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PREFACE

This thesis was carried out with the inteni of determining
the reliability of small scale reinforced concrete models of complex
structures as a methed of design. A 1/16 scale model of a typiecal
ten story building having shear walls for lateral stability was
chosen as the subject for investigation, Theoretical design methods
of shear walls and the experimental results determined from testing
were to be compared and the interaction of the shear wall with its
component parts investigated,

The content of this thesis really has two phases, First
the reliability and technical accuracy of the medel was investigated
and secondly the actual deflected shape of the model under lateral
loading was compared to a theoretical derivation, Chapters I to V
deal mainly with the accuracy of the model and a determination of
the material properties of the model, Chapters VI to IX deal with
the experimental results derived from leading the model and a

comparison to theory,
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Chapter 1

INTRODUCT ION

Model analysis as a metheod of design or as a check on
various theoretical designs has been useﬁ to some extent on this
continent but to a larger degres in Luropean couniries; i.e.,
Portugal, Spain, Italy, and Britain. The importance of model
analysis as a check on theoretical designs nas been recognized mors
in this country and U.f.4. as evidenzed bv the numerous articles

rrinted on this topic in the Portland Cenent Association, American

&

nd Amsrican Sodiety of Civil Enginsering Journals.
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ass has mainly been used for small scale models
homogeniety, and low modulus of

v, However it was difficult te justify using this material
to simulate reinforced consrete. Thus many Universities and obther
scientific bodies have been‘expl orin g the use of mecdel concvete as a
model material., Vhereas with plexiglass it was not uncommon to use a
scale factor as low as 1/40, a minimum seale factor for reinforced

concrete would have to be established. A scale of 1/16 has been

0n

uggested as giving satisfactory resulis by the University of Illinols
in their analvsis of flat slabs. However Furopean sources seemed to
indicéte that undesirable scale effects mav be introduzed in models
of a smaller scale than i/L. It appeared that as yet not enough

3 b

research has occurred using consrets as a model material o Justify

any one scale factor as being a minimuam,
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The purpose of this thesis project was to investigate the
theoreﬁicai analysis presently in use for shear wall designs, and
check these methods with the experimental results obtained from'a
~model, The only scale factor involved in the model was that of
dimension and therefore theoretically it was called an 'exact rmodel',
An important corollary to this objective was to show that the 1/14
scale model of a ten story reinforced concrebte building was iﬁ all
practicality an exact model. A large portion of the work involved
construction of the model to the proper degree of accuracy and in

keeping sufficient checks on material properties.

ii_ Scopes
The experimental work has been limited to the analysis of
the shear walls. This has resulted in a comparison of the experimsntal

results with varicus theoretical methods of design.

iii Theory of Model Studies.

Two ways to lock at the experimental and thsoretical anslysis
of this model exist. One was thet the model is iﬁ’effe@t a model and
there is a prototype. Howsver, since the prototype exists Gﬁ paper
only there was no real way of comparing tﬁe:exnerimeﬁtai results with
that of the prototype. There were slight differences between the
material properties of the proposed prototype and that of the existing
model. These differences were listed in Chapter IV, section v as the

differences between the theoretical model and the actual model. FEub



these differences had no effect on the accuracy of the model properties
themselves if these actual properties were used in predicting the “
behaviour of the model. The model itself was used in prototype form

as a comparison with various theoretical designs.

The relationship between a model and its prototype can bs
summarized in one general statement; If the linear dimensions of a
structure are scaled by a factor K, then the applied forces are
scaled by a factor K29 the applied moments wiil be scaled by a
factor Kﬂs the deflections will be scaled by a factor K, and the
strains and stresses will be unchanged. This statement applied only

if the pertinent material properties of model and prototype, as in
i P p ype,

this thesis, were the same.



Chapter II

DESCRIPTION AND DESIGN. OF MODEL AND PROTOTYPE

is Description.

The prototype building was a.hypothetical case and might
represent a typical multistory office tower or apartment block built
of reinforced concrete and containing a shear wall design. The
building for ease of construction consisted of a minimum.number of
bays in either direction. Thus 3 bays 16" in length in one direction

)
and 4 bays 16! in length in the other were used. The number of bays
was chosen for ease of loading with a wiffle tree systemc"The building_
was 10 stories high with 2 sﬁear walls running from the first floor
to roof, the bulilding being designed for lateral support in one
direction only. To be consistent with common practise ¢the column

and shear wall design was changed only 3 times in the 10 stories.

il.  Design of Prototype.

The entire design was of reinforced conci‘e‘tee The empirical
design methods as set out in the A%I Building Code (ACI 318-58) were
used for the {lat plate design, design of columns and'ﬁartially for
the design of the shear walls. The complete design with calculations
can be found in Appendix I. The shear walls were assumed to tzke all
lateral loads and were designed as two vertical cantilever beams. The
lateral wind loads were obtained from the NBC Supplement #1. The
eguivalent wind load was 17 psf with further appropriate modifications

for helght coefficients and height : breadth : length ratio. Each clear



floor height was 10 except for the first storey. With the imtention
of increasing stresses in this area and being consistent with practical
architectural features the first clear storey height was chosen a8 16°'.
Cross-sections showing the shear walls and exterior frame were shoun
in figures 1 and 2, Figures 3, L, and 5 show the different floor -plans _
for the three changes in column and shear wall design. Table Ila gave
the final design for the columns and shear walls.
The entire design was chosen with the prime purpose of
: having a structure consistent with present practical design methods.
The existing office tower at the Mall Centre Project in Winnipeg had
a similar design in that it had 4 shear walls for the full height of
its 10 stories designed as vertical canﬁileve§ beams. Sim:}.larlys
the new Millbank Tower in London, a 34 storey office tower, consisted
of a stiff central core which acted as a massive cantilever from the
foundation. The exterior columns were not considered to offer any
resistance to wind loading
The unit stresses used for design were as follows:
fle = 3,000 psi
fy = 40,000 psi
Es = 30 x 106 psi
Ec = 3 x 106 psi

n = 10

iid. Design of ths Model.

The model was built as an exact model on a scale of 1/1é

of the prototype. Thus the model characteristics were as follows:
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Ep
Wm = Wp
Am = 17164 p
M = {1{16}3 Mp
am = (1/16)° 4 p
(2/16)° Pp
(1/16)" Ip

8

Pm
Im

i

The model materials were chosen so as toc have the same
pertinent properties as the prototype materials. Chapters ITI and IV
describe the materials used and the check recorded on the actﬁal
properties. A discussion on the adeguacy of medel similariiy was
given in Chapter IV section v. The design of the model itself
consisted of applying the above model characteristics to the prototype
design to arrive at the appropriate reinforeing steel and concrete
dimensions,

The model was designed such that its foundation was perfectly
rigid and there was no possibility of sliding. A base of standard
3,000 psi concrete was poured in a form 73" x 5'9" x 5'6¢ giving a
toetal weight of approximately 3,000 lbs. To prévent sliding this
base was butted against a rigid steel testing frame. On top of thie
base a 13" slab 43" x 3!3" was poured using the model concrete. This
slab was securely aﬁchored to the 74" base with nails acting as steel
dowels. The column and shear wall steel was set in the 13" slab as

it was pourad. This insured no uplifting of the slab or rotation of



the foundation.

TABLE Ila

Design of Prototype Columng

3B, 3C, A2,A3,A4,D2, | A1, DL,A5, | Shezr Walls
233819019559 D5.

(2) (10) () (2)
1st 184 x 18" LW % 14 LM x 140 1620 % 10v
Verticals 10# 10 8# 10 64 8 10# 10
Ties #3 ties ¢ 18" #3 ties @ Li"| #3 ties @ 14" | #3 ties @ 10
Vert. Wall Steel #6 @ 18w
Horiz. Wall Steel #6 @ 11v

1 4th 16" x 160 14" x 140 127 x 120 1610 5 gn

Verticals 64 10 64 8 L# 8 Tt 8
Ties #3 ties @ 16" #3 ties @ 1LY | #3 ties ® 129 | #3 ties @ &
Vert. Wall Steel #6 @ 18v
Horiz. Wall Steel #6 @ 13"
8th 121 x 12w 129 x 129 12" x 12° 1620 x gu
Verticals L 8 L# 8 LF 8 Lt 8
Ties #3 ties @ 129! #3 ties @ 12% | #3 ties @ 127 | #3 ties @ 8"
Vert. Wall Steel #6 @ 18w
Horize Wall Steel #6 @ 13
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Chapter III

MATERIALS

In order to obtain z wmodel to prototype relationship as
described in Chapter I, it was necessary to find building materials
which have the required mechanical propértieso This became a
difficultvproblem as few of these materials were likely to be used on

a commercial basis. This creates two problems, one of locating the
material and one of being assured of a continuous supply with
consistent properties. The second problem proved the more difficult.
Since these materials were manufactured for purposes other than model
studies, there was often no reason for the manufacturer to keep a
close check on their mechanical properties., As a resuit methods had
0 be developed in the laboratory for assuring consistent and accurate

material properties.

i Mortar.

There were several requirements for the model material to
represent concrete. First, it was hoped to obtain a scaled down
concrete of 3,000 psi. Secondly, this concrete had to have the proper
slump and workability in order to eliminate air pockets and voids.

At the same time excessive shrinkage had to be avoided. Ii was also
important to keep the individual components of the wmortar comsistent
in proportion and moisture content. Thus because of the small sizes

and quantities involved it was necessary to be exact in 21l proportioning

and to have materials of consistent properties.



The model aggregate and sand was obtained from the‘éelkirk
Silica Co. Ltd. It was 100% silica sand and was obtained from Black
Island on Lake Winnipeg, Manitoba° A similar graduation of particle
size as used by the University of Ill:'\_no:'.s%1 was used here. The sand
particles were rounded, the % moisturs content was G, the specific
gravity of the sand was 2.65, and the finess modulus of the eompliete
aggregate was 2.20, The finess modulus of that part which was considered
sand was 0.88 and the maximum aggregate size was 0.08%, The'followihg

was the sieve analysiz of the medel aggregabe used:

TABLE IIla

U.S. Standard Sieve Sizes % Retained % of Fach Size
#10 -
#18 2,1 o
46,3
#30 z&-8 SL'-:— .
vso ) 28,2
! _7 - 18,2
#100 94 .7
#200 99.0 f:”f"
pan 100.0 N

The sand was obtained from Selkirk Silics in 3 sizes {passing
#16 held on #303; passing #30 held on #60; passing #60 held on #100}.
On further inspection in the laboratory it was found that these sieve
sizes were not accurate. It was also found that in buyiﬁg sand on
different days meant obtaining sand of different sieve sizes yet
labeled the same size. Therefore it was found necessary to:?e=sieve
the entire batch and re-combine in the proper pr&p@riianso This way
the ahove éradatiom wés obtained to a high degree gfeaccu?acye

5 See Bibliography.
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One point here was of prime importance. It was felt that
the atove procedure of re=sieving the sand to obtain a definite
proportion was unnecessary. However, it was found that in arbitraril
choosing any sand for different tests, using the same w/e ratioc and
% aggregate, that similar strengths were not obtained. Therefore it
would seem reasonable that if a sand of consistent particle sise and
graduation were used for all tests that consistent strengths should
be obtained, A suggested sige by the author would be #16 to #30
(Uo7, standard sieve sizes)  Selkirk Silica sand for 1/16 scale medel
worke This would represent, for the model, both the sand and gravel
or total aggregate for the mix, The actual laboratory sieve analysis

of #16 to #30 is shown below in Table IiIb.

TABLE IITb

U.5, Standard Sieve Sizes % Retained % of Each Size

#10

1.5
U=
¥1.8 1.5

L0

#30 g.}l ) 5 S .
#50 91 ‘ v

o
#100 o8 .

2
pan 100
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TABLE Ille
U.S. Standard Sieve Sizes % Retained % of each Size
#10 ; 0
g 15
#18 15
0. _
#30 15
72
#50 87
10 ..
#100 - 97
3
pan 100

In preliminary testing the sieve analysis of Table IIa
represented the model aggregate. In conjuction with this sand a
more wniform Selkirk Silica sand having the sieve analysis of
Table I1lIc was used in one test in order to compare the ultimate
strength-values. For both tests (2 cylinders per test) a w/e
ratio of 0.75 and % aggregate of 70 was used. In the case of the
well graded sand (Table IIIa} the goncrete sfrength was 2,450 vsi.
In the case of the uniform sand (Table IIIc) thé conerete strength
was 1,370 psi. This difference could be explained by the fact that &
well graded sand needs l@sé paste content (water & cement) than a
poorly graded aggregate. Here the w/c ratic does not‘necessarily
govern, but the distributien of the sand particles and resulting
arrangement of void spaces to be filled by paste and air is the
main ¢ auge of different strengihs. In order to cbtain better
dispersion an admixture (pozzolith) was used in both tests and in all
mortar used in the model. Thus the only safe conclusion to aryive at

was that more testing would be reguired preferably using #16 to #30
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sand as total aggregate and working out by experimentation a w/e
versus strengbh curve. Otherwise the same sand as shown in

Table IIJa could be used again, but the time and effort reguired to
re-sieve and proportion the sand was not thought worthwhile,

High-Farly-Strength Portland Cement was used in order to
obtain an early strength. This was necessarv in order to maintsin
en efficient construction programme.

Thus the materials used for the model concrete were: the

_proper sand, High-Early-Strength Portland Cement, pozzolith, and water,
In order that there be as little shrinkage as possible it was necessary
%o keep the % paste low. However, one other criteria in direct
conflict with this was the requirement of a high slump in order to
ensure proper placing of the mortar in confined arsas. Several tests
(see Table IIId) with past content varving from LO %o 23% and w/e
ratio from O,&O to (.89 were carried out. Mortar strengths and
workability were recorded. Using the lowest % pas® that would give
the required workability and strength a mix of 70% paste and w/c
ratio of 0.70 was selected (see Graph IITa).:

The admixture (pozzolith) appeared to have a very pronounced
effect on the results. It was a dispersing agent and its advertisers
claim it will increase the strength and workability of the concrete
with no increase in cement or water. The proportion of posgolith
used &# to 100# of cement) was suggested by the supplier, Master

- Builders Co, Ltd. Its effect can readily be deduced from the results
as shown on Graph Illa,

Without pozzolith and a low paste content of 24%, it was

found that as the w/c ratio decreased the strength decreased. This is
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the oppesite tovhat would be expected. However, because of the
fine material used it is necessary that there would be sufficient fluid
available to disperse the cement throughout the mortar. Therefore
an increased w/c ratio was one source, pozzolith was another, and
the third and most successful solution being a combination of both
a higher paste content and admixture. Once sufficient means of
dispersing the cement was available the relationship of w/ec ratic
versus strength appeared to function properly, as illustrated in
the third curve (30% paste with pozzolith). All the mixing of the
model concrete was carried out in a 2 cu. ft. capacity electric
mixer (see Plate 6). Measurements by weight of all materials were
taken on a balance scale to the nearrst ounce,

Different compositions for medel concrete have been used
guccessfully in different parts of the world. Table IiIe’is a list of

2
some of the model concrete in use at present. (2)

% See Bibliography.



TABLE IIId

Preliminary Mortar Design (See Graph IIIa)

Bt
0

Test cylinder size - 3% x 6¢

7

#8

#9

#10

77

77

77

77

77

70

70

«40

NAY

«50

<70

-85

+70

Pozz.

No
No
No
No
No
No
No

No.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Curing
Curing (Time in Avg,
Procedure| Days | fle]l flc
Hum. Room 7 2120
1960
Hum., Room 7 1800
Hum. Room 7 1230
1470
Hum, Room T 1710
Hum, Room 7 2010
2085
Hum, Room 7 2160
Hum. Room 7 2170
Hum. Room|{ 12 2690
ajir dried
2 days
Hum. Room 7 1088
1072
Hum. Room 7 1060}
Hum. Room 7 2350}
air dried
1 day
Hum., Room 7 2340
air dried
1 day
Hum. Room 7 2330]
air dried
1 day
Hum. Room 7 3180
aiy dried
1 day
Hum. Roow 7 3820
air dried
1 day

Workability} Vibration

-

Impossible

11

Impossible

Fair

Excellent

High Slump

High slump

Hodding +
Tamping
i)




TABLE I1I¢ (Cont'd),

Curing
Time in Avg,
Triall # Agg, |w/c|Pozz.| Procedurei Days | f'c| f£'ciWorkability
#11 70 {.50|Yes |Hum. Room 7 {4070 Regsonable
alr dried
1 day
#12 72 |.75|Yes | Curing 7 |22% Stiff
Comp o
Applied
72 [.75|Yes |Curing 7 3110 Stiff
Comp.
Appiied
72 1.75iYes |Curing 7 2800 "
Compo.
Applied
72 1.75{Yes | Curing 7 3330 "
Comp.
Applied
#13 61 1.59{Yes |Curing 7 3470 Excellent
Comp. 3350
Applied
61 {.59{Yes | Curing 7 3230 Excellent
Comp.
Appiied

Vibration

Redding +
Tamping.

External
vibration
with hand
vibrator.

External
vibration
with large
hand
vibrator

i

Rodding +
Ramping
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iil. Reinforeing Steel:

There were three types of model reinforcing steel used,

Une type for the column and shear wall reinforcing stesl, one for
the slab steel, and another for the lateral column ties. All three
types were obtained in any hardware store of various gages. However
it was found important to buy all the material of a required size

at one time to ensure consistent size.

Black annealed wire, more commonly referred to as stovepipe
wire, was used as the model material for the column‘and shear wall
reinforeing steel and for the tension steel used in the test beams.
The sizes used with the appfopriate gage number ave shown listed in
Table I1Te. The prototype steel and theoretical model steel required

are also listed,

TABLE I1II€

Sizes of Black Annesled Wire

Prototype Theoretical Model * Actual Model

#5 bar 0,625 0.0390" 19 gage 0.0395" + 0.0005"
#6 bar 0.750" 0.0469" 18 gage 0.0472" + 0.0005"
#8 bar 1.000" 060625“. 36 gage 0.0628" + 0.0015"

*The gage referred to is the "British Imperial
or English Legal Sgandard Wire CGage." The diameter
recorded in this column is the diameter of the wire

after cold working of the wire,

The original black annealed wire was tested to determine the

yield point and ultimate strength. The wire used in this test was
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19 gage obtained in small 8" diameter rolls. In order to free the
wire from any kinks it was firsﬁ loaded to 35# or about 30,000 psi
(see Plate 1). The original yield strength was appréximately

35$OOO psi and the ultimate strength approximately 47,000 psi. Cold
working of the steel was carried out for two reasons. It was necessary
to have perfectly straight wire for fabrication of the column S%éelﬂ
Secondly, it was important to have a consistent yield strength for
all the column and shear wall steel. The desired yield strength was
chosen as 40,000 psi to be consistent with ACI design. The resultant
ultimate strength after cold working was 55,000 psi. Table IIIf gives
the mean value of a number of tests carried out to determine the

yield strengbh of column and shesr wall steel.

TABLE ITig

Yield Strengih of Column and Shear Wall Steel

Gage Yield Strength Mean of Nach Test.

19 gage 40,750 psi
38,300 psi 39,420 psi
39,200 psi
16 gage 41,500 psi
40,300 psi 40,470 psi
39,400 psi
14 gage 40,300 psi
39,500 psi 39,980 psi
40,150 psi
1 gage 39,400 psi
39,400 psi
40,400 pai 40,500 psi
43,000 psi

Mean wvalue of all tests = 40,090 psi
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The reinforecing steel for the slabs (See Plate 5A) was a
iu galvanized screen mesh of 19 gage wire. The required model steel
%o assimilate the prototype design was 19 gage wire at 2% c.c.
spacing for the bottom mat. The 19 gage steel spacing reqguired over
the columns varied from 7" o.c. spacing to &" o.c. spacing. Therefore
the use of the mesh steel, although in some cases overdesigned, was
felt justified. The 3% galvanized sereen mesh was obbtained in one
roll three feet wide., Small sections were cut for over each column,
One solid mat was cut for the bottom steel. Samples of the mesh were
cut in the form of single strands and tested to determine the yield
strengbh and ultimate strengbth. The ultimate failure always occured
with fracture at a soldered joint. In each case ultimate failure
gecured before the yield point was reached, indicating the weakening
effect of the soldered joint. The average of the three tests carried
out gave an ultimate strength of 67,000 psi.

The lateral column ties were z2ll fabricated from 24 gage
brass wire. The diameter was 0.022% which corresponds to a #3 bar
in the prototype design. The brass wire was chosen because of its
ease in fabrication. The black amnealed wire could not be obtained
in sizes smaller than 19 gage {which corresponds to a #5 bar in the
prototype design). This size was impossible to fabricate accurately
into @@lumn ties, The yield strength of the brass wire was approx=

imetely 24,000 psi and its ultimate strength 58,000 psi.



Chapter IV

GONTROL OF MATERIAL PROPERTIES

It was quite evident that if adequate control of the
material properties was not carried out the model to prototype
relationship could not be relied upon. Therefcre certain goals
were attempted in keeping the properties of the different materials
uniform and accurate. It was attempted to keep dimensions of columns,
shear walls, and slabs to within 35%0 That is, for columns and shear
walls this would be in the range of,j508" and for slabs +.02%,
Similarly the properties of mortar and steel were also carefully
checked and recorded. The methods of conetruction were arrived at
with the aim of ease and rapidity of construction, accuracylmf

dimension, and wniformity of procedure.

i. HMortar Test Cvlinders.

A number of 3% x 6% test cylinders were cast and tested (See
Plate 2) with verying mixes and curing procedures before a final
design and curing procedure was chosen. The main purpose of casting
vest cylinders for this project was to be able te predict the properties
of the mortar actually placed in the model. The methed of curing the
mortar placed in the model would therefore have to be the same method
spplied to the test eylinders. After careful consideration,'it was felt
that application of a standard curing compound immediately after initial
set of the concrete or removal of forms was best adapted to this project.

Thus the top of the floor slabs were sprayved before initial set of the



mortar, All obther surfaces were first spraysd with water on removal
of forms and then with curing compound approximately five minutes
later. The same method of curing was applied to the test cylinders.
Although this mayv not be ccnsidered as the most ideal method for
obtaining maximum strength of conerete, it was felt that this method
of curing would give a material of more uniform sbrength. That is,
since the construction period carried on from March 17th to May 22nd,
approximately 2 months, the curing period varied from 78 days tc

21 days. However, because of the curing procedure adopbed, the
average strength did not change within this time periocd. Graeph IVa
will illustrate this more clearly.

Two test cylinders for each floor and 4 test cylinders for
each set of columns and shear walls were normally cast. A btotal of
71 vest cylinders were ¢cast and tested for control pufposese (See
Table IVa). A statistical analysis gave an average strength of

. en ot + r N + Yoae
2.210 psi and standard deviation of = 367 psi or = 16.6%. A cumiistive

probability curve was shown on Graph IVb, A comparison casn be drawn
between probabiliiy curves published by the Massachusetts Institute of
Technology showing a conecrete having "good! and "poor' control. {2)

Six test cylinders were insbrumented with mechanical dial

N 6 . o -
curves indicate an average value of Eg= 3.2 x 10~ psi. {See CGraph TVe)e

The average ultimate strength of these six cylinders was 1970 psi.

#3

See Bibliography
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TABLE IVa
Mortar Test Cylinders

Size = 31 x 60

w/e = 0.70 A
% aggregate = 69 to 70%
Admixture = pogzgolith

Date Curing
Logcation Date Cast Tested Time f'¢ | Workability

1st floor | March 18 |March 25 7 days | 2575 | Excellent

1st floor | March 18 |March 25 7 days | 3030 | Excellent
Cols. lst to Znd | March 25 June 11 | 78 days | 1410 | Excellent
Cols. lst to 2nd | Marech 25 June 11 | 78 days | 1630 | Excellent
Cols. 1st to 2nd | March 25 June 11 | 78 days | 1570 | Excellent
Cols. 1st to 2nd | March 25 June 11 | 78 days | 2070 | Excellent
Cols, 1st to 2nd | March 25 June 11 { 78 days | 2130 | Excellent
Cols. 1st to 2nd | March 26 dJune 11 | 77 days | 2150 | Excellent

2nd floor | April 1 June 12 | 72 days | 2450 | Stiff
2nd floor | April 1 June 12 | 72 days | 2290 | Stiff
Znd floor | April 2 June 12 1 71 days | 2660 | Excellent
2nd floor | April 2 June 12 | 71 days | 2250 | Excellent
Cols. 2nd to 3rd | April 5 June 12 | 68 days | 2430 | Excellent
Cols. 2nd to 3vrd | April 5 |April 28 | 23 days | 2900 | Excellent
Gols. 2nd to 3rd | April 5 |April 28 | 23 days | 2680 | Excellent
Cols. 2nd to 3rd | April & June 11 | 67 days | 2190 | Excellent
3rd floor | April 7 June 12 | 66 days | 1910 | Excellent
3rd floor | April 7 June 12 | 66 days | 1900 | Excelient
Cols. 3rd to Lth | April 9 June 11 | 63 days | 2660 | Excellent
Cols. 3rd to 4th | April 9 June 11 | 63 days | 2220 | Excellent
Cols 3zd to Ath April 9 June 12 | 64 days | 2060 | Excellent
Cols. 3rd to 4th | April 9 June 11 | 63 days | 2350 | Excellent
Lth flcor | April 13 June 12 | 60 days | 2310 | Excellent
4th floor | April 13 June 12 | 60 days | 2350 | Excellent

Cols. Ath to 5th | April
Cois. 4th to 5¢h | April
Cols. 4th to 5th April
Cols. ith to 5th | April

5th floor | April

5th floor | April
Cols. 5th to 6th | April
Cols. 5th to 6th | April
Cols. 5th to 6th | April
Cols. 5th to 6th | fpril

6th floor | April

6th floor | April
Cols. 6th to T&h May
Cols. éth to 7th May
Cols. 6th to Tth May
Cols. 6th to Tth May

June 11 } A9 days | 1650 | Excellent
June 12 | 90 days { 2180 | Excellent
June 11 | 49 days | 1860 | Excellent
dune 11 | 49 days | 2L00 | Excellent
June 12 | 48 days | 2570 | Excellent
June 12 | 48 days | 2600 | Excellent
June 12 | 46 days | 1860 | Excellent
June 12 | 46 days | 2100 | Excellent
June 12 | 46 days | 2100 | Excellent
June 11 | 45 days | 1840 | Excellent
June 12 ! 44 days | 2250 | Excellent
June 12 | 44 days { 2170 | Excellent
June 12 | 42 days | 1940 | Excellent
June 12 | 42 days | 2240 | Excellent
June 12 | 42 days | 2470 | Excellent
June 12 | 42 dgys | 2240 | Excellent

NN NN NN BN
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TABLE IVa (Cont'd)

Mortar Test Cylinders

Sige = 3% x 6V

w/e = 0,70

% aggregate = 69 %o 70%
Admixture = pozzolith

Date Curing
Location Date Cast Tested Time fl¢ | Workability

June 12 | 39 days | 2930 | Excellent

7oh floor May 4
Teh fleoor May 4 June 11 | 38 days | 2720 | Excellent
Cols. 7th to &th May 6 dJune 11 | 36 days | 2430 | Stiffer
Cols. 7th to 8th May 6 June 11 | 36 days | 2820 | Stiffer
Cols. 7th to 8th May 6 . jdJune 11 | 36 days | 2820 | Stiffer
Cols. 7th to 8th May 6 June 11 | 36 days | 1950 | Stiffer
8th floor May 7 June 12 | 36 days | 2290 | Excellent
_ 8th floor May 7 June 12 | 36 days | 2330 | Excellent
Cols. 8th to Sth May 9 dJune 12 | 34 days | 2120 | High slump
Cols. 8th to Gth May 9 June 12 | 34 days | 1735 | High slump
Cols. 8th to 9th May 9 June 12 | 34 days | 1950 | High slump
9

Cols. 8th to 9th May June 11 § 33 days | 1660 | High slump

th floor May 11 dJune 12 | 32 days | 1950 | Excellent

9th floor May 11 June 12 | 32 days | 2000 | Excellent

Cols. 9th to 10th May 12 dJune 12 § 31 days | 2020 | Excellent

Cols. 9th to 10th May 12 June 12 | 31 days § 1420 | Excellent

Cols. 9th %o 10th May 12 June 12 | 31 days § 1815 | Excellent

Cols. Gth to 10th May 12 June 1L | 30 days | 2190 ; Excellent
- 10th floor Mey 13 June 12 | 30 days | 1735 | Stiffer
10th floor May 13 June 11 § 29 days § 1600 | Stiffer

Cols, 10th to roof] May 19 dJune 11 | 22 days | 2350 ;| Excellent

Cols. 1Cth to roof} May 19 dJune 11 { 23 dgys | 2530 | Excellent

Cols. 10th to roof} May 19 June 12 { 24 days § 2750 | Excellent

Cols. 1CGth to roof] May 19 June 12 | 24 days ¢ 2370 | Excellent

Roof] May 22 June 12 | 21 days | 2260 | Excellent

Roof! Hay 22 June 12 | 21 days | 2540 | Fxcellent
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ii, Beam Tests.

Several beam tests were carried out in order to arrive at
some conclusion as to the scale effect, if any, in roing from full
scale to 1/16 scale. Part of the 4Lth vear Civil Engineering course
involved testing 12" x 14" x 60" concrete beams having different
types of steel reinforcing. Beam /4 of this series was used as the
prototype and five tests arbitrarily chosen from the rast 10 years
were recorded for comparison. The structural details of the prétotype
beam and corresponding 1/16 scale model beam are shown in Table IVb,

Preliminary beam tests were first attempted in order to
arrive at an efficient and accurate method of loading and recording
deflections. It was found necessary to use scaled down bearing plates
for load and support points as shown in the following sketch {also

see Plates 3 and 5b).

f = Losd
|
Flrey OOl Ll G777 777 C 7P Frriper F777 dPP i re7e 07 78 777

With this method of loading two test series were carried out.
The first test series involved 5 model beams with physical properties

as listed in Table IVb., The prototype failed due to an initial tension



&y

# 56t

ted 046 °2

ted 000" 0

gutoeds ,8/1 1@
seJaTm 8S®iq 8ded Tg

‘uy °bs ¢2600°

(soatn 83e8 4T-¢)

2ee

RS

sd Qz7°z

ted 0pO°oY
cJugoeds

u8/T e sedTM
ggviq aded T

*ut °bs Q0L00°

(sodTm 2888 4T-7)

pUL Yowe 9®

22ITM 9383 TP - & |

ut °bs 8500° .

pue yowe
1’ sd'q ¢f = 6

ut bs 67°1

sdnixtag

UOISUeq UL 8Y

»00%° nG0%° u008° ug 9
w9EL° w9EL® u0%4° AN P
nZ98° ne98° n§l8° Wit a
8§L°¢ 0§4° € R TASS 409 ygduey
IT soTd8g 1389] 1 89TJI8G 4897 °p,bay °dodg Tepoy adfq090ag gorazadoayg

mmwwhwaoam Tepoy Tenioy

$licoy [OPOH DU® 9UA%0%0dJ JO SOLAL000X] (eAnionidg

GAT Tiavd



TABLE IVe

Test Results of Mocdel Beam Series 1

L2
R

ggag Stress Centre line deflection in inches Strain
P {Mpa| 1 2 3 5 5 | fverage | A/L
0 0 0 0 0 0 0 0 0
25 57 o 0019 | 0019 0012 0 0012 00032
56 | 1i4 0019 | .0030 | 0030 { 0020 | 0007 <0021 00056
75 1171 0030 | .0040 | .0039 1 0028 | .0010 0029 Q0077
100 | 229 20029 |.0051 | .00L7 i 0038 | 0018 0037 00099
125 | 286 .0038 | .0059 | COLD | 0042 | ,0028 -00L3 00115
150 | 343 -0039 | .0060 | .0058 1 .0052 | 0037 0049 00131
175 {400 Q0L8 | 0070 | 0070 | 0062 | 0037 -0057 00152
200 | 458 0058 | .0088 | .0087 | 0071 | .00L0 0069 -0018%
250 1572 0080 | 0120 | 0121 | 0088 | .C057 0093 -CO248
275 | 629 0097 | .0LAY | 0151 | .0112 | 0068 0115 00307
300 | 687 0108 [ .0260 | 0261 | 0120 | .0088 0167 004 L6
325§ Tidy .0118 0190 { 0101
Beam No, Ultimate Load
1 362 #
2 310 #
3 303 #
& 347 #
5 340 #
mean 332 #

TN




TABLE IVd

Test Resulis of Model Beam Series 11

Y3
4\

[
e

Load in # Stresg Centre line deflection in inches Strain
P Mo d i1 2 Average AL
O 0 O O ¢ Y]
25 57 0015 G010 0013 00035
50 13 0020 0019 0020 00053
75 7 L0025 0025 00067
10C 229 0029 0035 0032 00085
128 286 0034 Q040 0037 00099
150 343 0039 0049 Q04 00117
75 400 «00LL 0059 0052 00139
200 558 0046 0070 .0058 00155
225 515 L0058 L0080 0067 ~O0LTE
250 572 0064 0082 L0073 <0195
275 629 0075 .0088 0081 00216
300 687 ~0081 0065 0088 00235
328 Thh 0080 0101 0095 0025%
380G 801 LOLCO L0110 0105 00260
378 858 L0110 0119 0115 00306
Eeam Nqé Ultimate Load,

# 1 397 #

#2 393 #

mean 395 #




TABLE JVE

Test Resulits of Prototype Beams

~3

LWN]

load | Stress
1n _ Centre line defléction in inches Strain
kips | - s N
P IMbpeq 1] = 3 4 5 averape | A/L
o 0 | ¢ 0 0 0 0 0 0
51 43 017 | 015 | 0221 010 ] 010 015 00025
10| &7 | .028 | .028 | 031} .02 | .016 028 .00042
15| 130 | 038 | 039§ .038 | .032 | .025 034 00057
2010 17, | .on8 | .05L | .0&7 | 044 | .036 OL5 00075
251 217 | <059 | 065 | .060 ] .0%5 | .OLE 055 00092
30 | 261 070 | 079 | 074 1 077 | 060 072 00120
35| 304 | 080 | 091 | .086 | 083 | .073 083 00138
O 347 091 2095 | 099 | 095 | .086 2093 .00155%
51 390 | 106 | .120 | .112 ! 105 | .101 109 00182
S0 | 434 | 319 | o135 | 125§ J12% | .l22 122 00203
55 | A77 | o131 | 149 | 236 @ 134 | .126 135 00025
60 | 520 <146 162 | 150 | 145 | L139 o148 00247
65 | 563 <159 179 1 L1641 16D | .152 «163 00272
70 1 606 | 170 | .195 | .178 | 172 | .166 176 © 00294
75 1 649 | .188 | .235 | .93 | .201 2204, ~s00340
a0 | 693 2275 | <330 | 208 271 00450
85 | 736 | .338 2338 00565
Beam No. Ultimate Load f'e
# 85,45 2730 pei
#i2 822" 3080 pss.
- }
#3 85.8" 2340 psi
#, 81.0% 3440 psi
#5 88,75 2790 psi.
mean 8Aaék 2876 psi




Graph IVd

STRESS vs STRAIN CURVES for BEAM TESTS
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failure in the concrete and ultimate failure due to compression at the
top céntre portion of the beam. It is more than adequately designed
for shear. However, the results of test series I gave 21l shear
failures. On closer inspection it was found that the stirrups had
failed in bond due to the fact that the return hook on both ends of
the stirrups were cut short. Thus the bond failure in the stirrup
caused diagonal tension cracks to develops, This érror in fabrication
was corrected in test series II. The return hook on the stirrups
was manufactured according to standard speéificatidnsa The two
model beams of test series II failed initially due to yielding in
- the steel and ultimitely due to erushing in the concrete (identical
failure tc the prototypej. The physical properties of test series IT
were also recorded in Table IVb.

For test series I and II centre line deflection was réearded
.with increase in loads. Stress vs strain was recorded in the form
M/bd2 vs 4/L for test series I and IT and for the prototype b eam,
Tables e, d aﬁd e gave the results of the individual tests and the
average for each test. The average values for each of the two tesi
series and the_averége value for the prototype series are illustrated
in Graph IVd. |

A comparison between ultimatée load capacity of prétotype to
model to theory has been worked out for model test series II and also
two preliminary beam tests which did not have a premature bond failure.
The ratio of failure load to ultimate design load for these thres model
ﬁesﬁs is compared to the ratio of failure load to ultimate design load
for the prototype. This allows a true comparison of modgl to

prototype as all discrepancies between the theoretical model and



X

actual model would be considered in this ratio.

Preliminary Model Test Beam #1

No., of beams = 1

A8 = 00500 sq. ins, b = 500"
£'¢ = 1960 psi d = 736
£, = 40,000 psi
y = 40,000 p
P, = 3504
failure = initial tension failure, ultimate compression in concrete

_ My 005 x 10,000
= bd e T 500 x 0,736 % 1960

= c277

Ultimabe ﬁcmenﬁ = bd2 fle g {1 - C.59q)

I

.500 (.736)% 1960 (.277) (1 - .163)

= 123 "
PO - S 2
Pa = Thos = 197

Ratio of failure load to ultimate design load = %g% = 1,78

_ 500500 x 100
P =500 % .735

= 1,36%

Preliminary Model Test Beam #2.

No., of beams = 1

AS = ;00704 sq. ins. b = ,500%
fle = 2450 psi d = 736"

?y = 40,000 psi

P = &70#

failure = ipitial tension failure; ultimate compression in concrete,



Theoretical P = 272#
ratio of failure load to ultimate design load &'%%% = 1.73.

= 1992%

lodel Test Series II:

No. of beams = 2

A, = 00525 sq. ins. b = .500"
£'¢ = 2570 psi d = 736"
£ = 40,000 pei

P, = 3954

failure = initial tension failure, ultimate compression in concrete.

Theoretical P = 216#

u
ratio of failure load to ultimate design load = %%% © 1,83
200525 x 300 . .
b= TS0 % J736 ~ LebIEe

Prototype.
No, of beams = 5

AS = 1,49 sg. ins. b = 84

fle = 2176 psi 4 = 1ot
£ = 55,000 psi
P, = 84,6004

fajlure = initial tension failure, ﬁlﬁimate compréssion in the
concrete,
Thebretical P = 81,000#
ratvio of failure load to ultimate design load = %%f%%% = 1,04,
p = 1.55%

& UNVERg 5,
LIBRARY /
- OF manirosh




p/2

#{
~.
o

?/2 P/E

My

lyoiecal crack distribution on failure of model beams
/2 /2
M,,M’”

NN T

p/2 ‘ P/2

Typical crack distribution on failure of nrototype. beams

»
)

Pioure 6
i Him i Aol 5 S




The average of the three ratios for the model beams was
1,78 + 0.05. The ratio for the prototype was 1.0k, That is, the
prototype compared within 4% of ultimate theory and the medel b eams
had a capacity 78% higher than ultimate theory would predict. There
was therefore an increage in flexural strength of 74% due to "scale
effects, |

There was also a pronounced diffefence in the ¢rack
distribution on failure. This was illustrated in figure 6 which
showed the model and prototype beams after failure. In the prototype
(sce Plate 5¢) the tension cracks were distributed throughout thé
beam in the form of numerous small cracks. However, in the model

all beam failures developed one and at rost two large tension cracks

and no further crack distribution.

dii. Column Tests.

ﬁodel mortar columns were designed and tested with the
purpose of establishing a relationship between full seale and 1/16
scale columns. In this case there was no prototype to relate back
to. A comparison has been worked out between model results and
theoretical design methods.

One type of column was tested. It has a similar design to
the upper 1lifis (columns 8th floor to roof). Fleven tests were carried
our for this design. All model columns are in the short column
category. Six columns of column test series 1 were tested to failurse
using the 30,000 pound Baldwin testing machine {see Plate 4)s
Deflection readings were taken and cne SRL gage was placed on sach

column, However, the method of testi roved not too sabisfator
5 P 7
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as the columns appeared to fail premsturely due to unsymuebrical
loading and bond failure of the column steel in the upper or lower
portions of the column. Thus most of the columns failed by a corner
shearing off with 1little or no load being transferred to the steel,
For the results of column test series 1 see Table IV G. These ervors
in testing were corrected in column test series 2. Five columns of
the previcus test series were cut shorbter using 2 dismond saw from the
Geology Department. Thus the length was cut from 7" &o approximately
437, As the 7% column was within the short column category an increase
in strength sﬁould not be expected due to the shorter column, This
time, however, the surfaces of the columns were ground smooth top and
bottom and the concrete waes flush with the steel. No sulfur cap o
spnerical head were used. The testing procedurs appeared satisfactory
and typical column failures occcurred. For the results of this columsn
series and a comparison with a theorstical analysis see Table IV h.
The properties of the mortar mcdel columns are given as

follows for the different series:

Column test series 1:

‘e = 2420 psi

)

#
F )
E
o]
ko]
~d

size of eclumns -
+ .
ug == 0458 = QG}. SQQ 1‘5’180
fy = 40,000 psi
As = 0.0124 sq. ins. {4-16 gages wires)
no. of cols, tested = 6
average ultimate load = 1123#
ties = 2k gage brass wire ties @ £% spacing.

p. = 2.1%

g



Column test series 2.

flec = 2420 psi
size of columns = 28 x 20 x hiu
Ag = 0.58 £ 0,01 sq. ins.
£y = 40,000 psi
As = 0.0124 sg. ins. {4 - 16 gage wires)
no. of cols. tested = §
average ultimate load = 1270#

ties = 21 gage brass wire ties @ £" spacing.

f

P 2.1%

g
In column vest series 2 the thmoretical strain readings
were arrived at by the following simple derivations

PF,=P 2P
© g 8

» 6

f elasticity of concreie = 3.2 % 10

=
i
=
)
[N
[
el
]
)
o]
;_1

where
. psi
.A = Oa 58 = 001 = 0857 SQG iHSo

modulus of elasticity of steel = 30 x 106 psi

53]
i

A= 0.0124 sq. ins.
P, = tobtal load applied to the column.

There seemed to be little corrslation between the three
different sets of values for strain. The theoretical values were
lowest, the SRL strain readings came next by a factor of approximately
1.7, and the dial gege readings were highest by a factor of approxi=

mately L.5. Further testing wonld be necessary to give adequate



TABLE TVE

Column Test Series 1

5

Strain Readings in Micro inches/inch

Cole #1 | Col. #2 | Col. #3 | Col. #4 | Col. #5 | Col. #6
Toad | Dial | SRA | Dial | Sh | Disd | SRy | Dial| Smy |Dial | Smu | Dial | say
0 ol o© of ol ol o ol o© ol o 0f O
200 [1300| O] 1575} 156 | L4O| 15| 340|203 | 5851 67| 345|230
400 2450 | o) 17701 2771 770 | 45| 585|380 {1160 170 | 6151 385
600 {3430 | 155 | 2140 | 381 11330 | 95 {1010 520 {1430 | 240 | 285 | 510
800 | 4,600 2160 | 490 | 2000 {185 | 1730 | +00 | 1630 | 350 | 1160 | 530
1000 | 6720 | 540 | 3030 | 635 2600 | 287 | 2030 | 490 {1310 | 750
1200 1590 | ©68
1400 1740 | 983
Column Noo Ultimate Load

#1 1120#

#2 985#

#3 830#

#h. 10654

#5 11754

#6 1560#

Average 11235#




TABLE IV

Column Test feries

11

T
3

Strain Readings in Micro inches/inch

Col, #1 | Col. #2 | Col. #3 | Col. #: | Col. #S
Load |Dial | SR} | Dial | SRA | Dial | SRA | Dial | SRA4 | Dial | SR |Design
o{ of of o} ol o} o oy o ol o o
200 | 267 1180 132|318 265 |275| 238 | 23| 65023, | o
40O | hit 13361 8861448 7071487 475 | 53 {1088l az4 | 12
600 | 5111453 | 1340 5711 1300 | 670 | 1535 [ 365 | 13901} 621 | 273
800 | 733 1 593 | 1990 | 640 | 2210 | 724 | 1970 | 273 | 1960 | 769 | 364
1000 | 975 730 | 2590 | 693 772 | 2250 | 4,05 g2i | 455
1200 11380 | 240 | 3120 | 785 2680 | 560 | 5070 | 82, | 5%
1400 3760 | 900

Goiumn No.

#1
#2
#3
i
#5

Average

Ultimate loagd

13034
14304

1000#

13254
12854
1270




o
!’;g.c’;

reasons for the variation.
However, the ultimate failures was typical of lateral tied
reinforced concrete columns. All failures occured due to buckling
of vertical steel between the lateral ties, Also the ultimate
failure checked reasonably close to ultimate theorya
The average of the results of test series 2 was 12704 220%
(see Table IV h). By ultimate design theory the column capacity was:
P, =@ (0.85 £¢ (Ag - AS) + A fy )
where @ = 0.70, a reduction factor for unavoidable eccentricity,

P =0.70 {0.85 (2420)(0.580 ~ 0.012) + 0.012% x 40,000 .)

[

!

1165#

i

Thus the test results were approximately 10% higher then theoretical

results,

iv, Slab Tests

Four slab tests were carrvied out in order o give an
indication of the increase in strength with the use of 19 gage wire
meshe. ALl slabs were loaded at thethird points as two-way slabs
although reinforcing steel was placed running in both directions.

Two slebs were reinforced with black annesled wire on a " grig

and two slabs were reinforced with the 3" wire mesh. (See Plate 5a)
However the same size of slab and area of reinforcing steel (in the
direction of maximum siress) were used in all k slabs. The structural

properities:of these slabs are listed as follows:



Structural P

TABLE IVh

reperties of Test Slabs

Properties Test 1 Test 11

No. of samples 2 2

Size -513% x 1,99n <523% x 2,020

x 5.00% x 5,000

Type of steel black annealed 4% 19 gage wire
wire mesh

d ob 10 L2 "

b 1.99¢ 2.02%

As in btension
ff
fia

P“
et}

P
Yoy

9

PU_

P

00375 sqg. ins.
40,000 psi
1960 psi

954

95#

00379 sg. ins.
67,000 psi

2450 psi

yield.

Reinforeing steel for test 1 consisted of 3-1i% gope

transverse direction.

g

A_ £
v

ALl wire was cold worked to 43,000 psi
bl >

200375 x 40 000

4= fFg e

ultimate moment = b

1.99 x o414 x 1960

annealed wires running in the longitudinal direstion and 7 in

The ultimate design of these two slabs was as follows:

= o093

& T g (3 - 0.59 q)

@

o

P
&
i

ack



50

~ 1.99 (.414)°% 1960 (.093) (1-.055)
= 58,8"#

P = 2222 . 7048

ratio of failure load to ultimate load = $%§Z = 1,35
. 4 4
Reinforcing steel for test 11 consisted of the 4" wire
mesh. Three wires were running in the longitudinal direction and
eleven in the transVerse direction. The ultimate design of these

twe slabs was as follows:

e psetnrt

00379 x 67,000
2,02 x 424 x 2450

= o121

s

ultimate moment = 2,02 (J424)% 2450 (L121) (1-.0713)

= 1000#
. 200 .
?u * T893 120#
e o s s . ls8g
ratio of fallure load to ulitimate load = 30 1.57

The elastic behaviour of the slabs should be identical
but the ultimate lead in flexure of the slab reinforced with wire wmesh
was almost twice that of the slab reinforced with the same area
of black annesaled wire at 40,000 pei yield. The main reason for
the increase in the slab reinforced with wire mesh was the high
yield stress (67,000 psi). The fact that a rreater area of stezl
was actually used in the model (mesh is at 4" spscing while design

calls for 2" spacing} will also increass the capacity of the



existing model siabs. Thus the model building slabs would fail at
188 x f%% /0. or 4,00 times the predicted design. The ratio
of failure load to ultimate design load for the slab reinforced with
black annealed wire and the slab reinforced wibth wire mesh wés 1.38
and 1,57 respectively. Thus there was an increase in flexural strength
of the 1/16 seale slabs over ultimate design theory of 35 o 57%. The
% of steel in these slabs was less than £%. _

The crack patberus again were oubstanding in that there was
no erack distribution. All four slabs failed due to the development

of one and sb most two tension cracks.

v. BDiscussion on Adeguacy of Model Similariiy.

The previous tests in Chapter 1V were all performed 4o
determine the accuracy of a reinforced concrete model of 1 to 16 scale
in predicting prototype behaviour. There were two main questions
which had to be answered. The first was whether the medel could be
built accuratsly in dimension and the strustural properties of all
its members accursbely controlled., The sécond was whebher thers
were unexplainable Yscale effects? cccuring in this seale range and
if so what wers they and what effect did they have cn the ultimate
capacity and elastic range of the model.

The first question appeared tc be answerasd. The control on
ﬁhe concrete poured and reinforcing steel placed was adeguate, All
reinforcing steel in the model {except for the floor slab steel) was
maintained at 40,000 psi yield and well within i5%$ The floor slab
steel, when the incrsase in yield strength, grid spacing and "scale

effects"’ were considered, was overdesigned by a factor slightly larger



than four, However, this was not considered serious as the elastie
behaviour of the slabs should not be altered. The physical dimensions
of the slabs remained within 5% and the small % of reinforcing steel
{less than 1f2) would not affect the flexural rigidity of the slab.
The ultimate strength of the concrete was determined from an adeguate
number of concrete test cylinders and found to have & standard

viation from the mean steength of 16.6%. This was believed well

[u X
®

withia normal control expectations as illustrated by Graph IVb,
The answer %o the second question with respect to "scale
ffects® was more difficult to analyse. There was a definite increase
in strength in the medel beams as compared to the prototype beams.
This increase was again evident in model slab tests. Both of these
tests (model beams and slabs) were strictly flexural failures, The
increase in strength of model to prototype varied from 35% to 74%.
It was exceptionally consisbtent for the three different model besm
tests being an incresse of T4LY (fﬁﬁ}o The distribution of tension
cracks in the model beams and slabs varied considerably from the
pattern d eveloped in the prototype beams. {see Figure 6 and plate 5g)
The 1/16 scale model beams developed one or two large cracks while the
prototype had a distribution of numerous fine cracks. Within the
elastic ranre the mcdel beams compared quite favourabl& to the
prototype. The model, however, appeared to be slightly stiffer than
the prét&ﬁy@eg This could be explained by the early development of
fine cracks in the prototype and the resulting deviation from the
load deflection curve of the model {(see Graph IVd).
The inability of small scale models of reinforced concrete

vo distribute concrete cracking throughout the lenghth of the member
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had been evident for some time. In a series of tests carried out by

Massachusette Institute of Technology in conjunction with the

% .
Universidad Central in Caracas, Venesuala on model beams (@)

it was
found that an increase in flexural strength was evident with increase
in seale factor. Also, this increase in strength was related directly
%o the % of reinforcing steel used. If large percentages of steel
were used {in the order of 4%) there were significant increases in
strength for small scale models., As the percentage of steel decreased

L

the increase in strength was not as pronounced. The percent of

reinforeing steel in the model slabs was less than % and the increase

in strength varied from 35% to 57%. The percent of reinforcing
sbeel in the model beams was 1.6% and the incresss in strengbh wag

onsistent ab T4%. This would appear to be comparable with the

(e

gxperiments stated above., These tests deal only with flexural behaviour.
The model columns tested. in Section 1ii of Chapter IV indicated an
increase in strength over ultimate design theory of 10%. Thus in
straight compression there appeared to be a less significant increass

in strength due to ‘ascale effeetsh.

l<i
=
[

It would be reascnable to expect excellent comparison of
1/16 seale model with full scale results within the elastie range.
However, at ultimate failure there would be a pronounced increase
in capacity of the 1/16 scale medel (depending on the percent of
reinforcing steel) in the order of 75% for flexural failures. Bond
failures were not analyéed extensively but from experience in testing

and printed literature bond defects could be a problem. The expected

¥ See Bibliography.



increase in sbrength for compression failures would be in the order
of 10%. These figures of inerease of strength due to "scale effecta"
would be used as a guide only as not enough testing had been carried

4,

out in each case to justify an exact statement.
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Chapter V

METHODSE OF CONSTRUCTICN

i. Placing and Fabrieation of Column and Shear Wall Steel.

All steel was placed according to the American Concrete
Institute Building Code, 1956 edition. The lateral ties for column
gnd shear wall steel were soldered in nosition with the use of
All-State Paste Sclder (see Plate 12 and 13). Before the solder
would adhere to the mebal the protective cost of paint on the wire
had to be removed. This was carried out by dipping thevwire, after
cold working, in a 1 to 4 hydrochloric acid bath for approximtely
five minutes. This removed the paint giving a clear surface for

proper soldering. The wall steel for the shear walls was soldered

o

ogether in the form of a vertical mat. All column steel and shear
wall steel was fabricated in three lengths. The first fabrication
was continuous for the firsi ihree stories, the second fabrication
for the next four stories, and the third fabrieation for the top
thrée stbriesu ﬁowels were placed at the fourﬁh and eighth fiooy
levels for adequa%é bond. The first fabrication of column and shear
wall éteel is shown ivi place in Plate 7. To determine the effect

of the acid bath and heat due to soidering on the yield point the
wire was tested after cold working, after the acid bath and then
after soldering. The results of these tests indicated a negligible

change in the yield strength.

ii. Placing of Slab Steel.

The slab steel consisted of the 1% galvanized screen mesh



o
€

as described in Chapter III. It was necessary to place two layers
of steel in a slab having a total depth of 61/16 inches. Small
pieces of the 19 gage wire mesh were placed under the mat to assure
the proper cover of conecrete on the bottem steel. Small staplés
Qere then used to héld the bottom mat down on top of these spacers,
The staple was driven into the slab forms and small pleces of balsa
-wood wedged between the staple and the bottom steel, Plate 8 shows
the bottom steel for one floor in place and being poured., The top,
steel was placed immediately after the slab was poured and trowelled,
Small mats were placed over each column and shear wail according to
the empiri@al design procedure set out in the American Conerete
Institute code. Figure 7 shows the placing of the top steel for all

slabs,

iii. Fabrication of Forms.

The slab forms were made from square foét panels of £
piywood with a 1/8" bireh cover. The 1/8% birch sheet was glued %0
vhe plywood in order to give a smooth finish. The proper notches
were cut from each corner of the panel to allow the column and-she&r
wall forms to bé placed in their correct positions. The 12 separate
panels were then assembled together. A set of three panels were
assembled with two 1% x 3% laths and wood serews. Then the four
sets of three were assembled by nailing them to two rigid wooden
supports approximately 5% feet long running parallel to the longitudinal
direction of the building. The enbtire assembly was then supported as
shown in plates 15 to 27. The proper d epth of slab was maintained by

using sbteel dexion angle iron as the edge forms. These were fastened.
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with screws to the wooden panels. Twenty-four hours aftéer each slab
was poured the forms were removed. The same panel forms were reassembled
for each of the ten slabs poured.

The column and shear wall forms were all fabricated from
piexiglass. They were machined to within 5/1,000" accuracy.
Plexiglass was used for several reasons. OSince the column and shear
walls contained steel in such a confined space it was important te
be assured that there were h@ voids within the forms when the conersie
was;plaeeda Since the plexiglass is transparent it made it possible
to Joecate all large air bubbles and vibrate the Torms in the
pfoper location to remove them. Alse, plexislass is easily wachined
and accuracy of dimension was easily maintained. The smooth surface
of the plexiglass allows for better flow of the concrete than would be
possible with wood forms. Plate 13 shows several of the column forms
stacked and one assembled. The column forms were reused for Lhe
entire building. (See plates 9, 10, and 11 for method of forming
columns). The shear wall forms were replaced with new ones after the

fifth storey.

ive Construction Procedure.

Table Vy gives the construction timetable from beginning to
end of conmstruction. Plate 7 illustrates how the grid system for the
first 1ift of columns was originally set out. The position of the
columns was marked out on the concrete base and a th grid suppovied
approgimately two feet above the base. The column and shear wall
steel 2ll had a one inch 90° bend in the steel at the base. This was

to ensure proper anchorage in the l%” first flcor slab. The top of
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the column steel was then anchored to the lath grid in the proper
position. The first floor slab was then poured. The column forms
were then placed and the floor panel assembly dropped over the column
steel and anchored in place with the use of the corner supporis.

The columns were then poured and twenty-four hours later the slab,
The slab was allowed twenty-four hours to cure and then the siab
forms removed. The process was repeated in the same sequence until
completion. Vibration of the concrete for placing was carried oud

with the use of a +¥ electric drill,



TABLE Ve

Construction Timetable

Date Development Plate
Mareh 17 Re-bar complete te fourth floor. 7 & 1
March 18 First floor poured, 7
Mareh 25 First to second floor walls poured and

columns 2A, 5A, 5B, 5C. 15
March 26 Rest of columns first to second were poured, 15
April } One half of second floor poured, 16
April 2 Second floor4comp1eted, 17
April 5 Second Lo third columns completed, 18
April‘ 7 Third floor poured. 19
April 9 Third to fourth columns poured. -
April 13 Fourth floor poured. 20
April 23 Fourth to fifth columns poured. 2%
April 25 Fifth floor poured, ==
April 27 Fifth to sixth columns poured. 22
April 29 Sixth floor poured. 23
May 1 Sixth to seventh columns poured, =
May 4 Seventh floor poured. ——
May 6 Seventh to eighth columns poured. —
May 7 Eighth floor poured, 24
May 9 Eighth to ninth columns poured. SR
May 1L Ninth floor poured, | 25
May 12 Ninth to tenth columns poured. ——
May 13 Tenth floor poured. ——
May 19 Tenth to roof columns poured, .26
May 22 Roof slab poured. 27




Chapter VI

INSTRUMENTATION AND LOADING PROCEDURES

All readings of direct lateral deflection and local concrete
strains were obtained with the use of mechanical dial indicators and
SR-4 strain gages. The design of a loading apparatus was required

to apply a uniform lateral load to assimulate wind loading.

i.  SH-4 Gages.

All wire SR-4 gages were of % inch gage length, type A-5,
resistancé 120 ohms, gage factor 2,01, and manufactured by the
Baldwin-Lima-Hamilton Corporation. The SR=4 gages were placed as
shown on Figure 8, The gages were pesitionéd-on the ﬁhird floor
slab for the purpose of obtaining the point of inflection between
“the shear wall and exterior coluﬁns, Location of the points of
inflection were required for a tﬁecretical frame analysis of the
building. Gage numbers 9 to 18 were positioned to determine the
behaviour of the slab to column joint. From these readings a deflected
shape for the exterior column in the plane of the shear wall and column
to slab comnection could be determined, The range of the
readings were from 2 or 3 microinches to 100 microinches. For
recording readings the manual SR-4 Strain Indicator Type N manufactured
by Baldwin-Lima-Hamilton Corporation was usegd.,

ii, Mechanical Dial Gages.
Mechanical dial indicators were used to obtain lateral

deflections at each floor level. They were attached to a rigid
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Plate 12. Fabrication of shear wall reinforcing steel

Plate 13. Plexiglass column
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2nd to 3rd columns

Plate 19, Forming of 3rd




Plate 21, Forming of 5th floor



Plate 23, Finished 6th floop
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Plate 25. Poured 9th floor
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Plate 29. Detail of loading apparatus
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frame and gage readings to the nearest 1;10900@ inch were recorded

at each floor level (except at the tenth floor level). The gages

were numbered from roof to first floor as gages 1 to 9. For lateral
loading in the direction of the shear walls the rages were attached

s0 that they read the lateral deflection at the middle of each slab
along the centre frame. Thus.the deflected shape urder various loads
could be determined. For lateral loading in the direction perpendicular
to the shear walls the same method of fixing the gages was used., Thgg
ylateral-deflections were again obtained for each floor level and the
deflected shape of the model under different loads could now be obtained

for a building frame without shear walls,

iii. Loading Apparatus,

The purbbse of the loading method was to apply a unifofm
lateral load to assimilate wind loading. The loading apparatus for
load application in the direction parallel to the shear walls consisteé
of a wiffle tree system. Two floors were loaded together with the
use of wooden slats (see Plate 30). Black annealed wire and aluminum
piping were used to assemble the horizontal yoke system. Small
pulleys were then used with a loading frame (see Plate 29) for appli=
cation of dead weights to assirilate uniform loading for two floors,
For applying a uniform lateral load for all floors simultaneously
a different system was used. Four of the five horizontal yoke systems
were again yoked together in a vertical plane. Thus from one load
application the applied load would be uniformly distributed to eight

floors. This load was applied using a pulley system and turnbuckle



g1

with a dynamometer fbr recording the load. The top two floors were
loaded using the loading frame as before and applving dead weights.
The wiffle tree system was arran"éd so that the proper portion of
the load was applied at each floor. For design load this is
illustrated in Figure 9. The same horizontal yoke system was used

for load application in the direction perpendicular to the plane of

the shear walls,
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CHAPTER VIIX

TEST PROCEDURE AND EXPERIMENTAL RESULTS.

The model was loaded in two directions to obtain
{(a) the deflected éhape of the model containing chear walls and
{b) the deflected shape when no shear walls were acting. In the
éhear wall direction two tvpes of loads were applied. One was the
application of dead weights, the load being distributed to two floors
only. The second was with the application of a turnbuckle at one
poini, the load being distributed to eight floors and the top two
floors being loaded by dead weights. Thus the entire model.was
loaded simultaneously with a uniform lateral load. The loading of
two floors at a time with dead weights was the only method used in
the direction perpendicular to the plane of the shear wall.

The test results are divided into three categories:

lateral deflections, slab deformations, and joint deformatvions.

i. Lateral Deflections.

The tests carried cut to determine lateral deflection
(see Figure 9 for location of gages) was diﬁided into two parts.
The first part dealt with lateral deflections and resulﬁing deflected -
shape of the model in the plane of the shear walls. Three test series

were carried out as follows:

Test Series 1:
The model was loaded with dead weights two floors at a

time and the lateral deflections recorded for each floor level.



This test series involved three trials. The three trials and average
values were recorded in Table VIIa. By superposition the deflected
shiape due to total uniform lateral loading was determined from the
average of the three trials. The deflected shapes were shown in
Graphs VIIa and VIIc for one half design load increments to twice

design load,

Test Series II:

In this series the model was loaded with 2 total uniform
lateral loading applied simultaneocusly. Again three trial runs were
carried out and the lateral deflections recorded in Table VIIb,

The lateral loading varied from one half design load to twice design
load in one half design load increments. A comparisen with test

series I and II and with theory were illustrated in Graph VIiic.

Test Series IIX:

Test séries IiT is identical to test series II except that
lecading was continued in one half desigh load increments until failure
of the loading mechanism occuﬁ@do It was attempied to load the wmodel
to failure but successive failures of‘ihe loading apparatus prevented
ulitimate failure of the model being reached in this test series,

Thus the model was loaded to a maximum of four times desigr load.

This brought the model into the plastic range (see load deflection
curve on Graph VIIk) as a definite permanent set was recorded.

See Table VIIc for tabulation of the lateral deflections; Graph VIId
illustrates the deflected shape of the model under different total
load increments and compares them with the theory.

The second part of the test results involving lateral



deflections dealt with the deflected shape of the weodel when loaded
in the directicn perpendiculaf to the plane of tke shear wall. This
gave a comparison between‘a structure relving on frame rigidiy only
(no shear walis) with the previous results. TFour test series were

carried out as follows:

Test Series IV:

The model was loaded with a 10# lateral lcad/floor, loading
‘being applied two floors at a time and lateral defledbions being
recorded at all floors (except 10th floor). Only one trial was carried
out. The deflections were recorded in Table VII4d and the deflections
due to total lateral loading found by superposition. Graphs Vile and
VIIj show the deflected shape of the medel and a comerison with

theoretical values,

Test Series ¥:

Test sries V was carried out identical to test series I¥

except that a 20# lateral load/floor was used. The deflections
¥ /

re

]

tabulated in Table Vile and the deflected shape with a corparison %0

theory were illustrated in Graphs VIIf and VIIj,

Test Series VIe

The loads were again applied two floors at a time but
in this test the deflection was set and the load required to produce
this deflection found. The purpose of the test was to find the
rigidity of the building loaded perpendicular to the shear wall as
compared to the rigidity in the direction of the shear wall. Thus %the

load reguired to produece the same deflection at roof level would be



proportional to the rigidity of the building. The roof deflections
of test series I at twice design were used., The results were recorded
in Table VIIf. The deflected shape of the model_with a comparison to

theory were illustrated in Graph VIIg.

Test feries VII:

This test series was identical to test series VI except
that the deflections used were obtained from testvseries IIT at
four times design load. The results were recorded in Table VIig.
The deflected shape of.the model with a comparison to theory were

illustrated in Graph VIIh.
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ii. Slab Deformations,

SR={ gages as described in Chapter VI, part i, were placed
on the third floor slab. '

The deflected sﬁgpe of the slab acting as a beam between
the shear wall and exterior columns could be determined. Also for
further theoreticsl analysis the location ﬁf the points of inflection
could be determined. The gages were numbered from one %o ten and were
placed as shown in.Figure 8, Table VIIh gave the average values
obtained by superpesition from test series I, Table VIIj and VIIk
gave the average results of test series II and III respectively.

The deflected shape of the model as derive& by the rage readingé

was illustrated in Figure 10.

iii. Joint Deformations.

' SRl gages were placed on the exterior column in the plane
of the shear wall for one storey neight above and below the third fi@sru
The exact location of these gages can be obtained from figure 8
{rnurbers 11 to 18}. From the gage readings the deflected shape of the
golumn can be obtained and location of points of inflection determined.
Table VIIl gave the average values obtained by suﬁerposition from
test series I, Table Viim and VIiIn gave the average resulis of test
series II and 11T respsctively. The deflected shape’was illustrated

in Figure 10,



CHAPTER VIIX

DISCUSSION OF RESULTS

=

The control on material properties and construcbion
quality showed the model %o be within the limits of ageuracy expeched-
on a full-gcale structure (See Chapter III and IV}, The followiﬂg
discussion will involve the elastic behaviour of the model. From the’
discussion on adequacy of model similarity in Chapter IV part v
it was concluded that the model would represent agcurately a full-
scale replica within the elastic eapacity of the structure., This
has been borne cut with the experimental results as illustrated in

Graphs Vila to VII) and their compariscon Lo theory.
L J e Y

o Theorebical Resulis.

Theory in this case refers to the Kand methed of analvaish k.
¥
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for free frames snd an adsptati

containing shear walls., The Keni method of analysis for both free

frames and for frames conbtaining shear walls has besn programed for

the 1620 computer by Professor G, Morris. The use of this programme

has made it possible to compare all latersl deflections determined

by experiment to a theorebical analysis. The general principles

lavolved in the Kani methed and its adaptation to frames including

shear walls has been illustrated in Appendiz III. The only

assumpbions required in this analysis weres

{1} the width of slab which would act in beam action as pert of the
frame.

(2} Iocetion of the points of inrﬁeetﬁan in these “beamg',

*#{3)

The width of slab used was 5 inches. Reference was used to arrive

%  See Bibliography.



at this figure. The analysis by Khan and Sharounis involved the use
of a model to determine the effective width of slab to be used as a
beam element. The location of the points of inflection in this beam
- element was taken as one half the clear span. This was derived
from the results of the SR=4 gages placed along the slab in the shear
wall frame. ALl the pertinent data required for the computer analysig'
was listed in Appendix IIX. All of this data was either taken directly
from the model itself or from tests carried out in conjunction with
the model testing.

Graph VIIb was derived from the method mentioned above.
The total uniform lateral design load was applied to esach of the
five frames. The load taken by each frame was found by relating the
relative stiffness of each frame to the shear wall stiffness. The
reiaﬁive stiffness was found bj comparing uhe lateral deflection of
each frame at the Sth.floora Then the deflected shape of the three
”ra&es acting together was compared with the deflected chape of the
shear wall framés (Curve 1 and 2 on Graph VIThb). The weighbed average
of the two shapes was thenvreferred to ag the theorel iCul design curve

s

for the building (curve 3 on Graph VIlb). It was found that the bwe

@

shear wall frames took 91% of the 1aterai load and the thres frees
frames took the remaining 9%. Within the shear wall f frame iteelf it
was found that the contribution to lateral stiffness of the frame
by the exterior columns was‘negligible (less than i%). Thus if the

stance ¢$o lateral loading was QOSumed to consist of the two

el

res]
shear walls ncblnc as cantilever beams and the resisgting moments
£

due to uhe interconnected slabs taken into account {see Appendix I1II)

the design would be conservative by 9%. However this medel has cai’
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large shear walls {one full bay length} and it should not be assumed
that the cantilever design method would be applicable for lesser
shear walls.

The discussion of the results has been divided into three

categories; lateral deflections, slab deformations, and joint

deformations.
iie Lateral Deflections:

I

Graph Vila shows the deflected shape of the model due %o

3

point loads being applied lat

]

Jod

rally in the plane of the shear wall,
These results when combined by superposition to represent the deflected
shape of the model due to a uniform lateral lcad do not compare

test series I in which the

same uniform lateral los pplied simultansously (see curves

1 and 2 in Gra obtained by simultaneous loading

{ o e 3
LOEST serie

93]
j
i

} were greater by 16 Yo 18%. It should be noted from
the recorded results that as more load cvcles were applied the lateral

delllection readings increased. Table VIITa will illustrate this:
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TABLE VIIIa

Increase in Flexibility with Increase in Number of Cycles.

Load Cycle Load Test Series Gage No. 1% Gage MNo. 2*
L 60#/f1oor Preliminary £0.9 27.7
2 1 Preliminary - = - =
3 % Preliminary - - =
4 # I 474 35.8
5 ; I 47.8 35,0
6 @ I 49.8 38.6
7 M I 55.0 43.0
8 i IT 57.0 L5.0
9 7 IT 5804 47 .0

10 u 11T 61.0 b9.5
11 i I13 62.3 50,0
12 : 11 63.0 50.5

o2
* lateral deflection in inches x 10~

This increase in flexibility with the nmumber of losd cycles would
explain the difference in test series I and II.

The ccmparison betweeﬁ the experimental results and theoyy
as illustrated by Graph VIId was excellent. Graph VIIk would indicate
‘that yield of the structure under lateral loading seemed to occur at
3% times design locad. The model was not loaded to ultimate failure.

The results of the tests carvied out on the model when
loading perpendicular to the shear wall (see Graph Viie to VIIj}
also compared quite well with theorv. The results of Graphs Viie
and VIIf by superposition were also used to develomza deflected
shape of the structure due to total uniform losd as illustrated in
Graph VII3. Fr@m‘the comparison to theory it would seem that the

20#/£loor uniform load brought the model into the plastic range.
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This was also verified by the larger deflections occurring when the
point loads were applied to the top two floors (Graph ViIe and VIIf).
In test series VI and VIT it was found that due to the
difference in deflected shape of the free frame and shear wall frame
the relative rigidifies of the two varied with storey height. The
free frame would add more rigidity to the struecture in the upper
stories than in the lower stories. The relabive rigidity between

the two frames varied as follows:

Location of Point Loads Relative Rigidity

Test Series VI Test Series VII

Znd and 3rd floor 11.3 104
4th and 5th floor 7.2 6.4
éth and 7th floor 5.1 b7
8th and ¢th floor 4hob 4.0
10th and roof L.8 b oD

Thus when the model was loaded in the plane of the shear walls it was
about five times as rigid as when loaded in the plane perpendicular
to the shear walis. The value for relative rigidity when the loads
were applied to the 10th floor and roof was used because this is

the point at which the lateral deflections have been maintained the
same, Test series VII involved deflections and loads when the model
was suspected of being ih the inelastic range for both directions of
loading. Therefore the values of relative rigidity would not be as

reliable for test series VII as for test series Vi



iii, Slab Deformations.

The SR<L4 gages were placed on the slabs to obtain the

point of inflection in the beam elements. This location was then
required {see Appendix II1) to compute the resisting moment contributed
by the slabs to the shear wall. It was found that the secondary
compression effect caused by the direct lateral leoading on the slabs
tended Lo increase the compressive sbiresses and decrsase the tension
stresses in the slab, The result was thal the point of inflection
would be offset in one direction for both beaw elements. This is

illustrated in vthe following table:

TABLE VIIib

lecsbion of points of infiegtion in the slab

Test Series Gages #1 to #5% Gages #6 to #1.0%
I 3.90% 5,60%
Iz b o520 5,60t
i1l ko 56% 5,604
Mean Lokt 5,60%

. #These measurements represent the location of the point of
inflection from the edge of the shear wall,

It was noted that in test series LIL afber a lateral
loading of 2x design the point of inflection began to cresp towards
the shear well, The point of inflection had approached 3.40%
{gages #1 to #5) from the shear wall at the maximum load reached in

test seriss TII. This would indicate a local concentration of strass
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at the column to slab Jjoint, Dus to the secondary effects it would
seem, as borne out by the experimental readings, that the concentration
of stress would be grsater at the joint lecated nearest to gage #L
vather than zage #10, Thus as the lateral load was increassd it weuld
seem reasonable to expsct an initial failure in the slaénat-the column
o slab j@iﬁt at gage #1.
The gverage value of the location of the point of inflection

{values for loads up to Qx design) on either side of the shear wall
would be 5,00%, OSince secondary effects like the above were not Laken
'iﬁto seecount in the theoretical design the value for lesabtion of

points of inflection was taken as 5.00" for every slasb for the compuber

iv  Joint Deformations

Gages numbered 10 vo 18 weve used %o illustrate the deflected
shape of the model at the third floor slab to colum joint in the plane

ear wall. In all thres test series run the reecorded values of

&
)
ot
&
i)
&
=

strain readings in the critical aress compared within 3 or 4 micro-
inchaes, It was found that the areas of local stress concentrabion
wers lmmediately around the slab to column Jjoint., The point of
highest stress concentration was at gage #16 (See Figure & and 10}
lscated on the extericr face of ths‘exterier column at the third
floer, Gages placed either side of the column did not compars,
This would be due to the “cantilever effect® of the b&ildiﬁg asting

as a unit, Secondary compressive stresses would be developed in ths

coiumn dve to the reaction of the slab or "beam elemeni® at the joint.
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Thus in the column itself there would be a rotation and displacament
which would produce equal and opposite stresses on either face of the
column and a direct compressive stress producing pure compression.
This compression effect would be most severe in the lower stories,
This was illustrated by the experimental results as it was found thet
there was no point of inflection below the third floor. That is, the
direct compression was greater than any tensile stress developed due
10 bending, A point of inflection was.located L.86" above the third
fioor, That is, above the thivd floor the tobtal compressive stress
developed by the reaction of the slabs was nob large snough to offset
the flexural tensile stress developed due to slab rotation snd lateral

displacement. The deflecied shaps is illusirated in Figure 10,



CHAPTER IX

CONCLUSIONS

The conclusions will be divided into two categories:

adequacy of model similarity and frame rigidity.

i. Adeocuacyv of model similaritys

(a)

(b}

{e)

{e)

{

i=ty

}

The control on material properties and construction quality
showed the model to be within the 1imits of accuracy expected
on & full-scale structure,

A 1/16 scale model would be expected to behave accurately
under low loads within the elastic behaviour of‘the structure,
There was a noted increase in ultimate capacity of 1/16

scale model beams and slabs as compared to ultimate design
theorvy oy the actual prototype beams. This increase varied
from 35% to 74% depending on the percant of steel reinforcing
used., All of the above specimens had flexural failures,
There was a noticable difference in the ultimate crack
pattern in the flexural failures hetwesn model and prototype.
The models developad one or two tension cracks while ths
prototype on failure developed numerous‘finevdiagonal tension
cracks,

The model columns showed an increase of only 10% over
ultimate design theory.

Except for the difference in crack patterns and a noted

increase in ultimate capacity the model beam failures were

similar to the prototype behaviour. These two differences



UL sund

SUWNTCY pue ey “TTes

s sl
P S,

10 sautod JO UCTIRDO] .

R

e
H Bt SR

et e
—

12els JC UGTITCRdslu

|
|
|

e —

L EUVEI -



have been noted in other technical literature *(2) and

#(4 ),

ii, Frame Rigidity,

(a)

()

(e)

(a)

(e)

The Kani method of frame analysis and its adéptation to
shear wall frames compares excellently with the theoretical
results within the elastic range of stress.

Khan and Sbarounis's method of determining effective slab
widths for keam action applied itself successfullyo*CB)

The shear wall frames took up to 91% of the total lateral
load applied, The approximate cantilever methed of shear
wall analysis could therefore be used for this medel as the
design would be only 9% conservative,

The comparative rigidity of the model when loaded in bobth
directions within the elastic range was approximately 5,
This value, due to the different deflected shapes involvsd
in a free frame and shear wall frame, was open to varying
interpretations with respsct bo where to compare the lateral
deflections,

The free frame would contribute more to the lateral rigidivy
of a structure in the upper s tories than in the lower
stories, The relative rigidity of a shear wall frame to

free frame varied accordingly.

% See Bibliography.



(£) It was noted that the model tended to increase in flexibilivy
with an increase in the number of loed cyeles,

(g) The points of inflection in the "beam elementé“ within the
shear wall frame were offset4in the direction of lcéding
due to the compression developed in the slabs from direct
lateral loading,

(h) The average value for the location of the points of
inflectién was 5000“ from the edge of the shear wall,

(i) The compressive stress deﬁeloped in the exterior column due
to slab reactions and dead weight of the model was enough
to offset any flexural stress develeped by rotation
or lateral displacemsnt below the third floor level (in the

plane of the shear wall),



2o

3o

5o
6,
7o
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APPENDIX I

Design of Frototype
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Tabulation of Experimental Resulis
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Table VIIc (Trial #28 and #4)
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Table VIIh (Results bv superposition)

Slab deformations in the nlane of the shear wall for test series I
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Table VITk (Trial #3 and #4)

Slab deformations in the plane of fthe ,shear wall for test series ITI
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(Tuerzoe of 2 trials)

Joint deformations for test series T
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Table V1Il (Results by superposition
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Table VIIm (Trial #1 to #3)

Joint defornations for test series Il

Load/Floor SR - lL gage readings (inches/inch x 10*6)
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Table VIIn (Trial #3 and /4)

Joint deformations for test series TIT
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APPENDIX III

Computer Application of Kani Method



APPENDIX ITT

The Kani method of analysis of multistorey irames introduces
fia timesaving method of analysis, with consideration of displaceable
Jjoints, presenting an iteration procedure with automatic ervor
elimination“o*(S) In the Kani methed moments preduced by rotation,
lateral displacement, and direct lcading are determined and distribubed
with the use of appropriate distribution factors. The moments
produced by lateral displacement and member rotation were developed by
the szlope deflection eqyuationss The actuzl analysis cohsisted of two
simple operations, one for distribution af'theﬁoments and a second for
side s@ayﬁ which were repeated unbtil the atcuracy reyuired was rsached.
For a ten storey building, although the process would be simple and
yepetitive, the time involved in a complete analysis of each frame
manually would be practically impossible, However the complete procedurs
has been programmed for the 1620 computer. A}l that would be required
manually is to feed in the following data:
lo Number of spans and number or sterises,
2, Span leangths,
3. Storey heights.,
L, DBeam moments of inertia,
5,  Column moments of inertia,
6, lateral leoads,
7. Modulus of elasticity of concrele,
The location of the point of inflection in the connecting

slabs was required. This had been determined experimentally from the



- ‘,J..' . 1% Pares T o onym o |
slab acting as & Ybeam elemsnh?

VITi, srom work carrisd cub by Khan and Sharcunis (3,

brys EN e I T - oy ay e e 34 g vl Beawel § o
The compubter proceeds to work out the appropriate distribution
PE

2] fJ—— P e e Do s
he frame analysis programme wss slso adaptad bto frames

contalning shear walls, The programme allowed the shesr wall &

s )
LOQ D8

-

the analysis of the cantiiever under lateral loading and the moment

inbroduced by the sliab due o this rotation caleuls

defiecticns for the shear walls were determined. The reamaindsr of the
frame was then btreated as a free Iframe and a small percent of the

tobal lateral lead applied to this frame, The amount of lateral
leading attributed to the free frame portion was determined by trial
and error, When the assumed lateral load applied to the free frame
portion produced lat&rél deflections which wers equivalent to the shear
fwl? the capacily of the free frame porvicu was determined., Since this

S
or

was found to be less than 1% of the totzl load the deflected shap

61‘.‘

the shear wall acting alone (including effect of slad restraint) was
assumed to represent the entire fram Once the deflected shape of
sach shear wall frams and the remaining three free frames was reccrded

for design load the amocunt of lateral loading attribuited 1o each



frome could be determined manually by the relative stiffness of the

frames., This was carried out as illustrated in Chapter VIII,
D



