm with e ten~foot span and n aix-ineh
by sixeineh eroasesection. The c¢oncrete was designed for 5000 pei
ultimate streongth mt 28 days. In determining the amount of steel re-
quired for prestressing 1t vas desided to 1limit the compreassive etress
in the concrete to about 2500 pesls The prestressing steel was hot
rolled mild steel (3,'.7. 1020), The steel used for plain reinforeing
was mild steel wire with a diameter of 0,142 inches,

Ordinarily high strength steal should be usad for prostressing
sonerete., Migh strength steel is stretched mueh more than leow strength
steel in reaching the working stresa, Tn tima plastic flow and shrinke
age of the concrete will prastically nullify the prestrsssing action of
law strengt!: stesl. MNigh strength steel, hecruse it is streteched
fartteor, 18 not affscted ns muck Yy plastie flow and ahrinkaps of the

ginerates For the tests made {n this instance 1t =am believed that the
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time needed Far tosting would not be grest mmough to esuse an appreci-
able loas in prestress from shrinkage and plastic flow of tre conerete
1f low strength steel was used. T4 was found when these beame wore
tested that no apprecisble loss in prestreseing foree occurred,

To determine the quantity and plagement of prestressing steel the
progedure used wns as shown in Appendix A, Following are the cnleulaw
tionas

1. lLive load momont (M, ) will be mssumed great encugh
to enuse a bending strese of mbout 2600 psi.

2 & % Omitted heoanuse the dimensionm of the beam were
arbitrarily selected,

by Daad load moment at eentor line.

o o= = 5,17 1b./in.
!imw
My !83 = ( MQI‘AQMQ)
'—ul' - 5’6?0 in. 1lh,
Ss Omitted heeause desd lomd strosses are sensidered

in otep number 8,
6o Seetion modulus » I = 3

o
I-ﬁ_s‘{%gﬁuloa 1n.a

G”d/ﬂ'%'}ino

st‘l%-%in."’

(1) 2+ 2o -, =N
.l.":‘ ki -&Il



T » Total prestressing foree
A ® Tonerete area = (6)(6) » %6 sq. 1in,
e ® Offaset of conter of gravity aof sieel
at center line of beam,
3% % in,
My, ® 9620 inalbe
® 2500 pel

at B 3 e
(2)%&{;&2&-0
q

(2) ﬁ - ﬁ - ? =0
Solution of equations (1) and (2) glvest
T = 45,000 1b,
e = 1,125 in,
The value for e is satisfactory, but the value fer
T would require too muer steel for convenient placing,
The yleld point for S5.%.%0. 1020 stesl is 55,000 pei,
Therefare, well over a square insh of steesl would be
required,
Aftor several trials, a value of T equal to 5,000
was seleeted. Then, using equation (2), e = 1,156

inches and, using equation (1), !% = 2000 pei.

Tt was decided to use four 5/8 iner smooth round

bars for the prestiressine steel, The results of step
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nusbor 6§ are thens
T & 36,000 1k,
® = 1,16 inches
Ay ® 1425 8ge lne = area of four 5/8 in. round

bars,
f& 'w ® 20,200 poi,

7:8s9y uand 10 omitted besause these steps are not
mpplicable for this problem. "
¥hen the beams were tested the prestressing foree was raised te
40,000 pounds and the live load was m&.-m until eraeking ocourred,
The most significant effect of ralaing the prestress was that the top
fibers in the beam went into tension. Dimensions of the beam and
placement of the steel were as shown in Plgure 6,

Method of Tensioning Bars
In order to determine the prestressing foree in each steel rod 74

strain gages were useds The method of tensioning the hars and lasation
of the gages was as shown in ™pure 74 Two gages 180 degrees apart
were used on each bar so that the averape reading eould be used and
thus concel the effeets of any bending. Before using the bars the gages
an each one were calibrated by tensioning tve bars in a teasting maehine,
Eaech bar was put into the machine individually, and load was applied in
sne-thousand pound inerements, The maximm lesd was nine~thousand
pounds, The calibration data can be found in Appendix B, Table Yy The
relationstip between stirain and lsad for ese> bar vas determined by
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finding the equation of the straight line of best it for the stianin
loed date, The equation of this line was found by the least squares
methods The eénlemlations and equations are shown for each bar in Ap-
pendix B3, Teble Il The average strain for any desired lead in a ber
ean be determined from the equations for the strain lead relationaMp,.
¥hile prestressing the beams the bars were tensioned until predeter-
mined values of average strain were indicsted on the T4 otrain gage
indieator,

Methods of Observing Beam Agtion _

The primery purpose of the tests was to study defloetions and te
deternine the eause of any irreguler action of the beams in this re-
spoet, Deflestions were measured by stretehing a wire over pins mount-
od as shown in Pigure 9, Utesl smenles were taped to the side of eagh
boam 8o that movement of the wire with respeet to the beam could be
obeerved, The sonles were calibrated in hundredthe of an ineh and were
spased as shown in Tigure 9« 0574 strain gages were mounted on the bote
tom of each beam ae shown in Plpure 9 and 10, The gages on the bottom
of the heame wore put on in pairs seo that the average could be taken
for easeh palr and thus esncel the effect of any deflection in e lateral
direetion. This would also supply & memns of detecting excessive later-
al defleetions Tt was suspected that stross coneentrations might be the
sause of excessive verticnl deflesctions, TIT' this were true the de~
fleotion date and atrain gage data should indloate it by the shape of
the deflegtion ourve an? distridution of stress trrouphout the length

#f the baame
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Zonstruetion & Froparation for Testing
The test bomme were enst, ocured, and tested in the Civil Engineer=
ing Materials laboratory at South Dakots State Oollege. The prestress«
ing units were made up in the Unpineering Mashine Shop at South Dakota
State College by the authar. Torms were made 5 twoeby-oligsht«ineh wood
ae shown in Plgure 1l
Conerete for the beams was designed Ffor n ¢neeinc™ slump and a
twanty-eipght doy ultimate compressive strength of 5000 pesi. A Concrete
Laboratory class designed and mixed the econecrete, The aggregate was
crushed quartsite with a three-quarter-ineh maximum size and weshed
sand, Three batches of conerete were mixed for ecash besm, The materi-
ulh in each bateh was ms followst
104,95 1bs water
42,61 1be sand
25,11 1b, Type I Portlend Cement
71498 1by erushed rock
A Pivesbyeten inch test eylinder was talen from each hate: of concrete
(making eix test oylinders for the two beams)s A vibrator wes used im
sasting both the bheams and teet erlinders,
The beam with only prestressed roinforeing wms caot on February
2% 1952, and the beam wit: prestressed and plain reinforeing was cast
on February 26, 1952, The timing on ecating was such that the first
beam ocould be prepered for testing and then tested while the seecond
boam wos being prepared Zor toetinge This procedure assured identieal
suring time for the two besms, The Sorms wore stripped from the eides
of the beams on tho first day after ocmating each besms Helted perafTin

wae then brushed on the top and sides of the beams, The tert eylinders
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for meamuring deformation ol concorete,



Mge 114

Prestressing Unit Pesitioned in Form,



»
ware takken from thefr forms at the time the side forms were remaved from
eagh heam, Tha test eylinders were also comted wit: melted paraffin.
The boams and tast cylindera were left in the laboratory to cure.

On the twenty-seventh day afier emsting the beane were turned aver,
and the bottom was mllowed to dry for one daye Almo the paraffin waas
stripped from the aylinderm on the twanty-mevaent!: day after ocasting. At
tventy-eight days the spets wheorc SRH strein gages wers to be attached
ware given o liberal coant of 84 cements One eylinder from each beam
was also prepared in theé same manner for applying S4 strain gages.

The 514 strein gages were samentad to tha beama on ths twantyeninth days
A sunll sand bag was plased on smsh page ‘and lef't for threa houra. The
sand bags wero then removed and the gages allowed to dry over night,
'Tasting of the bemms was started on the thirtieth day, and two tast
eylinders from each beam were tested for ultimate strength that day.
The eylinders with 5?4 strain-gages were tested for modulus of elastiei-
ty on the thirty-first day after casting of the sacond! beam, The modue
lus of slasticity test had to be done at this time besause one 574 gage
on ane cylinder kad to be used as & compemsating gape for the tast of
the other aylinder.

Testing Irocedure

The first phase of the teating of eaeh beam was the prestressing
operations T besms were net on tha floor for supports at each end of
the test beam, Tighteen 574 strain gages were in use on ons beam and
seventeen on the othare A switehing unit especimlly made for this pur-
pose wan usad to connact the gages to the strain indieating unit, The
prastresning waes arplind in Poursthousand pound inerements (one-thousand

pounds psr bar for smoch increment)s The force in each har was determined



Plge 12, Ooncrote Oylinders ¥ith R4 Strain Gagoes Attached, These
eylinders tested in compression in order to determine 1*3'.



o
\

B T T

R g S

~

Mg: 1% Prestressing, Motet Somnles taped to eside of beam for
measuring deflestiony conerete oylinder with %4 strain
gage wired in ne gompensating gage for R4 strein gages
on the hoanm,



»

from the A4 strain gages on the bars, The strain indicator was read
for each page on the hottom of the beam far each inerement of pree
stressing foree. All 334 strain gage readings and deflostion readings
were recorded for each inorement of rprestressing force.

Londing of the heama was the next phase of the testings A con-
gsentrated load was applied at the center of each beam with a beam test-
ing maghine, Tre inerements of load wore as shown in Appendix B,
Tables XIV and XVs At soro load s reading was taken on esgh 5% strain
gage and on the senles, All gages were again read and deflection read-
inge taken and recorded Por eamgh load inerement,

The time intervals involved and any comments were recorded at the

LY |

time of teot and are given in the various tables of test deta., (Ap=-
pendix 2)

Investigmtion of the Irepertiee of the Crossestien

In order to study the test results it was considered desirable to
deotermine the effect of the reduced conerete aree due to the spsce taken
by the steel, The effeot of the plain reinforeing was alse ealeulsted,
In ordinary conerete design work these ef'facts are negleeted, It seoms
desirable to consider them in this csse asince the use of low strength
stesl required a larger steel ares than would normally be used,

An equation will now be derived for esleulating the mement of in-
ortis at any point in the beam which had prestressed rein“oreing only,.

Relorring to Mpure 1%,

IH‘#‘M'(IM,*"z)
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IH & mamant of inertia [or holes about z-a

In-l = IO > .Ud'2

Ip ® '?‘3 (for one hole)

T, = 0,03 in.h (for four holea)
A% = (B)(045068) = 14227 8q. ine ® area a” four 5/8 in. holes

A .s‘
2

e' variea parabolically from center line to end
of beam,

e! ® 1,5 in. at genter 1line of beam

e' = 3 {n, at ond of beam,

e' 21,5 h:ﬂ

5% 1,5 + k(62)°

1.5 ® 584k

k-&
o' 21,5 (1 "ﬁ)
a* =15 a .,ﬁs) = (0.75)(1 oﬁ)

42 2 0,5625 + 0,0002027x% + 04000,000,058,070x"

T,q = 0403 & 1.227(0,5625 + 0,0002927%% +
04000,00050%3,07% ")

Tyes ® 0403 + 04590 » 0,000, %55x" « 040,000,046 7
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Jum of the moments ol aress about y=y = (0)(bh) +

"L'Ya ® Aot ¥

To * 1e16 « kx?

Ya ® 1416 in, at center line of beam,
Yo * 0 ot and of bean,

0 = 1,16 - x(62)?

k!l%

Yo ® 1a16 -%x" & 1,16 = 0,000,%01x>
P2 Qg - Gugle”

7 = 0,041,0 = 0,000,010,7x"

52 £ 0,00168 = 0,000,000,377%> + 04000,0005000,115x"

AF2 @ 0,060,5 = 0,000,00%,16%2 + 0400050005004, 1x"

d 2o eF = 1,056 = 0,000,701x" + 0,008 «0,000,010,6x2

d ® 1,20 = 0400053125

42 2 1,44 = 0,000,758x> + 0,0005000,097%x"

4%92 & 1477 = 0,000,920x2 & 04000,000,120x"

Ty @ 108 & 04060,5 = 0,000,003, 16%" +040005000, 004, Lix
- 072 = 040004359%° - 00000:000:0"507‘#
= 1477 + 04000,920%° = 04000,000,120% "

I, ® 105,86 #4000,558x" ~ 04000,000516% "
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Using the above equations CTor I . 1%t is found that T at the center
of the bean equale 105,06 and I at the end of the heam equals 105.3 .
This represents n change of about 047 For all practicnl purposes the
moment of inertia of the beam ecan be comsidered am 105 throughout the
Jength af the besm,

The equation for ¥ shows that at the center line ¥ equals 0,081
inghes, The lever arm for the prestressing force at the center line of
the beanm would normally be considered as 1,14 inches in thie cases
Adding 0,041 inches represents a ehange of about 3,57 in the moment dus
to prestress, Although this does not represent an extremely large crror
if neglected, it will ko considerecd in deriving an eguation for the de-

"Pleetion of the beame

The moment of inertis of the cross-gsection of the bhesm with plain
reinforeing will be ecoloulated nexts Thie boam had in it four steel
wires as shown in Mgure 6, These wires werc bonded to the concrete,

80 the increase in moment of inertis will be determined by the trans=
formed sections

Referring %o Mguro 18 and Pigure 165

Ty ® Tpuy & 157 = (Teg + A'8%)

umaﬂﬂiw

Aruofmwiui+ u..uu‘mmam

= 0.0156 Ade 0.
TransPormed aves of Paur wirea m= (4){10-1)(0,0158) =

24569 sqe ine



Neglooting Io for the transformed steel area

J:H,tﬁzoa"az

A" B 0,569 ag. ine ® transformed wire erea
d =3 ins
Ty.y = 108 + (0.569)(8) ® 1105 1n,”
Summing moments of mreas about yey
SN ® (O)Bh + L'y, + (0,569)(0) # Ayged
Aly

fﬂ‘___g
et

Moot ® 6 + 04569 « 1425 = 35,3

7o g - g

7 = 040404 « 04000,010,5%°

7 & 0,00164 = 0,0005000,850%> + 0,000,00050005110x"

AT & 0,569 = 56,6

A2 = 0,060 = 040005003, 115> « 0,000,0005004,0%x"

I, = 0405 + 04690 + 040005 59%2 + 040005000,046,7%"

d %y, + 7 ® 1,20 = 0,000,512%%

42 2 1,44 = 0,000,750%> + 0400050005097, lx"

A2 = 1,77 = 0,000,927 + 0,000,000,120%"

Lo = 110,3 + 0,060 = 0,000,003511x° » 0,0004000,00450%¢"
0472 = 04000, 350%°=0,000,000,0465 72" = 1,77 + 0,000,92%2
- 04000,000,120% "

Lo ® 10749 * 0,000,561%° = 040004000,16%"

Using the equation nbove for Ia-s: it 1o found thet I at the center
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line of the beam equals 107.9 and T at the end of the besm equals 107.6.
This represents a change of ebout 0,4%. For all praetical purposes the
moment of inertia of the beam with prestressed and plain reinforeing

can be eonsidered as 108 throughout the length of the beam,

Zquation for Defleetion

¥ken the beams were prostressed the deflection that sccurred was
due to prestress alone, The full dead lead was ncting initially be=
gause the beans were supported at emsh end before the bars were
teneloneds The deflection shown in the tables of data for prestressing
should be compered with enleulsted values of deflectian duw ta pre=
gtress alone, The formula for deflection due to prestress will now be

derived,

L
gl -
MEaTd
dsy, + 7
d 2 1420 = 0,000,3512x2
T ly" ®1,207 & T 0,000,317

Holy' ® ~1,20Tx » T 04000,312x” + a
]

y'! 20 when x = O

0 20
4

B Ty #=1,207%° & T
i 2 * %z

¥y *0vwhen x =L
2

"Poz

4

0 ® 21,20 T1% « T 04000.M2 L # T,

1




ozo.g%ngu"¢h?_n2

: 2 4 2 ’
Boly ® =120 ™™ & 0,000,712 Tx" « TL™ = 04000
¢ i i l? :

.

L = 124 inches
,ao.é#.a.ooo.m%“-asmr - L
; T

y= % (<046x> + 0,000,026x" + 19%0)

Yhere "x" 18 measured from the senter of the beams
For T ®» 40,000 1h, and I = 105 and §, ® 5,000,000 the
defleotion st the genter of the bemm should be C.147

inches upe.

If yo were used instend of d in the derivation of the formula for
defloction, the equation would bes
re X (<0458x2 & 0,0005025,1x" + 1860)
Be

Por T ® 40,000 1b, and T = 105 and B, % 5,000,000 the
deflection at the ecenter of the beam should he 0,142

inecres ups

The d4ifference in deflogtion when considering the lever arm of the

prestrese foree as y, rather then d would be about 345%,

The ultimate compressive strongth of the conerete was faund to be
very nearly 5000 pal, (See Appendix B, Table ITIA,) A generally i~

cepted value for modulus of eimsticity of concrete ie 10007' e Fer



sonorete with a sompressive streng'h of S000 pai, E, would be
55000,000 psis In this instance the ozlcoulated deflegtians during pre=
stronning, weing E, = 5,000,000 psi, would be aa shown in FMlgure 17,
The formula for deflection that wus derived for the beams tested was
used in saloulating deflaation, Also shown in this fiprure are the
neagiired deflectiona for magh hemm testeds The heam with only pre=
stressed reinforoing deflested about 207 more than saloulated, and the
bean with plain and prestressed reinforeing deflected about 77 less
than enleuleted, This one test would tend to bear sut the belief that
undonded prestressed heams with ne plain reinforeing deflect mers than
aileulated when the beam is being prestressed. Tt would alse indieate
“that besme with m small amount of additional plain reinforeing have des
flections mora 4n line with cnleulated values, As deta is ascumilated
from any past and futurs tests of thin mort more decisive conclusioms
ean be drawnme The muthor of this peper was umable to find any reports
of devistions from aalouleted deflections of prestressed ccomsrete beams

other than those previously mentioned,

Study of Irestressing Data
The data obtalined from the prestroseing of the bemme was studied

in order to detect remsons for the deviations from ealculated deflestiens.
The seennt madulua of slasticity of ths eancrete, ms saleulated from
the test ocylinder date, ranges from sboul 5,170,000 for a stross of
49 psi. to 3,530,000 for a streses of 2463 psi. If B, = 3,530,000 is
used to ccleulate deflection the deflection at a prestress of 40,000

pounds would de sbhout 04235 inches, This value 18 higher than either
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measured value. The Miler stress in the bottom of the bemms wes oalous
lated to be about 2500 pei at 40,000 pounds prestress, but the stress
decreanses to e value of about smero in the top fiberss It is reascnable
to econelude that the actunl modulus of elagticity in the gonerete in
the beam would be somewhere between 3,330,000 and 5,170,000, However,
the value of £, (or, in other words, the ratio betwoen stress and
strain) may not be econstant throughout the length of the beam and
throughout the depth of the beam,

As a meane of ealeulating the agtum] values af Ly the 334 otrain
gage readings were utilized. The esleulations end results are given in
Tebles YIIT to XIII,

) Tt should be noted at thie point that in both beams & ecertain
amount, of stieking of the bars must have oceurred. 3ticking of the
bars was particulsrly noticeable in the beam with both prestressed and
plain reinforeing. The bonding was detected by the variation in strain
at sections which should theoretieally have equal strain, Tt should
also be noted that in the bosm with both plain and prestressed rein-
foreing bar Yo, 6 had to have its nut tightened exeessively to tension
it for the last inerement of prestress. Tris would indieste that bar
Nos 6 had suddenly broken loose, Bar Mo« 6§ was & lower bar snd would
bave o grenter offect on strains than one of the upper bars, An
inapection of strsin date for this heam will indlente that on the last
inerement of prestress the strains beeame fairly uniform in threir verie
ation throughout the length of the beam,

Deflections at the genter line were caleulatsd for m prestress
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fared equa! to the fimal value in cach beam and weing B, equal o the
onloulated valuos in Tables VITI and XI, The snloulations are as

followe:
Par beam with only prestressed reinforeings

ye ;r (1930)

T ® 30,70 lbe.
E = 3,060,000 psi

1 =105 in

" R

¥ = (3,18 in,* (Table V1)
M Far beam with plain and prestressed reinforeings
ye %‘I (19%0)
T ® 39,900 1lh,
£ = 5,450,000 pei
T = 108
0L, )w 0el3 ins

¥ = 0,13 in, (Table VII)

It will be noted that the above enloulsted values of deflection
cheok oxaetly with measured valuese The fagt that the values check exe
aptly ia rmot partioularly significunt in view of the fact that the errer
in resding deflections eould have been 0u01 inchs The agreement of

ilo welus was obbained by subtragting 0401 fram the final value
of 0a19 in. in order to compensate for plustie flow tlat ocourred
during the 1% hour braak in prostroasings
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deflections cnloulated in this menner with messured deflestions indi-
satoa that the actunl value of &, in an unbonded prestreseed concrete
beam would have to bhe known in order to make scourate predictions of
feflections during prestressing.

An inspeection of Tables YIII to XIIY indiestes that the value af
By 1a consistently lower in the beam with only prestressed reinforeing,
The reason for a decresse in 8, in any oase is the cccuranee of plastie
flow in the concrote, Jvidently the small amount of plain reinforeing
adds enough resistance to plasiic flow in the concrete to keep the
value of E, up to approximately 1000 f.';'

Jesults of Leading Test
The results of obsorvations on the leading of the beams are given

in Appendix B, Tebles XIV to XVII, It is interesting to note that the
sracks whieh appeared upon loading eloeed when lead was remeved, (If
the beams had besn reinforced with only plain reinforeing there would
have boeon much grester values of permanent defleetion end the eracke
wonld not have elesed,) The leading tests were not particularly im-
portant in connection with the problem studied in this papers They
were conducted with the thought that the data thus ebiained would be

useful for some other purpese if not used in this paper,

CSonclusion Drawn from Testing Jens in Lhg Laborstory

T4 12 the eonclusion of the suthor of thie paper that the devin-
tion frem cnleulated defleetion while prestrossing an wnbonded pre-
stressed gonorete besm with me plain reinforeing is due to plastie flow
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of the econcrete in the beame The plastie flow ewidences its self by a
reduced value of Eo. Tris conelusion, of course, im based on the tests
deseribed herein and would hove to he substantisted by further teasts
and observetions o beams used in strusturecs, Tt would be gonvenient
Lo have an exprasnion or factor with whieh the value of E‘ eould be
detormined for heams and other membere of verious proportions and

stresn eonditiona,



Fige 18, Beam Defleeted Under Load, lote erack at right of leeding
yolkes “rock closed vheon load was reduged in spite of tial
P par
erunhing o” eoncreote in teop of heam,



SUMMARY

Thls thesis glves an account of the author's investipetion of the
defleetion that occurs in sn unbondad prestressod concrete heam during
prestressing, Tris deflestion as been reportesd to be grester than
salouloted 4P the beam md no plain reinforeing in it, and this de~
fleetion has bemn reported to be in line with ealoulated values if the
beam contained a amnll amesunt of plain reinforaing. Two courses of
action were followed in erder to determine the resson for the way in
whieh these boams remct to the proatreasing foree. Ono ocourse of
notion was to investignte the formulam used to ezleulste deflsotion of
an unbonded prustressed concrete heam, The othor course of astion was
to test bemms in the laboratory in order tc sbserve the motion of une
bonded prestressed eoncrete beams and to deteet the remson for any
deviations from oanleul=ted deflestion during prestreseing,

The investigation of formilan tookz into aoceount the change in pre=-
striseing moment dus to 2 change in ohape of the baum as it deTlecta,
T™is investigation indiented that, while the shange in shape of the
honm as it deflected ehanged diFfarent somnonents of mament dus teo the
prestresaing “oree, the net effoct of a change in ahmpe of the beam was
zores This was true besouse the magnitude and sipn of such echanges in
momonit were such thet they cancelled each other, Tt wans the conclusion
of the mauthor that the change in shape of the boam need not be son-
sidered and that the formules now in use are theoretically sound,

Tha rasults of the heam testa indieated that unbonded prestrenssed

conerets teamm vith no plain reinforeing do defleet appreciably make
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than ealoulated during the prestreesing opsratiore It wms alse found
that the deflegtion of mn unbanded prestressed eonerete beam with a
small amount of plain reinforeing had defleetion which was in bettaor
agreement with omleulutiad walues when the prestress was applied, These
two findingas depemd on the use of 1000 r; for modulus of elmstielity in
the concrete. Cnloulstions were made involving measured strain, neas-
ured defleetion, end ealeulated strose. These cnloulstionas showed good
scrrelation af the quantities involveds T4 was coneluded that if the
proper value of E, im used n matiasfactory predietion of the deflection
ean be mades The actual value of E, in the bomm with no plain rein -
foreing was about 207 lower than 1000 fis The metunl walue of E; in
the beam with o mmall amount of plain reinforeing wms smhout 107 higher
than 1000 fie Tt io the belief of the muthor that plastic flow of the
eoncrete is the cause of tha redused walue of L, in tha beam with no
plain reinforeinge Ividently the smnll mmount of plain reinforeing in
the other beam resistad plastic flaw enough mo that By for this boam
was clocer to 1000 £ls As mors deata is compiled on this subiect a trend

may be established in regard to the cholce of Ege



NOMENOLATURE

.'nﬂ. = Ares of ooncrete minue A, and insluding senorets ares for trans=
formed section wher: applisable.

A - Jteel area.

a = Depth of beame

b - Width of beaam,

a « Mastance "rom centraldal axis to suter fibhers.

0ffset of steel from centroidal amis.

d' - a'/2

E o Modulua af elzatieity.

Eg = Modulus of elasticlty of eancrote,

Eq = Modulus of elastlelty of stecl,

. « 0ffset of steel Prom centrel axis at center line of beam.

o' = Vertiezl #lstance between steel harm at any point along length
of beam,

fa = Coneorete stress.

f3 = Ultimate compreanive sirength of conerete.

f, = 3tecl stress,

e <~ Toat,

1 « Moment o insrtis,

Tretida.

"
-
°
)

L « Jpan length
lbe = poundam,

Momente

Dead laad mamarit.

g
]



NOMENCLATURE (eont, )

: | - 3se‘ien medulus » I/e

l. « Sactisn madulus with respest to the bottem,

3y = Jection modulus with respeot to the top.

#e <« Iquare,

T « Tgtal prestressing force.

w = Pounda per unit length.

4 - Dgflection of bheam at mny point,

Yo = Offset of atesl from central axis at any point,

9 - nrfaet of steel from undefleoted position of ecomtral sxis at eny

pointe
§ - Offset of centroidal axis from central axis at any points
y' - dy/in
4

-
My - lLive load moment.

n - 2'/3u

pal « Pounis per square inchs
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APPENDIX A

Desisn Frocedure for Prestressed Oomcrote Beam on & 3imple Jpan.®

le Compute 1ive lead moment, (Live load moment is defined ns the
moment due to all dead and live loads applied after member has been
prestressed, )

2, COompute the required section modulus by dividing the live lead
momant by the allowable gencrete working stress,

5s Design e concrete beam having a seetion modulus equal to or greater
than that found in Step 2, Seetlion moduli are found by uaing the whole
eross seetion of the concrete but negleeting the steel, The steel aree
ie 90 emall that the error in making thie assumption is negligible,

44 Oompute the dead load mement esused by the weight of the beam in
the form in which it is to be prestressed,

s Pind the dend lord etresses at the top and bottom Pidres caused by
this moment,

6s Pind tre necessary prestressing foree (P) required and the ececen~
trieity (o) of applieation, (1) Conerete must not go into tension;
therefore under dead losd the bottom fibres must have s compressive
stress equal to or grester than the tension stress whieh will result
from the live loads (2) similarly the stress in the teop fibres under
dead lead must not be less than O, Using the above statements (1) and
(2) write equations for the dead load stresses in the top and bottom
fibres at the point of maximum live load moment, These stresses are
due to P, Fe and the live and dead lead moments,

For otress in bottom fibre

(I)E"‘h'ﬂ = My
RS

in whigh F im a compresasive stresa due to the prestressing lead (F)
A

applied at the ends of the beami !@ is » oampressive stress due to the

sccantrieity of the premtrescing lorce; m ie a tenajion wiress due to

%

*3et forth by Jokn A, Roebling's ions Tompeny, iridge “ivielon,
Trenton, Vew Jersey,
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the dead lead mnd m is the tenolonm stress dus te the live load,
sb

For stress in top fibre = 0

(2)_2‘&?””1‘.0
A St 3;“

in which F is o compressive stress dus to the prestreasing lead (F)
A

applied at the ends of the beam; I@ is a tenaion siresa dus ta tha eg=
¢
sentrieity of the prestreesing forcej end m is ths gompressive stiress

%

due to the dead lamd,

ubstitute mmerieal velues for all known quantities in the
Bquations (1) and (2)s This leaves (P) and (e) unknewn, 3Selve
the equations simultaneously for (P) and (e)e

7« Using an allowable strand stress of 105,000 1bs per sqs ine, figure
the ares of steel prestressing strand required.

8, Tt is recognized that there is a loss of strees in the prestressing
steol between the time the structure is prestressed and the time all
plastie flow of concrete has taken plages In a properly designed
structure using strands, this loss of stress never execeeds 20,000 1be
per 8q. ine Por this reason the strands are pulled up to an initial
tension of 125,000 1bs per sqe ins and we know this stress will never
drop belew 105,000 1bs per sde in. Therefore, 105,000 lbs per #qe ine
is the figure used teo deternine the strands required. Sinee the initial
foree is applied at the stress of 125,000 1be per 8qs ine, wo must
eheck the stresses in the tep and bottem fibres for thie new value of
(P) due to initiel prestressing, If these gtresses are not within the
allowable 1imits, the design of the strusture will have to be altered
elightly to keep the stresses within the allewable limite speelfied,

The trial and error pari of the preceding design can be partially
eliminated as follews:

al Prestress = 1 2 1,19 from
anl Frestress = 105,000 p

wich Initinl ?Tﬂﬁtr«‘}ﬂﬂ (Pl) s 1,19 7inal prestress (P).
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In item 6 the stress in the bottom fibre as found by Squation (1) will
reach mero sooner under the condition of final prestres: than under the
condition of initial prestress so this equation is ecorroct as written,
The strees in the top fibre will remch tension sooner under the condition
of initial prestress than under the eondition of final rrestress, There=
fore, this equation should be written for the initial prestross cons
dition ne follows:

(81) 1e10F = 1,10 Po + My, ® 0
A 5
t

Tiow by substituting numeriocal values in Equations (1) mnd (2A), wo can
solve them simultaneously for P mnd os

Mind strand area as in item 7

The values for P and o as found above give the greatest economy of
strand. Sometimes the e found by this method will be so great that 1t
will place the ntrand outeide the concrete of the memher. If this is
the case, place the strand in the member with the grestest e posaible
for the given shape, Substitute this o with the other nown values in
Pquation (1) and solve for P,

%9a Tlot strass dimgramst

For
Tnitiel proatreas plus dead load
Initial prestress plus dead lead plus live losd

Pinal prestress plus dead load
"inal prestress plus dead lead plus live load

10s ™n? horisontal shear and from this ecompute diagonal tension,

This strees will usually be meximum on the center of gravity of the eone
erete section at the voint of greamtest shears This point in a simple
span is at the supportes I this computed tonsion stress is greater
than ,03 £, (ultimate strength of eonerete), then provide stirrups to
take care of the exeess, If this stress is less than the allowable, no
stirrups are requireds To find horizontal shear and the diagonal
tension, use the following formulas:

Forizontal Shear (%'3,) formala

3. = v x a'y EP;
’ io xt b
{n whieh
7 = Total shear in wpam due to dead and live loads minug shear
earried by cables.
1,® loment of inertia of entire mection about center of gravity

o eoncrateae
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-

t » Thickness of segtion at point under eonsideration.
Is the area (a') above the point under consideration times
the distanee from that point to the center of gravity of
that area.

Diagonal tension (ft) formula

f, a4 e 2 , (p14)?
'Y %‘/(5.) (La.&)

in whiech

3_ = Horisontal shear as computed above.

£'% = Horizontal stress at point under consideration. Ginee pre~
stressed concrete is not allowed to go into tension £'t s
always a compressive stress,

Vhan the point under consideration is tha center of gravity
of the concrete, section fy 1s _F.

A!
When it is some other point, 't can be found by plotting a
stress diagram for the beam at the point under consideration
(similar to item 9) and reading the stress,
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The following paragraphk is talken from m lotter dated August 21,

63

Tris letter was received by the author of this thesis from Mr,

Oomparny, Trenton, Yew Jersay,

"In reply to question No, 2 in your letter, our ex-
perience to date indicetes that beams bullt of plain con-
erete have exceseive deflections during prestreeaing,
wherens beams bullt with a relatively emall smount of ree
inforeing etes)l have a deflection which is in line with
computed deflectiona, The excessive defleetion is partie
culerly noticeable when the stress in the beam reaches one
third of the ultimete and highers The purpese of this test
would be to verify the above statements, Ve have never
conducted a test on two identical beams but have reached
the above eonclusions on the basis of a nmumber of different
teats whis: were condueted for other purposes.”
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Derivation, by doudle integration, of equation far deflection of

unboniad preastresesd oonerets beamt
xererring vo rigure %ai

¥tk origin at paint "O"

el -

Ne T(%E - 5?) ® moment dus to prestressing force.
oK

y'Er 'T(iﬁi‘ﬁf)

r'rr-rugg-jfl . 0,

y' 20 when x = 1/2

0 = Tllgk - db) » 0,

g

)
“’"‘{ﬁ;"&?”lﬁ‘“%

y*0 vhen x =0
0=0+ 0y

my-r%:-gaz),‘:?x

At x ® 1/2

gy



APPENDIX A

y -,igggg ® defleetion at center line due to prestressing foroce.
1 4

ys %ﬁf & deflection at center line dus to dead load.
T

Total y 3 E%a - 57eL2 » gombined deflection due to pre=
z £ stross forece and dead losd for

the case considered, (Pig. %a)
Ref'orring to figure Sas
¥ e

M = =Ta

y' = %
y'EI ® «Te

y'El ¥ Tex + 0,

¥' 20 vhen x = 1/2

0--:!‘ 001
o = Ig
¥Y'El 8 «Tox » I!h

yst ® 2gl « Iog - O

Y20 vhen x =0

0.0002

e ol g

At X = L/2

yﬂ--l!f_.;'ﬂ

45
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y= %g_a_ 2 defleotion due to prestress faree alone,

Total y = %%2 - b oo combined deflestion due to prestrass and
%Ef dead load for the cmee considersd, (Pig.%a)



APPENDIX B

TABLYE 2 OALIBRATION DATA POR R4 OTRAIN GAQES
MOUNTED ON PRESTRESSING BARS

Bayr XNoe 1
Load Reading  Ty=Ty(1000) - Jrain  Aves Cuge
1bs e 2= in micro etrain
in./in,

0 O=2-101% (o} 0 (] (v} A

o O=b=1769 0 0 0 0 B
1000 D= 852 0 «16% 143 A
1000 D=£=1T15 0 - 55 5% =l B
2000  OwBe 742 0 -27 27* | A
2000  0e5-1600 0 .16; 181 0y o
3000  Owfe 541 0 «37h 37h A
000  0=5=1510 0 2% w9 OV P
4000 Oumfle 0 Ay 579 A
K000 o-d-lzgg o .33-,} 557 ha3 2
5000  OuBe 430 0 585" A
5000 0=£<=1299 0 ﬁ &70 528 B
£000 O«f« %28 0 =587 687 A
6000  0-6-1190 0 A79 579 635 3
TOO00 Owlle 220 0 =T9% 79% A
7000 0«6-1083  © <% 6 ™ B
8000  OwSe 117 ) -8 808 A
8000  Oub- OT% 2 JRCA SR 4 86 s
9000  OeBe 12 0 «1005 1003 oo, A
2000 Oulle 872 0 =807 887 B



TABLRE
(oont,)

Fi

g8 88 g3 98 28 88 ¥E &8 8% ..

CALIZRATION DATA POR SRE STAAYYN GAGES

MOUNTED ON PANSTRESSING BARS
Bar Noe 2
Reading To~T, (1000) Mrain  Aves
£ e Wik
in./in,
O=l2- 89 0 o 0 "
O= 8= 197 0 0 0
D=1G=1920 =2000 #1331 159 o
0= 3= 177 0 - 20 20
0-10-13810 «2000 #1721 279 198
O= 8« 80 o - 117 117
O=10«1700 «2000 +1611 380 %00
O« 6=1087 «2000 #1790 210
0=10-1588 «2000 »1499 501
0w 6=189%  =2000 #1696 08 05
D= 6-1798 =2000 1 399
O=10=1360 «~2000 #1271 729
0= 61700 =200 +1503 by 1
0=10-1240 «~2000 +1151 Ao 725
D= 5-1600 2000 +1h0% 597
Owl0w11%7 «2000 +»1048 o082
0w 61500  =2000 «1%0% gy B
0=10= «2000 +» 9% 1064
0= =1 «2000 1201 99 R

APPINDIX B

Cnge

e

or =

|-

m - = > i - o -

= - - =

-



APPENDIX B
TABLE Y CALIBRATION DATA POR SRA STRAIN GAGES
(eont,) MOUNTED ON PRESTARSSING BARS
Bar Yo 5
Load Gsading T,=T, (1000) Strain  Ave
1bs " ™ in miere itnin
ing/in,

0 Nefle 250 o} 0 ] 0

o 0=8=1090 ] 0 0 0
1000 D= 0 54 - &4
1000  OwBe 5,2; 0 P abs 100
2000 Owle 215 0 - by 57 a4
2000 O=8e 729 0 - 36 361
000 Owle 122 (o) - 138 158 806
3000  Owde 617 0 - 475 A3
4000 O 0 -2 2%
BOOO  OuBe hgg 0 pe - 6o W5
5000 Oul=19%34 «2000 +18Th 124 518
5000 Qw8+ 380 0 - o 70
£000 O=B=18%9 «2000 *1579 n 625
4000 Oulle 261 4] - 829 820
7000 051740 «2000 +1480 %20 729
To00 Owfe 153 o - on 957 ‘
8000 O=6=1640 «2000 +1%% f20 8w
2000 08« 40 0 =100 1050
000 O=b=154% -2000 +1283 7n7
9000  Oub=19%0 ~2000 » 840 e

- = - = - W = = - o - o =

= m= @

69



TABLE X
(oont,)

1

TS

83 98 38 85 33 83 8% 33 §§ ..

CALIBRATION DATA POR SRA ITRAIN GAGES
MOUNTED ON FRESTRESSING BARS

Aonding

O=f=1%50
0=3«1078

Ouf1240
O=f= 976

0=6-1138
0w~ 870

0ab=1042
0e8~ 763

Oabe 940
Oul= 65%

Ol
Owllen

os- W3
Oubw &
Omlem

Oulim 525
O=8« 238

(T |
D=l 152

APPENDIX B

MNOOQ

7,1, (1000)

o0 DO (o o)

oD 20 OO OO0 0O oo 90

)

- 110
- 102

- 212
- 208

=08
- 315

= 410
- 425

- 313
- 53

- 617
- 635

120
- 738
- 840

- 929
- 946

Strain Aves
e

- 0
108 16
e 210
;2; 512
-
B =
& B
e ™
N »
oag 9B

Oage

@@= W= = o = E= B= L

=

o =



§% 5% 38 88 8% 88 ¥8 8% 8% ..

OALIDRATION DATA POR 8R4 STRAIN GAGED
MOUNTED ON PRESTRIISTING BARS

Reading

Owl2« 965
0w 8-162%

O=12- 850
O= 8=1557

O=12« 742
Ow 81447

Owl2w 6%
O~ S=1%%8

Owl2~ 5
Ow 8wl

Ow12e 427
O= 8-1157

Q=l2=
0 8-10k2

O=l2« 208
O 8- 940

Owl2« 100
0= 8- 8A8

=101
0w Be 7H3

APPENDIX B

Har ”ﬂ.’

Tp=T4(1000)

S0 oo OO QO QO OO0 00O Do oo

%

Dy=Dy

- 115

- 182
- 287
- h32

Z 1%
- 608
- 583
- o7

605
- 855
- T

+1025
- 882

Strain
in miero
ln-./ ine

0
0

11%
48

203
152

>29
207

§3 I8 &

Aves
strain

203

409

S13

614

an

o =

mE= == W=

- >

[



APPENDIX B

TABLE T CALIBRATION DATA POR SR STRATIN GAGES
(eont,) MOUNTED ON PAESTANISTNG BARS
Bar Nos 6
Lond Aeading T4=T4(1000) Mrain  Ave,
1be !-Tl e in mlere strain
Lns/in,
0 O=12+1419 0 o 0 o
o D= S= &8 0 0 0 o
1000 O=121%57 0 - B2 £2 120
1000 0= 4.1870 2000 »1822 178 ‘
2000 O=12«12%5 0 - 183 183 231
2000 O= he1770 «2000 *1722 274
3000 0=12=1108 0 - 511 14 | 250
3000 O helf50 «2000 1612 358
hoon 012« 000 o = k2o k2o e
hooo O~ 4=1560 ~2000 +1512 han
RO00 0«12« 845 0 - 554
=000 0= he1h5s =2000 *IET* 593 574
4000 Oel2e Th2 0 - 877 6Tt £36
6000 O 41353 =000 =1%05 695
TO00 0= ha12ho «2000 «1201 799
BO0O 0«12« o - o=
8000 0~ A=1} -2000 .15 906 "
9000 O=12« 386 0 1093 1053
9000 Ow 4=1034 «2000 » 006 1014 1a%h

EE @r W WeE DE @ W @S> @=@>



APPENDIX B

:

TABLE I CALIBRATION DATA POR SR8 STRAIN cAGES
(oont,) MOUNTZID ON PRUTRESSING BARGS
Bar HO' 7
Load Reading To=1,(1000)  Dy=Dy #raln  Ave
1%, il in miere utn;.u
ins/ine

0 Ow= B« 260 0 0 0 0

(s 0=10-18%0 0 0 0
1000 O~ 8« 156 0 - 104 104 m
1000 0=10-17%% (8 - 117 117
2000 O= 8« 51 0 - 209 209 216
2000 O=10-1628 o - 222 222 .
5000 0= 6-1949 2000 +1689 H11 %o
%000 0-10-1%518 0 - 3352 nxa
&o00 Q= A=1840 =000 =1 hao
&ooo 0«10-1408 0 - ﬁ 4o &
000 Ow 51755 =3000 +1475 525 533
BOD0 0=10=1%00 0 - B80 550
S000 O 1628 «2000 1363 632 656
6000 0+10-1191 0 - 559 659
Jo00 O £=1523 «2000 w1243 7
JO00 0-10~10853 ] - T67 67 ™2
8000 O= 81415 =2000 #1179 84 P
Boon 0«10« 078 0 - 872 iy ]
Q000 D= A=l =2000 #1048 952 ok
9000 QulOw 0 - 975 oTs

- = = w = W= W e m= I 3 =

> W=



TARLE T
(M’..)

3]

88 g8 3 89 8% 8% ¥% 88 §% .

OALIBRATION DATA FOR SRE STIATIN CAGES
MOUNT ™D ON FRUSTREASTNG BARS

Reading

PP PP PP
PR P OPD
38 B% 48 ¥ Sw ¥

7y
P

3 S o A

g 3§
éo éo EO éo [« Ne) el o] o0 oo o0 (o N o)

%2
3

3

z
35

FE Py PR PR PR TY®
A

g
35

APPENDIX B

!!-'rl (1000)

Bar Hos a

- M4
« 69

-

- 870
- 708
- 176
- %
- 279
#1471

1067
1-1_5*5

=1174
+1419

=1290
+1%18

Strain

in mloro atrain

1“0/1“.

0
0

51h
- &8

b5

P

570
ok

702
176

951
69

1067
Lyl

1174
S81

1280
652

kyes

122

228

77

a9

281

Gage

o = o~ -

==

| =

@@= @



APPENDIX B
TABLE I LOAD STIAIN RELATIONSHIP POR CALIBRATION
oF 34 STRAIN GAGCI ON PRESTRESAING BARS
LEAST SQUARSDS METHOD

Load Avae Strain Load? (Aves Strain)(Load)

1000 108 108,000
2000 217 4345000
S B
= B e
7000 721 5+ 187,000
8000 848 6,768,000

= -- ATI04000 ) -“
i9)(255.000.000) « (45
Avey Strain ® (a) Load ¢+ b
Ave, Strain = 0,105 load « 3,14

Ave, Strain = (o) Load ¢+ b
Ave, Strain % 0,005 Lead = 15,1



APPINDIX B

TABLE IT  LOAD 3STRAYN ELATTONSFIP POR 0ALIBRATION
(oont,) OF SRA STRATY GAGEA ON PREITRE3IING BARS
LEAST 3QUARES METHOD

Load Avos Strain Load? (Aves Strain)(Lond)
1000 100 100

2000 204 hﬂ.'ggg
%00 i e
5000 518 2,500,000
7000 7% 311034000
8000 éﬁ £ 4680,000

Ave, Strain & (a) Load o b
Ave, 3train » 0,107 lLoad « 6,42

1000 106 106,000
E =
w z}: logm
5000 523 246155000
E E B2
3000 52 ’

5 w5 En

Aves Strain ® (a) Load & b
ives Serain ® 0,104 Load & 1,72



APPENDIX B

TABLE YT  LOAD STRAIN RELATIONSHIP POR OALYBRATION
(oont,) OF 984 STRATN GAGZ3 ON PRUSTRESSING BARS
LEAST 3QUARES MSTHOD

Load Ave, Strain Load? (Ave. Strain)(Load)
1000 o2 Eoﬁvm 924000
2000 20% 4,000,000 406,000
m 040004000 924,000
e o 25000 206 e o
doco é 6,000,000 3220000

Ave., ﬂrh"nln‘(l) load » b
Ave, Strain ® 0,104 Load « 7.19

1000 120 120,000
2000 2n 4624000
m 1,050,000
i
5000 #3704
6000 696 %4116,000
7000 802 5,614,000
8000 916 75 528,000
ﬂ M

Ava, Strain = (a) Load ¢ b
Aves Jtrain ® 0,114 Lond « 4,50



APPENDIX B

TABLE IT LOAD STRAIN RELATIONSHIP POR OALIBRATION
(eont,) OF SRA4 3TRAYYN GAGES ON PRESTRESSING BARS
LEAST SQUARERS METHOD

Load Ave. Strain Load” (Ave. Strain)(Loed)
1000 m B 000 111,000
2000 216 4,000,000 432,000

foce -

5000

6000

7000

8000

Ave, Strain ® (a) Load 4 b
Ave, 3train ® 0,107 load + 5400

H!’ﬁ'm 122,000

1000 122

2 E = B

5000 5 g:m‘;ggg ;’%E;'Eg
000

6000 840 g:m.m 5:”,“”

7000 m :

8000 879

ives Strain » (a) Lood ¢ b
Ave, Strain ® 0,108 Load + 11,6



TABLE TIX

Mo e

5 0 - - [

5y

R = o N e

R =

L o

B e B e D

Load
1b,

1,000
1,000

%000
9000
55000

10,000
10,000

15,000
15,000

20,000
20,000

25,000
23,000

204000

254000
35,4000

40,000
45,000
45,000

0,000

£0,000
60,000

APPENDIX B

DATA POR MODULUS OF ELASTIOITY
OF QONCREITE IN TEST BEAMS

Test Cviinder Noa. 1

Hu.din; x(IOOA)

O=10=182¢0
O=10=1142

O=10-1812
O=10=1142

0=10-1787
0=10-113%1

O=l0=1750
0«10-1114

Owl0=1698
0=10-1065

D=l0=152%
O=10=100

O=10=1%"%
0=10= 95T

0-10-1481
O=l0= B4

0=10=15%12
O=10= 782

0=10-1342
O=10= 710

O=10=-1260
0«10~ 62%

0=10-1189
0«10~ 551

0=10=1109
0-10= 4%

0-10- 940
0=10~ 300

OO0 00O DO ©0OO0O OO0 OO

0O O¢C

oo oo O 00 OO0 20

BS &% 8% 2

. A

- 17
- 0

- 11

- 69
- 28

=151

Strain
in miero
ine / ine

o
0

17

0
ho
11

69
28

131
144

206
137

274
208

Bha
279

7
360

hay
e

260
519

£ho
591

Strain
Avoe

104

172

240

4

&

$ 3

Stroess

psi

148

b3

12%2

1478

1724

1970

any



TARLE IXI
(llﬂto)
Gage Loud
Nﬂ'i lh.
1 (6}
2 0
1 1,000
2 1,000
1 3,000
2 3,000
1 54000
2 %5,000
1 10,000
2 10,000
1 15,000
2 15,000
1 20,000
2 20,000
1 25,000
2 25,000
1 50,000
2 30,000
1 35,000
2 %,000
1 40,000
2 &0,000
1l 'H.m
2 45,000
1 950,000
2 50,000
1 60,000
2 60,000

AFPENDIX B

DATA FOR MODULUS OF ZLASTICITY
OF CONCRETE IN TEST BEAMS

Teat Cylinder Wo. 2

To=T
‘tudin: :f%‘:ﬁg]

0-10- 612
0~10-1040

0-10= 597
0-10-1036

0-10- 549
0-10-1033

0=10= 540
0=10=1029

0-10- 421
0«10~ 990

0-10- 546
0-10- 932

0=10- 270
0-10- 380

0=10~ 190
0=10- 813

O=10=- 102
O=10- TH2

O=10~- 19
O=10~ 680

0= B-1900
0-10- 609

D= 3=1T789
O=10= 515

D B=1545
D=10- 452

0= B=14%0
0=10- 510

%0y
0 0
(] 0
0 - 15
0 - &
0 - 63
0 I
0o - 108
0 - 11
0 - 101
0 - %
(0] - 266
(o} - 108
0 - 342
0 -~ 160
0 - 422
0 - 227
0 = 510
0 - 268
o} ~ 597
0 = %60

«2000 +1238
0 = 431

=2000 1177
o} - 525

«2000 «10%4
0 - 588

=2000 - 818
0 - 7%

Gtrain
in micro
in./in,.

0
0

15
i

63
4

108
11

191
50

266
108

"2
160

422
227

510
597
360
2
43
A3
525

588

1192
50

Strain
ivee

10

60

126

187

251

325

k79

572

é7h

m

961

dtrass
ped

&9

148

246

493

™9

1232

1478

1724

1970

2217

2063
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APFEMDIX B

TABLE TIIA ULTIMATY STRINGTH OF CONCRETE®

Grlinder “o. Ultimate Load Ultimate Gtress

1b. poi

> 101,000 34050

h 944000 44700

5 1004000 54000

L] 96,500 4, 8%

Average = 4,900

*Orose~sectional arsa of test eylinders equale 20 aq, in,



APPENDIX B

TABL® 1V PRESTRESOTNG DATA
BEAM WITH PRESTRE3JED REINFPORCING ONLY

Oare Approx, Dy~ Strain Otrain Prestress
Mo Total ‘!oads.ng x( ?oob) in miore  Ave. Force
Prestress ins/ine 1b,
1bs

Tensioning of bars started 2100 PyM,, Mareh 24, 1082

0=10«1100
0«10«1120
0=10«1540
0=12« 180
0=10+127%
0=10-1670
O=12- 188
0«10~ 809
Owl0=194
Owl2« 1
D=l
0-12«1282
odhmﬁ

0t e 50 -~ OV B N

fo

2 %2 % 2 3 3 & 88 3 8 8 3 2 3 3 x 20

b~
O~ v

S"C-&G\I 2008 B
SoaREBITNES
]
A

[}

L% B I O I O O A

8.5 s nnugyasy

(2R 2R 2= N AN B I B B BB A

&
&

ed.
5

e 118
« 59
Total prestreass ®

?
3
8
g
3

aogooueoﬁo-ﬁﬂauooﬂﬂ

'
h-1
'

2

8
Bls s & 38



APPENDIX B

Strain

]

»

*

Ave,

72
80
138
ks
42
165
210
220
197

Total prestrease

m
107
176

o4

o
158
203
21A
189

TABLE 1V PRESTRESITHG DATA
BEAM WITH PRESTRTSSED QEINPOROING ONLY
fage Approx,  OR4 Ta=T Dy=0y  Otrain
oo Total Reading x(1000) in miero
Prestress ine/ine.
1b,
1 8000  Q=10=-10% 0 « 62 - &2
2 . 0=10~10%9 [a] - 01 - 8
2 " O=ll=1450 0 = B = 8
" felZe 100 0 « o0 - 8
e | e D=10=107% 0 =198 < 198
6 " D=1D=1%92 0 =1 = 78
7 ' Del2e 1 0 - 5 - =4
8 " 0=10- 865 0 « 3 = 34
o " O=10=1892 0 - %1 = %)
10 . O=]l= 162 0 - 52 o 32
11 o D=18=12T70 0 e 221 o 221
12 " D=12«1390 0O #1108 « 108
13 " D=1k 505 0 + 489 -« A48
14 " Dwl0e 508 0 <« 8 - M
1% " Owlieldb2 0 = + b9
16 " O=12=1500 =P000 «1041 - %59
17 * D 8=1%9 0 =+ 17 + 17
18 " 0=12-1229 0 +3% « 376
Tensioning of bars stopped at 5100 P.May Mareh 24 and
continued at B1%0 A, M., Mareh 2%, 1952,
1 8000  (=10=1000 0 =100 =100
2 ¥ Qw10w (o} - 122 = juzz
z " 0=10=1 0 =120 =120
" pe12-0087 0 - - 5%
5 ' p=lD=10%2 0 =201 =28
6 * p=10-17%0 0 - - 110
v ' O=12- RO 0 «108 =108
A . 0-10- 8h0 0 - - %
] " 0«10-18%0 D e - 0%
10 " 0=12= 118 0 - - 76
1 " Deli=1264 0 = & 218
12 - Ow12«1%82 0 - * 100
1 ¢ Delle 0 * = W%
1 . 0=10= 0 = @ - 55
1% * p=14-149% c whoz b2
16 ¢ 0121087 2000 2 S19% - 54
17 " 0= Ba1%84 0 e e 7
14 " 0=12-122% 0 «350 « 50

a3

Prestress
Foree
1be

1570
1950
1930
1940
T410

1500
1870
1470
1590

Total prostresa = 71%



TABLE TV

(m'«)

Onge
Toe

O P~ AR i N e

10
11

1
1
15
16
17
18

BN RAPENED 0 o~ W

Approxe

Total Ruding x(

Frestress
1%,

12.000

H E 2 A& 3 B 5 E a2 8 3 &85 s &

16,000

APFENDIX B

PRESTRESITNG DATA

O=10= 948

g-16- 518
0=10-1818
Owl2« 93
O=14-1410

CO0O00000O00DDDO0OCOODIOOCO

OOéﬂOOOOOOﬁOOOéﬂﬂ-ﬂ

D=y

BEAM YITH PRESTRESSED RETYFOROTHE ONLY

(3oob)

Strain Strain Frestresa
in miero Ave, Porce
in./in,. 1be

T m
. E.;’ - 158
i ﬁ - 242
- 1:‘1’ -1m
Zl W
F NP
t% ez 300
‘:‘5?7},‘ s 526 2910
4 . ..
Total preatress = 11730
pg- AR T
I
-+ SRS
Swp W
% i“ - 144
the -ms we
*a vk mio
" ez 30
1 Sl

Total prestress = 158%0



APPENDIT B L

TABLE 1V PRESTRZGSING DATA
(eont,) BEAM WITH PRESTRESSED RTTYPOROING ONLY
Oage Approx SR4 - Strain Strain Prestress
Hae Toul‘ Reading x(iOOA) L in miere Ave, Forece
Prestress in./in, 1be
1b.
1 000 Q=10= 890 o - 210 =20 >
> N 8% 0 =275 275 243
2 o 0=10=1270 0 <270 =270 - 279
. 0=10«180% ~2000 #1712 - 287
5 o Owl0= 79% 0 <478 <478 - 379
; : o-;g:l;gg 0 =280 260
0=10-1968 «2000 1780 - 220 "
8 ’ Owl0= 75% 0 - 1h% o144 .
9 . Owl0w) 0 =208 208 - 181
}g : o-:z;m 0 « 154 - 154
O 0 =871 =
12 ’ u-lltlg 0 Mo . 567}3 + 516 fpho
3 0- o] - - 029 hobo
:t ’ o-}g: 9% 0 .lh:»a .ll?g » 531
5 Ow1lwl 0 #1017 0
16 . D-.'I.::l 120 0 e ‘71 5 R « % o
17 0= 2 o} s 812 » 412
18 " pe124 0 «627 o627 *9% N
Total prestress = 19870
1 2h,000 ©0-10-B%0 0 -260 =260
2 " 0=10= TT8 0 - %2 - 34
2 ' D=10=1194 0 = 344 . 34 - %66
® 0-10-1792 -2000 #1812 - %88
g : zlﬂ- 02 0 =57 - 5,'6/; - 466
¢ L el R
A . 0=10= 0 =191 =191
o ! D=10s 6 =271 -M "
10 . 0=120000 0 194 -194 <233
11 ’ O=14-180% 0 o754 « 754 P 5900
12 o oenpal 0 . gg g
13 . O=1 m 0 - . 6ho
Bl ORI D R MR L e
O 0 . +101%
1 Sk o . é - 2% + 636 3960
17 Ow 8«1 Q ™ R )
18 . 0=12+1652 0 &7990 79 « 625 60%

Total Prestress = 239080



AFPENDIX B

TABLE IV PREITRESSTHG DATA
(eonts) BEAM ¥WITH PRESTRESSED RETNFOROTNC ONLY
Gapge Approx. =T O,=0y Gtrain Strain Frestress
Hoe Total '!o&ding :(foo?s) 3 in micro tve, Foree
Prestress in./ins 1be
1be
1 28,000 0«10« 800 0 =200 %0 =
2 Y 0el0e720 0 -hoo =00 0
z " O~10=1142 0 «38 = 298 - 434
¢ 0-10<1710 «2000 +15% = &70
3 © OIADE awo ol -3
7 O ~2000 & -2 .o
3 " D=l0 0 =204 224 218
9 " 0-10-16 0 =35 -3 2
¥ 1 Mgmam e o U
O, 795 0 . T *
12 : o-tg:xm 0 o715 o & « 70 o0
1 O=liell 0 1008 &
1 P o-lo o - 37 .lha'r +T™H
1% Delfe 120 2000 « 843 #1157 ,
¥ ; Olebo o . e T e
O= 81965 0 * - 3
18 " 0-12+1608 0 845 o845 T 10 0%
Totel Prestress = 28110
1 22,000 OwlOe 765 0 «35 55
2 . O=10~ 661 0 = 259 - 259 -m
2 " 0=10-1099 0 - 451  « 451 - 802
" 0=10=1627 «2000 .-xwt - 553
5 “ 0-10- 598 0 615 - 6715
6 » 0=10-1192 0 s-,a - 478 -5
7 " 0-10-1815 «2000 1628 « 372 - 56
8 . O=10« 640 0 - 2% - 259
9 . 0-1001602 0 - ,‘1 - 5‘“1 - m
ool oRmes e o
S
12 ¢« e s <t o e sty W
1 " Owlbe1260 0 1138 1
b emiam oo B T T
(e’ -
B e R WA I m o
O 00 - %
18 " 01241751 0 =808 808 *519 79%
Total Frestress = 31880

Tensioning of bars stopped 12:00 noon, Mereh 2% and



APPENDYX B oy

TABLE TV PRESTRESIING DATA
(eonts) BEAM wITP PRESTRESSED RETNFORCING ONLY
Gage Approxe. ELYY Oy=Dy Strain  Strein Prostress
Woe Total Reading x(ic.:oo) : in miero Ave. Toroe
Frestress ine/ine 1be
1be
1 52,000 0-10- 757 0~ 343 - 343 - boy
2 0=10- 650 0 =470 «A70
N 0-10<1604 2000 vlh2h - 576
3 . 0-10~ 58% 0 =690 =069 - 550
S = e
- -
8 » DwlO- £35 0 = ﬁg - 26 = %3
9 ’ O=10-1597 6 - - 5#3 - 307
= < B -
o *
B st I A L, e
Om ' (4] - TS
1 : o-:g-uss 0 2&1 . ;gz e
15 Omlfw «2000 - 63%% #1367
i EES EE m o
7 0= - .
18 " G127 0 BT e857 0 06 9%
Total Frestress 31760
1 36,000 O=10= 720 0 «330 380 - 450
2 " Ow=10« 600 0 - 520 =~ zg
z . D10 ¢ - - - 568
. O=10=1505 «2000 #1365 « 635
5 y 0«10~ 540 0 73 «73 - 6%
] - Owl0«11%8 0 - 532 552
7 " 0=10-1768 «2000 #1580 « 420 -
8 . O=10= £ 0 =289 =289 :
9 ' 0-10-1 0 -3 -,
g : 0-112:1&9; ~2000 amg - g;
Ow' »2000 - -
B I Stmem aa <8 L
) L J
:2 ’ u-w}ig o :Tﬂ ¢ 9t %
15 ™ B0 000 - B
16 " OelbeB92 0O 3 oAz 2 -9 9000
17 *  O-lom 217 +%00  -113h « 865 .955 9080
18 . Ow12«18%52 0 - 999 & 999 Fivale



APPINOTX B g

TAILE IV PABITRESSING DATA
(eonts) BEAM YITH PREITRAGSED REINAOIGTIG ONLY

Nage Approx, 4 1‘3;‘3 DowDdy  Strain  Strain  Prostress
To. Total Reading x(1000) in miore  Ave, Toree

Frootross ine/ine 1%
1be
1 h0y000 0+10-678 0 ~h22 A2 g,
S IR
O - -
2 " 0w10«1440 «2000 1260 = ;g ~ 648
% ’ O=10=- 480 0 =793 «793
8 " 0el0-1070 O ~600 800 =697
7 . Owl0=1710 «2000 +1522 « A78 - Aoé
8 : O-g: g‘b 0 =355 357
, Owl10=] 0 - - @
10 " 0=10=1848 «2000 .133 - 246 - 386
11 o Ouwlfie 148 42000 = 901 #1090 #1075 9940
12 . Owlfe 252 #2000 «10%0 « 070
}z . 0‘1“1 (¢] 0’.@“ Pl& ’m m
18 ’ s 3 o003 R
- O &
:.6 . Owlle 832 0 +8355 o833 +1088 9950
7 " 0=10w 350 #2000 1021 « 979
18 " 0a12e1022 0 <1060 1069 ~*102% 9880
Total Prestress & %9600

Tensioning of dars completed a0 PV, March 25



AFPENDIX B B9

TABLE ¥ PRESTRESSTNC DATA
BEAM WITH PRESTRESASED AND PLATIN ATINFOROTNG

Gnge Approx, -T D=0y Strain Strain Prostrese
o Total ﬁoading x( foo&) in miere Ave. Porece
Prestress in,/in, 1be
1be

Tenslioning of bars started at 03100 A.M,, March 27, 1992

0=12«0080
0=-10-0874
O=10-1425
0-10-1558
0=10-13%0
0=10-06%0
O=10=145%
0=10=11
010w
O=121%00
0=14=0608
Owlhe0345
0«12«1115
O~ 81000
0=-16-0188
O= B8«1940
Ow14-0612

E N 3 B R @S S8 e

- 28
- 51

by

3

0=12-0052
0=10-08%2

o-to0-1%4s

O=10-1320
O=10=06
0=10=1

0=10=1242
O=10=154%
0-12-1T710
0=14-0510
Ow14w0%90
Ow12=1090
0w 8-0788
O=15-064%
O= B=l992
0=14=0760

- 22
- 1
« 28
+ 111 1W0%
#1110 1llo0
v« 121 1020

»100 1080

axsl g gunssy

§&

2R BE BN BE DN BN BN BN O B B B B BN N

OO0 QOLO0OO0OO0OITOO0DLLODTOCODOO
Eudtadgl e sunsss

2 2 8 2 8 3 E &2 2a 3B = @8 8 8B " =
i SN BRI A I B A B BN B B B

2

Tota)l Frestress 3 42% 1b,



AFPENDIX B

TABLE V PRESTRESSTNG DATA
(eonts) BEAM WITH PRESTRESSED AND PLAIN REINFOROING

Cape Approx. Dp=Dy Strain Gtrain Frestrooss
Rouding :(m)

"o Total 1n micro Ave, Force
Prestreos ine/ine 1be
1be
1 8,000 o0-1200% 0 - A8 - K8 - WA
2 b o‘mm 0 S E - g - do
" 0~10-1518 0 - 2% . 2% -
5 " ﬂ'lrml‘. 0 - ” - m
6 b D - 20 - 20 = M
T " D=10=1 o - 12 - 12
B by Owl0w=11 0 « 2 » 2
9 " p=10s 0 =+ “g i 442 & 5
11 4 ©6-12-18%2 0 =
12 " o080 o0 - 28 - 28 T@ Wo
15 ' o082 0 e« .k ope
}; : g:lﬂ.-ll” g - l: - 15555
3 I ERSBE L=
1 0= +2000 .
18 +  oakoste o o 198 .93 13 WX
Total Prestress = TOIO
1 12,000 0-12-0012 o - 68 ~ 68 = 54
2 " 0e100762 0 =112 =112 _ ga
z : O=10=1%6% 0 - 60 = 60
0‘-10-15!5 0 - %0 - 0 -
z . O=10=1204 0 = 66 « 66 -
" 0-10.0622 0 - 23 - 28 oy
4 . 0 = 1T = 17
B " O=10«11 a . 2 » 32 . B
lg : g:; 5 o » 1 + 1
2«1047 0 =557 « 9557
12 . O=14-063% 0 - .;; * .g 316 2000
1 " 0=140840 (i ™ - &
':’ " o-l2-138 0  e235 . *ﬁ,} + %64 >0
O~ 8-0838 0 - 112 -~ 112 :
g : 0-%0%6-0988 0 s 1300 * ;nag 9 .
0w #2000 <1675+
18 " 0e14.0888 0 #2735 273 2 +¥9 X0

g

Total Prostress = 1



APPENDIY B

PREITREISING DATA

To-T
Teading ,(2?1@1%)

TABLE ¥
(oont o)
Cage Approx, anh
H ¥ 10%1
Prestrens
1bs
1 16,000 0=10=1085
2 " O=10«071%
2 " Ow10=1%%8
" 0«10«1510
5 ¢ 0-10-1240
6 . 0=10-0600
7 . 0=10=1524
8 . 0-10-1184
9 " O=10=1451
11 " 0-14 =00
12 " O=140780
1 " 0=14-0860
: : 0=l %
5 O
16 . 0=16-1128
17 - 0=10-0%85
18 . 0=14-0038

OQ = A Do B0

~2000

OgOGﬁObQOOOﬂﬂﬂOO

Da=Dy

‘e
33

529

bi!!lll'

g.t-wfﬁﬂ

LA AR B A
§33

%

Strain
in micro
ine/ine

[
33

5348358, u3Es

te i 1420l 801D

BEAM YITH PRESTRTSSED AND PLATIN REINPOROING

Strain FProstress

Aves

- 99
- 125

- 79
- ho
- 5
» 19
« h12
» b2
+ §11

Porce
1b,

1§ ¥ 9

Total FPrestress = 15910

Tensioning of bars interrupted at 11120 A.M, and contimued

et 1100 FalMsy Marah 27, m.

8
3

5 2 2 828 8§ S 3% 3 8 g2 @=2 3 3 85

0=10=1990 =2000

0=10-0710
0-10-15%
0~10-1507

D= B-0061
0=16-1119
0=10-0%82
Ow14=0980

ogoooocgooonnooo

#1910
= 164
- 09
- 5
- 111

vg s

guﬁ
g

” -
3§mb

PSP PLE R B ESEYNS

&3

+ + ®
)
BES

- 20
- 127

|
w & 2

+» 514
+ 408
+» 448

+ 405

Total Frestiress =

3333

157450



TABLE V

(conts)
O e Approx.

Wae Total

Frestress
1be

1 20,000

!- ]

2 ]

[ |

2 v

7 "

a w

9 "
11 "
u "
13 » .
1 "
15 "
16 .
17 .
14 "

1 24,000

. | ]

5 [ ]

" "

3 -

! b

9 L |
1 [
12 "
13 .
14 A
B
17 "
18 =

AFPENDIX B

FRESTRESSING DATA

sah

O=10=1
o-lo-o&ﬁ
0-10-1
O=10~1

i
O"" ]

Ow 81145
O=16-1179
0-10-0470
O=14-1112

0=10-159%

0141020
0-12-167%
0w 841353
o.w-mg

O=10-05
O=1he1252

BEAM WITH PRESTRESSED AND PLAIN REINPORCTING

T Dy Strain Strain
Reading ’(ﬁ) D= n Froatress

OBOUOOOBOOOOﬂOOOE

s5ess8ak

O§°°°O ﬂEﬂﬂﬂOOﬂﬂﬂE

0010&1‘"
SRR

]
1

- 180

sueE

+18%3
- 27h
- 155
- 136

é&

S ]

B4

in miero Ave, Force
ine/in. 1be
=18 -1
Ty -
T =12
T - m
.®» @
T eou Mo
:m + 512 Agho
:ﬁ + %68  Aoho
30 v%8 X
Total Prastress = 10810
162 =162
::;; - 215
Tae -3
S
Tk -
:g » 614 sam
:g;g - 617 P
02 +60  »®
viho +609 5%

Total Prestress =

29500



APPENDIX B

TABLE ¥ PRESTRESSTHG DATA
(eont,)  BEAM ¥ITR PRESTRESSED AND PLATN RETNPOROTING
Approx. Strain Otrain Frestress
mﬁﬂ Total ﬂuﬂim :(1006) in miero Aves fores
Prestress in./in, 1bs
1be
1 28,000 Q=10= 2000 #1792 = 208 - 208
2 ' O ¢ » 53* *® 55.' = 365
2 " 0=10-12%0 0 =195 =198
’ 0=10=1400 0 158 <158 - 261
5 " 0-10.0087 O =%3 - %3
u *  o-l00kS 0 -0k 2wk
7 » 0=10-1%%0 0 -125 «125
8 " Qel0-110 0 - %0 - 90 _ g
9 " 0=10-1%65% 0 = 71T -« T
11 " 0=14-0%0 +2000 <1030 o 970
12 . 0=-14=-1098 0 «40 o ka0 + 7% 0
1 " D=14=]222 0 BT7 877
12 ' pel21480 ¢ % ¢ Zgg «721 6920
is . O= B=140% 0O » . ' :
8 " pele1%5 0 1127 u;g +81 e
17 . 0=10-06%0 +2000 <1310 o |
18 " pelbel 0 +157 737 T4 69%
Total Prestress = 27830
1 32,000 O-10-18%0 «2000 1790 = 2%0 - 299
2 0 looMs o - -3 =
2 . u-m-:% g - E - o2 .
3 +  ol0wms o -ms - gles
0 - -
7 " pe10-1288 0 -7 -1y W
8 . 0-10-1063 0 127 ~127 - 120
" SR - . g
- -
12 S T 0 «605 w605 T T
i - O=1ba] - g :I;g :11’; 851 797
15 i o- 0 +65 65
Y3 " gelbal 0 115 '13: s %01 7540
17 . O=10=C #2000 <1151 o o820 802
18 . Ow14=1420 0O «808 o808

Total Prostress = %1840



APPENDIX B ob

TABLE V PRESTRESSING DATA
(eonts) BEAM WITH PRESTRESSED AND PLAIN RETNFOROING
Gage Approx. and 7 Oh-Dy Strein  Strain Prestress
Tos Total TReading x( ) in miero Aves Toree
Prestress in,/in. 1be
1be
1 6,000 0101780 <2000 #1 - %00 - %00
2 . 0=10=0420 0 = - 454 - 364
z » 0=10=«1152 0 = gzg - 3
" 0=10-1213 0 - - - 505
P oo R B
L] - -
I " DelDe12% 0o -2 -mE M2
" 0e10-1023 0 =17 =T _ e
$ i 2% .l iH R -
O=14= 879 42000 =811 1
:z . o-ituyslm 0D 688 o «9% B%
Ol 0 #1005 +1005
1 " Oe12-180H 0 +7T0 7@ TT %
15 . O 31940 0 «040 940
g Poo-6ms 0 4ll0 1l sl W%
O’ 000 «2000 <1040 &
18 " Oel4e1h89 0o o877 o8y %9 8X
Total Prostress = 35600
1 h0,000 O«10-1720 «2000 #1640 = 360 « 360
2 " 0-10-0%44 0 5% =5 ..,
5 . 0-10-1097 0 =350 =320
4 " 0=10-1259 0 =209 =~ 299 - bt
3 . 0=10-0725 0D =625 =625
6 " 0«10-0172 0 -478 <478 - 578
7 . O=10=1178 0 =277 =277
a ’ D= 0 =218 =215 - 211
" ' eI Wi L as
1 - -
- ; Sldua o .am . #1057 10,000
0=18=1 0 = "
Mop il e o o o0 leow
* o‘ - >
16+ " 0=16-1270 0 #1082 #1082 I8 20e000
17 . 0=10-101% +2000 = 927 #1073
18 " o-.w-nsog 0 «088 eo988 1031 9,90

Total Prestress & 39,900
Tensioning of bars completed at S300 P.M,, Mareh 27, 1952.

*Hat on bar with gages 15 & 16 had to be turned two or three complete
revolutions in going from B950 1bs to 10,000 1be



APPENDIX B

TABLE V PRESTRESSTNG DATA
(cont,)  BEAM WITH PRESTRISSED AND PLAIN REINPORCING

fage  Approxs OR%  ToePy DpeD; Straln  Strain Frestross

Mo Total Reading wx(1000) in mioro  Ave, Forece
Prestress ine/ing 1b,
1be

Pollowing datm taken at 3300 AMe, Mareh 28, 1962,

1 40,000 0=10=1710 =000 «lf%0 = m - 370
2 " 0«10-0280 0 =Mh - - b=
t : e iip R
0=10-1220 8 -
5 " 0-10-08Th o -£7 -é1 %7
" 0100115 0 «5% -5%
7 *  0e10-1 0 -mh -4 -
a8 - Owl0=- 0 - 220 = 229 @ 5
1 s othells @i -8 |
12 " pelhel403 0 e795 705 TIP3 96
1 " pelbel408 0 #1051 e2061
1 : Hﬁ"“ﬁ «2000 _l:lm ;ﬁ +10248 o810
15 0-10-0181 «2000 = P19
5 ' a-w.xgg 0 rl:ﬁ o082 M2 98%
Dwl0= 2000 - «=1056
18 " O=1ke1565 0 ¢955 + 99 e, .

Total Frestiresss = 39130
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TABLE VX DEPLEGCTIOR DATA POR PRESTRESSING
BEAM WITH PRESTRESSED RLINPOROING ONLY
Section Prestress Reading Defl, Frestress Reading Defl,
Toree ine in, Forece in. in.
1be 1b,
A o Te12 22980 7.06 <08
i " 10,21 » 10,13 «08
L+ ] . 1429 . 1,18 11
D " 4,13 . Lol 09
E " 430 ® he2h 06
B . 10,20 01 " 10,11 <10
) “ 1.27 «02 d 117 «12
D " h,12 01 g oo +10
B " k.29 o0l " h22 «08
A ™ 7411 .01 51880 7405 09
B v 10419 «02 . 10,08 13
0 " 1426 03 . 1.1 16
] " 411 02 . Se »15
E . h,28 o # 4,19 «11
* -
A 71% Ts11 01 31760 7.02 10
B " 10,18 M . 10,07 o4
+} " 1.25 " 1,13 «16
D v h,10 0% . 97 o186
E . &,28 +02 ’ «18 12
A 117%0 T10 02 860 T.03 «09
3 * 10017 .0b " 1008 W13
0 . 1.2 «06 ¢ 1,13 .16
D 2 ‘-ﬁ «05 v 598 15
1 o he27 »03 ! he20 +10
A 15430 7+.08  .0h 39690 7.01 L1l
B " 10,15 o0 - 10,05 16
P B2 B3
. " vet S~ » TR
A 1 708  0h
B ’8!0 10,15 «08
c ¢ 1.22 «07
D " Be07 406
2 % 4.25 «05
*15k hour bresk in tensioning of bars.
** 1 hour 15 minute dreak in tensioning of dars,



APPZEDIX B o

TARLE VIT DEFLEOTION DATA POR PAZIIRESSING
BEAN WITH PRESTRESSED AND PLAIN RXTNAOROING
Seetion Prostress Ro::.m ulrh.ﬂ. Pr;::::u ‘!o;::a; ﬁ-
Foree
1be 1be
A 0 10,48 23600 10443 05
5 ‘ 1055 " s
S B2
: N b S ¢
A 42 10,48 00 27850 10442 06
B ? 144 01 . g:g 08
S
B ¢ 105’ 01 9 Z. 08
A 7710 10,47 401 51840 10,43 07
B - 145 «02 ’ 1. +10
Pl e B
g | ] ) ] *
|3 = 1:55 #02 " 55  «08
A 12430 10,46 #02 BEOO 10,40 03
B ¢ 142 08 y 1,33 12
e . 448 .g . 4.; .g
D L] "
E * ‘5’% :oa v 1:92 :06
1 10,46 39900 10,3 209
: ” T 5 " 132 .15
2l B s 3
L ]
v $ 58 .07 » 51 .09
b § «02 %0130 104738 0
3 Ty W 4 ; 151 o4
¢ 1 M= . &R o
. " 2 5 " o
A 19%10 10,45 03
B . 150 05
g - 'wg 05
: N - A4
* 1 howr and 20 minate brealr in tensi of barse

z
E
]
i
:
1



APPENDIX B o8

TABLE VIIY CALOULATED AT OZNTER LINE
BEAM WITH ONLY PRESTRISSED REINFORCTHG

o '¥’I"’ (Stress in bottom fibers)
net

M= 1,207 ine 1%
s 5.0‘ ine

I =102 1»-‘

*M = ’&‘8 6. i.#

£, ® (1,20)(5,04)T » T = 0,087
. 132 "% ‘N’ﬁﬁ

Eq ® fo/unit otrain

1 ’ Urit strein  Unit Strain* %, x 1075
1k, pll mioro units miero units .
5820 247 57 57 433
7:20 kra 178 1% 3.46
7% Ao 176 176 2,61
117% ™6 242 204 ZeT1
158%0 1020 w07 269 379
19870 1280 32 341 5T
2%00 1950 L7.43 h2s 3.62
28110 1810 523 has 575
513? 2060 STt 539 .82
31760 250 290 e 3aT2
5860 2320 635 sa2 99
39690 646 5496

2560 697

*Unit strain adjusted for the atrain that occurred during the 15«hour
breaks Unit ostrain at T = 7510 was 138; unit strain at 7 = 71%0 was
176, The differenge = 38, 38 was subtracted from each value of unit
strain below T = 7130, PFor each value of unit strain below T s 31760
another 1% was subtracted.

*515 hour time lapee

#+%] hour time lapse



AFFPERDIX B

TABLE IX CALOULATED Bg AT JDOTION BeB
BEAM WITH ONLY PRUSTRESSED REZINFORCING

fo -* e T (5tress in dottom fibers)

et
M® 1,10 T ins 1be
¢ = 3,04 in,
I ® 102 in?
Anet ® 34e8 894 ine
£, = (x.xgg(;.o&)r ’ﬁf = 0,057 » _%.1
E, = fo/unit strain
I.:- pﬁ gimo:o‘ml:* o ¥ 10"'6
5820 2% = BaTlL
7‘20 L 80 5470
71%0 4% 107 hel0
11730 720 131 550
158% 975 162 5¢55
19470 1220 52 ho B4
239% 1470 33 b3
28110 17%0 407 425
51860 1970 475 4,15
LA
31760 1950 har JeTO
was0 210 %26 hy20
59690 2440 509 4,00
"Walues of unit strain adjusted in the same manmer as Por Table VIII.
** 15 hour time lapue

*** 1 hour time lapse
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TABLE X OALOULATED Eq AT SEOTION AmA
BEAM WITH OWLY PRISTRSSSED REINFOROING

£o .¥.ix (tress in bottom fibers)

M 20,80 T ine 1be
0= 35,0% ins
I =102 1&"
l_‘ ® 34,8 aqe in.
Po ® (0480)(3,03)T + ® 0,02357 +
N+ ok pn

Eg ® fo/unit strain
T r Unit strain® g, x 10
1be pal niore waite
=820 201 b SeTh
7:1# 9 72 5,40
T b el m 3¢58
11750 614 112 5.8
158%0 8% 19 5«55
194870 1050 204 Se 15
2%080 1260 2 4,m
2M10 1480 511 b8
1580 wa Lefig
L2 1
51160 1570 w8 h.sh
IS0 1500 hol 4.7
59400 2000 e h81
* Values of unit etrein adjusted in the same manner ss for Table TIII,
% 15 hour lapse
&ss 1 hour lapse
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TABLE XI CALOULATED B, AT CENTER LINE
BEAM WITH PLAIN AND PRESTRESSED REINFOROING

fq 0‘? &x;;. (stress in bottom fibers)
; t

H® 1,20 T ine 1lhy
0= 5,04 in,
I=%105 !.n."
Am ® Ded 8qe ine
fo = (1s20)(3.,04)T » » O 0B47T »

105
Be® fo/umit strain
N k. LS L

k20 287 2 12,1

™o =20 57 14,1
12480 788 ha 16,4
xsgm 1000 Kt 127
15740 990 L)1 12,2
19810 1250 29 9459
25600 1400 193 TaT2
270 17% 261 £e70
1840 2000 523 6420
600 2250 i Te05
sggao 2520 hs2 .45
39180 2470 %07 b7
LY 4L )



APPENDIX B

TABLE XXX CALOULATED By AT SEOTIOR B-B
BEAM WITH FLAIN AND PRESTRESSED REINFORCING

fo * ? vt (5tress in bottom fibers)

N= 1,10 T ins by

C = 3,04 in,

T =105 tat

Mot ® Pa3 9qe ine :

fo ™ Q%m)r ',53 " 0,0%187 ..é:;

By ® fo/unit etrain
3 3 T R

h2m ] 5 Be23
7910 Aot 62 - 8,02
12480 ™2 Bs BeTh
15219 o5 123 TaT5
157h0 ] 127 7%
19810 1190 172 6492
2%500 1420 L] 6461
275%0 1670 %5 6430
51840 1910 a2 6.13
680 1% 364 5491
59900 2hoo hay 5483
59180 2960 k3% 55

* 13 hour time lapee
% 15 hour time lapse



APPENDIX B

TABLE XIXY CALOULATED E° AT SD0TTON AeA
BEAM VITH FLAIN AND PRESTRESSHED REINPORCING

£, .. ¥ - 'Ii"" (5tress in bottom fibers)

N = 0,80 T ine lby
0 ® 3,03 in,
I=10% llh.
Mgt ® 2De3 894 ine

fo @ &%ﬁ.ﬂ)f oi_’- 0402517 a.%_g

By ® fo/unit strain
the pof iy

2% 218 28
7910 oy A3
124%0 54% 58
152!6 ng o5
15740 808 90
19810 1020 128
25400 1210 162
27850 1440 208
1840 1540 250
35680 1840 500
39900 20%0 360
%9180 2020 370
* 1} hour time lapse



APPENDIX B

TABLE X1V LOADING DATA
BEAM WITH PRESTRESSED REYNFORCING ONLY
Gage  Oenter R4 Tp«Ty  Do=Dy OStrain
Hoe Line Reading x{(1000) in miero
Load in./in.
1be

traln
ve.

Loading test started at 4100 F,M., Mareh 2%, 1952

W~ AR P

* 2 %" 8 8 & 2 s " A 2 5 & as=s = a0

R T T

0=10= 670
0~10= 520
0=10= 979
0-10-140%
0«10~ 459
0-10-~1051
0-10-~1700
0-10- 561
0=10-151
0=10«1845
0«16 1
Owlhe
Owliel
Ow10w1
O~16- 288
Owlle 875
0=10~ 325
0-12-1913

0-10- 701
0-10- 558
0=10-10%7
0=10-1468
0«10« 540
De10-1149
0=10«17%9
O=10« 610
0=10=1540
0-10-1878
0«16~ 130
Owll= 245
Owl4«1370
0=10=1424
O=16~ 288
O=14= 878
O0=10- 328
0=12-1017

0
(4]
0
0
0
0
0
0
0
0
+2000 - 917
*2000 «10
0 +1
0 +8N
«2000 - 875
0 » 826
«2000 «1028
(o] +1060
0 - %
(o] -« 38
0 . 58
0 '-65
0 . 00
0 « 98
0 « 59
(o] e 4%
4] - 24
0 « 33
0 - 2
0 = &4
0 0
0 0
0 0
0 « 3
0 « B
4] e« &

+1083
* 967
«1244
v 57
«17%2%
« A28
e 972
+»1060

+102%
+1058
+1076
+1016

Frestress
Forge
1be

ISR

Total Frestress = 39400

- IR
:653.52
v v
M A
el T

8 0
.g‘ 2
o LR
Total change in

- »

+ 20
« 50

—r=

prestress = « M0

Total prestress = 39,400 « &0 = 39,440
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TABLE XIV LOADTNG DATA
(eont,) BEAM ¥TTH PRZSTRESSED AETNFORCTNC ONLY
Dage Oenter 324 To-Ty  Dy=Dy Strain  Strain Frestress
Ho. Line  Reading x{1000) in miero Ave. Poree
Load in./ine 1be
1be
1 1158  0-10- 70 0 » 60 + 60 és
2 " 0«10 589 0 - 60 e 69
E i D=10=1042 0 » 10% +» 103 . 110
" 0-10-1%20 0 «117 +117
5 ¥ O=10= 420 0« 161 161 1
8 " 0e10-1229 0 «178 178 s
7 *  p=10-1800 0 «100 100 _ o
] " 0=10= S48 0 + 79 + 70
9 " D=10=1%%0 0 + M . 52
10 ’ u-ln-m 0 ¢ 57 + 97
11 o 15= 1 0 - 2 « 2 _ & .k
12 s u-u- 5 0 - 6 - 6
13 ' =141 0 - 1 <« 1 _ 5 _ &
13 " Del0=1 0 = 2 - 2 -
16 " p=li= 5% o +« % + 8 *
17 *  D=l0= %% 0 +« T « 7
18 " 0=12-1920 ¢ % ? & ¢ =~ F =W
Totsl change in
preatress = + 50
Total proastress = 35,400 +« 50 = 39,450
1 1565  Q=10= T 0 & 93 o+ 93 e
2 " 0-10- 619 0 ¢ 9 + o *
z " p=l0=117% 0 +1% +156 167
" D=10=1580 0 « 177 177
5 " 0=10= TOO 0 el e
[ - O=-10-1%12 0 . 261 = 261
7 ' C=10=1848 0 + 148 . 148 ™
n " 010~ 680 o +1% .1usx *10
9 " 0-10-1993 o . 6 .6 .
10 . 0-10-19%0 o e 85 e 5
n " Ow=l5= 129 0 =« 3 =« 5 _ o . o0
12 ' Oullie 235 (o] - 15 - 154
:& : o-:gd 0 - & - & .
5 O=lfe 299 (o} « 11 e 11
" QwlOw 0 & 17
18 " 0e12-1027 6 o 1 o4 * ¥ ¥

Total ehange in
preatress & « 1%

Total prestress % 30,400 + 1%0 = 39,530
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TABLE XTIV LOADING DATA
(eont,) BEAM WITH PRESTRTSSED REINFORCING ONLY

Gags  Oenter avh ‘r?;gb) D=0y Strain  3train Prestrese

Hoe Line  Reading =(1 in miero Ave. Foree

Load 1!\0/1“0 lb.
1b.
1 2165 0=10= 0 «110 110
2 " Oel0e 0 1% 1% L
b " 0=10=11%0 0 e211 e21 5
1 " 0101642 0 &2 - 2%9
) * 0«10« 800 0 « 341 34
6 " 0-10-1M00 20 B4 e B9 & 3
7 ' 0=10-1 0 »190 12 .
A " Qel0e 0 <148 1
9 " OwlOwl 0 » 9% & 04
10 . Sl 0 +108 +208 *101
11 " Delfie 0 « 1 =7 . 8 .m
12 b O=1li= 280 0 - 9 - 9
1 ' pelbel%62 0 « 8 - 8
§' 5 Mevm ¢ o3 o8t C o®
5 0 . 2 *
%6 : g:{’l' 0 i ;‘: Pe ;% v 28 +« 260
O 0 +
1 " 01241080 20 e 27 e 2 * 20 +20
Tetal chanre in
prestress = «+ 400
Total prestress ® 30,400 & 400 = 59,000
1 2645 0«10~ 805 0 =13 +13 L8
2 " OwlO= 680 0 «180 & 160
z " D=10=12%0 0 * 271 - 271 z%
: " Qel0=l 0 %0 +320 °*
o O=l10= (o] - 521 - 521
Pl oEaR ¢ R L
(6] - -
A " 0el0e 0 o184 184 *+210
9 " OelOs 0 16 L1 ..
10 . Ow10«1930 o « 135 - 135
1 " Oulfe 120 0 « 12 e« 12 14 170
12 " Oulhe 0 =« 18 « 18 ® b
1 " Owliel 0 « 10 « 10 " 70
- D
! v 0 - -
0 - -
18 " pel2-1995 o ok vda +W =W
Total ghange in

prestress = « 6%
Total prestress e M, & A9 = 40,050
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TARLE XTV LOADING DATA
(oont,) BEAM WITY PRESTAESIED REINFORCTNG ONLY
Gags  Center b ToeTy Dp=Dy Strain Strain FPrestrose
Hoe Iine  Reading x(1000) in mieroe  Ave, Porce
Load in./ine 1be
1be
| 5165  O=10- A% 0 +161 « 141 8
2 " o-& 715 0o +195 «195 * U
" 0=10-1%09 0 = -
i " 0e10-1820 0 o 2?; i Eﬁ . 574
b " D=10=1220 0 « 761 s 761 &
§ " p-10=1608 0 +%7 a857 *+999
7 " 0-10-19% 0 +200 +280 _ e
8 " Owl0= 790 0 +22% o 22%
9 ' 0-10-1651 0«1 + 137 yaa
10 " Oel2e 3 2000 - » 158 '
12 " Delbe 2% 0 - 1 - 19
1 i Ow1ki=1 4 0 - 1 - 14 13 120
:5 : ooxg-lgg 0 w 12 « 12 ~ % o -
Oulfm +] - 2 - M
16 " 0-14e1000 O 125 o125 T 02«40
17 " 0=10=- 400 (0] - T7 - 7 £ 6
18 " Del2=1968 0 + ™% o+ 5 T + 650
Total ehange in
prestress = + 320
Total prestraes = 30,400 + 820 = 80,220
1 BES 010 860 0 +180 +«180 210
2 " Owl0= 0 «2% Lo2% *=
z " = T | o - }ﬂ . 304 - 461
. Owl0=19%0 0 e527 527
5 " 0e10-1703 0 #1288 a2k o
6 . OwlOm D &578 «578
7T o 0=12+ 20 « 2000 <1680 - 526
8 " 0el0- 328 0 o261 261 *W
9 . &10-16& o) - 166 L m « 17N
10 " 0«12« 20 & 2000 #1828 & 175
1n " Oelbe 113 0 19 =19 _ . 4
12 " Owlhe 229 0 = P = 20
1 " Oellel 0 = 20 =« 2 _ 43 gy
R~ S S
s " 0el 0o - T7h -7
g PoAME 0 1% .1 « % +
0=10~ 0 +112 +112
18 - o-xa.xgg?; 0 e oM 9N +88

Total qhange in
prestress =  »1040

Tetal prestress = 50,400 + 1080 = 40,840
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TABLE XIV LOADING DATA
(eont,) BEAM ¥ITV FRESTRESSED REINFORCING ONLY
Gage Denter ﬁ Dp=Dy Gbrain Straln I'rastrase
Woe line “luli.n: = 1 in miero Ave,. Foroe
Load ine/in, 1be
1h.
1 4645 010~ 901 0 #2351  #231 _ e
2 " Ow10- 818 (] > 295 & 290
2 " 0=10-1495 L4 + 519 * 519 84
: DnAw e MR oM
b | ’ (= T70 +1%11 +0%511
é " De1015%5 by +ho98
I " 0-12- 100 #2000 1500 . 9
s O=10- 885 0 e 718 - ﬁ '
o . 0=10=1720 0 + + 210
10 " 0-12« 58 #2000 1787 2+ 213 %
11 " 0=16w 109 0 - 25 - 2B _ 5% o
B oE® ::E cB
B osENR 8 otaota Il .
16 8 0-1’001;88 (4] * ﬁ - g - + %o
17 - Qwllw & © - - . 199 +1910
18 " 0=1%= 5% 12000 -1860 + 150
Total change in prestrecs = Jflso
Total prestress = 39,400 « 2150 = 41,550
Orack in bdottom et center line 2;" into beom,
Ultimete load between A655 and 5000 1be
1 0 0~10~ 760 0 e 90 « 0 103
2 o O=10= & 0 « 115 « 11
b ] » O=10=11 0 « 1% .1 . 154
4 i Cw10=1640 0 e 2%7. «2%7
b § Gage Mos 5 broken by oreck
6 ¢ 0=10-117% 0 +122 »122
7 " 0-10-1799 0 9 % _
8 " Qwllw 6§ 0 » 71 » 71
9 " O0=10=1 0 « 75 + 70 & ™
10 ¢ 0»10-2950 0 . 95 « 35
12 " Oelle zm 0 = % - 29 =~ -
13 " Oelhel%29 o - - R
14 . o-atx;au 0 - Ay . B4
£ SRt R X
18 " pe12167% 0 o -2 <N <900

Total echange in prestress = <5050
Totel prestress = 30,400 « 5850 = 335,550
Orack elosed so that it wae almost not vieible.
Loading test completed at 5:00 F.Mey Mareh 295, 1952,
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TABLE XV LOADING DATA
BEAM WITH PRUUSTRESOSED AND PLAIN REINPORCING

Oage Oenter -T Dy=Tly Strein Otrain Prestress
Nos Line Rudiq x( 1005) in mioro Ave, Porece
Load ine/in, 1bs
1b,

Loading test started at 11100 MMy, Mare: 23, 179652

1 0 0-10-1711 0
2 " 0100277 0
z " 0-10-1053 0
* 0w10«1212 0
- " D-10=0851 )
3 " 0-10<011% 0
7 " 0=10=115% 0
8 " 0=10-0973 0
9 " QelDe 0
11 " Qelie0688 #2000 = 732 #1268
12 " oelbel00 0 -752 . yep "0 982
13 . 0=14=150% 0 +1080 <1040 #1024 9820
1 T GeibeOl0h #2000 2 -1012 « 388
1% " Owl0e=d «2000 =820 #1180 .00 goag
16 . ﬂ-l.ﬁ-‘.tli'i‘ 0 -!% .105: hd
17 " 0-10=0971 +2000 - +10%
18 " pe1A=1%40 6 eo28 o ©*9%0 9A0
Totel preatress = 38340
1 700 O=10=1ThA 0 . 53 - 3% o 33
2 "0-1000%0 0 w75 e 3
2 * p-30-1110 0 » %7 + 57
" 0e10-1300 0 & B8 + B8 o8
5 . H‘HT;; 0 +108 +«108 *
[ o 0=10=0 o} « 70 » 70 6
g " 0-10-1220 0O o 681 o 61 * 99
D=10-100% 0 - 32 . 32
0 " p=10-147% 0 o+ % o @ * 56
1 " o-lh087 0 -1 -1 _ . o
12 " 0elh=1400 0 0 0
1% * Delhe1405 0 0 0 . 4
: . s o o -
1% " o o 0
14 ' o-;o—zng $ % % » a * 3} *®m
17 " 0e10= 97 6 +» 2 o 2
18 " p-14-13ho 0 0 g * 1 & 10

Total ehange in prestrass = « 10
Total prestress = %3,840 +» 10 = 38,8%0



TABLE XV
(conts)
O e Center
Hag lLine
Load
1by
1 1700
2 #
z "
n
"
2 .
7 !
A "
9 n
1 .
12 .
135 L
14 -
15 .
16 o
17 .
18 ®
1 2700
2 "
2 "
u
5 "
6 "
7 "
a u
9 ]
11 "
12 "
l A
I L]
1% "
1% "
1?7 o
13 »

AFPFENDIX B

LOADING DATA

BEAM YITH FRESTRES3ED AND FLAIN REINPORQING

5RY

To=Ty

Reading x(1000)

n-m-la
0=-10-118%
0-10-1hk00

O=10-0085

O=10=0%00
O=10=1510
0-10-1081
0«10=15%4
O=1h=0ds2
O=lb=l
D=li=l
Dl
D=10=0100
D161 285
D=10=0080
D=14=1971

0=10-05TT
0-10-1282
0-10-1520
0-1041
0-10-0437
0101301
0-10+1008
Be=10=1
D=l
O=lh=1
Om14-1400
0140100
O=10w=0180
Omlf=1208
0=10-0991
O=14=157%

0 -
0 *
0 -
13 ”
0 *r
0 >
0 'S
0 *
(3] -
0 -
O -
0 -
0 *
0

0 &
o *
0 *
Totzl ¢
0 »
0 -
0 -
0 -
0 ks
0 -
0 =
0 -
0 -
(] -
0 -
(4] -
s} -
0

0 »
o] *
0 ™

ornwad3AFHEER S

P
O N

Strain
in miero
1n./1n.

» 82
- 182

3

O O N

1
™)

10

train Preatress

Ave,

» A2
+ 197

+ 257
+« 171
+ BB

»

« 10

hange in prestress =

33moumnm§5§§3§§§§

*+ e

«» 1%
. 250

s 514
&« 200

e 28

Total change in preetress =
Total prostress = "1,840 « 180 = %9,020

Foree
1be

* E 4
-

¥
g
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111

S%rain Prestress

TABLE XV LOADING DATA
(eonts)  BEAM VITH PRESTRESSED AND PLAIN RETHNFORCTNG
Onge  Center Dy Strain
oe Line Wading l:(%&)é) 2™ in miero Ave.
Load ins/ine
1bs
1 =00 0-10=187% 0 +162 ¥ 152 4162
2 T 0-10-0641 0 + %4 o+ 584
: g mm-xagg 0 . 25;1 - ;;I + %01
0«10«15 o * *
R b B
0= o * .
7 y mm 0 w284 4284 *
8 " 0e10-111 0 +15 L1 _ g
9 . Del0=1410 o . 173 * 175
11 " oelhe0648 0 - 10 - 10 '
12 ’ (e2% L | 0 =1 « 10 °
‘ . 001501 O - 0 - O 2
1 " 0D=14+0100 0 » 3 - 3 =
15 " 0=10-0182 0 + 2 &+ 2 5
14 . 0=16-1250 0 « 0 « A
17 " D=10=100" 0 » %2 s 32 n
18 ' 0=14-1590 0 & % + % ¥
Total shange in prestross =
1 5700 O=10=1900 0 « 180 « 180 » 189
2 " D=10=0710 0 = b3y - 435
SRR~ R AR NS
0 - -
5 " 0a1241210 #2000 & 540" -zzx «3%
6 . O’IW 0 > h7~ - & Sﬁ
7 " 0«10-14%0 0 +207 « 297
8 " 0«10-1134 0«16 + 141 177
o T 0=10-16%0 0 +19 +19@ °
12 " Oelhe13%88 0 - 12 - 12
13 Y Owlie1307 0 « 8 - & _
14 " 0140002 0 = 11 - 11
15 " 0«10-0188 0 o & & & _
16 . O=15«1254 0 e 12 . 12
17 " 0=10-1021 0 + 0 + 0 g
18 " 0«14-1608 0 + 68 « 68
Total echange in prestresa =

Total prestress = 55.&0 S &50 = 50,270

foree
1be




TABLE XV LOADING DATA
(eonts) BEAM YITH PRISTRESSED AND PLAIN RETNPOROING
Giope Center LT T - Strain  Strain
oe Line  Reading u(%;&) ! in miero  Ave,
Load in./in.
1be
1 4200  0=10=197% 0O #2175 +215 + 215
2 " 0-10-0770 0«48 e boy
2 T OmlO=1355 0 e%2 e%2 *90
" O=10«1490 0O +218 2213 .,
L} " 0e12«1%66 42000 008 2008 O
3 . O=10=06 57 0 +852% o523 ko2
7 " 0=10=14 0 +280 o280 °
8 " D=l0=11 0 +171 +1M 177
9 . 0=10=15640 0 - 20 g > 30 »
11 " 0elh4-0640 0 = 1 - 18 _ 1a
12 T Owlh4e1382 6 - 18 - 18
1 . 0=14-1%92 0 = 1% = 1% {
1 T 0w140000 B @ 3 o R - 13
15 d 0-10- POk 0 - S . 2%
g : o-w«-xm” 0 » ? - :B
0=10-105% ¢} + A2 s+ A2
18 " 0e14-16%3 6 + 98 o+ 98 * 9%
Total change in prestress =
Total prestress = 34,840 + 800 = 39,640
Halir line orack at center line
1 koo 0-10-19%8 o - 277 & 22T 227
2 " 0=10-0820 0 e545. .54% 433
2 " Owl0=l i . 522 « %22
" O=10-1470 0O » 288 258 1290
b ] ' 0e1241000 #2000 « 3%0 #2330 ¢
; " 0«-10-»!&:3 0 . 262 . 262
. Owl0=11 0 « 17® + 1758
9 " Ow10=1648 0 o208 +38 °*W7
11 T 0elhe06%6 0 e« 22 -« 22 7
12 . 0-14«1%80 0 « 20 - 20 ~
13 - Owlie] %83 (4] - 17 - 17 1
14 " 0=14<0082 0 «21 -21 - W
15 ' 0=10-025% 0 + 7 «TV . ox
14 " 0151518 o « T - 76
18 - O=14=160% o r 58 . 65

AFPFENDIX B

Total change in presiraas ®

Total praatraaa 8 50,340 « 1980 = 40,820

112

Preotress
Foree

- 170
- 120
+ 2%

» 80D

- 160
+ 870
+1690

«1580



TADLE XV
(eont,)
Gage Center
Hoa Line
Load
1be
1 (o}
E L]
-! ]
- .
3 :
7 5
8 ®
9 L]
11 .
12 »
13 .
14 :
15
18 .
17 "
18 ¢

APPENDIX B

LOADING DATA

BEAM WITH PRESTRESSED AND PLAIN RETNPOROING

ar4

To=Tq

Reading x(1000)

0=10=1910
O=10=0401
O=l0=11%0
0-10=1355
O=10=1r09
0=10=0240
O=10=1243
O=10=10%1
Owll=1402
0-14-0=8g
Owllel%1%
Owllal 527
Ow 8«0010
Dw1£-1975
Ow1f=10
Ow

O=1be 950

ucogaonnonoocuoao

-

Gtrein
in mioroe
im/ in.

= 109
+ 214

-
¥

3
95

1

7
]

O B B B

115

Mrain FPresbraass

Ave,

« 100
+ 1758

« N1
+ 110
. 57
- A2
- 8
- 208
- 295

Total etmnge in prestress ®»

Total prestress = 58,840 - 6220 = 32,620

loading test eompleted 12100 noon, Mareh
Craelr ¢losed so that 1t was
almost not visibdbles

28, 1952,

Fares
1be

- 780
- 820

~18%0
=2790

e —

«6220



TABLE XVX

BOQWP HUQWP HWHOQW> HBmUaaQw» BOUOOGW>

HUQw>» mOQWP@

APPENDIX B
DEFLIOTTOR DATA FOR LOADING
BRAM WITH PARETRANSAED RITHPOROTIC ONLY
OQenter Reading Defl,
Line in, in, Line
Load Load
1bs 1be
0 7401 3665
" 10,06 "
: 1,12 :
« <
65 e b
. N2 X :
v 0% =05 ¥
[ ] hn .‘m i
114% Te0h =40 5165
" 10.10 'nﬂg "
" 1417 =08 "
" B0k  ~08 "
= 4,22 «,04 "
1665 7001 -s06 0
" 10,1 -o08 "
: 1,22 <10 :
¢ 29 =N :
2165 7409 =408
» 10,17 =11
R - i
. A% b
65 Tell <10
. 10421 15
. 103{ -el
s ‘ol -
_ Q.IB “"'m
565 Tel2 =11
" 10423 =17
- 1432 =20
» Ba17 =19
N 4e30 wel2

Oonter Reading

in,

Ts1
10627

1.%6

4420

B35

114
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TABLE XVIX DEFLZCTION DATA FOR LOADING
BEAM VITH PRESTRESSED AND PLAIN AEINFORCTNG
Seetion Oenter Reading Defl, Oenter Reading Defl.
Line in, ™ Line in, in,
Load Load
1be 1be
s T 2 e s
4 -
i D iE L i
B E ‘l;’ﬂ u L?ﬁ_ ~-o2h
A 700 10,40 «402 0 10,44 =406
B ' 1s -0k " 1,80 =409
0 » &y OB " 4,47 1)
D ’ o351 =0k ¥ Te37 =10
B B 55 =01 g 57 =05
A 1700 108  «,06
B " 14450 09
¢ . L6 w410
» = Te36 =09
B . 45T =05
A 2700 10,48 ~10
8 " 186 =415
L] " &. , ".l
] = 5 -
E " 62 =410
A 3200 10,50 =12
B ¢ 1450 =419
g : :2: "‘.g
B * 1:65 ::n
: !‘HP 12:5! wel
- T ¢ -+
D 2 W52 =25
B N .67 b‘1’
A 4200 10457 =19
B . 1461 =%
¢ " ATl =3
D o 7453 =28
B ¥ 71 =19
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