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SYNOPSIS

Pretensioned, prestressed concrete relies on bond between
the wire and the concrete for the transfer of the prestress from
the wire to the concrete, “

This research was mainly concerned with the determination

"of the length of a 0.10" wire required to transfer the total pre-

stress on the wire to the concretee.

Three lengths of embedments were used namely; 1', 37 and
4,5', Of each length three specimens were mede for the tests,
The cross-sections of all specimens were substantially the seme,
5"x5", with twenty-five wires uniformly spaced.across the cross-

_ section°

During the performance of the research some difficulty was
encountered in flnding en efficient and reliable method for pre-
stressing the wires. This took & large portion of the work and

18 described later more fully.,



I

I, GENERAL: Prestressed concrete is one of the most useful
devef’pments in modern construction, It has many advagtages
over ordinary reinforced concrete which mskes its use on a
large scele unavoldable,
There are many problems and points in prestressed concrete
I - that require further study and development without which the
pfactical application of prestressing will not expeand as ‘it

should,.

-

. ‘ The two methods of prestressing the concrete are pretensionéd
| ' and posttensioned. The first of the two, which is the niain
concerﬂ in this work, relies on bond between the wire or

strand snd the concrete for the transfer of the prestress to

\

the concrete, Actually the high tensile-steel wire is stressed

I

in the forms, to a certain percentage of its ultimate strcngtho
It 1s held like this until the conecrete, which is later cast
around it has hardened sufficiently and attained enough com-
pressive strength and bond resistance, Then the tensioning

force 1s released by releasing the wires at the ends, The

-y

tehsioning force 18 carried entirely by bond as a result of
> - which the coﬁcrete 1s in compression,
It 1s seen from the 2bove thatvbona is the most importent
faétor in pretensioned, prestressed concrete,
Bond is one of the'many problems on which the available
literature is extremely limited, and further study is of

great volue,

>t

II. BOND IN BRESTRLSSED CUNCRETE: The factors that build up

o bond stress in prestressed concrete are three, namely: (1)

adhesion between the concrete and the wire, It is a purely
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molecular effect znd its vi#lue varies with Varioué conditions,

(2) Friction between the surface of the wire and the concrete,

This force of friction is due to pressure imposed on the wire
by concrete when it shrinks. The condition of the surface of
the wire therefore has anvappreciable effect on frictional re-
éistanca. (3) The wedge effect at the ends of the beam. It is
obvious that when wire 1s stretched its diameter decreases°
The concrete is ﬁoured when the wire is in this condition,
After it has hardened the wire.is relessed at the ends snd
thus it tries to attain 1ts previous diameter before it was
stressed., This increasés the pressure between the surface of
the wife and the concrete and in turn increases the seéond
factor which is frictional resistance, )

It is very difficult to emphasize on the importance &f any
one of the above factors over the others, 1t is obvious.that
all of them combine to develop the bond stress, Opinidéns. vary

in ﬁhis.reSpect snd some engineers give one of the factors

"more Importance than the others,

The following are extracts from some of the opinions of
some englineers on the subject of bond. o

P,W, Abeles says in his book "The Principles and Practice of
Prestressed Concrete®: "A wedge 1s formed when the tensioned
wire 1s severed at the end of the member and regains its orig-
inal diameter which is greater than that where it has beenlre-
duced through the contraction caused by the tension. The
higher the tensile stress empioyed and the smaller the diaméter
of the wire the more efficient this anchorage will Dbe. Trans-
mission of the force from wire to concrete is effected by

bond resistance and frietion together with a radial compression"
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E, Freyssinet, who conducted tests with preliminary stresses
as high as 256,060 psi explained at the joint meeting of the
Institution of the Structural kngineers and the Societe' des
Ingenieurs Civils de France -in 1937, that azdhesion is not a
question of the concrete sticking to the steel, but that it
is a wedging action under the effect of the transvérsal de~
formations of the concrete, similar to'the‘gripping of a bar
in & wedge clamp. Its intensity and 1ts efficiency depend on
the guality of the concrete and the packing of the.concrete
around the bars", ,

WeEoI, Armstrong in his pusper "Bond in Prestressed Concrete'

published in the Jdournal of the Institution of Civil kngineers

'says: "Similar factors. apply in prestressed concrete construction

(he means adhesion and friction), In tﬁis case, however, When
the ends of the wire are relessed they expand and increzse the
pressure between the steel and the concrete which will be con-
siderably reduced by the wear which tekes place as the wilre
moveé through the concrete”,

From the above it is seen that there 1s no fixed opinion 6n
bond stress in prestressed concrete which mesns that further
iﬁvéstigation is fequiredo

Because of the greaﬁ importance of bond stress in éreten—
sioned, prestressed concrete, inclination has been toward the
use of manﬁ fine wires instead of large diameter wires,

The cross-sectlional arca of wire veries with the square of
fhe radius, while the circumference varies with the first
power of. the radius, henée a decrease in diameter reduces the

load on each wire by an amount much more than the reduction in
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bond resistance, and the opposite is true when the dia-

meter is increased. A detalled study to determine the length
of any size of wire reqguired to transfer the prestress from
the wire to the concrete through bond is very essential,

TWO PHASES OF BOND: In prestressed concrete there are two

phases of bond stress., The first occurs exactly after the

‘relezse of the prestress, when the wire at the ends of the

member tries to push into the member, and is held from doing
so by bond stress, This action in pretensioned, prestressed
concrete might be cslled end anchorage. In posttensioning
the cable is held ffom pushing into the member by using an
anchorihg device at the end which bears agaiﬁst the end of
the members,

End anchorage in‘pretensioned; prestressed concrete varies
from end anchorage in posttensioned, prestressed concrete in

the fact that in the first the anchofage is 'along a certain

~length at each end of the wire, while in the second it is

only at the ends of the member,

The second phase of bond stress occurs after the first
phase and when the member acts z2s a beam,

In a symmetrically loaded beam the bond stress varies gréd-

ually from zero at the center to a maximum at the ends. Here

the bond stress varies in value on each point as when_the ex-
ternal forces vary, while in the first phase the distribution
of bond stress pattern along the wire remeins constant after
the release of the prestress,

The two phnses constitute two separate topics in bond stress
and should be investigated separately, For this purpbse a

complete research program was planned and it includes the
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following:
A.’Type of tests, | ;
1. Strain and slip tests,
2. Beam tests, ‘
3., Modified beam tests - jacking vplates apart
- that are located in the center of the beam,
4. Pull-out tests,
B, Varisbles to be considered,
1. The concrete mix proportions,
2. The strength of concrete,
%s The quality of the wire,
| 8o propbrtional limit ' | . .
b, creep
c. wire coatinn end surfece of wire
. d¢ ultimate strength
.4. Length of wire %Egggimgnt /
S5 Surface of the wire,
6. Effect of wire strands.
7.abiameter of the wi;e.

'8, Admixture effects,

Due to the time limit of this research project which waé 4
carried on during the academic year 1951-52, and which is
presented in this paper, the program was limited to the first"
phase of bond stress, znd to a small number of tests and
variables. Therefore, it islconéludqd that this work is
incomplete and it could be considered as a pllot test for a

wider reseszrch to be carried on later,

ACTUAL RESEAKCH:

A, Purpose: The purposse .of ihis:research was to determine

‘the distribution of bond stress along prestressed concrete

.Specimens after the release of the prestress. The length



of imbediment rejuired at cach end of concrete specimens
to transfer all the prestress from the wire to the concrete
through bond was the primary interest,

B, Variables Considered:

l, Concrete: The cross-section of all the specimens was nom-
inally 5"x5" = 25 sq.in. The specimens were reinforced by 25
0,10" wires uniformly distributed over the cross-secti?ns.
This number was chosen to producé_a larger force on the cross-
sectionq and hence 1arger strains., The prestress on each wire
was initielly 135,000 péi and it was assumed that this would.
be reduced to 125,000 psi due,to losses in creep, shrinkage,
etc.

‘According to this assumption the finul stress on each Oolb"
wire was 125,000 x 0.007854 = 982 pounds. Therefore, the
stress on the concrete wes 982 psl = foo
- The ultimate strength éf concrete was assumed to be three
times fg glving an £ of 3 x 982 = 2946 psi. The concrete mix
was deslgned to glve an f£§ of 3000 psl at seven days. |

Becsuse of the limited time availeble high early strength
cement was used in order to produce the requlréd strength in
seven days with a water cement ratio of 6.5 gallons per sack,
The maximum size of cow.rse aggregate used was one-half inch
in order to allow placing around the wires, The absolute
‘volume_method was used for the design of the.mix as follows:

For a three-inch slump water content = 40 gal. per C.Y,

Cement factor = 40 = 6.15 sacks per cubic yard

Absolute volume 2f5cement = 94x6 15 = 2,95 cublic feet,

. S415x62,3

Volume of water e« 40 w 4,34 cubic feet,
7,48
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Volume of paste = 7,29 cubic feet,

27 = '7029 = 19.71 Clle fto
19,71 x 51% = 10,05 cu. fto,
19,71 - 10,05 = 9,66 cu, fte.
10,05 X 62,3%x2,6 = 1630 1b,
9,66 X 62,3x2.7 = 1630 1b,

Absolute volume of aggregate
Absolute volume of sand
Absolute volume of gravel
Welght of surface dry sand
Weight of surface dary gravel

Weight per sack of cement:

dry sand = 1630/6.15 = 265 1bs. | X
dry gravel = 163/6,15 = 265 lbs,

Correction for molisture:.

- moisture in sand = 1,5 x 265 = 3,98 1lbs,
‘ 100

moisture in gravel =« O lbs,
Total moisture = 3,98 = 0.48 gallon.

g.ofﬁ'
Weight of moist sand = 265 4 5,98= 268,98 1lbs,

Weight of gravel = 265.00 lbs,
Water to be added = 645 - 0,48 = 6,02 galg/séck

Weight per. batch:

1

Proportions: Cement =
' Gravel = 265 = 2,82
: 94
Sand = 268,98 = 2 86
o4

Batch volume 8 1,6 cu., ft.

Absolute volume of sand-= 10,05 cu.ft,
. . Absolute volume of gravels 9,66 cu. ft.
fbsolute volume of cement = 2,95 cu.ft,

Sand/batch = 10,05 x.1.6 = 0,595 c¢c.ft, = 0,595 X 2. 6X62,3 = 96,7#

27
Gravel/batch 8 9.66X1.6 = 0,572 ¢,ft,50,572x2,7 X62.3 = 96 . 5%
e
Cement/b?tch @ 2,95 X1o6 = 0,175 cofte= 1. 75x5 15x62,5= 34, 344 3%
27
Wuter/bqtch Z 6.02%x34.3 = 22 gals. = 2,2 x 8,33 = 18.3#
g4
. . After mixing the first batch it was found that the mix weas not

workable, hence some water was added holding the water cement
ratio constant. The yuentity of water added was that which
wWas for an additional 10 1lb. of cement,

10 x 18,3 = 5,34 1b,
34,3
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.Adjusted weights per batch:

Sand - 9697 lbo

Gravel = 96.5 1b,

Cement = 34.3 ¢ 10 = 35,30 1b,

Vieter - 18.3 4 5,34 = 235,64 1b, .

For the lsst batch the additional quantity of cement left was
7 1b, which made the amount of additional water equsl to 7

X 18,3 &8 3.7 1lb,

Adjusted weights for last batch:

Scend = Q0,7 1lb,

Gravel = 9665 lbo

Cement = 34.3 ¢ 7 = 41,3 1b,
Voter = 18,3 4 5.7 = 22,0.1Db,

Four batches of concrete were necessary to provide for the
regquired volume of concrete, . From each batch one contqol cyl-
inder was made which gave a total of four, The cylinders were
cured in the same ‘way as the specimens by using wet burlap
for six days.

Two of'these cylinders‘wEre tested in the SO0,000# machine
in Fritz IEngineering Laboratory nine days after pouring in
order to determine the strength of concrete in the first speci-
mens which wre tested also nine days after pouring. The ulti-
mate strength for the first cylinder was 6020 psi and that of
the sécond 6730 psi. The average value was 6372 psi,

The remaining two cylinders were tested in the same way
eleven days after pouring because the remaining specimens were
aléo'tested at this time. The ultimate stren;ths were 6730 psi
and 5550 psi respectively, pgiving an-average value of 6170 psi,
| Thé big difference in ultimate strength between the estimated
value of'5000 psi in the designed'mix and the actual ultimate
strength was due to two important reasons. In the first place

in order to obtain an fl of 3000 psi at seven days a water
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cement ratio of 7.5 gal/sack should have been used,
Actually 6.5 gal/sack were added, In the second place the
cylinders were tested at nine and eleven days respectively
and not at seven days, This had also a substantial effect
in the increase in strength,

Tables (1) and (2) represent the results of.tests on the
four cylinders., Figure (1) contains the stress-strsin
curves for the four cylinders and Figure (2) represents the
procedure of testing the cylinders in the 300,000 lb, machine
in ¥rritz Engineering Laboratory,

2. Wire: One type of wire was used for all the specimehs.

It was the 0,10" wire produced by J.4, Koebling's Sons Co,

To plot the stress-strain curve and hence determine thé
modulus of elasticity'of the wire, an A-12, SR-4 strain gage
wss mounted on é piece of this wire, znd then tested in the
300,000 1b. machine in Fritz Laboratory. Table (3) represents
the results of the test., The wire was loaded up to 1200 1lb.
and then unloaded, This opefation was repeated two more times,
In the.fourth operation>£hé load wes carried up to 1580 1bs,
The wire-was threaded at the ends and four standard 3-48 nuts
were used on eéch end for gripping. 'This will be explained
later, more fully. Féilure occurred =zt 1586'1bs.'when the
nuts sheared off.

The purpose Qf'the last loading cycle was £o show the shear-
ing resistance of four 3-48 nutswhich proved to be safe enough..
for this research., The results of the strains from the v:irious
loading cycles were very close as it 1s seen from Table (3)
and while plotﬁing the curves the different points nearly

coincided. Hence an average value of the last three cycles
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Figure (2)
of Testing Concrete Cylinders
300,000 1lb, Machine
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wes taken to draw curve number (2) shown.on Figure (3). In

the last three cycles the zéro readiﬁg was taken as 260 lbs,

on the wire or 33,100 psi., The modulus of elasticity of the
wire as cglculated on Figufe (3) was vefy close to 30,000,000 psi,

' The adove experiment proved the efficiency of an A-12, SR-4

. strain gage when used on the 0,10" wire because the modulus

of e;aéticiﬁy obtained was very qlosé to that reported by
manufacturers obtained by other methbds involving much larger'v
gage lengths, | _ _ '

3. Lengths of Embedments: Three lengths of embedment were

considered in the resesrch, namely; 1, 3, and 4.5 feet. 1In
turn, three specimehs of each bf the aforé—mentioned lengths‘
wérg cest, All the specimens were reinforced with 25 wires
uniformly distributed across the cross-section,

C. PROCEDURE OF RESEARCH

1, gggggz The forms used in this work were previously used by
éther peréonnel in‘ﬁritz Bngineering Laboratory, fo.pour certainv
perstressed concrete specimens for pull-out tests. They were
ﬁade of two side éhannéls and a bottom plate, and were five
inches wide and six inches deep and 56 inches long. Three

new fofmé 5"x6"x112" were made by welding. certain of the above
forms together, For each of the three fofms a palr of end
plates.6"xio"xl/é" was made with thirty holes, 0.,12" in dia~
meter. The purpose pf’thése end plates was to furnish a sﬁr-
faée on which the prestréséing devices could bear., The end
plates carried the whole prestress,in‘the wires before it was
transferred into the concreté. These‘plates rested against

the ends of the forms znd were held in blace by seeat clamps,
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In order to keep the wires in alignment and for the pro-
tection of symmetry, two end channels were especially cons-
tructed w;th the same pattern of holes as in the end plates,
They were 5"x6" and were placed in the forms between the sides.
These ;ecured perfect alignment and prevenﬁed the end plateé
from ﬁoving, Figure (4) shows.the end plafes, the end

channels and the forms, |

1

2. The Prestressing Device: The basfc idea of the prestresélng‘

device was taxeﬂ\rrom the unit which was used by Mr. Melville
at the University ot Virginia,

This unit wues made of a bolt, a number of nuts, and an allen
set screen with a bearing bell as shown in Figure (5). A hole
was drilled through the entire léngth of the polt, Jlhen the
wire was inserted into this hole and was ahcnored Dy the Allen
set sbr@m which forced'tné pesring oali against the wire, o
'stress the wire the nut adjecent to the besaring plate is un-
screwed, which-pushes the bolt out, thus causing an elongat;oh
in the wire, In case one nut is not enough to produce the re-
quired elongation the éecond Qﬁe bearing against the rirsty-1s
unscrewed. This process is continued using as mény nuts as
'neceésary to develop the required elongsation in the wire,

Mr. Melville used in his'fesearch a wire of a smaller diameter
than the wire used nere and hence the prestress on cach wire
was less than one-hall the stress on the 0.10" wire épplied
in this research., '

Yhe same device was constructed and tested on the 6V , Q0L
machine 1in rr1t¢ rngineering Laboratory, VWhen the stress on
the U.,1U" wire rezched a value of above 200#, that 1s to say,

25,000 psi, slip occurred which proved the inefficiency of one
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allen set screw to hold the wire. Then anqther_allen-set
screw with a bearing balj.was provided on tﬁe side of the
bolt opposite to that wheré the first éllen set screw was
end about 1/2" bélow. This new.device was again tested and
1t was found that the highest stress obtainable before slip
occurred was.about 40,000 pgi.

.The foregoing tests proved ‘the inefficiency'of this method .

of‘anchorage for a 0,10" wire, &nd thus a new method was

used, This was to thread theiepds of the wire. A number of

3-48 - standard nuts were screwed onto the wire so that they

rested against the end of %he bolt as shown in Figure (5),

‘The basic i1dea of the threading of the wire adopted was de-

velopqd and fapoﬁted by Professors! Wedo Eney and A.C. Loewer,
Jr. at the First U.S..Conference on restressed Concrete at ‘
HeloTs "in August, 1951, This wili be later discussed in detzil.
Another modification to Mr. Melville's unit was made, In-
stead of using a number of nuts to produce the requiredlel-l
ongation a tube one inch in length was devised., First, a
standard nut was screwed onto the‘buit ana then the bolt was

fitted into the tube until the nut was bearing against the

tube, By unscrewing the nut the tube was pushed out and

“eventually the'bolb wés~pushéd in the opposite direction thus

stretching the wire, Figure (5).

This tuﬁe has four advantages over the system of nuts de-
vised by Mr. telvillé. In the firét place it is much easier
tb‘handle because>one nut is used only until the required el-

ongation is developed., -In the second place, when the stress

i1s a 1ittle high and the nut in ilr, Melville's unit is threaded

all the way>out, there might not be sufficient area on the

4 : A
root of the threads to hold the stress, therefore the threads
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on the bolt or ?ut might shear off., This is completely
LI avoided in the unitused here, because the nut is never
tnreaded all the way out of the bolt. 1In the third place
‘when the first nut in Mr. Melville's unit is threaded all
the way out, and before the second nut is used, the bolt
- tends to lean from the perpendicular to the:piate énq thus
'a source of error is encountered. This is also completely

i : avoided in the new unit used here, In the fourth place, )
. ! 1} 1

oA

" whe? the second nut Which is bearing against the first 1is

unscrewed,‘the first tends fo move around the wire thus

; | . becoﬁiné eccentric, In this case the secohd nut is partly
beéring against the fifst‘nut_hence the load becomes eccentric,

This might cause some inclination of the bolt, This source

gy

. C of error is not possible in the new unit, '

Figure (5) represents a diagram of the unit used in this
research and also Figure (6) is a photograph of the same
unit and various psarts.

3. Threading the Wires: The threading of the wires was

tried when the method of gripping the wire by the allen set
screw failed, 1In tﬁe beginning an ordinary 3-48 die was used
to chase a thread on theAends of a short piece of wire, The
die was comﬁletely ruined after one end of'the wire was

. threaded for a distance of about one-half inch. This was

because of the extreme hardness of the wire., After this

T TN TGy e T MgV R i T i et se

unfortunate result the attention towards other possible.
methods for gripping the wire were considered,

- One method which was tried and which proved to be a

Cnadindi st = e e O e S

failure was to give a few blows to the end of the wire in

order” to flatten 1t thus increasing its one dimension, This

was done and then the wire was fitted into a piece of steel
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: . : Figure (6)
b - Various Parts of Prestressing Unit, End
' Anchorage, and Half Rod Piece
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with a hole 1/106 diameter. Then it was tested in the
machine by gripping the other end, When the load weﬁt to
about 35,000 psi 8lip occurred and then«the wire started
making e groove in the hole in the piece of metal in order
to find 1ts way out, |
Another method was to bend the end of the wire at right
angles and thenlt'o. fit it- m the hole of the plece of metal,
When this was tested at =& load'ofvabout 50,000 psi the end
of the wire straightened itself and slipped out. _
| All the above facts switched the attention back to ‘thread-
ing, which proved to be a reliable method of gripping as
presented in the report by Professors! W,J., Eney and A.C,
LOSWeP,‘Jr.' | .
The number of wires whose ends were to be threaded for a
iength'of about half an inch.was 75, To use ordinary dies
" - was a very expensive method, because as mentioned before a
one-hglf'ingh of thread was enough to fuin the die, hence
adjustable high speed dies wefeAtried, They proved to be
oo much better than the ordinary ones,
L ~Several ways for handlingzﬁhesé dies were tried and the
| most effective was to begin the pattern of threads with one
| o ' die which was adjusted by 1ncreasing its diémeter slightlyo
%This first pattern of thread was not deep enéugh to fit into
‘a 3-48-standard nut, thus a second die was used whose dlameter
. was incfeased by a little less than the first one., Still the
- | depth of thread was not enough and a third unadjusted die did
F ‘ ' the final job perfectly, |
| This method reduced tremendously the number of d;es which
would have been necessary had ordinary low—épeed dies been

‘used, 1t was concluded that even the high-sbeed dies were'
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not of sufficient hardness for threading the wire,
To thread the ends of the wire was a very good method for
gripping especlally beczuse three standard 3-48 nuts were

enough to hold the stress, It was :lso very reliable be-

-cause 1t avoided practically all posSible‘losses due to slip

at the anchofed end, but this method of threading would be
very impractical for large jobs because of the long time it
requires, |

i certain special dies lined With diamond particles, or
made of the seme hard steel could be produced then the process
of threading becomes Vefy simple and quick. This is very

possible, and then this method would be recommended, other-

wise, the development of another method for grlpping would

be advisable.

4, The Dead End: The number of prestressed wires used in the

‘work was 75, If both ends of the wire were to be gripped for

snchorage then 150 threaded ends would have been required .,

This would have been a very laborious and expensive job and

‘a method was devised which.eut the labor and expénsestremend-v

ously. The required.threaded ends ‘were cut in half by having:

the wires in pairs,'each bair made of one length of wire and

~ U=turned around a piece of half-rod at thelend_plate. Figures .

(7)A andA(7)B'represents the end plates showing the wire
turned around the helf-rod, the end of the thresded wire,
and the prestressing'devices. The piece of half-rod was cut
from a rod one ineh in diameter and notched at both ends So
s to reduce its diameter'te 9/10 of an'inch,.the distance
between inner faces ef each pair of wire, After turniﬁg the

wire sround the hslf-rod it was given a few blows at this
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Figure (74)
End View of Two Forms Showing Threaded
Wire Ends, Dead knds, and rrestress-
ing Devices
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Figure (7B)
End View of Forms With Prestressing
Devices and Dead Ends
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deed‘end until 1t»ﬁested exactly en_theAhalf-red: Appfoki-
ﬁately no‘cleerance,wes left between the'wire end the half-
rod. Had clearance occurred here, the wire might heVe been

pulled to an erroneous stress by misinterpretation of elonga-

tion at the loading bolt,

5 Preseressing the Wire: fThe Modulus of Eleetieity of the
wire wae found to be 30,000,000 psi and the length of one
wire was 9.75'. Hence the_eiongation of each wire required
‘to develop a stress of 135,000 psi was‘determined as followe'

€= £3 = 135000 = 0,0045 in/in.; ‘total elong.=0. 0045 x 9,75
g
I~ 30,000,000 - - x 12 = 0,5265" |

In order to check whether this elongation produced the re- ,
quired stress, A-12, SR-4 stra 2in gages were_set on three
peirs of wire, one pairvin each form. (FigureS'é ané 9),

ks seen from above, 0. 0045 in/in wefe~required to broduce
& stress of 135,000 psi or 4500 micro inches, Therefcre;
the . wires on which thc gawes were set were stressed until
.an elong‘tion of 4500 micro inches was - indlcated 1n the
strdin 1ndicater and also the elongatlon of the wire was
measured by measurlng the dlstances the bolt moved away
from the nut. In the first pair 1t was more than the e8-
timated value of O. 5265 by 0.083", in the second pair by
0,088 inches end in the third by 0.,0735",

These results proveq that the calculated elongatlon was
not enough to produce the required stress becnuse parts of
it were losﬁ in the dead ende in deformetion in the presté
.ressing device,:in'the end plate, 1n'bending; which was
seen by-the'naked eye and in shofﬁening of jecking fﬁahe'
1tself, o |

It was assumed that en increase of 6.0755'inches in the

[
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Figure (8)
A-12, SR-4 Strein Gages On Wires
For Checking On Prestress
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Figure (9)
The Process of Prestressing The Wires On
Which A-12, SR-4 Strain Geages
Are Set
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elongation was necessary to prodﬁce the‘required'elonga—

tion and each wire was elongated by this distancé.v

ifter stfessing all the wires in the threé forms, another
check wes cbnsidered. The three pairs of wires on which
the SR-4 gages were set,were “"din releaseo from their stress.
The same process of strcssing them weas followed as previously
described eand 1t was found that the actual elonbatlon in the
first pair wes 0,023 inches more than the estlmated figure of
0,5265", in the second, it was 0,052 inches more; and in the
third 0.048 inches more, .The average value waS'O;O4l inches,

The adtua; increase in each wire was 0;0765 inches, end the
final check proved that parb of it Wasllost in the deférmation
caused by the initiall setting of the test frume. The eé-
timated prestresé is within 5% of the actual and thus was
saﬁisfactory for the-purpose'of this. work,-:

D, DESCHIPTION OF TESTS:

It was previously mentioned that very little hes been re-
ported conberning bond stressvin pretensioned, prestressed

concrete. Opinions vsried as to the length of each end of

the wire necessaryAfor end anchorage. Actualiy this length

veries for various wires, and the ra n&e of this 1ength

which wes given in the avallsble literature was very larg%
beginning with (50-90) diameters for fine-wire, 0,08" in

diameter, up to (150-400), diemeters for larger diameter

%
wires, 0.2",

Inrthis work three lengths of embedment were chosen to
determine the length required for end anchorage of a 0,10"

wire. They were 1'-0" (A series) 310" (B series) and

- - - am - e W o e - W e e e es s W em M me  we w. - am e em W e

% Magazine of Concrete Research - Dec, 1949, p. 121
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4'—6"‘(0 series), Three specimens for each length were
made with a nominal cross-section of 5"x5", All the speci-
mens were reinforced with 25 -'l/lb" wires, uniformly dis~
tribﬁted'across the cross-section andlequally prestressed.‘
Hence a uniform unit load wes.assumed to develop acroes any
section in any specimen, This'aseuﬁption nolds true only if
the streeses in all the wires were egual aﬁd if the distribu-
tion of bond stress along the lengths of 211l the wires were
the same. VAs to the first criterion it wes previously con-
cluded that the stress in ell the wires was within 5% of the
estimated value which was quite satisfectory for the purpose
- of this wcrk. The secopd assumption depends on how well the
concrete was poured in ali'the specimens and upon the surface
condition of eli'the wires.,»Thus it ‘was assumed that all the
wires had the same condition of surface and that ccncrete‘was
poured in the same waj in all specimene. Of.course this as-
sumption was not exactly true beceause the sdrfece-condition
- of all the wire was not exactly the aame and hence another
souroe of error was created. |

According to the above essumptions, the strain aecross any
crose section in any specimen was assumed to be the same.
The idea behind this work was to determine the aistribution
of bond stress along the 1ength of wire in eech specimen by
determining the strainsvproduced in the ccncrete»along the
length of each specimen after the release of the prestress.
The str:=ins were essumed to vary from zero at the-end to a
maXimum valﬁe somewhere‘near the center,. ’ |

- The length from the end of eech specimen to the point

where the strain 1s maximum should determine the length of

wire required to transfer the prestress from the wire to
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the concrete by bond;
For this purpose 1t was decided to mount & certain number
of A-11, SR-4 strain gages along the centerline of the ex-
.posed surface of each specimen, Because of the fact that
there was no clear idea about the pattern of the distribution »
of bond along the length of the wire, a pilot test was con-
ducted on specimeﬁ #1C (4'-6" long) and specimens #1A, 2A
and 3A (1'-0" long). All these specimens weré poured in one
" of the forms as shown in Figure (10). The geges were set in

"the pattern shown on Tsbles (4), (5), and (6). This test was

" conducted when the concrete was nine days old, An initial set

‘of readings was taken before the relesse of the wire, Tables
'(4) and (5) and Figurel(ll). Then the wire was released,
Figure (1O0A) represents the position of thé specimens in the
férm, =nd the side views show how the wires were'stressed. The
. | dot's are the prestressing devices and the.lines_joining pairs
of dots represent the dead ends. The wires were released at |
each end in such a way as to avoid concentragion of stress on
one psrt of the section. |
In the beginning the inclinatlion was toward having all thé
prestressing devices at one end of'ﬁhé form and thé deéd ends
at another end. This would heve rendered the process. of pre-
 stressi£g very difficult‘because of the small clearances be-
tween the prestressing devices and hence it wss decided to
havé the distribution showﬁ in Figure (10), This facilitated
extremely the prestressing process but at the same fime it
created an unpredicted result. | ‘
During the process of releasing the stress the specimens in
" the form weré held from moving freely by the forcé of friction’

between them and the form, This is obvious from a comparison
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Figure (11)
Actual Test Before Release of Prestress
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~ of ﬁhe stfains in the specimens éxactly after relesse and__
those after the removal of the forms and shaking'of‘the
specimens, Tab;es (4), (5), and (6).

Because of the above fact the wires in the ohe-foot speci-
mens:did not move towards the center of each specimen but had
to move from the end whicklwasreleasea towards the fixed end |
(dead end) on the other side, This'was obvious and it was
detected by the neked eye, As an exémple,.while releasasing

wireis NS, (1) aﬁd (2) at thé wést end,'Figuré (104) they
started slipping through. specimens (34), (24), and (14), and
.the slip was seen as a‘polished lehgth of wire in the c¢lear-

ence between the specimens. A somewhat similar action took

TTRTY TR YR Sl T
F' ]

place when the wires were being released from the east end, but
“to a lesser extent beciuse there were not as many unbonded strain

lengths of wire betwecn the specimens end the east end as were

e et R

gt

' at'the west end. This no doubt produced a very complicated

Baae

b ¢

cross-strain phenomena in z11 specimens. Thls result was not

M

satiéfactory but it wes conciuded that the one-foot specimen
was not sufficient tdlhold the préstress by bond when sub jected
to 2 condition resembling a pﬁll-out test.

While relevsing the wires st the west end, or the end ad-
jecent to the one—foot.Speéimens, the_nuts in the prestressihg
device were turned many timeé, but this pr&cess’at the east end
. 4 towards the 4'-6" specimen required one or two turns to‘re-
lease the prestress. This indicated that the prestress was
transferred to the concrete by.bond in the 4'-6" specimen,
while it was not in the one-foot specimeno_

then the prestress was relessed and when the side of the

form was removed, the specimens were shaken and another set

of readings was taken,.
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It is seen from Table (4) and Figure (12),that the.etrains
developed in the one-foot Speciﬁens were_erratio and very
small compared‘to the.etrains that should have actualiy been
'produced if the whole prestress uere;held by bond, This will
be discussed more fully later, ~ '

The strains obtained in the 4.5 epecimeh No. 1C were more
or less satisfactory as shown in the curve'Figure (14); This
result proved thst the strainsvveried almost from ,ero around
the ends of the Specimens,to 2 maximum value around the:ceuter.
As a result of this first test 1t was decided to change the
.pattern of the distribution of the geges.along the lengths of
the remaining specimens as shown on Tables (5) and (6);

The gages were set for the second part of the test on the
three 3.0' feet soecimeqe end on the remaining two 4,5 ft.
specimens. An initiei_seﬁ of readings'was teken and the wires
were then released; rBefore the removal of the forms and after
’the release a set of readinbs was taken, and another also
-after the removsl of the forms, The difference in strains- ob-
tained between these two sets of readings as seen from Tables
(5) and (6) showed the effect of-frictlon between the concrete
.and. the forms; o

During the process of releasing the wire on the three-feet
spe01mens a very 1mportant obserVation was made which 1nter- .
prets the‘unsatisfactory_results obtained as seen from Figure
(13). Tt was found that some 'of the wires required meny turns
of the nut on the prestressing device in order to release the
stress and others required fewer turns, This meant that the
prestress in some of the wires was held by bond whlle in the
others, where many turns were necessary,~sllp occurred. This’

seems to substantiate the positive and negative strsins shown
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on Figure (13).. The curve for 3B shows thet most of the top

wires slipped while the bottom ones were partly held by bond

' cau31ng expan81on of the top surface of the specimen and hence

'the positive strains. The strains obteined for specimens No. -

2C and 3C were quite satisfactory and this is shown in Figures

(15) and (16).

1, Celculations: The prestress on each wire was essumed to

' be 155,060 psi. EachAwire was elongated by 4500 micro inches/

inch in order to.develop this stress. _Immedietely after the

releese of the wire part of.this stress'was lost due to the

. strains developed in the concrete the calculations for which

are shown below:

(&) Specimen No. 1C

Maximum strain in thevspecimen ='158 micro inches.
At_this point the stress in the w1re becomes'

135,000 x 4500-158" = 130,000 psi.
5 i

o S N - _

Load on each wire -'150 OOO X O. 007854 = 1020 1bs,

"~ and hence unit load on concrcte = 1020 psi. This unit
load shouldlhave produced a maximum stra1n 1n the'

specimen of

en 1020 = 0, 000204 inches/inch or 404 micro incheso
5,000,800 o T

The. fact thatthls strain was not fully developed might be
partly attributed to losses in prestress due to (1) plestic

flow and-shrinkage (2) to the uneven section of.the specimen

‘being 8 little more than five . inches beceuse the side of the-

form was warped after welding it at the bottom, (3) the longi-

tudlnal clearence between the Specimens was not cnough for the
stress to relax completely.' While pouring, the concrete went

through these clearances,end caused a stress concéntration, as
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a result of mhich the specimens were slightly lifted at the ends
making an angle with the. bottom of the form when the initial »

"tension was released, (4) due to drift 1n the strain indicator,

(b) Specimen No, 2C:
Meximum strsin in specimen = 224 micro inchés.'//
Stress in wire become: 135,000x 4500-224.2 128,200 psi,
o T e
Load/wire = 128 200 x O, 007854'“’1000 1bs, and unit load
on cuncrete s 1000 psi. Maximum gtrain that should have
o
been deve10ped iss’ '

€=z 1000 = o, 00021 inches = 210 micro inches.
1,750,000 | | ~

Thls is much closer to the actual value obtained = 224
"micro inches,

(¢) Specimen No. 3C:

'Maximum strain in specimen = 180 micro inches.

Stress in wire becomes 135, OOO i 4500~ 180»-1?0 000 microinches
Load/wire = 150,000 x 0,007854 = 10§gogbs° and unit load

on concrete = 1020 psi, Meximum strain that should have

been deVeioped is:

f = 1020 = 245 micro inches,
4,750,000 :

The difference between the sctual velue and the calculated'
value might be attributed to the seme.factors mentioned |
_ forASQecimen No., iC,
As it is seen from Tables (4), (5) and (6) thrée sets of read-
ingé weré teken for &ll the'specimens during the two weeks fol-
' lowing the initial readings. The recorded strains must have
been ernoneous,Land this can definitely be attrlbuted to the
drift in the strain indicetor and gages over tlmeo This conc-.
lﬁsion'was derived from the fact thet while the one-foot speci-

mens showed negligible strains in the first readings the in-
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dicated stréins éhanged tremendously 1p-the later readings.
This strein change was not constant for all gages observede
Tables (4), (5), and (6) show that the readings on July 3,
7, and 14 , 1952 ére’compleﬁely'unreliable. 'These.results
proved thet the«gages‘used will not give good results except

~immediately after taking the zero readings,



CUNCLUSIONS

The time allotted for this work wss very limited, and
hence many‘sources ef erros which were mentioned previously
and whlch will be mentloned again ‘could have been avoided.
© For similar futurc work the following should be considered-

(1) The jacking frame should be scparate from the
pouring formso :

(2) Before the relezse of the prestress, and in order to
provide complete freedom for the specimens to move
the sides and bottom of the pouring forms should be
removed and some bearing rollers_set between the
bottom of the specimens and the floor,

(3) the ter paper which was used as an inner lining of -
the forms should be svoided and oiling the forms
from the inside substituted therefore.

(4) ‘The lon&ltuclnal clearasnce between spcclmens should
: be at least two inches,

(5)’The Jack1n5 of the wires should be from one side of

the Jjucking frame only to elimlnate cross-otrdins
in the specimense. :

(6) Some good method for mechenical vibratlons. . should
be prowvided. -

It was concluded from the results of- the tests thaet a lenrth

>, of at least oO inches from each end of any member is necessary

to trcnsfer tpc~prestress from the 0,10" wire to the concrete
by bond. Anyuiengtﬁ which isﬁless than this 1s not advisable,
The method of pouring the concrete affects this length sub-
stantially. 'Gn‘large construction projects'itiis very diffi-
cult to achieve high’quality.concrete at 211 times as is
possible in controlled laboratory research. Hence z length

ércater than %0 inches from each end might be desirable from

the viewpoint of sufficient factor of safety.



e i oo il

-49-

ACKNOWLEDGEMENTS

The work presented in this report was carried out in Fritz -
Engineering Laboratory, Lehigh University, during the academic
year 1951-52 under the direction of Professors! A, C, Loewer, Jr,
and W.J. Eney, without whose assistance, encouragement and guidance
this work would not have been possible, :

The author wishes to express his thanks to Mr. Alexis Smislova
and Mr. Kenneth Harpel whose help and suggestions were of great

‘value in carrying out this research project.

The author also wishes to thank Mr. Alfred Roesli whose help
in this project was appreciatea. - ,



o e

2.

Se

4o

5.

6o

7o

9

10,

11,

12,

13,
14,

15,

16,

17,

18,

-50~

BIBLIOGRAPHY

Prin01ples and Practice of Prestressed Concrete - by =
P. W, Abeles.,

‘Prestressed Concrete - by = Gustave iagnel,

Prestressed Concrete - Engineering News-Record, V. 141,
Nov, 11, 1948, P. 83-35, : :

hngineering News Reecord--March l 1951, p. 45,

Prestressed Reinforced Concrete and Its Possibilities

For Bridge Construction - A,S,C.E., V. 103, 1938, p.1343

Proceedings of the First U.S. Conference on Prestressed
Concrete -~ Massachusetts Institute of Technology -
Cambridge, Massachusetts .
End Anchorage and Bond Stress in Prestressed Concrete -
Magazine of Concrete Research - No, 3, December 1949,

‘p. 119-127.

Bond In Prestressed Concrete - The Institution of Civil
Engineers - 1948-1949, p. 19-40

Design of Prestressed Concrete - P.C.A, Publication, No.
ST 74.

Discussion of Paper By H.J. Godfrey on Steel Wire for
Prestressed Concrete, by W.J., Eney and A.C. Loewer, Jr, .

Progress Repoft No. 3 on Prestressed Concrete by C.A.
Palmer - Virginla Council of Highway Investigation and
Research - Charlottesville, Virginia, Aug. 1950

Design and Control of Concrete Mixture - P.C.A. Publication

Prestressed Concrete: Its Future in the U, S. - Contractors

end Engineers Monthly, Aug. 1951 .

How America Is Using Prestressed Concrete - Contractors

and Engineers Monthly, Oct, 1951.

How To Design A Prestressed Concrete Tee-Beam - Roads and
Streets, June 1951 )

Two Examples of Prestressed Concrete Construction in
France - by - Phillip L. Melville

Progress Report No. 2 On Prestressed Concrete - by = P,C.

. Newman - Virginia Council of Highway Investigation and

Research - Charlottesville, Virginia - Aug. 1950

A Comparison Between Ordinary Keinforced and Prestressed
Reinforced Concrete Beams - by - R. Mayo and F. Lore;
June 12, 1951,



	Lehigh University
	Lehigh Preserve
	1952

	Bond in prestressed concrete, July 1952
	S. K. El-Khuri
	Recommended Citation


	tmp.1349700844.pdf.xkZeR

