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INTRODUCTION

PRELIMINARY

Where column spacing 2nd loading have been uni-
form, designers almost invariably have chosen the fl=t slab
type of structure for warehouses and manufacturine buildings
of first-class construction. Its ability to carry heavy
loads efficiently and the simplicity of its construction
have mede this type of structure economical. The lack of
beams or girders has many advantages,--essier layout of
sprinklers, piping and shafting; easier artificiesl lighting;
better daytime lighting; better ventilation because of ab-
sence of pockets; less damage due to fire,

Unfortunately, the column caps and dron panels are
difficult to treat architecturally. Our inability to com-
pletely analyse structurally the flat slab has resulted in
a certain inflexibility in column spacing. These two dis-
advantages are of minor importance in most industrial build-
ings but in the non-industrial type of building they have
so far prevented the general use of the flat slab. These
buildings may be termed light-load structures,--apartment
houses, hospitals, hotels, office buildings, and roofs for
industrial buildings. In these the live load specified

rarely exceeds seventy-five pounds per square foot.
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If these two disadvantages were completely eli-
minated, the flat slab for use in light-load buildings
would offer many advantages besides those previously men-
tioned. The absence of beams would vermit greater freedon
and flexibility in layout of rooms. Uniform thickness of
slab would make possible the location of uniform height
partitions. Ceilings would not have to be hung since plas-
ter could be applied directly to the underside of the slab,

Inflexibility in column lesvout has been overcome
somewhat by designing the flat slab as a series of contin-
uous frames. This gives the designer sufficient informea-
tion so that he can approximate the value of the critical
stresses and their nrobable position and veriation.

The problem of the column canital and drop panel
has been partially solved by burying various shapes of struc-
tural steel frames in the slab over the columns. This sys-
tem is patented and its cost, even ror industrial buildings,
is greater than the conventional method of capital and drop
panel.

This still leaves the problem of using a concrete
bracket at wall columns. ©Such a bracket, no matter how
small, is unsightly.

The problem will be most easily understood by ex-
amining Tables 1 and 2. Table 1 is a summary of the load to
be carried by most light-load structures. Ninety-five pounds

per square foot has been taken as a representative average,
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To this must be added the weight of the supporting floor
structure. Table 2 is a summary of the design of a flat
slab floor with square panels, but without cavs and drops.
Spans for these floors range from 16'-0" to 20'-0", Ex-
terior panels have been used since they are critical.

In Table 2, part 1, the slab has been proportioned
on the basis of bending moment stresses, and was designed
according to the Joint Committee Code 1940. The slab
thicknesses are sensible and fairly close to the minimum
allowed under most codes. The average concrete stresses X
are low, and the steel areas result in both a vractical
bar size and good bar spacing. The fourteen-inch square
column is about the minimum which could be used and would
normally be clagssified as a small column. However, the
unit shear v which is a measure of the diagonal tension
is above 0.03f'c on the critical section.

All codes recuire that the maximum unit shear-
ing stress v be equal to or less than 0.03f'c on the criti-
cal section and that this shearing force must be resisted
entirely by the concrete. The reason usually advanced for
this limitation is that the flat slab is a thin section
and cannot adequately be reinforced against shear. Yet
all codes permit the design of beams up to a shear wvalue
of 0.12f'c, provided that the shear reinforcing can be

adequately anchored and placed. No mention 1s made which

limits the depth of the member. For practical reasons,
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designers find it best to limit the shear value in beams
to 0.06f'c. Under these circumstances the code permits , ¥f

ot P
that 0.03f'c be carried by the concrete and 0.03f'c be ' f&X5

\ -
\eF

carried by the reinforecing. In Table 2, part 1, the unit °
shear is not above 0.06f'c. Thus, if the slab could be
adequately reinforced against shear, the unit shear to be

resisted would be within practical limits,

OBJECT

It was the purpose of this experiment to attempt
to reinforce the slab against shearira stresses in 2 prac-
tical and economical manner,

It is possible to design a flat sl=b without cap
or drovs within the limits of the code. This can be ac-
complished in one of two ways. Keeping the columns small,
the slab thickness is increased until v is 0.03f'c. Table
2, part 2, gives the slab thickness for 3000 lb. concrete.
It is quite evident that this »rocedure results in a heavy
and uneconomical structure. The second method is to pro-
portion the slab in the usual way for bending (see part 1)
put to increase the column size until the unit shearing
stress is 0.03f'c. The results of this method are given
in part 3. The structure is fairly economical but the
column sizes are excessive. Where floor space is valuable

thia solution would be discarded. The ideal is to reinforce

the slab against shear.
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As stated previously, the problem is one of re-
inforcing a thin section over & large area. This m=kes the
following consider=tions critical:

1. The shallow depth makes anchorage of the steel through
bond with the concrete very difficult.

2. The large area and thin section means that the re-
inforcing is small in diameter but re-uires a large
number of individual pieces. The shape of the re-
inforcing must be such as to reduce the number of
individual pieces and thus simplify placing.

When the tests were first planned it wes felt
that the shear reinforcing, if made in some continuous
shape, would overcome the anchorage problem. In this way
the steel would be mechanicelly anchored. A continuous
shape simplifies placing. ©Since two layers of main tension
reinforcing are usually used, the continuous type could not
be anchored around this steel. It was realized that this
was disadvantageous but the advantages of a continuous
shape outweighed this disadvantzge.

On the basis of preliminary calculations end of
the mrgnitude of the unit shears as indicated by Table 2,
part 1, it was felt that the problem of reinforcing the
slab against diagonal tension might be successfully solved.
It was also felt that some idea of the value of v and its

distribution around the column area might be gained from

the tests. Due to the difriculties of theoretical analysis
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of bending moments and shears and to the numerous variables
1n the use of concrete as a structural material, the inves-

tigation had to be essentially empirical.

TEST SLABS

Originally four test specimens were planned. Their
size and shape were limited by the testing apnaratus aveil-
able. The plan of the tests was to keen the slabs the same
as to size, shape, concrete mix, and main reinforcing. The
variable was to be the shear reinforcing. Three types of
shear reinforcing were to be used, one type per slab. The
fourth slab was to have no shear reinforcing and was to act
as the control. By comnaring the ultimate breaking load of
the shear-reinforced slabs with that of the control slab,
some measure of the value of the shear reinforcing would be
gained.

This control slab was selected as the first test
specimen. Its behaviour and failﬁre load were to indicate
any need for revision in the other slabs. Unfortunately,
while testing this specimen the apparatus broke down. The
delay in repairing it, accompanied by other uncertainties,
made the results from this test valueless and it was nec-
essary to build another control specimen as the final slab.
The results of this first slab (Slab A) heve therefore not
been presented in this thesis.

Preliminary calculations were based on 3000 lb.
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concrete at time of testing. Due to the length of time re-
quired to set up the slab and apparatus about 3800 lb. con-
crete resulted.

The general shape of all slabs is shown in Figure 1.
The column was made 14 inches square and 1'-2" above the slab.
Each slab was 5'-8" square and 6 inches thick. Four lifting
hooks, one per corner, were cast in the slab to facilitate
handling.

- Table 2, part 1, suggests that a six-inch slab is
about the minimum thickness which can be used and hence is
the most critical thickness for shear., If this thickness
could be successfully reinforced, then thicker slzbs would
present no difficulty. For this reason the 6-inch slab was
used throughout.

Based on the following stresses:
f'ec = 3000 n.s.1l. at time of testincy
fc = 45f'¢

fs = 20,000 »n.s.d.

ro = 0,0136

d = 5 inches

effective width = 5'-0" = &0O"
the conerete will develop 0.0136 x 5 x 60 = 4.08 sq. in.
= 15+ 5/8 round. Fifteen 5/8 round bars spaced at 4 1/4n
centre to centre were used for main reinforcing in all slabs.

The ends of all bars were hooked to supply adequate anchorage.

These were very carefully spaced and tied in place. The
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V = total shear

b = effective width, i.e., the circumfer-

ence of the circle.
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grillage was supported on sheet metal chairs which assured
a 3/4" concrete cover over the bottom layer of bars.

The column was reinforced with six 5/8 round ver-
tical bars and 1/4 round sniral at 1 1/2" centre to centre,
colled to an ll-inch diameter.

Three types of shear reinforcement were used, one
tvre per slab.

Tvpe 1. (See Plate 5) A continuous U-shaped stirrun
placed in concentric circles about the column.
This is simply an extension of the ordinary
stirrup used in beams.,

Type 2. (See Plstes 7 and 8) A continuous helix placed
in concentric circles about the column forming
a series of toroids.

Type 3. (See Plates 9 and 10) A continuous N-shaped
stirrup placed radially.

The quantity and spacing of the reinforcing were
obtained by making certain approximate assumptions,

(a) The intensity of shear v was the same for all
voints equidistant from the centre of the column,
i.e., points on the circumference of a circle
whose centre coincided with that of the column.
(b) The intensity of shear v was calculated by the
usual formula v = _V_ where
bjd
V = total shear
b = effective width, i.e., the circumfer-

ence of the circle.
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Cse
n

ratlo of distance between centroid of

compression and centroid of tension to
the depth d. Assumed const=nt ¢ 7/8 d.
d = depth from compression face of slab to

centre of lower laver of mein tensile

steel,
(c) The total shear Vv remained constant.
(a) The critical plane of shear occurred -t a dis-

tance ¢ + 2t - 3" vhere
zc = diameter of a circle whose area
equals the area of the column.
t = thickness of the sl-~b.

The slabs were designed to resist 0.06f'c; 0.03f'c
of the shear to be carried by the concrete and 0.03f'c by
the steel.

With f'c¢ = 3000 1b. a2t time of testing, then
0.06f'c = 180 nes.i., using 14" x 14" column
ecuivalent diameter ¢ = 15.8", The critiecal
diameter = 15.8 + 12 - 3 = 24.8" and working
load = 180 x 0.875 x 5 x 24.817 = 61,300 1b,

The assumed shear variation is shown in Figure 2,

For simplicity of calculation this area was assumed tri-

angular.
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TYPE 1 and 2 The stirrup spacing was calculated in the

usual way by dividing the triangle into three equal areas
and placing the concentric circles of stirrups on the centre
of grevity of these areas. The total shear force which each
concentric ring of stirrups resisted was equal to the shear
area from the diagram rmltiplied by 2Trtimes the distance

from the centre line of the column to the centre line of the

arecae.
lst Area
{74 x 2.2 (12.4 + 2.2)+ 16 x 2.2 %12.4.,. 2.2)’§2rr= 15,300 1b.

> ( %) = =)
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2nd Areg

{52 x 3 (14.6 4+ 3.0) 4 22 X 3.0 (14.6 + 3.0){ 277 = 19,000 1b.
( 2) 2 ( 3 )
3rd Area

7.1 g 52 §17.6-+ 7.1; 27T T 23,200 1b,
3

Value of 1/4 round stirrup - (1 vertical les) fv = 16,000 n.s.i.

= 0.05 x 16,000 = 800 1b.

TYPE 1

Sheer |No. of Vert.| Circumference Snacing I
Legs Rea'd.

o //‘

15300 24 84" 4n !,i'_;i. RIC A
19000 24 100" 4n — ‘.
23200 30 125" 4n L__J | j

In the case of the helix, one loop was considered

SEURPUSSTENIPUNDAS

e

to be ecuivalent to two vertical legs of the U~shaved stir-
rup. Hence in the portion closest to the critical face ten
loops were re-uired, which meant a pitch of 84 = 8.4", ror
a 3-inch diameter helix this was far too greég, hence a
pitch of 7/8 d was chosen as the maximum.

7/8 & = 2.6" say 3"

TYPE 2

Shear { Pitech | Ho. of Turns

15300 3" 28
19000 an 33
23200 3" 42
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IYPE 3 TFor the radial stirrups the base of the triansular
shear area was divided into three equal parts. The shear of
each ring is given below.

Area 1 = 27,600 1b.

Area 2 = 21,200 1b.

Area 3 = 8,500 1b.
Value of 1 vertical leg and 1 diagonal leg =

(L+1.41) 800 = 1930 1b.

4.1 x 1930 = 1660 1b.

4,75
hence the number of radials recuired = 27600 = 17
The above.arrangement of stirrups &id néSGgive uniform dis-
tribution of steel as in the concentric types, but unless
the constant spacing was maintained the slope of the diac-
onal leg could not be maintained constznt. This would have
resulted in »nractical bending difficulties.

The svacing indicoted bv the approximate celcu-

lations shown above were modified in the test srecimens
as follows:

Type 1 On the basis of the fallure cracks of Sl=2b A,
the rings of stirrups were moved closer to the
column.

Type 2 ©Since Slcb B showed little increase in shear
strength, it was decided to increase the number

of helical rings and cover the slab area com-

pletelyv,
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Type 3 The seventeen radials were increzsed to twenty-

four. This geve a closer spacing between the

outer portion of adjacent radials.,

GAUGE POSITIONS

The choice of gauge positions was based on the

following consider=tions:

1. Tension Steel (See Figure 3)

2

Se

On the assumption that the shear reinforcing would

be effective, then variation of the bending moment

along the slab could be used as a measure of the

shear, i.e., dM = V and v =V ., By placing the gauges
ax bjd

on the diameters and on the dlagonal a complete pic-

ture of the variation of the bending moment along the

slab and along the diagon2l would be obtained. Enough

gauges had to be placed in similar positions to check

on each other.

Shear Reinforcing (See Figures 4A, 4B, 4C)

To obtain some idea of the distribution and magnitude
of stress in the shear reinforcing, the gauges were
placed along two diameters and one dlagonal.

Comnression Face of Concrete (See Figure 5)

Gauges were placed on the compression side of tiae
slab to supply some information on the compressive
stresses in the concrete., ©Since only six Huggen-

bergers were available, three were placed on a
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diagonal and three on a diameter with gauge centre-

lines directly over similar gauge positions on the

tension steel.

4. Deflection Gauges (See Figure 6)

These gauges were used as an overall check on the
action of the slab under load. 1lline were placed on
the underside of the slab,--four along one diameter,
four along one diagonal, and one at the centre.

Gauges A-1 to A-8 (See Figure 7)

SR-4 Gauges were mounted on the underside of two of
the 8 T € 18,4 1b., These were mounted for the pur-
vose of indicating the distribution of the reactions
along the edge of the slab. Readings were taken on
these gauges but their values were not used in the

thesis. The gauge values are nonetheless presented

since they may be of some value in future work.



The following is a schedule giving the dates on
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which the various slabs were noured and tested.

SLAB B

SLAB C

SLAB D

SLAB E

Poured

Test Run
Test Run
Test Run

Test Run

Poured

Test Run
Test Run
Test Run

Test Run

Poured

Test Run
Test Run
Test Run

Test Run

Poured

Test Run
Test Rnn
Tect Run

Test Run

(G AV

>

D s B AV

> 3 v

I I

1947

June 16
June 27
June 27

June 27

July 24

Avg, 21
Aug. 29
Aug. 29
Aug. 29
Sent. 2
Sept. 20
Sent. 28
Sept. 28
Sept. 28

Oct. 1

Oct. 18
Oct. 26
Oct. 26
Oct. 26

Oct. 29

CALENDAR

10 AN,

1° Toon

5.15 P.17,

2 - 4 F.I%

4,10 - 6.25 P.I.

9 - 11 P.I%

2.40 - 5,30 P,

3.45 = 6,40 P.17.

7.30 = 2,42 P,1L,

9.50 - 12.40 P.Y,
7.15 - 10.10 P.M.

4050 -

8 bl 10'30 POI\TQ

8 P.M,
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APPARATUS

TESTING FRAME AND MISCELLANZIOUS APPARLTUS

In planning the tests it was early realized that
some comnromise would have to be made as to the size of the
specimen., It had to be l=ree enough so thet the results
would reflect the actual conditions, and at the same time
as small as possible to keep the amount of effort reruired
in meking and handling these slabs to ~ minimum. Above all,
it had to be small enough to be tested in some type of avail-
able testing machine or apparatus. The testing machines
l1imited the size of the specimen to 2'-0" square which of
course was too smell. This meant that sone tvyne of annaratus
had to be used. The Testing Lab had a testing frame larce
enough to permit the costing of a 5'-8" sguare slab. Due
to the nature of the supports, this resulted in the slab
being supported on a 5'-0" square. For a 6" thick slab this

size was felt to be adecuate.

The final setup as used for the slabs is shown
in Pl=ste 1. |

The testing frame consisted of a head and four
tie rods (two each side of the head). The two 12 I form-
ing the head were fastened together by means of 6 x 6 angles
welded to each beam. The tie rods, one 1 1/4 round and one

1 1/8 round each end, passed through holes in the beams.
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The lower ends of the tie rods engaged in a continuous steel
slot in the laboratory floor. The heag was sunported by two
A-frames.

Unfortunately, as was lster discovered, this frame
proved inadequate both as to strength and rigidity. It w=as
necessary to weld a 1/2" x 13" cover plate top and bottom to
the two beams and to replace the two 1 1/8 round tie rods
with 1 1/4 round rods. Side braces were added to incre=se
the rigidity. Their tops were carefully fitted against the
top flanges of the beams, while the bottom of esch brace was
fitted into a notched horizontal member. Ag = further pre-
caution agz=ainst rotation of the herd, the bottom flanges of
the beams were wedged into horizontal wood members. These
wooden members were bolted to ihe side braces. The use of
wedges under the braces and 2t the flanges nrovided a quick
and simple method of leveling and tightening the annaratus.
This revised arrangement proved satisfactory and gave com-
plete reliability up to 150,000 1lb. =2pplied load,.

The slab rested on four 8 I @ 18.4 1b., These were
placed to form a square 5'-0" centre to centre of beams.

The four corners of the square rested on four steel rlates.
These plates in turn sat on two 24 WF beams. The 24 WF were
set at 5'-0" centre. Thus the centre line of the slab co-
incided in one direction with the centre line of the supnort-
ing square and the tie rods of the frame. In the other

direction a vertical plane through the centre of the slab
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coincided with the centre line of the hezd, the centre line
of the supporting Square, and the centre line of the two 24
WF beams. This method of supporting the slab served two nur-
poses. It supplied symmetrical bearing along the perimeter
of the slab, and it permitted the edges of the slab o de-
flect in & manner similar to that of the column area in a
flat slab floor.

The load was applied to the stub column of the
slab with a 75 ton hydraulic jack which was bolted to the
head of the frame. (See Flates 1 and 4.) The base of the
Jack rested against the two 1l2-inch I beams.

The recoil mechanism for returning the jack head
into the jack consisted of a plate across the jack head. A
5/8 round rod was bolted through 2 hole in each end of the
plate. These rods passed between the two 12 I beams of the
frame head and a compression soring was plmaced over each rod.
A nut and washer secured the springs in place. As the jack
head moved out it compressed these springs. When the load
was released the springs pulled the jack head back into the

jack. Hydraulic pressure for the jack was supplied by a

hand-operated hydraulic pump.

From the jack head downward to the stub column the

following pieces of apparatus were placed in the order

mentioned.
1. A one-inch thick filler plate

2, A ball and socket
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Se The load-measuring device.

4, A steel plate, 2" thick and approximately 16"

diameter.
S. A steel plate 18" x 1" x 1'-6",
These pieces of apparatus served sever=al purroses.,

The ball and socket assured a point loading and also pre-
vented the transmission of moment to the slab as a result of
any rotation of the Jack or frame head. At maximum total
load (150,000 1b.) the unit load in the load-measuring de-
vice was about 14,000 p.s.i. ©Since the concrete is a con-
siderably wesker material than steel and recuires a much
larger area to carry the load, the two large steel nlates
were used to distribute the load uniformly over the stub
column. To assure complete bearing between the »nlate and
the concrete column, it was necessary to cap the concrete
with sulphur. The sulphur cap was carefully ground level

and vlane.,

LOAD-MEASURING DEVICES

Capsule Originally the load-measuring device chosen for
the experiment was an oil capsule similar to that used in
the Emery Testing Machine. A cross section through the
capsule is glven below. (Figure 8) It consists of a heavy
steel bagse (B) with a slight depression cut on its upper
surface forming a reservoir. A thin brass diaphragm is

placed over the reservoir and held in place with the clamp-
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ing ring (R). A paper gasket is placed between the diaphrarm
and base to assure a perfect seal. The whole assembly is
held together with bolts running through the base into the
clamping ring. The column (C) is a thick steel plate sitting
over the diaphragm. Both column and base have a series of
concentric grooves. These are joined together by one radial
groove which terminates in the outlet from the base. A 1/16"
copper tube leads from the opening in the base to a Bourdon
type pressure gauge. The reservoir, tube, and gauge are

filled with a 50-50 mixture of glycerine and alcohol.

Presscvre 6‘0:/!(,
B ! Lind-&
‘J Celvmn -C /'D/ﬂ/b/)rog!m. -0 ” /”‘#
, Pose -8 O/ Leservorr - Faper Gaskal
SecrronN THRoveH Ol CArLsuLE

SIGURE S

The principle of the capsule is simple,--a load

applied through the column C compresses the liquid to some
pressure which may be read on the Bourdon Gauge. The pro-
duct of the fixed area of the reservoir multiplied by the
pressure is the value of the load. Due to the difficulty
of completely filling the system, it was found simpler to

place the capsule in the Emery Testing Machine and run a

load test on it. In this way corresponding values of load

and pressure gauge readings were obtained.

The calibration curves from tests made on different
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déys give evidence that the capsule gave accurate results.
The sensitivity of the device is fairly good and can be read
accurately to about 350 1lb. of applied load. The capsule
was used on Slabs A and B, but since its operation was un-
reliable at loads over 100,000 1lb, its uée was abandoned in
favour of another type of load-measuring device.

When used in the testing apparatus at loads over
100,000 1b. the capsule began to leak and so lost its cali-
bration. On two occasions the thin diaphragm was torn. This
meant the abandonment of that particular run of the test. The
capsule then had to be refilled, recalibrated, and set back
into the apparatus. About a month and a half was lost due
to these delays and 1t was finally realized that a new type
of load-measuring device would have to be employed. No dif-
fieulty was experienced with the capsule while calibrating
it to 150,000 1b. in the testing machine. The trouble arose
when it was used in the testing apparatus, which lacked the
extreme rigidity of the testing machine. This was before
the side braces were used, so that any rotation of the frame
head produced an eccentric load on the capsule column; One
of two things would occur. (a) The base would distort un-

evenly permitting the fluid to leak out, or (b) the thin dia-

phragm could not withstand the unequal loading and would tear.

The writer has since (Nov. 1947) consulted Mr. Fred Murray of
Truscon Steel Co. who used the diaphragm similarly several

years ago. He stated that it failed at 70,000 1b., On the
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other hand, Mr. Jehu of the Dominion Bridge Co. used it

successfully during April 1947 up to a load of 105,000 1lb.

In future the capsule should only be used where considerable

rigidity of the testing apparatus will »revent eccentric

loading of the capsule column and even then its reliability

over 100,000 1lb. is questionable,

The method of replacing the gasxket and diaphragm

and of filling the capsule are given below.

To Replace Gasket and Diaphragm

1.
2

Se

4.

Do

Unscrew tubing and gauge from capsule.

Disassemble capsule by removing bolts.

Separate the component parts and wipe carefully with
a soft cloth, making certain that no lint or small
particles are left on the surface of the base and
diaphragm.

Cut a paper gasket to £it, The paper used should

be glue-sized. A sample is included in the back of
the thesis. It should be bought as recuired. It is
important that the paper be glue-sized since the
sizing reacts with the glycerine, swells and forms a
tight seal. The gasket should be replaced each time
the capsule is opened.

Turn the base right side up and set it on two blocks
so that the bottom of the base is about 3" from the
top of the workbench. This permits the ring and col-

umn to be lowered onto the pase and a few bolts put

into place without disturbing the assembled’capsule.
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7

Be

9.
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Set the paper gasket in place on the base. Place
the diaphragm over the gasket being careful not to
crease the paper gasket. If the diaphragm is new it
will be a flat sheet of brass. The grooves are formed
after the capsule has been used. Hence, on renlacing
the diaphragm, always load the capsule to its maximum
(150,000 1b.) two or three times before running any
calibration tests.
Screw the two lifting eyes into the column and sus-
pend the column and ring from a chain block or pulley.
Then lower the column and ring to about 1/16" from
the base. There are two punch marks, one on the base
and one on the ring. Rotate the ring until these two
marks line up. TFasten the assembly loosely together
with two or three bolts; then lower the column and
ring onto the base. Next, tighten these bolts, turn
over the capsule, and screw in the remaining bolts.
The bolts should be tightened by alternately tight-
ening those diametrically opposed.
It is important in assembling the diaphragm that no
rotation of the component parts takes place as this
might result in creasing the gasket with consequent
leakage.
The diaphragm need not be replaced unless it is punc-

tured or torn. Pin holeg can easily be detected by

holding the diaphragm up to the light.
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To ¥Fill the Capsule, Tube and Gauge

Cavsule

1.

2

3'0

4

Oe

6.

—ar——

Screw the lifting eyes into the column. Set the cap-
sule on edge with the outlet opening at the top, and
block to prevent the censule from rollins.

Cork the outlet with a stopper containing a small
funnel (see figure below) 2nd fill the funnel with
fluid (50-50 glycerine and alcohol).

Pass a piece of pipe through the lifting rings and
wedge as shown with wooden wedges.

Drive the wedges tight with a hammer, This lifts

the column, produces a partial vacuum in the capsule,
and draws in the fluid.

When the level of the fluid has stopped dropping, re-
move the wedges and squeeze the cansule with two C-
clamps, thus driving out the air.

Repeat 4 and 5 until no more air bubbles come out

and the capsule can take no more fluid.

pu—y
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l. Pass a fine wire through the tube.

2. Fill the gauge coupling with fluid. Tan the tube
gently, then withdraw the wire a few inches and re-
peat. The tube is filled when the fluid flows from
the lower end in regular drops.

3. ©Screw the tube into the capsule and tighten in place
with a wrench.

4. Keep the gauge coupling up in the air and repeat
item 4 Capsule.

l. ©Set the gauge on the workbench with outlet at top.

2. Pass a fine wire into the outlet as far as it can
go (about 6m).

3. Fill the gauge through the outlet with a pipette,
withdrawing the wire slowlye.

4, Repeat 2 and 3 until the gauge is full.

5., With the coupling held as high 2s the tube permits,
screw the gauge into place and tighten with a wrench.

The capsule should next be tested. Three trial

runs in close agreement will indicate whether the capsule

is in working order.

LOAD BLOCK

Experience with the capsule had shown that the

new load-measuring device, to be effective, had to fulfill
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the following requirements:

1. It had to be rugged enough to withstang any addition=al
forces due to the lack of rigidity in the testing an-
varatus.,

2. The sensitivity had to be no less than 1000 1b. of
applied load.

3. The calibration had to be such that it would be un-
affected by any slight error in positioning of the
measuring device with respect to the Jack head.

4. It had to retain its cglibration in spite of handling
during transit from the testing machine to the test-
ing apparatus and during the actual test on the slab.

5. Its size had to be such that it could fit into the
testing apparatus (maximum space available 11 1/2").

6, It had to be cheap and easy to construct.

The measuring block finally chosen consisted of a
plece of railway car axle turned down to a cylinder 3.,75"
in diameter and 11.23" long, with four SR-4 Gauges mounted
at mid-height and 90O apart.

The measuring action of this block is based on
the principle that within the elastic range of the metal
the same direct unit load will reproduce the same strain.
By calibrating the device in an accurate testing machine,
corresponding values of load and stralr can be obtained.

These strain values can then be used as a measure of the

load in some other testing apparatus.
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A unit stress of 15,000 n.s.i. in comnreseion w-s
set as the maximum for a total 1024 of 150,000 1b., Thic 1o
unit stress was chosen to =2llow for 2ny increase in stress
due to bending stresses set up by inaccurate nositionine of
the block, and to insure complete elssticitv within the test-
ing range.

A. 8. T. M. requires that the height of 2 medium
compression test piece be three times its di=ameter. Hence
the block was made 11.23".

Some earlier work carried out by ilr. J. de Steir
indicated the possibility of a slight inaccuracr in the SR-4
Gauge when used in compression. Professor Jamieson there-
fore suggested that the block be nrestressed before mounting
the gauges to eliminate this inaccuracy. The block was
placed in the large Wicksteed machine and a compression load
of 170,000 1b. anplied at about 2.30 P.M. on July 10, 1947.
With the load still at 170,000 1lb. four gauges were then
mounted with Glyptal Cement and air-dried until 3.15 P.IL
To insure complete drying of the cement, a small wooden form
was placed around the block, its onen top stuffed with rags,
and the interior heated with two electric lights, This gave
a temperature of 150°F. sround the block. The loed and tem-
perature were maintained until 7.15 P.l%. when the heat was
The load however was maintsined until 8.15 P.IL

removed.

It was then removed slowly over a veriod of 20 minutes.
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While two gauges mountegd diametrically opposite
were sufficient, four were used in case one was injured.
This proved good insurance, because one gauge was damaged
while wiring the load blook. One pair of diametrically
opposite gauges was wired in series. Two compensating
gauges were used, also wired in series. (See diagram for
final wiring setun.)

SR-4 Gauges are particularly suited for load
measuring when used in this manner, since bending effects
are eliminated and it is possible to obtain a calibration
curve. Thus, one gauge measures direct compression strain
plus tension strain due to bending and reads too low. The
diametrically opposite gauge measures direct compression
strain plus compression strain due to bending and reads too
high. The effect of wiring the zmauges 1n series is to add
their separate values which automatically eliminates the

bending strains. Thus any slight error due to positioning

is eliminated. \

The wiring and switching boxes were completed on
July 16, 1947, and several c2libration runs were made that
afternoon. These proved to be disappointing since there

(3 5 & L.
was poor agreement between corresponding readings for the

same losd. It was felt that the adhesive was insufficiently

dry and due to the prestress there was some flow resulting

in the poor agreement of values.

On Jilv 17 the block was placed in a drying oven
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and maintained at g temperature of 180°, for three hours.

It was then cooled in air and the gauges were csiven » coat

of zophar wax, brushed on hot to protect the gauges az~inst

moisture.

On July 18 five calibration runs were mede on the
block (see Table 4). In Runs 1 and 2 the block was carefully
centred in the testing machine. The block wss moved off
centre 1/8" for the third run, 1/4" for the fourth run, and
3/8" for the fifth. Corresponding values for the same load
were in excellent agreement. Three runs were made on July
<2 and these also indicated that the measuring block was
reliable and accurate,

The block was sensitive to 310 1b. total losd per
micro-inch. The scale on the SR-4 recorder could be read
or set accurately to ) micro-inch, which gave the load
block an accuracy of about 600 1lb. total load. This was
better than recuired.

There is one anomaly in the use cf the block., Ex-
amination of the initi=sl readings for Julr 18 a2nd Julv 22
show that there is considerable variation between these values,
but all the initial readings for e=ach d~v are in very close
anreement. Yet the increments of strain Zor all rins on
both days are practicslly identical., BSubsecuent c2librations

confirmed the above. This shift of the zero point is in-

herent in the recorder and not in the gauges or load block.

In using the block a calibration run was mace
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Just before testing the slab. If at the start of the test
the recorder had shifted from the initinl celibration Zero,
this difference wes added or subtracted to the calibration
values depending on whether the shift was nositive or nesa-
tive. These new values were used in testing the sl=bp.
Since each test run lasted a maximum of three hours, this
procedure was found to give relioble results with almost no
shift between the initial zero at the start and comnletion
of a test run. Immediately after the Tourth run on each
slab, a new calibration run was made on the block to make
certain that there had been no great variation in the strain
increments.

The SR-4 Gauges are electrical resisters. Any
change in the resistance of the external circuit will af-
fect the strain readings and onroduce inaccuracies which
are imnossible to evaluate. For this reason there must be
no disturbance of the electrical setup once the calibretion
run has been made. This policy wns strictly adhered to
throughout the tests. Once the block w=s c2librated it was
never disconnected from the recorder until the slab test

was completed. A broken connection meant recalibration,

SR-4 STRTN GATCES

SR-4 Strain Gauges are the most recent addition

to the testing and research engineer's tools. Essentially,

they consist of a five-inch length of 1 mil conper-nickel
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wire bent in the shape of a grid, and fastened to = niece

of cigarette paver. A piece of red flannel glued to the

grid nrotects it from damage in handling, 1In use, the gauge

1s cemented to the test specimen with some type of plastic
cement.

Any veriation in length of the specimen veries the
length of the wire and hence changes its electrical resist-
ance. Since the resistance of 2 piece of wire varies di-
'rectly as its length and inversely as its cross-section, it
becomes possible to use this change in resistance as a meas-
ure of the strain in the svecimen. The resistance change
can be measured by some type of Wheatstone bridse. The usu-
al tyve of measuring instrument is the SR-4 Strain Recorder.
It consists of a Wheatstone Bridsge with an electronic am»nli-
fier. The slide wire forming one arm of the bridge is cali-
brated to read directly in micro-inches of strain. Standard
resistances form the second arm. The active gauge forms the
third arm. The fourth arm consists of a gauge, preferably
from the same gauge lot, mounted on a piece of unstres=ed
material of the same kind and subject to the same temperature
conditions as the member to which the active zauze 1s at-
tached. It automatically cancels out any strain effects due

to temperature. This instrument is fast and accurate, with

the exception of the zero shift (see above). Complete in-

formation on the construction and use of both the SR-4 Gauge

and Recorder may be obtained from the marufacturer,
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Three types of SR-4 Gauges were used in the tests.
Type A-1, which is more or less the standard gauge, was used
on all main reinforcing steel and on the four steel beams.

It has a resistance of approximately 120 ohms with a gauge
length of 13/16". This type can be mounted on 3/8 round
bars and larger, hence special gauges were required for the
1/4 round shear reinforcing bars. Baldwin Southwark rTe-
commended and supplied Type A~1-4 for this purpose. This
type is the same as A-1 except that the paper is much thinner,
hence more flexible., These specials did not arrive in time
for Slab B and ten Type A-12-4 were obtained from the Derart-
ment of Mines in Ottawa. This gauge has a resistance of ap-
proximately 120 ohms with a gauge length of one inch. Actu-
ally, this gauge was more suitable for the 1/4 round bar
than Type A-1-4 since its gauge width is 1/8" as opposed to
11/32" for Type A-1-4.

The SR-4 Gauges used in these tests were mounted
on the steel reinforcing bars and embedded in concrete. The
adaption and protection of the gwuces for this use proved to
be a considerable problem, which was finally solved success-
fully. The methods used ere described below in detail.

Farlier work in the lab showed that the nroblem

wes one of waterproofing the gaufe. Poor waternroofing re-

sulted in rusting under the surface of the gauge. This

first grounded the gauge toO the bar and then gradually

lifted the gauge off the baT.
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Prelimina»y work consisted of trying several
ypes of waterproof adhesives which were applied over the

auges as a protective coating. The use of these coatings

as unsuccessful since (a) they failed to form a waterproof
ond with the steel, and (b) any slight movement of the lead
ires would crack the covering. The point at which the lead
ires leave the protective covering is the most vulnerable
pot. To reduce the chance of leakage at this point, one of
he wires was grounded to the bar within the ares covered by
he waterproofing. This practice was carried out on the
auges for Slab B but was abandoned for the remaining slabs.
t was necessary to use considerable heat when soldering the
auge lead wire to the reinforcing bar. Unless extreme care
as taken, the heat from the soldering iron would injure the
auge.

The method of waterproofing used in Sl=2b B wes
uccessful. It has some advantages over the method used in
labs C, D, and E. However, it requires more time and un-
ess extreme care is exercised it 1is not as nositive a »ro-
ection as the latter method. TFor these reasons it was dis-

arded in favour of llethod 2 which will be described later.
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ethod of Mounting and Waterproofing Gauges

s Used in Slab B,

reparation of Bar

l. The approximate position of the gauge was chalked on
the bar. This area was then cleaned with a file and
the surface of the bar left slightly rough. The ex-
act position of the gzuge was located by scribing two
lines at right angles on the bar. Any loose rust or
scale around the filed area was then removed with a
scratech wheel chucked in an electric drill.

2. A drop of solder was placed on the bar close to one
end of the gauge. This helped to reduce the danger
of damaging the gauge when the lead was soldered to
the bar,.

founting

Mounting the gauge on a round bar was handled in
-he following menner. For both 5/8 round and 1/4 round bars
: small concave wooden block was used. The diameter of the
surved surface was 1/16" greater than the rod. A rectangle
s cardboard 1/32" thick was glued against the concave wood
surface. An opening slightly larger than the felt pad was
‘hen cut in the cardboard. The size of the block was made

asbout 1/8" larger all around than the felt pad.

The cement used to fasten the gauge to the bar was

i bar was wiped
"Glyptal™. Before mounting, the surface of the ba D

with acetone to remove any grease OT perspiration. The sur-
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face of the bar and the underside of the gauge were then
covered with a thin coating of cement. As soon as the ce-
ment had become tacky the gauge was placed on the bar, then
the wood block placed over the gauge. The gauge was posi-
tioned by lining uvp the gauge centre lines with the two
scribed lines. A piece of electrical tape was then wranped
around the bar andéd the block.
Drying

It 1s essential that the cement be thoroughly dry.
The gauges were first air-dried for half to one hour, then
placed in a drying box and kept at a temperature of approx-
imately 160°F., to 180°F. for three hours. Air-drying re-
duces the formation of small air bubbles in the cement. The
homemade drying oven consisted of a wooden box 12" wide, 6"
high, and 6'-0" long. Six 100-watt lamns were placed on the
bottom on asbestos sheets. The lamps were covered with
pieces of metal stovepipe to distribute the heat uniformly.
The bars were set on wooden stands. The cover w»s then set
in place with a thermometer corked in the centre. The six
lamps maintained the required temperature.

Attaching the Conductors

After removing the bars from the oven, the wood
blocks were removed and any excess cement scraped off. One
lead was then soldered to the bar. The other lead was sol-
jered to a wire conductor. No. 18 Flameseal solid core wire

vas used for all slabs. This is a plastic-covered wire com-
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pletely waterproof ang impervious to the chemical action of
the cement,

A s01id core wire ig €ssential, Strangeq wire

should never be used. If one of the strands should break
b

the electrical resistance of the circuit would change and the

gauge readings become erratic ang useless,

It was found that the connection was most quickly
accomplished by first flattening the end of the conductor in
a vise, then drilling a hole in the flattened end'with a Mo,

60 drill. The fine lead wire was threaded through the hole
and twisted around the conductor. The léad wire was then
soldered to the conductor with a good grade of rosin core
solder. Acid paste or acid core solder should never be used
1s 1t will eventually corrode the leads. The conductors were
shen taped to the bar at two points. This takes the strain
)T the lead wires and prevents them from being torn from the
jauge.,

‘esting

Before waterproofing the gouges, each was tested to
iscertain whether any had been injured in mounting or handling.
'‘esting was best carried out with a sensitive Wheatstone
ridge. If the Tesistance of the gauge measured within ¥ 0.3
hms of the value given by the manufacturer, it was passed.
his was considered to be sufficiently close since alligator
lamps'were used and their contact resistance could produce

his variation. In one case there was some doubt as to

hether the gauge had been properly cemented to the bar, The
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gauge was tested by cantilevering the bar with the gauge

uppernost and with its centre over the support. Known bend-

ing moments were applied by hanging weights from the b=

a distance of ten inches from the support. The strains were

computed and these were checked against the measured values.
The gauge proved to be working correctly,

Waterproofing

A piece of 1/2" 0.D. acetate ,
Lead /t///‘(
Miracle Adhesive

tube was split lengthwise. A 2 1/2m
length was used for each gauge. Two
holes were drilled in the top of the

tube, one in the centre, and one a-

) SECTION THRoYGH GAY
bout 1/2" from one end. The wire con- gﬁzg*ig—‘g!
BAR

ductor was passed through the centre - /‘7(5(/7?25 /29

hole. The split tube was clamped against the bar. Then the

tube and the bar for a distence of 1/4" from the edge of the
tube were smeared liberally with "Miracle Adhesive", This
was thoroughly dried in the drying box. On removal, hot
"No-Oxide" was poured through the second hole in the tube,
filling the space under the tube. "No-Oxide" is a grease-
type rust preventative. A second coat of "Miracle Adhesive"
vas then smeared over the first, particular attention being
raid to the area around the conductor. The bar wes then »ut
sack into the drying box. This served two purposes. (a) It
iried the adhesive and (b) melted the "No-Oxide" so that it

‘lowed over the gauge and filled any vockets formed in the
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initial pour. This completed the water-proofing nrocedure.

(Method A)
ethod B

Shortly after Slab B had been poured, information
was received from the Department of Hdighways, State of Illinois,
on a technique which they had developed for using SR-4 Gauges
in concrete. The technique was simple, and test data which
they were kind enough to supply indicated that the method was
reliable. It was therefore decided to obtain the materials
which they had used and to try the method on Slab C. The
waterproofing material was an asphalt compound, Petrolastic
No. 155, and two gallons were supbplied free of charge by the
Standard 0il Co. of California. The technique'used is de-
scribed below.

The gauges were mounted on the bars as previously
deseribed. The reinforcing bar was set on two blocks so
that it could be rotated. The side of the bar opposite the
gauge was heated with an infra red ray lomp for about five
minuﬁes. A thin coat of hot Petrolastic was next applied
with a steel brush completely around the bar, over the gauge,
and for a length of three inches. The heat lamp was then
<t the Petrolastic and the »ar rotated. Vhen

directed again

the material began to run, it was thoroughly brushed with

the steel brush to assure good bond between the steel and

the Petrolastic. The heat was then removed and the conduc-

tors soldered to the gauge leads. To prevent any dull on
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the conductors being transmitted to the lead wires, the con-

ductors were doubled back over the top of the gau

ze, To in-

sure complete electrical insulation, the conductors were

kept 1/8" apart. The Petrolastic was again reheated and
more brushed on until the leads were comnletely covered and
the layer of watervroofine built up to 1/8" thickness. To
prevent any leskage around the conductors, they were rre-
divped in hot Petrolastic, coating them for a length of six
inches.

Both methods of waterproofing are compromise solu-
tions. Method A has the advantage of destroyins less bond
area, hence disturbs the stress distribution less around the
gauge. The time recuired to mount and waterproof a gauge
varies from 1 1/2 to 2 hours. Where 24 gauges are to be
used in one test, this represents almost a week's work.
Method B is considerably faster and more reliable, but con-
pletely interrupts the bond for a length of three inches.

For laboratory specimens which must of necessity be smell,

this may represent a considerable reduction in available bond

area., Some method of waterproofins is required which will

overcome the above dgifficulties.

Switching and ¥Wiring

The 1ar?e number of gauges used per test recuired

that some type of switching arrancement be nsed with the one

recorder Tt had to serve the following functions:

(a) Connect in the load block with its corpensating gauges.
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(b) Connect in the 15 gauges on the tensile reinforcing,

the 8 shear reinforcing gauges, and the e 73uges on the steel
supporting beams. The gauges in Group B further complicated
matters by requiring two separate compensating gauges. With
the help of Mr. Tom Pavlasek of the Electrical Department,

a switching arrangement was obtained (see figure below)

which fulfilled all requirements. The proper choice of
switches assured that the compensating gauges were automat-
ically switched into the circuit with their corresponding

gauges.

load Block

lLoacd Block .
Compber Soflnf 60(2#(5

o sed :
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Both toggle ang wafer type switches were used. It

was 1mportant that the contact resistance for any one nosition

of the switeh did not change with each reading. The switches

were checked by balancing the recorder and then turniag the

switch on and off several times. If the recorder returned to

its initial balance, the switch was considered satisfactory.
Small variations of a féw micro-inches were ignored.

Switch A selected the load block or test gauges.,
Switch B selected the groups of Gauges 1 to 15 and A-1 to
A-8 or 16 to 24 as desired. The first group required one
compensating gauge while the second group used another.
Switches C and D selected the individual gauges.

For the seke of economy and ease of handling, the
conductors soldered to the gauge leads were only 30" long.
It was therefore necessary to lengthen these leads after the
slab was set in place. No. 14 solid core copper wire was
used for this purpose only because a large cuantity of this
size was discarded by some electricians working in the build-
ing. Normally, the same size as the conductors would have
been used. All joints were carefully soldered. Considerable

time was saved in setting up by connecting one side of the

gauge to a common ground.

HUGGENBERGER TENSOMETERS (See Plates 1 and 2)

Strain measurements on the concrete were made with

six Huggenbergers. These are Very accurate extensometers



- 492 -
consisting of two knife-edge supports and a lever system.,

One support is fixed, the other rotates. The amount of ro-

tation is a measure of the strain in the svecimen. These
instruments operate like the Martens Extensometer, excent
that the mirror and scale have been replaced by s comnact
and accurate multiplying lever system,

These instruments can be mounted very cuicklyv in
almost any position. The method of mounting the zauses for
these tests is clearly shown in Plate 2. The mounting sup;
ports were angle brackets cemented to the slab., A mountine
bar was slipped through » hole in the gauge =nd in the angle
bracket. To assure good bearing for the knife edges, two
small round brass nads were cemented to the slab. These
were set so that tiieir upper surfaces were in the s=me plane.
The gauges were mounted along one diameter =nd along one di-

agonal directly over an SR-4 Gauge. (See TFigure 5 for locztion.)

DEFLECTION SCALES (See Plate 3)

As an overall check on the action of the sl=b,
nine deflection gauges were used on the underside of the sl=ab.
Four were placed along a diagonal, four along one diameter,
and one at the centre of the slab. The 1ab floor served as
the base line and suvpport for the fixed end. The arvlied

load to the slab wes resisted by the apparatus and hence did

not affect the lab floor. The deflection gauge wrs nede from

a ten-cent telescoping curtain rod.
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The gauge was held in position ageinst the slob

in the following manner. Two centre lines were seribed on

a small rectangle of sheet metal. A roofing nail vassed

through the sheet metal at the point of intersection. The
shank of the nail engaged in a hole in the rod, holding the
rod firmly in place. The sheet metal rectangle w~s cemented
to the underside of the slab, using the two scribed lines
for centering. The halves of the curt2in rod were attached
to a coiled spring which pushed them apart and held the unrer
half tightly against the botﬁom of the slab. & 3-inch
length of steel scale graduated in fiftieths and hundredths
of an inch was used on each deflection gauge. The ~~ures
were resd through telescones set about 5'-0" away.

The gauge positions were marked on the oiled sleb
form with a lead pencil.- This acted like 2 transfer, and
when the slab was lifted out of the form these mencil lines
were found on the slab surface. It was easy and =ccurate
to lay out these lines on the forms, whereas locatiny the

gauges after the sleb was positioned wonld heve been diffi-
res - T

cult and not as sccur~te.
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FORMS, MATERTALS, AND THESTTIG PROCEDURE

- o ———

The slabs were c2st in the 1lab in = wooden form.
Since they were to be tested with the column npprermost, ther
were ca2st in this nosition,.

The form consisted of a wood deck sunnorted on
five 2 X 4 stringers spaced at 17 1/2" on centres. These in
turn were cerried on three 2 x 4 beams placed at right angles
to distribute the load to the floor. The sides of the form
were built of two form boards cleated tozether. For details
of the corner and sides see Plate 7. This method of con-
structing the sides permitted the forms to be assembled and
strivped with & minimum of effort and with no destruction of
the forms. The slab deck was covered with B, C. Fir plywood
to give the slab a smooth finish.

The column form consisted of a box, onen top and
bottom, and sunported by two 2 x 4. These were in turn sup-
ported from the mein form, and blocked to prevent the column
form from shifting. The column vanels were held together with
kicker-strips to facilitate assembling and strippning. Chamfer
pieces 1 1/2 x 1 1/2 were set in each corner.

As soon as the slab had been removed, the form was

cleaned, assembled, ~nd oiled with old crankcase oil to



preserve the wood and to f~cilit~te stripring. The outside
of the form was also oiled. This prevented =ny concrete

spilled over the form from sticking.

MATERIALS

Materials used in making the slabs were procured
locally. These were similer to materials used by contractors
in the city for the mnkinz of reinforced concrete.

Sand

Charrette sand was used since it hss good grading,
as m2y be seen from the sieve analvsis (see Table 5)., The
sand ordered for the tests only l=2sted for Sl~hs A, B, and
C. ©Sand for Sl=2b D was trken from the leboretory stockrile,
while that for Sla2b E was bought loc21ly. Nevertheless,
all the sand used was Cherrette. The sand was thorouchly
air-dried by svreading it on the lab floor.

Stone

Crushed limestone, known locally as 3/4" wos used
on all slabs. Sufficient was ordered for all tests. The
sieve analysis (see Table 5) indicrted a fineness modules of
7.54 and the grading about 56% retained on the 3/4" sieve
and 43% on the 3/8" sieve., All stone was thoroughly air-
dried by spreading it on the lab floor,

Cement

To shorten the time between pouring and testing of

the slabs, High Early Strength Cement was used. Ennugh
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cement was ordered for casting all the slabs. Due to the
delay caused by the failure of the spnaratus, this cement
was used only for Slabs A and B. Actually, it had besun to
lose ites high early strength properties bv the time it was
used for Slab B. This accounts for the lower strength of
concrete in this slab, The High Eorly Strencth Cement for
Slabs C, D, and E was obt=ined from the Canada Cement Co.,
direct from their vlant at Montreal. A day or two before
pouring, the cement was picked un at the warehouse, This
assured fresh cement for each slab.

Steel

The reinforcing steel was bought from Truscon Steel
Co. Ltd. The 5/8 round bars were ordered bent to shape., The
1/4 round bars came in twenty-foot lengths. The shear bars
for Slabs B 2and D were bent in the lab on a small hand bender
built for these tests. The coils used in Slab C were coiled

locally at a machine shop on a spring coiling lathe,

CONCRETE AND CASTING OF SLABS

Bvery effort was made to obtain uniform concrete,
The cylinder tests for any one slab indicate close agree-
ment and show that this was accomplished. Preliminary mixes
indicated that the following provortions by weight would
give a mixture having good workability (slump about 4"),

would not be too wet, and would test at about 3000 p.s.i.

ultimate at seven days.
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Quantities Per Batch

Cement 34 1b.
Sand 112 1b.
Stone 138 1lb.
Water 23 lb. 14 oz.

The cement had lost some of its high eesrly strength
properties by the time these preliminary mixes were m:.de. The
cement later obtained gave the mix the same advantz2ges but the
strength of the concrete was higher. Concrete, even with good
control, has many variables and indeterminacies so that
changing the mix for Slabs D and £ would only have made the
problem more complicated. DBesides, the delay of one month be-
tween Test Run 3 and 4 on Slab B g2ve the concrete 2dded time
in which to increase in strength. 1In view of this fact, com-
parison of the ultimate breaking load for S1ab 3 should be
based on an ultimate concrete strength comparable to that of
Slabs C, D, and E.

The concrete was mixed in a small gasoline-driven
mixer (see Plate 1). The sand and stone were weighed into
closely woven Jjute bags. The cement was weighed into heavy
waxed paper bags. All materials for any one slab were
weighed out beforehand and placed conveniently near the mixer,
Thus there was no delay once concreting had begun.,

The mixer was loaded in the following manner.

First the water was poured into the mixer. Next the cement

was added, then the stone, and finally the sand. If the
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sand was added before the stone, it tended to clog in the
blades and the proportions per batch showed variance. The
stone, when added first, produced a scouring action which
prevented clogging and resulted in a uniform mixture. The
materials were mixed for a minimum of three minutes after
everything had been added. The concrete was dumped into a
wheelbarrow and conveyed to the form. The mixer supnlied
two barrows per batch and was completely emptied before re-
loading. To nrevent any damage to the gauges, the concrete
was shoveled into the form. As soon as the concrete was
placed, it was thoroughly rodded with a 5/8 round bar.

After the form had been filled, the ton of the
slab was struck off level with a wooden straightedge. #bout
two hours later when the surfaces of the slab and column had
set somewhat, they were rubbed with a wooden float and then
polished with a steel trowel.

Test cylinders were filled at equal batch intervals
as concreting proceeded. Since the consistency varied
slightly between the first and second wheelbarrow in any
batch (typical of all concreting), sampling was carried out
in a definite way. Cylinders were alternately filled from
the first and second wheelbarrows. All test specimens were
cast in standard 6" x 12" cylinders and filled in accordance
with A. C. I. specifications. (See A. C. I. Manual of Con-

crete Inspection, pp. 87 =- 88.)
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Curing

The day after pouring the slab, column and test
cylinders were strinned. The slab and column were covered
with wet jute bags. EFach test cylinder was covered with a
wet bag and set on top of the slab. The whole was covered
with a tarpaulin. The bags were wet down each day. On the
fourth day the bags were removed and the slab set in place
on the 8 I beams. Before setting the slab, the tbp flanges
of the beams were covered with grout. When the slab was set
in place 1t squeezed out the excess grout, thus assuring
complete bearing everywhere between the slab and the beams.
The excess grout was cut off with a trowel.

The test cylinders were capped with sulphur. Cap-
ping was done in a jig. This assured that the two ends
against which the load was apvlied were nlane and parallel,
and that the load was applied along the axis of the cylinder,
Compression tests on the cylinders were carried out in the
testing machines. The cylinders were cured under exactly

the same conditions as the slab. See Table 6 for test results

on the cylinders.

TESTING PROCEDURE

Purnose The testing nrocedure chosen had three eims:

1. To indicete the behaviour of the slab under load.

2. To indicate the action of the shear reinforecing under

load.
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3. To obtain some idea of the effectiveness of the shear
reinforcing by comparing the ultimate breaking loads
of the four slabs.

The C. E. S. A. code requires that a building under
test, "shall be subjected to a superimposed load equal to one
and one-half times the live load. This load shall be left in
position for a period of 24 hours before removal," When
first planning the test procedure, it was assumed that the
slab could be designed for a working load ecuivalent to
0.06f'c on the critical section. On this basis, with 3000
1b. concrete the slab would carry a safe working load of
61,300 1b. If half of this load were live load and half
dead load, the test load would be Eg;ggg " ggggg X 1.5;
= 76,500 1b. Allowing for the increase in concrete strength
(3270 p.s.i.), Slab B was tested to 80,000 1b. Slabs C =nd
D were tested to 90,000 lb. because of the further increase
in conerete strength. Since Slab E had no shear reinforcing,

the test load wag reduced to 70,000 1b.

Procedure

1. Several test cylinders were broken Jjust before the

test.

2, A calibration run was made on the load-measuring
device and it was then put in place in the apparatus.

3, Load was then applied to the slab in increments of
10,000 1b. Readings of all gauges were made at each

increment. The gauges were always read in the same

order.
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When the load had reached a predetermined value,
(80,000 1b. for Slab B; 90,000 1b. for Slabs C and Dj
70,000 lb. for Slab E) it was removed.

Steps 3 and 4 were repeated twice.

The sleb was then reloaded to the values given in
Step 4 and blocked in place with two 3-inch H sections.
These H sections were symmetrically placed between
the underside of the head beams and the top of the
round block of steel. The jack was then released.
Approximately 10,000 1b. reduction in load took »nlace
when the jack was released. After conditions had be-
come steady, the gauges were read. The slab was left
blocked for two days. Before removing the blocking
the gauges were again read. Then the Jjack load was
reapplied and the blocking removed. The load was re-
leased and the final run carried out.

In the last run the slab was loaded with 10,000 1b.
inecrements until it broke. Rendings on practically
all gauges were taken up to the time of failure,

The load-measuring device was recalibrated.

For Slabs D and E sufficient test cylinders had been

cast to permit testing two of them immediately after

calibrating the block.
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EXPERIMENTAL DATA AND DISCUSSION
BEHAVIOUR OF APPARATUS

The apparatus in its final form (see Plate 1) save
excellent service without any breakdown either in the test-
ing frame or in the load-measuring device. It was used on
the last test run for Slab B and on all runs for Slabs C, D,
and E., TIts maximum capacity is 150,000 1b. The only suz-
gestion the writer has to make on the load-measuring device
is that it should in future be made from high grade steel,
and spool shaped to increase the sensitivity. (See figure
below.) A separate recorder for the load-measuring device

when used in conjiunction with the other SR-4 Gauges would be

advantageous.,
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The SR-4 Gauges gave excellent service throughout
the experiment. Of the 87 gauges mounted and used in con-
crete, only six (6.9%) failed to operate adequately. The
rest performed accurately as shown by the fact that corres-
ponding gauges showed readings which were of the same order.

The deflection gauges, being of rusgged construc-
tion, operated very well.

The Huggenberger Gauges showed the largest percent-
age of 1lnoperation. Experience gained from this experiment
indicates that the surfaces of the mounting pads must be in
the same plane. Failure of Gauge 1846 to operate pronerlyr
was due to a slight inclination of one pad with resrect to
the other. This permitted the knife edges to slip.

In examining the data, it is important that the
following facts be borne in mind:

(a) Concrete is not a completely elastic material, but
rather an extremely rigid plastic which is sub.ject
to progressive and cumulative deformation under load.
The materisl takes on nermanent set and 1s affected
by the rate of loading so that corresponding deforma-
tions for the same revneated load are not identical.
This affects not only the concrete strains but also
the steel strains and, to a much lesser extent, the
deflections.

(b) While each slab was reinforced in exactly the same

manner with respect to the tensile reinforcing, the
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shear reinforcing varied in tyre, spacing, =nd nusn-
tity. This affected the bending stresses somewhet,
so that corresvonding gauge vositions do not give
the same readings for corresvonding loads.

(¢c) Although every possible precaution was taken to in-
sure proper cgntering of so large a svecimen in the
apparatus, small variations did take nlace. This,
accompanied by the fact that a testing 2proratus and
not a testing machine was used, helned to introduce
variations in the readings. Further variations were
brought into the readings by slight inaccuracies in

vlacing the load-measuring device and in setting

load wvalues on the recorder.

PRESENTATION OF DATA

The results for 211 str-in and deflection readings
are presented in tabular form. The strain readings on the
tensile steel and the concrete, and deflection re=dings for
each run of each slab have been grouped together (see pr. D 1
to D 16)., This facilitates comparison of the readings for
corresponding conditions of loading and for repetition of
loading between slabs as well as for each slab. The strain
readings on the shear reinforeing are grouped together for
cach slab (see pp. D 17 to D 21). The completely different
types of shear reinforecing in Slabs B, C, and D, make mean-

ingless the comparison of corresponding gauge nositions between
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slabs. The readings showing the effect on the slab of long-
time loading are given in Table 8.

The values at the top of each column represent the
difference between the initial readings of the first run and
the initial readings of the three succeeding runs.

Discussion of the data is made under the following
headings:

(a) Shear Reinforcing
(b) Bending Effects

(¢) Behaviour of the Slab under Load

SHEAR REINFORCING

All the slabs failed in diagonal tension 2t about
the same ultimate load (see Table 6)., It was impossible to
observe the formation of shear cracks, but the type and in-
clination of the failure were definitely due to diagonal ten-
sion. When the slabs were broken up, care was taken to dis-
turb the original plane of failure as little as nossible.

In all cases the slope was less than the usual 45° to the
horizontal and more like SOO. In every case the column,
with this added mushroom head, separated from the slab and
pushed down the grillage of steel., There was some sound of
cracking before the crack anneared on the compression face
of the slab, indicating that failure started at the tension
steel and progressed into the compnression area, =2s is the

usual case for beams. In all cases the plane of failure
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passed through some of the shear reinforcing. The failure

crack more or less extended around the periphery of the col-
umn in Slabs C, D, and E. Vith Slab B the failure creck
moved outward away from the column on two sides, as may be
seen in Plate 17. Only in Slab C did the mushroom nart pro-
Ject sufficiently at failure to indicate this failure area
on the underside of the slab. The crack was carefully plot-
ted to scale and is shown in Figure 12.

The gauges mounted on the shear reinforcing show
that this steel carried very little stress even at the unper
loads. The maximum unit strain recorded was 617 micro-inches
for Gauge 18, Slab B., However, this zauge we~s erratic from
the first and its values are not considered reliable. Gauge
20, Slab C, showed a maximum strain of 492 micro-inches.

This corresponds to a unit stress of 14,760 p.s.i. The re-
maining gauges indicate a maximum stress of about 6000 n.s.i.
and this value only in a few cases near ultimate load. On

the whole, the unit stresses in the gauges were considerably

less.

The compression strains in the coils of Slab C
were probably due to the direction of coiling. These coils
were wound counterclockwise. The curvature of the slab
under load was clockwise. This tended to unwind the coils

and put the steel in the vicinitv of the gauges in compression.



JZ_”‘
LADE & LocATION OF h’. AR SALURE ON [ENS/O.
f/O‘ -
OF JSHE T AL 7
‘ V V s’
S/DE - JlLAb C i

/% y-0"

7 /GZ/A”E' Z




- 57 -
BENDING EFFECTS

As stated previously, the onuges on the tensile
steel were placed so as to give the veriation of bending mo-
ment along the slab rather than across it. These rositions
were best for indicating the change in bending moment as a
measure of shear, but were not as valuable for suggesting the
variation of bending moment across the slab. The designer is
chiefly interested in the latter. ©Still, the gruge readings
have considerable value. Examination of the strains indicates
that the gauges around the column show the grestest strain,
and corresvondingly, the greatest stress. The bers in this
area daid not reach their working stress until the annlied
load was 60,000 1b. At 70,000 1lb. Gouges 3, A, ~nd 7 show
consider~-ble overstrecs, but not ~bove the rield nnin%;
Govges 12 and 13 ore still =t =bout 2n 000 »,s.i. The next
group of eg=uges, llos. 5, 2, 11, 14. And 8 show rn nvershress
at 70,000 1b. 2lthough the steel i« very clnse tn the ~llow-
able workings stress of 20,000 D.s.i.

The concrete close to the colnmn shows stresses
which are high at 50,000 1b. =vplied load. Assuming B¢ to
be 1000 f'c and the allowable workinz stress to be 0.40f'c,
Gauge 1847 shows the concrete to be overstressed in 50% of

the runs at 50,000 lb. total load. At 60,000 1lb. the over-

stress occurs in 75% of the runs. Gougze 1846 does not show

such hich stress. However, its nosition was slightly further

away from the column than 1847, The other four gauges show

very low stresses of about 300 pe.s.i. OT 400 pv.s.i. There
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and 12 are also much higher than those c2lculated, These
positions are around the column. Gauge 13 shows v=lues a-
bout the same as those calculated. In the next groun of
gauges,--5, 2, 11, 14, and 8, the calculated values ~re in
closer agreement with the observed values, but even A110ng
these, Gauges 5, 8, and 2, show slightly higher strains then
those calculated. At the lower loads the observed and cal-
culated values of Gauge 1l are about the same, but at the
upper loads the observed values exceed the calcul~ted v=lues.
For gauge position 14, the observed and calculated values ~re
about the same. Thls comparison indicates the unevenness of

the stress distribution when the column can is removed.

BEHAVIOUR OF SLAB UNDER LOAD

As stated previously, the test procedure attemrted
to show how the slabs acted under both short and long time
loading. Up to about 60,000 1b. nothing visible occurred.
Each slab seemed to overate consistently and without sign of
any local effects. Between 50,000 1b. =nd 60,000 1lb., of
load, tension cracks paralleling the column outline were
first evident., Usually some tension cracks r=di-ting 2long
the diagonal started to form near the column 2t about the
same time. The fan of cracks spread toward the diareters of
the slab with increasing load. At about 90,000 1b. some
cracks showed along the edges of the slab near the corners.

These were inclined at 45° to the horizontal. At 70,000 1b.
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there was visible 1lifting of the corners of the slab. This
curling continued to incfease and near failure was quite
substantial. Generally, the behaviour of the slab predicted
the failure about 10,000 1lb. before its occurrence. There
was some noise indicating internal cracking, although the
load could still be mesintained to some extent and the gauges
could be read. On attempting to increase the load, the slab
would carry the increase for a few moments and then start to
throw off the load. As the pumping continued, its ability
to carry the load decreased until a complete fracture resulted
and failure took place. In Slabs B, D, and E, f2ilure was not
violent., With Sl2b C the failure wes rapid and violent, sha-
king the apparatus considerably.

Plates 11 to 14 show the cracks on the underside
of the four slabs. They are all feirly similar, indicating
further that the shear reinforcing had little or no effect.
Plates 15 to 17 are closeups of the shear fallures which were
visible from the top of the slab. The slope of the failure
is suggested in these photographs. The slab recovery in per-
cent of the maximum total deflection for each run is given
in Table 9., In all cases the recovery is over 75% of the to-
tal deflection. The recoveries bear out the stresses shown
by the SR-4 Gauges and Huggenbergers, indicating that at
about 70,000 1lb. of load both the concrete and steel were
still within the elastic range. The recovery after two days

of continued high load was good.
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Table 8 contzins the gauge resdings taken (a) just
after blocking the slab, and (b) just before removing the
blocking. Its purpose was to see if there had been any re-
distribution of stress as a result of the long time load.
Since the slab had been blocked in place, the deflections
did not change. The SR-4 Gauges changed very little in both
directions. Gauges 12, 13, and 14, in Slab D, showed large
movements in the same direction. These are incompatible
with their behaviour in Slabs C and & and cannot be explained.
On the whole, there seems to have been little change in
strain in the steel. The Huggenberger Gauges do seem to in-
dicate some redistribution of strain in the concrete. Gauge
1847, which showed the greatest strain in all runs, dropped
concistently in Slabs C and D but did not move in Slab =,

A similar anomaly occurred with Gauge 1846. The remaining

gauges do show a release of strain.
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CONCLUSIOQONS

On the basis of the data previously nresented,
the following conclusions, falling into four main groups,

appear warranted.

SHEAR REINFORCING

The ultimate failure load of the unreinforced
slab and reinforced slabs being aporoximately the same, it
is evident that the shear reinforcing used in these tests
is ineffective and produces no increase in the strength of
the slab. The results of beam tests made by Mr. B. A.
Eskenazie indicate that neither are stirrurs effective as
shear reinforcing in shallow beams. The gauges mounted on
the shear reinforcing show little strain in this steel. It
seems quite definite that if the slab is to be effectively
reinforced against shear some method must be devised which
will develop the value of the reinforcing through bond.

The results suggest that a revision is needed in
existing codes limiting the use of stirrurs to deeper beams.,

The results show that the code can be extended to
include flat slab design without caps or drop panels pro-
vided v is limited to 0.03f'c. The bending stresses from

this departure will be discussed below.
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It is impossible to draw any conclusions about the
distribution of shear v in the slab since preliminary curves
of straln versus gauge positions for the shear reinforcing
lead nowhere. This is to be expected since the reinforcing
was ineffective. However, the failure cracks give definite
indications that the shear v is greatest in the vicinity of

the column and that this is the ceritical area.

BENDING EFFECTS

While the bending effects were not investigated as
thoroughly as those for shear, there were sufficient o-uce
positions to indicate that the distribution of bending stresses
is far from uniform. In the area close to the column these
stresses are high both in the concrete and steel. The rela-
tive overstress of steel is not as great nor as critical as
for the concrete, since the steel could be spaced more closely
over the column and this would help to produce a more even
distribution of steel stresses. Not much can be done for the
concrete except to thicken up the slab or to increase the cnn-
crete strength. Both are costly. However, in any future work
the bending stresses should be more thoroughly investigated.
It is possible that even with future success in reinforcing
the slab against shear, the bending stresses, because of
their unequal distribution across the sectlon, would prevent

the use of a shear reinforced flat slab without caps =and

drops,
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The results of both bending and shear indicate the
need for future investigation along the following lines:

(a) The high bending stresses suggest that the problem
could best be solved for the interior columns by
some type of structural shape. This would even out
the bending stresses and would increase the area re-
sisting shear.

(b) The comparatively small bending stresses at exterior
columns, combined with the difficulty of using =
structural shape, suggest that in this area the solu-

tion would be to reinforce the slab against shear.

USE OF SR-4 GAUGES IN CONCRETE

The methods used to waterproof the SR-4 Strain
Gauges were successful. The gauges showed consistent values.
This indicates that they were operating accurately and can
be relied upon when used in concrete. The tests do not show
whether the interruption of bond due to the waterproofing has

any appreciable effects on the results.

LOAD BLOCK

This type of load-measuring device is accurate and
dependable, cheap and easy %o construct. Its application to
other tests should be considered where the specimen rmust be

tested outside of a testing machine.
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APPENDIX

In the autumn of 1947, lfr. B. A. Iskenazi cost
four concrete beams as preliminary tests to continuing the
present work. It was hoped that the results from these
beams would show @hether a section seven inches thick could
be reinforced against diagonal tension, using individual
stirrups hooked around tihe main steel. The plan was to cast
four beams. Two were to have no stirrups while two were to
be reinforced with stirrups designed to resist a working
shear load of 0.06f'c. The beams are shown in Figure A-1,

The beams were poured in sets of two, one beam
of each pair being reinforced with stirrups. One SR-4
Gauge was mounted on the shear reinforcing in each beam.

The beams were tested in the Zmery Testing llachine
by loading the beam as shown in Figure A-l. These beams
were loaded to failure, the application of load being con-
tinuous.

Table A-1 contains the cylinder strength and ul-

timate breaking load of the beams. In Figure A-2 the strain

readings versus 10ad are nlotted for the two beans.



- 66 -
TABLE A-1

Group 1 Ultimate Load ; Cylinder Strength?
Unreinforced 16400 1D, 79200 1lb. |
Reinforced 17300 1lb. - 2800 p.s.i.

Group 2 . " 1
Unreinforced 15800 1b. 86100 1b.
Reinforced 15100 1b. | = 3050 p.s.i.

From a comparison of the ultimate loads, the re-
sults indicate that the shear reinforcing had no effect.
The gauges show very little stress in this steel, the maxi-
mum stress being only 2910 p.s.i.

The results of these tests reinforce the results
obtained from the slabs, namely, that for thin sections
stirrups are ineffective as shear reinforcing. The small
variation in ultimate lo2d is the usual which can oe ex-
pected in tests on concrete beams. mven anchoring the stir-
rups around the tension steel had no effect.

While only four beams were tested, the results def-

initely show that further investigation is needed on shesr

reinforcing in thin sections.
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