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INTRODUCTION.

When the fire of March 5th, 1916 destroyed the
Engineering Hall and shops at M.A.C. it also, destroyed
all the departmental equipment. The more necessary
articles were replaced as soom as possible in order that
the college work might be continmed without interruption.

However, some things were not replaced immediately,
and among them was & machine for testing conorete beams;
8 very necessary part of the Civil Engineering Department's
equipment, for without a machine of this nature it has
been impossible to obtain the best results in Masonry
Design.

In oconferring with Professor Vedder upon a thesis
subject this year he suggested that a machine to test
ooncrete beams for flexure be designed and built, and as
the writers were utoroltod in ooncrete design, they
decided to take this subject for a thesis and by doing
80 add to their knowledge of oconcrete design, and, also,
leave a useful instrument with the college.

The writers wish to express their appreociation to
Professor Vedder for his help and many valuable suggestions
as to the design of such a machine, and, also, to Messra.
Hool and Johnson, the authors of the Concrete Engineers
Handbook which was used as reference thruout the work.
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HISTORY.

Before starting our work we studied the design of
similar machines that are on the market, for we wished to
make ours as practical as possible. After looking thru
the various manufacturers catalogues we decided on the
design shown on the following pages of this thesis.

We chose hydraulic jacks as the means of applying
the required pressures in the testing of beams, because
the engineering department owned two available jacks that
were not likely to be used for any other purpose.

Upon the suggestion of Professor Vedder the machine
was designed for the maximum duty of breaking a reinforced
conorete beam four by twelve inches in oross-seotion and
twelve feet in length. Using a beam of the above dimensions
as & standard and s basis of caloulation, we computed the
ultimate force that would be required to break it. To
this result we applied a factor of safety of five and
derived the sise of our machine base.

Aftexr our general design was approved we started
collecting the materials for the base-beam. The form was -
constructed of matched pine lumber that had been previously
used in a shed door; so we were assured that it was thourly
dried and would not warp.

The work of dbuilding the form was carried on as
rapidly as possible in order that the concrete might be
poured and have at least twenty-eight days in which to set
before undertaking the assembling of the machine. The



conocrete was mixed with a minimum percentage of water and
well tamped in the form. After setting it was sprinkled
with water several times a day for the first two weeks.

Due to the fact that when in use the tension side
of the base-beam will be the top, we poured the base-bean
up side down, and in this way avoided the necessity of
having to wark the oonoiote thru the reinforcing utooi
which is required in the top of the base-beam when the
machine 15 assembled.

When the base-~beam had set four weeks, we rolled it
over uuing_?vo punp jacks for the purpose, and when it was
in position the machine was assembled and put in working

order.
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DESCRIPTION.

The assembled oconorete beam tester, shown in Pig. 1,
was constructed in the cement laboratory. In designing it
was found that the beam would stand the load without
stirrups by placing thirteen 11/16"x16' round mild steel
rods in the top of it. But this amount of steel was near
the stress point and the writers decided to add stirrups
in order to meke it absolutely safe. 80 two rods 5/16"x16’
were placed in the bottom to hook the stirrups over and
then stirrups of 5/16" round rods were placed four inches
apart for a distance of five feet tou; inches from each
end of the beam. 8ee Fig. 2, for the plgoing of the steel.
The rods were held in place by wiring to the form and then
after the beam had set the wires were out.

After stripping the beam it was decided to paint it
with cement to make a smooth finished surface.

The hydraulioc jacks, rods and plates which were to
be used had been thru the fire and, of course, were in a
very rusty condition. To remove the rust they were first
thorly soaked with kerosene and afterwards the rust was
removed with sandpaper. The parts were then painted with
machine enamel.

In drawing sketches and designs the writers decided
to make the pump base of a concrete hollow square with a
hardwood top. The base is made of 1:2:4 conorete with 1/4"
deformed reinforocing rods at the ocormners. 8See Fig. 3.

The outeide dimensions are 18™ x 24" and the inside 10" x 16"
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allowing a four inch wall. In order to fasten the hard-
wood top to the concrete base it was decided to use
six machine bdolts inbedded in the conorete. Imn providing
enough bond strength on these bolts, 1/2" x 10" machine bolts
were requisitioned, and a two inch right angle bent on the
end, These were inbedded in the oconorete leaving 3-1/4"
protruding above the top.

The hardwood top, shown in Pig. 4, was designed to be
3" x 18" x 24" and was built up in the carpenter shop. Hard
pine two by four inch pieces were glued together and after-
wards the whole piece was planed on the planer. 8ix
,9/16' holes were drilled in this piece to correspond with
the bolts in the conorete base. Two 1/2" holes were then
drilled in the center to fasten the pump. A 1" hole was
drilled to let the suction pipe down into the oil tank.

The writers designed an 0il tank with an open top,
shown in Fig. 5, of No. 18 gauge galvanised iron. This
was designed to fit on the inside of the hollow pump base.
The 0il tank was made in the college shops. A heavy machine
0il is to be used in this machine.

The machine as completed rests on four cast iron
Plates, Fig. 7, two at each end. At each end five feet
nine inches from the center stands a hydraulic jaok.
(Fig. 11). There is a knife edge on the top of the jack and
this rests on a small steel bearing plate, Fig. 6. The
plate is designed to distribute the pressure so as not to

ocrush the conorete. Thru the center of the beam are four






steel rods (Fig. 8) designed to carry the load by tying

the standard beam to the base beam. The pressure 1is

distributed by two 3" x 12" x 18" cast iron plates, shown

in Fig. 9, one placed beneath the base beam the other &t the top
above the beam to be tested. The upper plate has a knife

edge as shown in Fig. 10, attached beneath it by a half

inch machine bolt. The upper plate is supported by two

nuts placed beneath it at opposite cormers.

The pressure is to be applied by a commercial hand
force pump with a 1" plunger. It is connected to the jacks
by a 3/4" flexible copper pipe to provide for varying the
span between the jacks by illowing them to be moved. The
pressure is mesasured by a gauge placed in the pipe line at
the pump.

I8 1t is desired to apply the load at third points a
steel I-Beam may be used in the center.

The development of the formmlae used, the analysis
of the standard beam, the calculations for the base-beam
of the machine, details and drawings of the machine are on
the following pages.






STANDARD NOTATION.

Fiber stress of steel.
Fiber siress of conorete.
External bending moment in inch pounds.
Modulus of Klasticity of steel.
Modulus of Rlastioity of oconorete.
Depth of beam to steel.
Total depth 64‘. beam.
Breadth of beam.
Area of steel.
Bs_
Eo
ratio of depth of neutral axis to depth 4.
ratio of lever arm of resisting couple to depth

Ag
steel ratio . -b-r-

a.



BILL OF MATERIALS.
REINFORCING STERL.

13 pos. 11/16" round rods
32 pos. 5/16™ round rods
2 pos. 5/16" round rods

CONCRETE.

18 sks. cement.
2 yds. 3/4" washed gravel.
2 yds. w sand.

FORM.

17 pos. 1 x 6 - 16 Y.P. Flooring.

5 pos. 2 x4 - 12 Y.P.
4 pos. 2 x4 - 16 Y.P.
24 60 Nails.
24 10 Fails.

ACCESSORIES.

16'
6!
16

- 0"
- 1!
-o'

1l only 1" 8ingle Aoting Boiler Tester's Feed Pump.
2 pos. 3/4" #4 gage seamless copper tubing 10 ft.

4 gasoline tubing oconnections.
2 - 3/8" Machine bolts and muts.

1 - 9-1/2 x 15-1/2" x 14" galv. iron o0il tank Pump Base.

1 only 3004 Gege.

1 - 3" x 18" x 24" built up wood top.
6 = 1/2 x 10 Machine bolts and nuts.



6 pos. 1"
é pos. 1"
é pos. 1"
6 pos. 1"

x 6" x 24" Y.P. Flooring.
x 20" Y.P. Flooring.
x 6" x 16" Y.P. Flooring.

x 6"

x 6"

Y. P. Flooring.



Lormylace for Working Stresses
The forimofas vsed may be deyveloped as fo/-

Sows:
7o7a/ compressive resistance = fota) Femsile
resisfance or REAbd =LK (a)

ASSuming Fhat deformations vary as 'tbe ors -
Tarces of fhe Frbers From Fthe neetral axiss
@rnd assuming Srress poroorsiomal ro Se/or-

martions _fo S which redvces 7o
Ehd £ o (7-A) S
= /-4 e
f"_ /5"7 7 Y "; W—; or
petta/t TR )
#: /r_”&_ (¢

Jhe total resisting momant of the bearsrr
/S Fhe som of Fhe mroments of the fora/
CorrprosSSive S/resses and of Fhe Foral Fen -
S// slresses abou? 1he peviral axss, or

M= S5hd (St hbd) + A (1-K) A1,
=BEAba? A s d(/-A) Ce)

£limrinating A betweer eguations (a) and (b)

Fhe Following Formels for stee/ ratio resol/ts.

P §/
RO
% lz7)
Inlrodveing Fhe ralve of £ inrte (a) From ()

Gk bd- Bonlr-fi)=0
LW -pbn(r-H)= 0O

fFomr whbich H=Viopnsion)* -pn= /ﬁ—‘ )
2z
Jet= B )
o Y (3
Y 5 > 77 A 2

Svbstituting the ralve of A fa Frosm (@) 77 to (<)
Sz k(- A b *

v LAY
c LA b aré(’:/‘;—’évr, or ’;zl_/'éa" (%)

Suésf/)‘z/f/'ﬂ_g rhe valve of £ From (a) snte (c) reiner
be//'.y /Z,=,oéd

- 7.
Mo=plyjba? or sat= L . or 4= T ()
So/ylﬁj (=)
£=25P or B4 _ ,or p=f4 (6)
A ~(l1-k) Zrh



Design of Macprye Bose
£=6350 £=/6000 n=/5
/(& F Coscrete
AsSume b= 26 srcpes

A= 7,+ 6200 = 0.579 Fromr ()

’TIxéeso

J= /- sx0379=0877 o (2)

P= 659 x 79= o oo77 »¢ (3)
L X/6000

/V=28000x 72= ;790000 spcs pLovnds

bd‘=’%%ﬁ= SFROO [fFor (4)
= 1/7. S . s
-4 Vjih“’* 23 5

P2 A oL . B
=0 00r7x26x 23 5= %7 26
Use /35 % rad = 2583

7 order to prevent rhe erds oFf
fhe beam shearing off dve Fo Fhe
pressvre ynaer rhe jacks Fhe base-
beam was made /6 Fr lorng

Volvrime = /6xR.17x 2. /5= 73 58 curr

or 273 cu_yas
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