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FOREWORD

The Regearch Program of the Division of Archilteciure, of
whiich this project 1s a part, ls intended to develop informa-
tion in those filelds of materials, designs and constructilon
which would be in the best interest of the State of Callifornia
in connectlon with the zconomy and safety of design and con-
struction of public school pulldings and which is of such
zenaral nature as to be overlooked by industry research and
other research organizations.

It should he recognized that the information presented in
this report is not regulatory but may alid in the development
of new standards or the modification of existing standards,
21l leading towards more economical, safle school bullding con-
struction. The findings of this project should contribute to
economy and safety not only in public schools but in the build-

ing indugtry in general,

State Architect

March 3, 1959
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I. INTRODUCTION

in the past few vears a large number of structures, utilizing
1abs prestressed in two directions, have been erected using

the 1ift sZab method of gconstruction, These slabs have performed

iab having deflecticns

]

well o in Service., An essentially crack free

vuder working lozd which have been minimized or practically nui-

can be obtained by proper presiressing, As yet very little
experimental data is available regarding the behavior of such slabs
and plastic ranges and finally under ultimate

study”® the case of a square slab prestressed

ions and supported at four points was considered. The

t

investigation reported herein considers the case of a square slab

7 supported st nipne points, theSe support points simulating

supports,

Present design of prestressed concrete 1ift slabs is based on

s
A}

The procedure normally used is to divide

series of bents, each consisting of a row of
§ g

ported slabs, each strip bounded

by the centerline of the panel on either side of the centerw

ams or supports, A series of such bents is first taken
Ilepngitudinally and then transversely through the building., Bach bent
is anaiyvzed for the various loading conditions which may come upon

the &

are for a full panel width,

o
3
B

riioned to the column strips and middle strips. The

1. Superscripts refer o references listed on page 45,



percentage going to each is dependent on edge and support conditions,
but has usually been taken as 45 and 55 percent going to the middle
and column strips respectively. From these analyses an envelope of
maximum and minimum slab moments in the leonmgitudinal and transverse
directions is plotted. Using these moment envelopes the magnitude
and location of the prestress force required at each section to keep
the $tresses within certain allowable limits can be determined. In
cases where the slab to column connection is not rigid or where the
column stiffness relative to the slab stiffness is small the problem
described above reduces to the analysis of a continuous beam in

each direction rather thanm a bents The comtinuous beam in each case
having a width egual to the panel width, This method of analysis, often
called the "beam method'™, is an approximate one, sinée it reduces the
two-way action involved in the actual slab tc the one way action of a
beam in each direction.

A more precise determination of the slab moments and deflections
can be found by using the elastic plate theory, which does take into
account the two~way action of the slab, For the case of continuous siabs
this requires a considerable amount of mathematical effort and for this
reason it is not generally used directly in design.

The purpose of this investigation was to determine the behavior,
through and above the elastic range, of a continucus concrete slab
prestressed in two directions., Some of the questions which the investi-
gation endeavored to answer for this type of slab were: 1. Is the elastic

plate theory valid up to the appearance of cracks? 2. Can the cracking
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icad be predicted by the elastic plate theory using the flexural temsile
strength as determined by plain concrete specimens? 3., What is the
physical behavior of the slab through the plastic range and finally
under ultimate load? Dees it deflect excessively? Is the failure
sudéen or gradual? 4, Can the ultimate strengih be predicted by avail-
able theories for ultimate strength of slabs? 5, Are the present methods
of design, which are approximate, sufficiently accurate for predicting
the behavior of such a siab? If not how sheuld they be changed or
modified? 6., What is the distribution of moments in the slab in the
elastic and plastic ranges, under various loading conditions and under
prestress alone?

in order ito answer the questions posed above as well as to study
other praciical design problems involved in this type of slab, a 15 x 15
£+, slab 3 in. thick and supported at 9 points was first prestressed and
then subjected to a series of loading tests under laboratory controllied
conditions to insure accuracv, In the final test the slab was loaded
+o failure so that informatiem om its behavior at ultimate load was

obtained,

2, Acknowledgments

The program reported herein was conducted in the Structural Engie~
neering Laboratory, Division of Civil Engineering, University of Cali~-
fornia. The program was sponsored by the Division of Architecture,
Department of Public Works, State of Califormia through a research grant
administered by the Institute of Engineering Research, University of

Caiiforniae. The program was carried on between July 1957 and
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is due to ©, M, Herd, Chief Cons Engineer; Charles Peterson,
My, We Sablberg, Principal Structural Bngineers; and A. H. Brownfield,

211l of the Division

Jo Fo Meehan, Supervising Structu

£

of Architecivre,
2. Hotation

.,

The letter symbols used in this report are generally defined when

they are introduced, The most fre fiv used symbols are listed

below for reference:

A = Ayea of prestressing stesl

s
a = Side dimension of a single panel

-
Bh~

12{1 "gul_’?'

Pod =
3

wral rigidity of siab =

£
i
;'1‘3
M
%
]
o

Ec = Modulus of elasticity of concrete
B, = Modu lus of elasticity of sieel

r foot of width

o)
4

a
J

' = Comprassive strength of x 12 in. cvlinders

f’% = Moduius of ruphture of coucrete
h = Sisb thickness
M , M = Bending moments per unit length acting on Sections normal to
the x~ and y-axes, respectively
M__ = Torsional moments per unilt length acting on sections morxrmal

o the x- and y-~axes, respectively

L2



M

13

1]

i1

M o+ M
= Y
i+ B

Number of subdivisions of the span "a"™ for finite difference
elements

Vertical shearing forces acting on sections neormal to the x-
and y-axes, respectively

Load per unit area on 2iab

Reaction at supports

Total equivalent shearing forces acting on sections normal to
the x- and y-axes, respeétively at free boundaries
Deflection

Cartesian coordinates with the center of the slab as origin
Strain

Length of finite difference elements = %

Poisson’s ratio

Stress

M
a N°
solution.
WD
g N

sclution

, dimensionless quantity used in finite difference

., dimensionless guantity used in finite difference

IT EXPERIMENTAL PROGRAM

1. Description of Test Slab

The test slab, shown in Fig, 1, had over-all dimensions of

15 x 15 ft, in plan and was 3 in, thick, Supports were placed on

7 ft, centers in both directions, The test slab represented about a

1/3 scale model of actual slabs found in practice and it was designed



in accordance with therwbeam theory'” as presently used in design. A
steel plate with a bearing area of & x 6 in, was used at each of the
exterior supports. A rocker and roller arvangement, as detailed in
Fig, 2, permitted the necessary rotations and horizontal movements

so that neo restraints were introduced at each of these support points,

At the center support a 9 % 9 in. ng plate was used with a suppoert
assembly which permitted rotations in two directions but no horizontal

movement, Since the center suppori had to carry the greatest reaction,

the 9 x 9 in, bearing plate was necessary to minimize the possibility

of z shear failure at this supporta
The slab was posi-tensioned with 12 cables in each direction., The

cables were sprced 15 in, on center. EBach cable consisted of a 1/4 in.

high strength steel wire greased and placed in a plastic tube *o pro=-

vide for post-tensioning. Specialily designed end anchorages for the

one -e rables were used 80 as to enable accurate measurements of the
amount of prestress in each cable, Details of these end anchorages are

o
)

shown in Fige. 3. The profile for all of the cables running in both
directions was the Same and is shown in Fig, 4.

¢ steel, two layers of 2 by 2 in,

In addition to the presirsssing
No., 14 gage wire mesh were placed over each support to cover an area
18 in. 5Q, This steel was included to help prevent the possibility of
local failures at the supports.

2., Fabrication

-

The sialy was cast in place, Referzing to Fig, 1 and Fige 5

o

chapnels were first bolted to the flsor along each lime of supports,



i8 x 36 in. cylindrical concrete pedestals were then placed on top of
these channels at the support points, this was followed by the place~
ment of the rocker and roller assemblies on top of the concrete ped-
estals, Forms were next constructed in the standard manner so that

the soffit was at the final elevation of the slab, Prestressing cables
were then placed in position using specially designed chairs s¢ that

a ¢lose tolerance could be achieved in the location of the cable pro~
file, The wire mesh was then placed at cach of the support points,

The concrete was delivered ready-mixed from a central batching plant
and placed into the forms, A little over 2 cubic yards was required
for the entire sizb. The concrete was vibrated intermally with 1-3/4 in,
diameter internal vibrators, The siab was cured moist with wet burlap
for 10 days and then left air dry until testing. At an age of 13 days
the slab was prestressed to 25% of its final value. At 100% the steel
was stressed to 153,000 psi at the jacking end, After stressing all
cables to 25% of the final value the forms were removed, Prestressing
to 25% was required to prevent any cracking under dead load alone. The
instrumentation was then placed on the slab, As part of the test pro-
gram the slab was later taken to 50% and then 100% of the fimal pre~
stressed value to measure the effect of prestressing. This will be
described later, Cnce the forms had been removed and the instrumenta-~
tion had been placed the remainder of the loading frame as shown in
Fig, 5 was erected.

3. Materialis

Concrete for the slab was designed to possess a minimum Strength



of 5,000 psi at 28 days as measured by & x 12.in. civinders, The mix
contained 7 sacks of Type ¥ Santa Cruz cement per cubic vard of con-
crete, The water-cement ratio was 35,7 gals. per sack., The aggregate
consisted of Livermore Valley sand and gravel having z maximum size of
3/4 inches., Batch proportions by weight based on saturated surface

dry conditions were:waterz, (.51

1.00; sand, 2,05; gravel,
2456, Slump was 5 in, and placement of the concrete took approxi-
mately 35 minutes., Sieve analvses for the aggregates used are given

in Table 1.

iable 1 = Sieve Analysis of Aggregates

Kind o

£ i ained on Sieve Fineness
Aggregate; 17 13/47[1/2v [3/8v[ 4

£
G [#30 [#50 #100 1#200| Modulus
51 62| 83 94 o7 3200

Sand o - - giia, 4

Gravel QO 4

Pry
o
-3
L
RS
&0
!

i

i

E

i

- 60?7

Control specimens were cured in the same manner as the siab,
Three cylinders were tested in compression at 7, 14, 22, and 28 days,
One cylinder was fested at 43 davs. Average walues for the compressive
Strength, modulus of elasticity, and Poissen's ratic for these cylinders
are given in Table 2. A typical stress-strain diagram for the concrete

is shown in Fig. & and a strength—age curve is given in Fig, 7o

Three 6 x 6 x 20 in, beams were tested under third peint loading on an
18 im, span, at 14 and 28 days, Average values for the moduli of

rupture as obtained for these heams are also listed in Table 2,



Table 2 — Properties of Concrete

Age, days 7 i4 22 28 43
Compressive strength of 6 x 12 in,

cylinders, psi 3396 4337 4985 5455 5940
Secant moduiug of elasticity atf

1000 pei |~ 3.40 x 10 ~ 3,50 x 1080 -
Peisson’s ratio - 0,14 - 0,14 -
Moduius of rupture of 9 x 6 x 20 in,

beams on 18 in, span under thicd

point loading, psSi - 540 o= 480 -

As mentioned earlier each presiressing cable consisted of a single

1/4 in, diameter high-strength steel wire, The wire was greased and

encased in @

samples

nlastic tube to prevent bonding to the concrete.

Six

of the prestressing wire were tested in tension on a 10 inch

gage length and the following average values were found: proportional

1imit, 370 ksi; yield peint as measured by the 0.2 percent offset

method, 218 ksip ultimate strength, 253

29,400 ksi; and percent elongation, 0,7 percent,

strain curve for the wire i$ shouwn in Fig, &

4, Method of Loading

ksdi: modulus of elasticity,

A typical stress-

Cabie prestress was applied by means of a 30-ton capcity hydraulic

jack which had been accurately calibrated,
For the slab loading it was desiz
onn each of the four panels independently.

This

use of four plastic air bags placed between the

i

a 1/2 in. plywood sheathing which was supported

top of the siab and

by the steel frame

ed to provide for a uniform load

was accomplished by the
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shown in Fig. 5. Fach of the bags covered cne panel or one-~quarter of
the total slab, By introducing air pressure into each of the bags.
independentiy the magnitude of the uniform load on each panel could
be accurately confrelled@ The air pressure was introduced into the
bags after it had been reduced in magnitude from that supplied by

%

the compressed air system of the 1a

sratory. The air pressure in each
of the bags was measured by means of a water manometer. With the
arrangement used the load on the slab could be controlied and measured
to the nearest 2 or 3 psf,

This method of leading had been successfully used in earlier tests
in the laboratory and once again it proved to be an excellent technigque
for producing uniform loadings.

5, Instrumentation

The instrumentation was designed to measure the following quantities,

2, Strains on top and bottom surfaces of the slaba

= Force at ends of prestressing cable,

Co. Strains in prestressing sieel between the ftwo ends,

d. Reactions at each support point.

e, Deflections at warious location®,

A total of 48 - SR4, type A9, and 22 ~ SR4, type Al strain gages
were used to measSure Strains on the top and bottom surfaces of the
siab, The AD has a 6 in. gage léngth and the Al has a 13/16 in. gage
iength. Both types functioned well, The location of these gages is
shown in Fig. 9. It can be noted that it was only necessary to instru-

ment one-eighth of the slab with strain gages, because of symmetry,
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With this instrumentation all of the necessary strain data could be
obtained.

The prestress force at the jacking end was measured for all cables
initially by means of the pressure gage attached to the hydraulic jack,
On six of the cables a simple dynamometer was attached at the non-jack-
ing end so that the prestress force existing there could be measured.
The location of these dvnamometers are shown in Fig, 9, It can be seen
that jacking and non-jacking ends were alternated along each edge of
fhe s$lab, The dynamometer used is detailed in Fig, 3, It consisted of
a 1-31/8 in, 0.D, aluminum alloy tube with a wall thickness of 0,235 in.
The tube could be paszsed over the end of the prestressing wire and its
bearing washer, after which a 3/8 in, thick split washer could be in-
serted betwesn the end of the tube and the bearing washer, Upon applica-
tion of the prestressing force at the jacking end the bearing washer
delivered a load to the aluminum dymamomefer tube,. This axial force
was measured by means of a pair of SR type A3 strain gages mounted
on the dynamometer, The dynomomeier was capable of measuring this
force to the nearest 20 1ibs,

Iin order to get a record of the prestress force at severazl points
along the length of the cables two 3R4, type Al2 gages were mounted
directly onto each of the six cables which had dynamometers at the ends,
The location of these gages is shown in Fig. 9. The procedure used in
mounting these gages was as foliows: 1) prior to the placement of the
concrete a short length of the plastic tube was cut off at each gage

location; 2) the prestressing wire was then cleaned thoroughly in this
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region and the SR-4 gage mounted; 3} the gage was covered carefully with
a water proofing compound; 4) a sheet metal shield was then placed
around the wire: this shield protected the gage during the placing of
the concrete and permitted movenment of the wire during the tensioning
operation; 5) the shield was sealed at each end on to the plastic tube
by means of a water proofing compound, These gages worked well
throughout the entire test program,

Reactions at each support point were measured by pressure meterS,
A schematic drawing of the typical pressure meter is shown in Fige. 2.
Each pressure meter consisted of a pair of 6 in. diam., by 3/4 in, steel
plates with a 1/16 in, film of o0il sealed between them., Oil pressure
was measured bv means of a standard pressure gage connected to the meter,
These pressure meters were calibrated in a testing machine prior to
their use with the slab and could measure a reaction to the nearest
35 1bse

To obiain deflections at various points deflection gages were
placed as shown in Fig, 9, These were simple dial gages bearing on the
bottom surface of the slab, The dial gages had a least count of (0,001
in, Dial gages were used until the load approached its ultimate valine
after which they were removed. Deflections were then obtained at the
center of each panel by level readings taken on graduated scales hung
from the bottom of the slab,

6o Test Program

Tne test program was designed to study the distribution of moments
and deflections and the behavior of the slab under the following load~-

ing conditions:
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aa. Bffect of prestress alone,

be Uniform live load on one panel onive. (skip loading = elastic

rangele

¢. Uniform live load on entire slab,

1, Up to cracking (elastic rangel
2o Bevond cracking to ultimate load {(plastic range)

For identification purposes the four panels of the slab were
designated as PI, PII, PIII, PIV with P I being the instrumented
panel, In each direction the center pair of cables and each pair of
cables closest to an edge were designatéd as column Strip cables while
the remaining cables were designated as middle strip cables., Thus,
in each direction, there were a total of six column strip cables and
six middie strip cables, The test program is indicated in Table 3,

which gives a chronological histroy of the various stages of loadings
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IIT THEORETICAL STUDIES

i, Blastic Plate Theory, Uniform Loads

One of the primary objectives of this study was to compare e¢xperimental
results with theoretical analysis, Since a prestressed concrete slab can
be expected to behave elastically prior to cracking the elastic theory of
plates was used to predict the behavior of the slab,

The analvtical determination of deflections and bending moments in an
elastic plate involves the sclution of the Lagrangian éifferential equation
for plates with the appropriate boundary conditions, This differential

. : - . 3
equation is given by Timoshenko and others as

4 4 4 _
‘?4W‘5 9 4? + 2 E; A 5 * wJQHZE =qg/D =~ - = &)
Ox Bx Dy By
Where w = deflectad surface of the plate
%, ¥ = Cartesian coordinates
g = load on the plate
Eh3
D = flexural rigidity of the plate = )
12 (1=pD

After the solution of eg. (1} with the proper boundary'conditions, the

moments and shears are found by

-
B W S “w
M_= =D + A - = = - === (2a)
* (BX 3?2’>
2 2
Mn»n%ﬂ+paé"> )
b4 Oy S x
2%
MXV = 4+ D (1~ ) Z o M - - - - - (2¢c)

2x0y 7
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= - D 2 - - - - - - (2d)
> 2
o) o w oW
= - - e e e e - 2
QY b aV(axz ’ ayz\ (2e)
DM
V :Q‘; ,_.._.____2‘1_._.. - B - - o - - - (Zf)
x p
Dy
S M
v =Q R £ - - - - - - - - {(2g)

Y Y D x

where Mx’ M = bending moments per unii lemgth acting on the yz and xz planes
of an element, respectively.
Mxy’M"yx = forsional moments per unit length acting on the yz and xz
piznes of an element, respectively,
Qx’ QV = yertical shears per unif length acting on the yz and Xz
planes of an element respectively.
Vx, VY = total equivalent shearing forces on Ithe vz and xz planes of

an element respectively,

Poisson’s ratio,

..F:
i

It is often advantageous to reduce eq, (1) to two second order differ-

ential equations. Using the notation

My M - - - - - (3)

M=
1% fu&
eqs. (2a) and (2b) become
2 @:2 W E“J‘zw M
v W= A e D o -ﬁ“ - fd ~ {43.)
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and eq. (1) bDecomes

2
g = X LS M . _g - - (4D

For a plate supported by concentrated forces eq, (1) or egs, (4a) and
(4b) cammot be solved explicitly because of the rather complicated boundary
conditions. Various approximate methods are available for the solution;
one of the simplest in comcept is the method of finite differences, The
finite difference method substitutes finite elements for infinitesimal
elements and reduces the solution of a differential equation to the solution
of a set of linear simultaneous equations, A detailed discussion of this
method and finite difference expressions for various derivatives can be found
in a book by Salvadori and Baroné.

a, First Approximation

A simple example illustrates the method of solution describéd aboves
One-eighthof a plate, 2a by 2a in plan with a thickness h, supported by 9
equidistant columns and uniformly loaded 1s shéwn below, Only one~eighth
of the plate need be considered for this case because of symmetry., A coarse
mesh with finite elements having A= a/2 is chosen, For each point on the
slab (o, a, b, A, B, C) finite difference equations representing eq. (4a)
can be written, For points o, a, b finite difference equations represent=
ing eq. (4b) can be written. Edq. (4h) cannot be used for support points
A, B, and C, because the ioad on these elements is not g but q + r where ¢
is the reaction, The following notation is used so that all equations will

be in a non-dimensiocnal form.
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2 Zx & 2 Zb - 4 ZC s = 1
20 +2U_ =40 =-1
2 b < ~:>> - - - = {7 Cont,.)
ﬁA+UO+L§B~+Uﬁm4Ua=w1
Ug # Ug # 0y # Uy =40, = =1,

Bgs,. {7) must be solved together with the appropriate boundary con~
ditions., Along boundary x = O the slope in the x - direction, —%;E , and
the shear, Vx’ mist be egual to zero, Along boundary y = a2 the moment about
the 2 -« axis, MYg and the shear, Vyg must be equal to zero because of the free
boundary, In addition, the deflections at A, B, and C must be zero, Express-

ing thése conditions in finite difference equations, we have

Z, =2y =0 - - - = - - - - - (8)
Z, =2z, =0 - - - - - - - - - (9>
Z, =2, =0 - - - - - - - - - 10}
U, = U = (1 =4 E_(zb-*azc v 2 =2, -22, .s-zﬁ)] (11)
Zog =2 2% + 2 =~ (2, =272, *25) - - = = 122
zguz za'z-znznp.(zg-zzavfzﬁz\ - - - - {13}
Ug =0 - = = . == === == (1)

Ug—uo=(1-5a.> [{Zﬁ “225""294)“(23,“220*%)} (15}

zZ =0 - - - - - - - - - - - (i6)
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Bgs. (7) through (18) can be sclved simultaneously to obtain the moments
and deflections of the plate. The resulis are tabulated in Table 4.

Table 4 ~ Theoretical values obtained from plate theory for a 2a x 2a plate
uniformly loaded. Mesh size A = g/2 Poisson’s ratic = 0,13,

. Reactions
Me R% ' Txy wD R
5 3 g 4 P
X v qa ga qa qa ga
0 | =0.3126800 ~0,126800 0 1,288
a2l =0,042228 0.101444 0,013782
a | -0,095724 0 - 0 0.504
as2l a/s2|  0.074672 0.,074672 0 0.021128
a/2] a | 0.,005724 0 0.005742 0.012241
a a O 0 - 0 0,174

b Second Approximation

The accuracy of the solution can be improved by using 2 finer mesh
than that of the preceding example, The procedure is exactly the same, the
only difference being that the number of equations which must be solved in
order to obizin a solution becomes larger, Table 3 gives values obtained
for a mesh size of A= a/4,

The results from this second approximation are compared to experimental
results in Figs, 38 through 4%, It should De noted that the test slab
differed slightly from the plate considered in the above theory since a
6~in, overhang extended on all sides of the test slab resulting in a
15 x 15 ft, test slab., The plate considered in the theory had its supports
at the edges and center of a 14 x 14 ft, plate, The effect of the overhang
is_smali when considering moments and defiections and is thus neglected in
however, allowance is made for

these comparisons. In comparing reactions,
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Table 5 - Theoretical values obtained from plate theory for a 2a x 2a plate

uniformly loaded. Mesh size A = a/4. Poisson's ratio = 0.15,
Reactions
« . Mxx'qaz Myfqag Mxy/q a” wD/q:f R/qa”
0 v ~0,244823 | ~0,244823 - 0 1.392
o a/4 ~0,103491 | -0.020946 0 0.006653
0 a/2 -0, 047029 0.095041 0 0.,010974
0 (3a/4 -0,062828 0.093176 o 0,008767
G a -0 ,165722 0 - O 0,513
a/4 al4 0009894 0,000894 =, 024335 0.010062
a/4 a/2 0.,012630 0.073556 ~(,003780 0,012933
as4 (3a/4 0,015403 HL,06821% 0,017557 0.011222
af4 | & 0.025270 0 0,038170 0,005298
a/2 | a/2 0,060725 0.,060725 -0,.001875 0.014750
a/2 {3a/4 0.065263 0.085515 0,004664 0.013347
a/2 | a 01,087249 0 0,009825 0.008980
3a/4 |3a/4 (,059463 0,059463 -0,010779 0,011831
3a/4 | a 0,081135 0 -(,021322 0.007084
a a 0 a - 0 0,139

the difference by adding to each of the theoretical exterior reactions an

amount eaual to the load on an area © in, wide and 7.0 ft. longe.

reaction is assumed unaffected.

c. Richardson's Extrapolation

The center

The accuracy of the theoretical results obtained from the first and
second appoximetions can be increased by Richardson's extrapolation pro-
e 2

h™ = extrapola=

4
cedure, This procedure is described by Salvadori . The

tion formula™ is given as

(192
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where ki,j = extrapolated value of K
¥ = true value of guantity
ki,kj = approximate values of K for ni and nj, respectively
ni,nj = number of sub-intervals in approximation = —%r

For the two approximations which are tabulated in Table 4 and 3, ny, = 2

and n, = 4, therefore

2

k- i
’ 3 K - - - (19"

Table 6 shows the extrapolated values obtained from the two approximations.

Table 6 — Theoretical values obtained from plate theory for a 2a x 2a plate
uniformly loaded, Extrapolaticn from ny = 2, n, = 4 Poisson's
ratio = 0.15.

Reactions
. 2 2 2 4 2
« v Mx/qa My/Qa Mxy/Qa wD/qa | R/ga
O ~,284164 -0 ,284164 - G 1.427
a/2 | ~0,048629 0,092907 0 0,010038
a -0, 189055 0 - 0 0,516
a/2 a/2 0.056076 0.05607% 4 =0,007707 . 0.012677
a/2 a (0.084424 O 0,011186 0.007893
a a O 0 - 0 0.127

Because of the time involved in solving the simultaneous equations no
better approximations were attempted., A solution using a third approximation
with a Sub-interval of A = a/8 would have required the solution of 101 linear
simulitanecus equations,

The second approximation with subinterval A= a/4, which involved the
solution of 33 linear simultaneous equations, was solved with the aid of
the IBM 701 computer, No programming was necessary as a Standard routine

was available for the solution of 45 or less linear simultaneous equations,
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The actual machine time required to solve the 33 equations was less than a
minute, When programs are available to sclve larger size matrices the
finite difference solution of the plate equation will become a simple and
fast approach as it is an easy matter to set up a problem in finite differ-

ence form,

2. EBlastic Beam Theory, Uniform Loads

Present design of contipuous prestressed concrete 1ift slabs is usually
based on the behavior of beamse; The sliab is considered to be a contimious
beam in each direction, PFor the purpose of design in one direction the
supports normal to this direction are considered to be continuous rather
than point supports. When designing i the.other direction, a sSimilar
assumption is made. The problem thus reduces to the analysis of a continuw-
ous beam in each direction, The beam width is normally taken equal to the
panel widthi., The total moments obtained in this way for a panel width are
then distributed to the middle and column strips %o account for the fact
that the supports are actually point supports instead of continuous supports
as assumed in the analysis. For example, 45% of the total moment may be
assumed to be carried by the middle strip while 53% of the total moment is
assumed to be carried by the cclumn Strips. The fest slab in this investiga-
tion was designed on the basis of the elasiic beam theory,.

The bending moments for a two span continuous beam uniformly loaded
are obtained quite easilv and are presented below,

Comparisons Detween the beam theory moments and the experimental rew
sults are shown in Figs. 38 through 42 in which the calculated beam theory
moments for a panel width are shown distributed umiformly to the column and

middle siripS,
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Moment Diagram due to Uniform Load of ! kip per ft.

The deflection at the center of a panel can be approximated by
use of the beam theory. The usuai method is to superimpose deflec-
tions due to beams in two directions. For example, the deflection
at the center of a panel is calculated by adding the deflections
at the center of two beams, a2 one ft, wide beam passing over the
columns and another one ft. wide beam corthogonal to the figst and
passing through the center of the panel. Each beam is loaded with
a uniform lcad per ft. of g.

For a slab similar to the test slab, the deflection at the center

of the panel, under a uniform load g, calculated by the beam theory is:

4
A= 0,125 35 - - - - - (20)
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The same deflection from the plate theory, for pi= 0,15, is:

4 _
A=o0,149 & o - - - - - - @D
BR”-
A cospariscon between deflections from the beam theory and the plate
theory is shown in Fig, 10 for slabs having variocus edge conditions., Data
for the deflection of a panel on 4 columns and a typical interior panel

may be found in references 3 and 4.

3, Blastic Beam ‘heory, Prestressing.

If the sliab is assumed to be a continuous beam in éach direction the
moments and stresses induced by prestressing can be calculated by converting
the forces producad by the prestressing into equivalent 1aads,2 The
iloading and the corresponding moment diagram is shown on the next page for
the cable profile shown.in Fig. 4.

Comparisons with experimental results are Shown in Figs. 13 through 17

for the case of an equal prestress force in all cables of 6840 Ibs per cable,

4, Design Load and Cracking Load from Beam Theory.

By combining the effect of umiform load and prestressing, the design
and the cracking load c¢an be determined. The design load capacity of pre-
stressed concrete slabs is usually based on a criterion that the allowable
tensile stress equals zerc or some limited value, such as 100 or 200 psSi.
The cracking load of the slab is usually assumed to occur when the computed
fensile stress in the concrete reaches the modulus of rupture as determined

from plain concrete contrcl beam sSpecimens.
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where F, = Prestress Porce per ft. of width

According to the above beanm theory, the live load design capacity
for the test slab based on no tensile stress in the concrete was found
to be 76 psf for a prestress force ipn all cables of 6840 1lbs per cable.
The live load for cracking based on a modulus of rupture of 480 psi and

a prestress force of 6840 lbs per cable was 194 psf.
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5, Ultimate Load

The ultimate ioad capacity of the slab can be calculated from the
yield line theory for slabs, Because of the nature of the prestressing
the yield line pattern shown below can he assumed.

An assumption must be made «5 to the stress in the prestressing

steel at ultimate, Because the cables are unbonded, it is unlikely
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that the Steel stress will reach its ultimate or even its yield strength.
In the calculations which follow a steel stress of 200 ksi at ultimate load

is assumed, which yields an ultimate live load capacity of 356 psf,

£' = 6000 psi

T = fs XAg= 200 ksi x 0,04 = 8 kips

C=kd xbx 0,85 f’c = kd x 12 x 0.85 x 6 = T = 8 kips

0,131

kd = 0,131 in, 8 = 263 e 5 = 2,435 in,

Mﬁlt = 8 X 2,435 = 19,5 kip-in,

c = 0.414 L = 0,414 x 7 = 2,9 ft, (from plastic analyses of continuous
bean)

2 M 11,6 M
T °¥ Mult | 11.6 .
wult = > = 5 R TR x 19.5 x 1000 385
c i
Wop T 3/12 x 150 _ = 38
Wy S ultimate = 347 psf

IV EXPERIMENTAL RESULTS AND DISCUSSION

1, General

Experimental results for the effect of four different types of Iocading
on the slab were obtained. These were as follows:

a. Egual prestress in all cables, (uniform prestress case)

bs Unegqual prestress in cables,(1.8:1 ratio of prestress between

column and middle strips).

¢, Uniferm live load on one panel only. (skip loading)

d, Uniform 1live load on all four panels, {(uniform load case)

The effects of the various loadings were determined separately. The
results are presented almost entirely in the form of curves. Generally,

for each of the cases indicated above, the following information was obtained,
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a., From strain measurements on slab surface:
1, Prestress or load vs. $irain curves.
2, Stresses and moments at various sections in the elastic range.

b, From deflection measurements:

i, Prestress or load vs. dellection curves,
2, Deflected shapes of various sections in the elastic range.
3, Contour map of the deflectad surface of the slab in the elastic
Tange,
¢. From measurements of the reactions at supports:
i. Prestress or load v$, reaction Curves,
2, Distribution of load to supporis.
d. From measurements of forces and strains in the prestressing steel:
i, Loss of prestress due to friction.
2. Increase in Steel stresses due to lead.
During the live load tests the prestress inrall cables was the same and
averaged 6840 1lbs, per cable or 140 ksi,

Generally, the prestress forge referred to is the average prestress
force irl the steel rather than the jacking force.

The sum of the reactions obtained from the reaction meters agreed to
within 2% of the load as measured by the manometers for all i&ads less than
240 psfy however, for higher loads close to the ultimate the difference was
as high as 6%, In all cases the total load indicated by the reactions meters
was less than that indicated by the mancmeter readings, This difference was
attributed to the pressure drop between the manometers and the air bags as
air pressure was being introduced at higher loads. For this reason the total
load on the slab used in all calculations was determined from the sum of the

reaction meaSurements rather than from the manometer readings.
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The stresses and moments in the elastic range were found by first plot=
ting the observed data as prestress or load vs, strain curves, The strains
at a certain prestress or load were then taken from these curves and plotted
at variouS sections taken through the gmge locations. Then the stresses

at these sections were calculated from the strains by using Hooke's lLaw:

¥

- B o - -
Q‘“'Xm = 5 (%&_‘ﬁ*%.&.gy J (229
1,5 1 -4 1,5 T,B
E
o= —E (¢ VS-S - - e
S Yr.B 1- ;.,Lz Yr,B M *1,B

The subscripis T and B refer to the top and bottonm surface, respectively,

The bending moments at the sections were then calculated from:

(:EXB T XT\) n®

s 12

- - - = e®

2
(@’Y AL
B T
= 3 -~ - === (25

Curves for Mx represent the bending moment distribution along a section
¥ = a constant, - 7.5< y = 7.5, The system of coordinates used is
shown in Figs. 9. The gross bending moment at a Section is therefore the
area under the M, curve, IM_ < Ay, Since each of the reactions was measured
independently, the gross bending moment at a section could also be calculated
by the principles of statics to obtain a check between the strain measure-
ments and the reaction measurements. This latter wvalue is represented by
the term "Statics: M' in the curves for the moments.

2. Effect of Equal Prestress in all Cables (Uniform Prestress Case),

A typical prestress vs, strain curve is plotted in Fig, 11 for uniform
prestress, The curve shows that the slab behaved elastically during pre-

stressing,
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The stresses, ¢ and <7, acting across and along section x = § are
2 W% Ys

shown in PFig, 12 for the full prestress of 6840 1bs, per cable, The stresses
were calculated using the 28 day cylinder nodulus of elasticity of 3,500,000 psi

and a Poissonts ratic of (.14, The average sfress in the concrefe as measured

Lad

by the strain gages was 253 psi compression. However, the average stress in
the concrete should only have been 152 nsi compression as calculated by P/A,

for the oresiress force of 6840 Ibs. per cable, This same discrepancy was

measured sections for this case of uniform prestress,

or discrepancy encountered in the entire test pro=
gram, The cauze of this discrepancy is not known. It is unlikely that errors

this discrepancy, At full prestress

ztraing would have to be decreasad by 25 micro-inches

the measured COmMpPressive

snsile strains would all have to be increased by 25 micro=-

and the measured

inches in order to obiain agreement, Brrors in strain measurements are more

likely fto be accidental in nature; therefore, it is not believed that the

i~

strains wers in error by this awmount,

The modulus of elasticity of the slab may have been different from the
cylinder moduius of 3,500,000 psi that was used for the calculations, If
all of the discrepancy was atiributed to the modulus a modulus of 2,100,000

72 besn reguired, This modulus would seem to be too low for a

concrete age of 28 davs.

The Poisson’s ratio used also affects the calculation of the average
stress in the sisb, This error is probably small since a change in the
Poisson's ratio from 0,14 to U changes the average stress by only 14%,. The

Tikelihosd that the Poi was closer to zero than to 0,14 is small,

iy

The elapsad time from the start of prestressing to the taking of the

readings was only about 2 hours:; therefore the effects of shrinkage and
should have been pegligible,

Creey

kS



Perhaps the true reason for this discrepancy is a combination of all of
the above effects,

The moments produced by the equal prestress of 6840 1bs, per cable are
plotted in Figs. 13 through 17. Mx is the bending moment distribution across
the section whereas MY is the bending moment diagram along the section. Only
one=half of the total width of the section is shown since the moments are
symmetrical about the centeriine of the slab, The difference between the
ZL0SS moments as measured by the strain gages and as obtained from statics
using measured reactioms and cable forces range from 5 to 20%, The moments
caleulated from the measured rsactions and cable forces are very sensitive
to +he cable Location, A change in the cable location of 0.1 in, would
eliminate the differsnces between the two calculated moments,

Also plotted in Figs. 13 through 17 are theoretical values for bending
moments as obtained from the beamtheorve It can be noted that theve is good
agreement between theoretical and experimental values at all sections indicat-
ing that the beam theory is fairly accurate in predicting the moments for this
CRSe.

The measured deflections due to uniform prestress are shown in Figs, 1§,
19, and 20, In Fig, 19 the experimental points are plotted along with deflec-
ted shapes calculated by the beam method for comparison, Again the agreement
between theoretical and experimental values is good. The maximum deflection of
the slab due to uniform prestress was 0,052 in. upward as shown in Fig, 20

The reactions induced by the uniform prestress were guite small as shown
in Figs 21,
ig, 22 shows the loss of prestress in the cables due to friction for
nominal values of 25, 30, and 100% of full prestress, Theoretical values
are based on the usual formula for loss due to cable friction, It can be

noted that there is a considerable scatter of the experimental data for
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the various cables. At full prestress the average loss was aboutf 15% in

the total length of 15 ft.

3, EBffect of 1,8:1 Ratic of Prestress Between Column Sirip and Middle Striv,

Fig. 23 shows experimental values for the moments at three sections
cauéed by prestressing the cables in the column strips nominally twice as
much as the cables in the middle strips. The average force in the column
Strip cables was 06840 lbs, each while the average force in the niddie
strip cables was 3320 1bs. each, Yhe width of column and middle strips by
definition is 1/4 x 14 x 12 = 42 in, With the cable Spacing used it can be
found that the total force delivered to the column strip over the outer row
of columns, the middle strip, and the column s$trip over the center row of
columns is 19,2, 14,0, and 16,4 kips zespectively,. The net effect has been
termed a nominzl 1.8:1 ratio of prestress.

A modulus of elasticity of 3,500,000 psi and a Poisson's ratio of 0,14
was used for the calculation of moments from strain readings.

A comparison between the moment distribution caused by the 1:1, 1,8:1
ratios of prestress and by uniform lozd over the entire slab are shown in
Fig. 24, 1In order to make a proper comparison the total prestress in each
diregtion was made equal for the two ratios of prestress, At section x = G,
the total gross moment due to the uniform load of g = 85 psf would be equal
to the total gross moment produced by either ratio of prestress, Thus either
combination of prestress and load wouid proditce a gross moment of zero at
this secticn,.

Fige. 25 shows the deflected shape of the slab due to the 1,8:1 ratio

of prestress, For the same total prestress as in the 1:1 case the maximum



deflection would be 0.047 in. upward for the 1.8:1 prestress as compared to

0,052 in, upward for the 1:1 prestress,.

4, Bffect of Live Load on Cne Panel Cnly {Skip Loading).

No theoretical calculations were made for this case, thus all of the
results presented are based on experimental values obtained from the test
DrOgrae.

The moments due to a uniform load of 100 psf on one panel are shown
in Pigs, 26 through 28, A modulus of elasticity of 4,150,000 pei and a
Pojissonts ratio of 0.14 was used for the calculations. In both the skip
load and the uniform load case, the medulus of 4,150,000 psi was used rather
than the cviinder modulus of 3,500,000 psi in order to maintain consistency
between the gross moments as calculated from strain measurements and the
gross moments as calculated from the equations of statics using the reaction
measurements.

Referring to Table 3 it can be seen that the maximum effect measured
for live load in one panel was for a load of 60 psf, However, for purposes
of comparison with the case of a 100 psf uniform live load on all four
panels all of experimental values for the skip loading case were increased
by a ratio of 100:60 before drawing the curves,

The difference between the gross moments calculated from the strain
measurements and from statics using the reaction measurements is due
primarily to the size of the strain readings. In many of the gages the
strains were in order of 5 to 10 micro-inches per inch for the load of
&0 psf,

Comparing Figs, 13 through 17 for uniform prestress with Figs, 20

through 28 for skip load, the skip load wmoments in the loaded panel are
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counterncted very well by the presiressing moments. In the unloaded panels,
sEresses

however,

aiready ¢ caused by

full prestress, 1 : Tive load on ong panel and de: 40,  + 50,
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37, DBeczuse of the

a visual inspection for cracks

on the top surface of the slab test could not be made, However
the first tensiie crachk, as indicated by strain readings, seems to have

of 100 psf, This crack was

chrough the goge & in. awav from the center

support {gage point 137 urdil the reachaed 160 psf,

occurred at a load of 290 psf.

siab 4

[

reetly over the center

e

were observed at a load of

330 psf . They began at the edges of the slab at the mid-span of the panels
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and extended inward about 2 ft, At a load of 347 psf a crack 1/8 in., wide
extended across the Dottom of the slab from the east edge to the west edge
52 in, from the north edge of the slab, At 356 psf a similar crack occurred
in the north-south direction 26 in, from the west edge of the slab,

Ultimate failure occurred at a live load of 362 psf with the center

support punching through the slab, The fallure ccrurred directly around
the edges of the 9 by 9 in. center support at a shear angle of about 4504
The crack pattern at ultimate is shown in Fig., 53,

The noments caused by the uniform load in the elastic range are Showm
in Fig, 38 through 42. The agreement between the moments calculated from the
strain measurements, ZMX > Ay, and the moments calculated by statics from
the reaction neasurements, "Statics:M”, is very good,

At sectiong x = 0, 1,75, 3.5 and 5,25 ft the differences are 0,7, 75,0,
0.8, and 0.4%, At section x = 1,75 ft, where the difference is 75% the
gross moment obtained from statics is very sensitive to reaction measure-
ments. & change of 2% in the reactions would reduce the difference to zero.
Ho values for M, are plotted at section x = 7.0 ft, since strains in the x
direction were not measured at this section, The gross moment on this section
is guite small, being equal to 94 1b-{t,

By inspecting Figs, 38 through 42 a comparison between the experimental
moments obtained from strain measurements and theoretical moments obtained
by the elastic plate theory may be made. Agreement again is good, the only
major discrepancy exists for the moments near the center support, i.e., at
X = 0, v = 0, A%t this point it can be seen that the theoretical vaiue obtained
using Richardson®s extrapolation procedure tends to approach the experimental

value, This indicates that if a finer mesh were used in the finite difference
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solution the theoretical and experimental volues would probably he i close
agreement at this point, From the can be stated that

the elustic plate theory can be used 4o accurately predict the magnitude and

distribution of moments in a prests ioaded within the
elastic range,
The experimental moments may alsc be compared to the theoretical moments

bean theorv,

obtainsd by the theory assumes a uniform moment

across the widith of the slab the My curve 18 the fame in Figs. 38 through 42,

fof

¢ is gpparent that at sections of high moment such as x = 0 the distribution
of the experimental moments My is not uniform across the section, and that

some distribution of the

moment ocotzined by the beam theory should be
made, with a higher percentage going vo the column strips than the middle

stripss

Stresses were not plotted for the unifom load case, since the stresses

simply 2/3 of the moments in

1
oF
17
o
ki)
ot
o

o 1bs per ft, (from Bags., 24 and 253,

Ly
i
>
e}
[95]
]
e
3!
N
Iy

if the top fiber stress egual o the bottom fiber stress, Pigs,

34 through 37 show that the bottom i in general were not egual
to the top fiber strains but the differences were quite small in most Cases,

The differences represent awxial forces which may be due to increases in

cable forces due to loading or to a rces induced by the loading,

The load-deflection curves for the panel centers are shown in Fig, 43,

" B . &

Elastic behavior of the slab can be noted until the load reached zround

160 psf. The maximum deflection . just prio O the serious cracking at a

T

load of 347 psf was 0,24 in., The defliections increassd sharply when +he
pPLY

Figs, 44 and 45 cowpares fhe measured deflections with theoretical

plate deflections for a lead of 100 psi, wnt is very good when




theoretical values obtained using Richardson®s extrapolation are compared
with experimental values. Comparing the prestress deflections of Fig, 20
with the uniform load deflections of Fig, 45 shows that the slab would be
neariy flat under the combined effect of the prestress, and a total load
(dead plus Iive) of 100 psi,

Figs. 40 through 50 show the distribution of the load to the supports
in the elastic and plastic ranges. Very litile change in the distribution
of load was observed betwesn the elastic and plastic ranges, Direct com-
parison between Figs. 49 and 50 should not be made as Fig, 49 applies only
to the Iive load while Fig, 350 includes the dead load and prestress as well

The last ment s were taken at a live load of 356 psf although

failure did not wocur until the load reaches 362 psf, Observations of the
deflections, reactions and stesl straing wers made as well as visual obser-
vations of the crack pattern, The crack pattern at failure is shown in
Fig. 33,

The maximum defilection at a live load of 356 psf was 2,1 ine. at the
center of the northwest panel, The most serious cracking occurred in this
panel,

The siress in the prestressing steel increased sharply when the serious
cracks occurred a$ shown in the typical loade-cable force curve of Fig, 51.
Fig. 52 shows the cable siresses at a load of 356 psf together with the
increase in cable stress from 0 to 356 psf, No particular distribution of
stresses or increase in stresses can be neted, Comparing Fig, 52 with
Fig, 53, the cable stresses were known only at the east-west crackline at
the top of and through the center of the slab, The average cable stress in

the steel at this c¢rack line was 170 ksi,
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The average cable stress required at all of the crack lines for a live
icad of 358 psf were calculated from the reaction measurements and are
shown in Tabie 7. The rsactions used for the calculations are shown in
Fig, 50, 'The total load on the siab including dead toad was 394 psf, The
concrete siresses at the sections were assumed to be described by Whitney's

At sections 1=} and 2~2 which

rectanguiar stress block with £f' =
nass through the supports the contribution of 0,27 sqe in of mild steel
were mesh to the resisting mément wasg taken into account,

At section i~1 where the cable stresses were measured, the average
meaznred cable stress was 170 ¥si compared to the calculated stress of 190 ksi

once of 12% of the measured sStress.

e
3
[
o,
by
Y
By

reguired to resist the
Strain measuremenis were taken on only one-half of the cables, It is possible
that the stresse: in the unmeasured cablies were higher than in the measured

deflections in the pancls affecting the unmeasured cables

cables since

were much 1 than the deflections in the panels affecting the measured

cables, Also, section 1-1 passes through thres reaction bearing plates. if
these bearing plates are assumed bonded to the concrete and there contribution

nacity as part of a compoesite section is included in the moment

caleulations, the calculated cable stress would only be 180 ksi or 6% different



Table 7 = Czlculated Steel Stresses Reguired at Ultimate
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(qLL = 356 pef)
Distance Calculated Grossi Cable Stress
From Center Direction! Moment From Required to Measured
of Silab of Reaction Meas, Resist. Moment | Cable Stress
Section ft. Cracks ib-ft ksi ksi
(13
i-1 0 EW ~24,200 190 170
2-2 0 NS ~26,400 210 2)
3=3 3,17 EW 20, 800 196 (2>
Homdy 4,50 NS 19,200 160 (2>

(1) Average stress

in & cables crossing section.

(2) Cable stresses pot measured at these sections,
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¥V  SUMMARY AND CONCLUSIONS

1. General
In this investigation the behavieor of a 15 x 15 ft slab, 3 in. thick,
and supported at 9 points was studied analytically and experimentally, The
studies made and the quantities determined for each case are listed below:
1. BEqual prestress in all cables {(uniform prestress case’.
a, Experimental moments, deflections, and reacticns,
b, Thecretical moments and deflections by the beam theory,
2. Unequal prestress in ¢cahles (1,8:1 ratio of prestress between column
and middle stripsy,
a, Experimental moments, deflections, and reactiocns.
3. Uniform live load on one panel only (skip loading).
A, fupesrimental moments, deflections, and reactions,
4o Uniform live load on all four pancls.{uniform load cased,
4. Experimental moments, deflections and reactions within the
elastic range.
b, BExperimental deflections, reactions, and cable stresses at
ultimate load.
c. Theoretical moments, deflections, and reactions in the eciastic
range by £he elastic plate theory,
d. Theoretical values for the design, cracking, and ultimate loads
using the beam theory.
Utilizing the beam theory as usually practiced in present design methods,
the live load design capacity based on no tension in,the concrete was 76 psf:

the live load for cracking based on a modulus of rupture of 480 psi was
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was 194 psf: and the ultimate live lozd based on a2 steel stress of 200 ksi
was 336 psf, These values were calculated for egual prestress in all cables,
Actual behavior of the siab observed during testing indicated very
iocalized cracking on the top surface near the center support at a live load
somewhere between 100 and 160 psf, First cracks on the bottom surface
occurred at a live foad of 330 psf. The maximum deflection just prior to
serious cracking at 347 psf was only 0,20 in. The slab failed at a live

foad of 362 psf, Just pricr to failurs the maximum deflection was 2.1 in.

2. Elastic Plate Theory

Considering the case of uniform Iive Joad on the entire slab a number
of conclusions may be drawn, Relatively good agreement was obtained between
experimental values and theoretical values found by the elastic plate theorv.
Byen with a relztively course approximation of' Mo a/4, using the finite
difference procedure, the plate theory gave moments within I0% of experimental
values except over the center support and at other points where the moments
are small and thus unimportant, Over the center support it is believed
that if A is taken equal the column (or collar size in a 1ift slabl,
theoretical values would compare favorably with experimental values, One
foct away from the center support the plate theory moments, using AN = a/4,%
wegre practically equal to the experimental wvalues, The comparison between
the experimental and theoretical deflections by the plate theory was equally
good.,

Since the agreement was gaod‘fcr the case described above it can be
concluded that the elastic plate theory should be valid for predicting the
behavior of a prestressed concrete siab under any type of leading within

the elastic range,
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3, Cracking Load

The cracking load for continuous slabs has little practical significance
since initial cracking is very localized at points of high moment, This was
demonstrated during the test where the load producing the first cracks over
the center support was doubled without any signs of distress or widespread
cracking in the slab, Tensile cracks occurred at experimental stresses of
about 400 to 700 psi, indicating that the modulus af.rupture (480 psi)
could be used together with the elastic plate theory to predict the cracking
load within these limits,

The physical behavior of the slab was ideal as a structure., Deflections
and cracks were small up to a live load of 347 psf. Ample warning was given
of impending failure by the opening of large cracks and a large increase
in the magnitude of the deflections, Final failure occurred when the cenmter

support punched through the siab at a live load of 362 psf.

4, Ultimate Strengih

The ultimate load carryving capacity of the test slab was clésely esti-~
mated by means of the beam method, It appears that this method will yield
accurate results provided the crack line pattern at failure is similar to
that assumed in the beam method, One other difficulty lies in the estima-
tion of the steel stress at failure, although this can generally be estimated

within certain 1imits,.

5. Beam Method of Analysis

Theoretical moments and deflections obtained by the beam theory may
be conpared with those obtained experimentally for the cases of uniform

prestress and uniform load over the entire slab,
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A comparison of the magnitude and distribution of calculated theoretical
moments by the beam theory with those obtained experimentally for the
nyniform prestress case" indicates fairly good agreement with little variation
in moments ascross a Section. Deflections obtained by the beam theory also
compare well with experimental values,

When the "uniform load case' is considered the beam theory does not
accurately predict the magnitude of moments at specific locations., This
is due to the fact the beam theory assumes a urniform distribution of
moments across any section while actually the magnitude of the moments varies
considerably across a section. For example, at a section through the center
support (i.e,, at x = 0), for a load of 100 psf the beam theory yields a
uniform moment across the section of 606 {t. 1b/ft. while the actual moments
measured during the test for this load were a maximum of 1800 ft.lb/ft. over
the center support and a minimum of 170 f£t.1ib/ft. at a distance of 4 fte
from the center support., While this discrepancy exists regarding the dis-
tritution of moments the total moment across a section calculated by the
beam method is within 15% of that obtained experimentallv, at all signific-
ant sectionsS,

A quantitative study of these results indicates that for elastic be-
navior under uniform load the total negative moment calculated by the beam
theory should be distributed approximately 75% to the column strips and
25% o the middle strips, while the total positive moment calculated by the
beam theory should be distributed approximately 60% to the column strips and
40% to the middle strips. Thus the ratio of 535/45% common in present practice
gshould be greatly modified. A heavier concentraticn of cables in the columm

strips should be used to cbtain a better elastic behavior of the slab,



44

Daflections under uniform load given by the beam theory are within
15% of those obtained experimentally or by the elastic plate theorv., Since
the proper value of EC to use is difficult to ascertain this appears to be
accurate enough for predicting elastic deflections for design purposes.

6, Partial Live Load {(Skip Loading)

Bxperimental values for moments and deflections were obitained for load
on one panel only but no attempt was made to solve the problem amalytically,
Ty is believed that the elastic plate theory will vield correct values for
these quantities, The be#m theory does not appear to be applicable for this
ioading case, except as a rough approximaticn,

For the design live load acting on one panel in combination with dead
load and uniform prestress, small but relatively insignificant tensile

stresses were produced in the slab,
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DEFLECTION, in.
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FIGURE 19, DEFLECTED SHAPES DUE TO UNIFORM PRESTRESS
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All deflections in inches, upwards {-)
Prestress force per coble, F=6840!b,

FIGURE 20. EXPERIMENTAL DEFLECTIONS DUE TO PRESTRESS
(for UNIFORM PRESTRESS CASE)
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where F andFi ore forces in steel ot pis 2,1
Is naturel log base
s coefficient of friction

Is coefficient for wobble effect per f1.
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FIGURE 22. LOSS of PRESTRESS due to CABLE FRICTION
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FIGURE 30. EXPERIMENTAL DEFLECTIONS DUE TO

LOAD on ONE PANEL



75

FIGURE 3.

All deflections in inches | positive direction downward

EXPERIMENTAL DEFLECTIONS DUE TO UNIFORM LOAD
of 100 psf on ONE PANEL
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