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PREFACE
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Paul L. Rosengren, Jr, was the HQ AFESC/RDCS Project Officer. This report
summarizes work performed between September 1983 and December 1984.

This report presents the development of a microconcrete mix using gypsum
cement and miniaturized reinforcement using deformed 28, 24 and 22 gage wire
for casting 1/60 and 1/90 scale buried structures.

This report has been reviewed by the Public Affairs Office (PA) and is
releasable to the National Technical Information Service (NTIS). At NTIS, it

will be available to the general public, including foreiqgn nationals.

This technical report has been reviewed
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SECTION I
INTRODUCTION

The design of a structure is based on its anticipated response to
loading since direct full-scale testing is usually impractical due to
the magnitude of most structures and the actual imposed loads. However,
physical modelling applies when (a) no suitable analytical methods exist
for estimating structural response, (b) a physical test is necessary to
corroborate behavior that is predicted by analytical methods or, (c¢)
when model testing may be competitive in cost with analytical methods.

The Department of Defense is responsible for many protective
structures which may be subjected to explosive loadings. The large
degree of uncertainty associated with explosive loadings makes the
application of simple design safety factors insufficient and thus, this
premises the need for intensive and comprehensive testing programs to
assure reliable structural performance for an anticipated threat.

In the past, the Department of Defense engaged itself in full-scale
testing of structures at tremendous costs and safety risks. Scaled

models ranging from one-half to one-twentieth of the size of the

prototype have also been used but again suffer from cost and safety

restrictions. Additionally, there are concerns that testing smaller

3

.
-
Fe
.
.
)
> .,
.
‘et
P
\
DA
7.
L
v
B
-

\l
)
!
1
-
i

*r
' " v

than one-tenth the prototype size at normal gravity is limited because

:‘ﬂ:
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oo 'ﬂ‘_‘ﬁ
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the dead load created by the structure itself greatly affects dynamic

response (Reference 1).
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As a possible solution to these problems, the Air Force has

. initiated investianations concerning the feasibility of centrifugally

Z'g!!

modelling protective structures subjected to blast loadings at a

.
-:-'

[

aa

LA )

substantially reduced scale. The prototype structure, which is buried

g A I'

some 6 feet below ground surface, is presented in Fiqure 1. A burster
slab provides protection from direct explosive loading. With present
centrifuges, the prototype shelter could be tested in its entirety at

1/150 to 1/300 scale, or components could he tested at a larager scale.

ot MG

However, the major concerns in this approach are (a) the ability to

construct such a small model and (h) the ability to model materials

(reinforced concrete, specifically) at these scales. The scaling laws
that ensure similitude between model and prototype have bheen
investigated and reported by Bradley, Townsend, Faqundo, and Davidson
(Reference 2). This report investiaates development of the materials

needed to construct the model to satisfy the similitude requirements,

]

Sy

. s, v, LSRN TR .
A
L ot ety .
W e atale oA O

combined with the feasibility of modelling at these areatly reduced

scales.
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. SECTION II -
MODELL ING THEORY

The governing relationship between a full-scale prototype and
! small-scale model are based on the theory of similitude and Bucking-
‘ ham's 7™ Theorem. These theories are developed in most textbooks dealing
with modelling techniques. A good introduction is presented in

Reference 1.

The scale factor S; is the multiplier required to convert any model

quantity, iy, to its corresponding protoytpe quantity, i,; or

i
1p=si1m’si='i‘$ )"]

In a static problem, only two fundamental dimensions are involved: ]

force and length. Therefore, in order to have a true model, only two

indepenaent scale factors are allowed; usually S, and Sg- Other scale
factors are then formulated based on the two independent factors.
If, however, one additional independent scale factor is introduced,

such as S for strain, the model hecomes distorted. This is the case

! when the stress-strain curves of one or more of the modelling materials
4 ‘_-;
‘P differs from its corresponding prototype material, or S_#1. One of many '_{.‘
b RN
i cases of Se*l for reinforced concrete is shown in Fiqure 2 where the m
. stress-strain curves of the prototype and the model differ for both the :;:’:;:.'
reinforcement and concrete. While the use of an independent strain ~'_f.-:32
N
scale provides more freedom in the modelling process, it complicates the B
) -
' ‘..-_ -
4 .
y - N
; 4 T
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analysis, and the complications are incrzased when the effects of large
deformations are to be considered during testing.

Table 1 is a summary of scale factors for reinforced concrete
models. It is bhased on the tables presented in the American Concrete

Institute (ACI) and the American Society of Agricultural Engineers

T LR, e T s Ty TvEEEERRT W  w Te T e T WEpSt & %W
. 1, i

modelling publications (References 3 and 4).

1 Column 4 shows how the two independent scale factors, S _and §, are ‘
h applied to a true reinforced concrete model. Column 5, based on the i“]
- reinforcement plot in Fiqure 2, shows the effects caused by introducing “Eij
: the additional independent strain scale factor, S_#1. The addition of ~'
O

shows how =

the factor, S_, into the displacement equation, 5p = S5 0ms

0 .

complicated the modelling analysis can become when deformations are to

.
RN
LS

he considered, especially with the anisotropic conditions of a1 two-

S PO

o

material system such as reinforced concrete.

In scaling nodels for centrifuge testing, S,L = Sn (Reference 2),

. _I
where n cquals the number of jravities at whici: the model is to be -fj’_C:?
tasted. In othar words, a reduction in the linear dimension of the s
nrototype frow one to 60 corresponds to 60 g centrifugal testing. The o
hasis of the scales .used in this research is the desired centrifuaal o
acceleration. -
The effort of this research is directed toward the development of a -

true model, A table similar ta Tahle 1 appears in Section VII! and o

shows the final scale factors for the materials developed. é.é

b

‘::»‘_*:.

‘.'b"-“

o

3 o
0
“_— P N B SR TR T e, LT T e T et . ..‘.-“. R t . .. 2 R L e ’_.’_--9._. "‘-..-..’.-"‘-
.. :(:“‘:’4.:‘1_;.l.._-n::l‘:il:x‘..‘--‘f:.':‘..-i'.")-'.'.'-" A';.fl._'. -.-f‘ e ‘.' .‘".‘ ) II“‘.‘:);:.' A' X ..' " e N ‘.- “-LA‘_.‘A -4 ..L\ 1. PP — ".A"-l I Y Y




TARLE 1., Similitude Requirement of Reinforced
Concrete Models Under Static Load
(from References 3 and 4)

(3) True Model (4)

NDistorted Model Scale: length

NDisplacement L 8 § =5 68 § =S

(1) (2) Prototype Scale: Length stress, strain, Modulus
Ouantity Nimension Nimension stress Erp/Erm¢So/Se ™Y
Linear DNimension L lp 2p=822m zp:ngm

? 2 2 -1
Area of L Ar Ar =S"Ar Ar =SoS Er S "Er_Ar
Reinforcement P poam P Lome oo
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p p 4m p e m
E Concrete Stress FL-2 % ocp=so°cm ccp=sc°cm
&
i Concrete Modilus FL-? Fcp Ecp=ScEcm _Cp=So§;1ECm
E Reégigggement FL-2 % °rp=so°rm °rp=SeErp‘r;1°rm
5
> Re&gggqﬁiment FL=? F‘,,p ErpzsoErm Erp=SoSe'lErm
Poisson's Ratio vy Yo ="m vp=vm
Mass Density FL-3 0y pp=SoS;lpm o =5 5,7 1o
Concentrated Load F p Pp=SOSiPm Pp=S°SZPm
Pressure FL’7 P Pp:sopm ppzsopm
Moment FL M Mp=SoSZMm Mp=SoSZMm
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FIGURE 2. EXAMPLES OF STRESS VS STRAIN PLOTS RESULTING
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SECTION III
LITERATURE REVIEW

A. MODEL CONCRETE

The selection of suitable materials to model concrefe requires the
selection of an aggregate and a cementitious material, and the relative
quantities of those plus water to model accurately the properties of the
prototyoe.

Desirable aggregate used in concrete are of anqular shape to
provide maximum surface area for cement coating, and to augment particle
interlocking.

The maximum size of aggregate permitted by ACI (Reference 5) is
governed by the clearance between sides of forms and adjacent
reinforcing bars. Size of aggregates may not exceed one-fifth of the
narrowest dimension between sides of forms, one-third of the depth of
the slabs, nor three-fourths of the minimum clear spacing between
individual reinforcing bars.

Geometric scaling, S,, of the gradation curve is desirable for the
model to meet geometric similitude requirements. In the vpast,
microconcrete researchers have shied away from scaling the finer
aggregates. Large amounts of aggregates finer than the No. 100 to
No. 200 sieves have heen found to require extremely larce cuantities of
water resulting in excessive air voids, thus seriously influencing the
mechanical  properties of the model concrete (Reference 6).

Historically, attempts to model the aggregate size have merely been to
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reduce the largest particles to the size that meets the requirements of
ACI. The remaining portion of the aradation curve, which was made up of
smaller particles, was left at the original gradation causing the curve
for the model aggregate to become very steep and uniform. However, it
has been found that it is the amount of aggregate, and not the
aradation, that has the greatest effect on the mechanical properties of
model concrete.

The gradation doecs have some effect, in that inconsistent grading
between batches may cause significant strenqth variations (Reference
7). Mirza (Reference 7) experimented with several trial mixes using a
tocal sand with the only restriction that it pass a certain sieve., One-
hundred specimens were tested in compression and variation in strength
were noted for the same water/cement and agaregate/cement ratios. These
variations were eventually traced to inconsistent grading of the sand
from batch to batch. Therefore, although the gquantity of aggregates has
the greatest affect on the strength, the gradation should be controlled.

Cementitious materials used thus far in concrete modelling are
Portiand cement and gypsum plaster. Portland cement of the Type I,
normal, and Type III, high early strenuth, commonly used in prototype
concrete, have also been popular in one-half to one-tenth scale
models. Due to the relatively large size of the cement particles,
obvious problems exist when trying to model in the 1/60 to 1/90 size.
The cement particles are as large as a major portion of the
geometrically scaled aggregate. Furthermore, the attractiveness of
using Portland cement is diminished considering that Portland cement
requires 10 to 28 days to develop the reguired stable strength level.

Severe shrinkaqe problems are often associated with the use of Portland
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cement which is an intolerable condition in super-small scale modelling
where wall thicknesses may be as small as a fraction of an inch.
Another disadvantage of using Portland cement is that excessive strength
variation associated with changes in specimen size has been found with
Portland cement mortars (Reference 8). Generally, increased tensile
strengths occur with a reduction in specimen size.

In 1967, Sabnis and White (Reference 8) began looking for an
alternative bonding agent. Their studies led to the investigation of
gypsum plaster. Since then, limited research has been continued mainly
at the University of California, Berkeley and Cornell University, New

York.

Gypsum cement originates from raw gypsum. The basic mineral is
ground and calcined to produce a powder with uniform chemical and
physical properties. The calcination process removes a portion of the

chemically combined water in the following reaction:

. 1 1
CaSO4 2 H20 + heat » CaSO4 Z'HZO + 12 HZO +

(gypsum) (cement)
Since the reaction is reversible, adding water to the gypsum cement

forms gypsum once again, as follows:

L] 1 1 L
CaSO4 2--H20 + 1? H20 > CaSO4 2 H20 + heat

Gypsum cement differs from gypsum plaster in the size and the shape
of the crystals formed during the manufacturing process. The gyosum !jéé
cement crystals require a smaller quantity of water to complete the 123{5
reverse reaction, and thus result in a harder, stronger, and denser

finished product.

10 BN
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There are three main reasons for gypsum cement's superiority over
Portland cement in super small scale modellina: 1) Rapid curing time,
2) small particle size, and 3) low distortion. Gypsum cures rapidly and
can actually be removed from its forms within 30 to 60 minutes after

mixing. In fact, gypsum gains strength and stiffness by drying, and

will become too brittle if allowed to air dry for a period of several

days or longer. W
The clay size particles of gypsum do not interfere with the role of !?

the microaggregate. i;;

Gypsum cement exhibits very low distortion upon curing. Unlike

Portland cement mortars which contract; gypsum mortars expand. Maximum
expansion for pure gypsum cement excluding aggregate is 0.080 percent.
No other cementitious material exhibits such a low distortion. With the
addition of microaggregate, expansion is even further minimized.

Gypsum cement is slightly soluble, amounting to about two grams per
liter of water. This slight solubility is handy for cleanup after
mixing and pouring.,

Gypsum is also safe to work with., It is nontoxic, nonallergenic,
odoriess, and nondermatitic. It is noncorrosive and noncombustible, and,
with a pH of 6.5 to 7.5, has a virtually neutral reaction.

Gyosum has been found to be compatible with a wide variety of
chemicals, powders, and granular materials. However, gypsum crystals do
not readily bond to aggregates larqger than No. 10 mesh.

The water used in mixing should be low in contaminants. If it is
drinkable, it is suitable for mixing. United States Gypsum recommends

water between 70° and 100°F, the temperature range in which gypsum has

its maximum solubility.
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Two types of gypsum cements used previously in modelling are

Ultracal® 30 and Ultracal® 60, manufactured by United States Gypsum.

The number is based on the approximate amount of time in minutes g%i
required for set before the forms can be removed. Egi

Ultracal® 30 has high surface hardness and compressive strength, \f“
and sets quickly. It is commonly used in industry and is the more .E“
readily available of the two.

Uttracal® 60 is similar to Ultracal® 30 except that its slightly ]
higher consistency gives it 1less surface hardness and compressive !::
strength. In addition, the longer set gives it less expansion, é

The following are properties of pure Ultracal®, as supplied by the

manufacturers and presented here for comparison of the two cements:

.4 Coe e e

-, P

N O

. N !
'

Use Consistency Hand Mix Strength at Setting Qf
(Part of water Vicat Set Use Consistency Expansion %  Surface ‘
by weight per 100 (ninutes) Minimum Hardness
parts of plaster) Dry Compressive FINAL MAX
N tracal® 30 38 25-30 6,000 0.60 0.80 115
Ultracal® 60 39 75-90 5,000 0.55 0.65 105

Additives are available which retard the rate of setting. United

States Gypsum recommends a sodate retarder. Retarders reduce the

strength of the cement but may be necessary for use with intricate o 1
modelling. Figure 3 is a guide for the use of a sodate retarder.
Gypsum mortars, consisting of gypsum, sand, and water have been L.

used to model concrete as small as the 1/20 scale size. While this

.
e ®
KRV

' [N
"’-'n.- 4"

scale is quite a bit larger than the scale required in this project,

nast studies warrant review. P
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The addition of aggregate to the gypsum makes the mix similar to
concrete. This is especially evident in the effects on tensile
strength. The ratio of compressive strength to tensile strength for
pure gypsum is much higher than for concrete. The addition of aagreaate
lowers the tensile strength.

The effects of varying the water/gypsum cement ratio and the
aggregate/gypsum ratio as obtained by Sabnis and White (Reference 8),
are shown in Figures 4 and 5, where the compressive strength is plotted
against the ratios. It is evident that the addition of both water and
aggregate lowers the compressive strength. It should also be remembered
that water in excess of the amount required to complete the reaction
with the plaster will be removed by the drying process, resulting in air
voids.

Gypsum mortars develop strength rapidly. This is a potential
problem since tests must be run at specific times after pouring, when
the micro-concrete has developed the desired strength. Also, the model
may gain strength during prolonged testing. This problem can be
alleviated by sealing the moisture in the mix at the desired strength
level. Sikaseal, Thoroclear, and ordinary shellac have been found to be
effective sealants. The strength-age relations for various mixes are
shown in Figure 6. It is evident that the age of gypsum mortars becomes
a Yess critical factor when the specimens are sealed.

The uniaxial compressive stress strain characteristics of gypsum
mortars have been shown to be similar to those of concrete. The most
detailed research has been done by Kandasamy (Reference 9).

The effect of specimen size on strengths of gypsum mortars is

summarized by Mirza (Reference 10).

14

a € v . - . - o
‘.r".:'f?'f. X




0
b4
I
-
o
4
w
[+
-
7y
w
>
n
N
w
[+ 4
o
=
o
&

COMPRESSIVE STRENGTH, KSI

4.0 T T T T
é = aggregate
= gypsum
3.0 -
A/G=.8
2.0 A/G=1.0 —
A/G = 1.2
| ] | |
1.0 2 3 a 5 X
WATER/GYPSUM RATIO
FIGURE 4., EFFECT OF WATER-GYPSUM RATIQ ON f'c
(FROM REFERENCE 8)
4'0 | | I |
W = water
G = gypsum
2.0
1.0 l ] 1 1
0.8 1.0 1.2

AGGREGATE/GYPSUM RATIO
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1. The amount of moisture present in different size specimens is by
far the most important parameter in observed size effects.

2. With proper surface sealing technigues for control of moisture,
there is negligible size effect in compressive strength of
cylinders ranging in size from 0.5 by 1 inches to 3 by 6 inches.

3. Using the same sealing procedures as for compression tests, the
modulus of rupture values for beams ranging from one-half inch
to three inches deep exhibited a size effect.

4. Coated split-tensile specimens showed no discernible size
effects when material density and moisture content were
identical.

Sabnis and White (Reference 8) report that unsealed specimens gave
an increase in strength of about 50 percent as specimen diameter
decreased from three to one-half inch while surface sealed cylinders
gave no measurable size effect. Their findings indicate that one-half
inch deep beams were only ten percent stronger than three inch beams in
rupture and therefore, the size effect cnuld be considered
insignificant. It was concluded that for smaller specimens, a gypsum
microconcrete should give better results than a Portland cement
microconcrete because the sealing process eliminates most of the size

effects.

B. MODEL REINFORCEMENT

The similitude conditions for a true model with no distortion (see
Table 1) require that the stress-strain properties of the mode)
reinforcement be geometrically similar to that of the prototype

reinforcing.
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The characteristics to be considered for the reinforcement include: =~
."*“
1. Yield strength 223
. |
2. Shape of stress-strain curve ' ]
; 3. Bond characteristics between reinforcement and microconcrete. 7&:3
' The suitability of several prospective materials for micro- :?1%
reinforcement, including metals, plastics, and glass fibers, 'has been !EA
R

investigated (Reference 11), The low- and medium-carbon steels used for

conventional reinforcement have fairly well-pronounced yield points and e
[ 3

yield plateaus with large ductility. The model material should have the S

same characteristics. The only material known to exhibit such

[
K

characteristics, aside from steel itself, is phosphor bronze,

If steel is used as the model reinforcement, equality of the

modulus of elasticity of the model and protoytpe is automatically

Al

satisfied; S_ is unity. Equality of yield points have even been

achieved through a processs of controlled annealing. However, material

properties including yield point, are susceptible to gross variations

TV w ¥V v

caused by the heating process, as the effects are magnified due to

| inconsistencies of the model reinforcement (i.e., cross-sectional area,
chemical inconsistency).
Various techniques have been used in attempting to wmodel the S

surface deformations of prototype reinforcement. Included are sand

coating (held in place by shellac), rusting, threading, and cold ,';3

deforming of wires. ’ :{L%

) B
Adequate bond has been achieved by the rusting of plain wires; SN

however, it 1is recommended that rusted wires not be used because ?:ii

variability of bond strength is high (Reference 12). iﬁiﬁ

Y
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Successful bond strength has been achieved with commercially
- threaded wire such as that used for bicycle spokes. Unfortunately,

attempts tn procure threaded wire in the small sizes required for 1/60

and 1/90 scale modelling were unsuccessful.

Although adequate ultimate bond strength has been achieved in some
cases between plain wire and plaster, the steel concrete bond of
prototype reinforced concrete is a combined effect of adhesion and
friction. Hence with plain wires only the friction component is

developed, therefore, a marked decrease in ultimate bond stress occurs

with increasing imbedment ratio (length/diameter).

A technique was developed in the Cornell Structural Models

T
NG - HOOCODOE

Laboratory to cold-deform wire. The desired deformations are obtained
by passing the wire through two pairs of perpendicular knurls,

continuously deforming the length of wire. Further research in Japan by

)\

Murayama and Noda (Reference 13) using Cornell's deforming techniques,

/N

revealed that wires inwardly deformed to the same scaled

v
’

¥

S AL

dimensions (Sz) as the raised lugs of the prototype reinforcement, best
modelled the characteristics of the prototype. Adhesion is developed in

the deformations, as they serve as microconcrete keys. The bond

T vweYYy
al.

decreases gradually as the material around the deformations is fractured
durino pull-out. Harris, Sabnis, and White (Reference 12) concluded
that laboratory deformed wires are comparable to prototype deformed bars
with resnect to bond strength in direct pull-out.

Cold deforming increases the yield strength of the wire. Annealing
has the opposite effect, with yield strength inversely proportional to
annealing duration and temperature, Neither cold-deforming nor
annealing have an effect on the modulus of elasticity (see Figure 7,

Reference 7).
19
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STRESS ksi

3
40 v
1 4
/ i
20 Mo. Diam. Oyliksi.) Condition
1 o 58 .0 As delivered
2 2- 70.0 1/3 turn deformed”
3 :g 45 .0 Annealed 1000°F-45 min.
a4 - 27.0 Annealed 15 00°F-15 mun.
“Note ¥ Turn= 1/28 . motion of knurls

.002 .004 .006
STRAIN

FIGURE 7. EFFECT OF DEFORMATLON AND HEAT TREATMENT ON
STRESS-STRAIN RTZHAVIOR OF REINFORCING WIRE

(From Reference 7)
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SECTION 1V
DEVELOPMENT OF MICROCONCRETE MIX

The following properties and characteristics were considered in the
development of the microconcrete mix:
1. Aggregate shape, scaling, and gradation
2. Water/Cement/Aqgregate ratio
3. Compressive strength
4, Tensile strength
5. Modulus of Elasticity
6. Modulus of Rupture
7. Morkability
The desiqn approach was to first scale the aggregate and then mix
batches of differing water/cement/aagregate ratios, testing each mix
after curing for compressive strength. It was surmized that after
having developed adequate compressive strength as a starting point, the
mix could then be adjusted, if need be, to develop the necessary

properties and characteristics.

An infinite number of variations in the mix could be achieved by
changing the water/cement ratio, the water/aggregate ratio, the type and

gradation of aggregate, and the type of cementing agent. Previous

-

2
.

research by Chawdbury, White, and Scott (Reference 4), six trial mixes,

& 58
s
2

s

and Mirza (Reference 10), one trial mix, served as a starting point for

the design of the water/cement/aggreaate ratios, although their mixes

.

utilized larger aggregate.
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A medium- to fine-grained clean sand was chosen for the micro-

G R
c e een
* 'I Y

g aggregate. The sand, referred to as Etdgar sand, was mined from Edgar, ) éﬁ
l Florida. Viewed under a microscope, the particles can be seen to fall ?5
g into classes A and R, shown in Fiaure 8. flassified as subanqular to E§
E angular, Edgar sand simulates desirable prototyoe concrete aqggregates. Sa
The microaagranate was scaled from No. 2 concrete aggreqate 5@

g (Reference 14). It was first scaled at S;= 1/150, corresponding to the 1;?
;‘ necessary aodel size to fit the entire stucture into the centrifuge :i
bucket. Mix ho's 11-1-.30, 12-1-.25, 13-.8-.25 and 1%-,9-,25 were tried "1

using this gradation with a maximum particle size of 0.297mm. Adequate ifi

compressive strenath combined with suitable workability was not achieved ;ég

(Table 2). To increase the compressive strength, the maximum particle 3

size was increased to 0.595mm. An increase in compressive strenath was Eéi

achieved with thi: ~radation for identical water/cement/aggregate ratios i;é

v

(i.e., compare trial mixes 19-.2-.25 and 13-.8-.25, Tahle 2). This

A

45 *r
AL

gradation was held constant for the rest of the experiment and was

P
A

’.'I

incorporated into the final mix desian. The gradation was distorted
from the S,= 1/153 scaliny due to the excessive size of the Tlargest
particle. However, when the model scale was later increased to 1/60 and

1/90 scale due to the nonfeasibility of physical modelling at the 1/150

e e e e e .
r". PR R
. T Y

v b v VY

VR URE TR B -

scale {see Section V11), the final gradation happened to fall within the

proner scale,

Figure 9 shows the houndary gradation curves for the No. 2 concrete ’ ;i:
aggreqate and the oradation curve for the microaggregate. !E
Gypsum cement was chasen oo the cementing agent because of its {i
rapid curin: tiee. s aalt narticle size  and low  distortion, :ii
3

Specifically, Ultracai® cu, manufactured by United States Gypsum, was
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TABLE 2. RESULTS OF COMPRESSION TESTS FOR VARIQUS TRIAL MIXES

o
MIx AGE AT MAK  apcas MAX ACTUAL  WEIGHT  UNIT WORK - !;
NO TESTING  LUAD o COMPRESSIVE  LENGTH (1bs)  WEIGHT  ABILITY e
: e {xips) (in®) STGTH (psi)  (in.) (1b/ft”’)  RATING .
N
RS PET) B B! 20,4 7.069 2586 3
sy 7 23.9  7.069 3381 Fair -
3 24 22,7 7.069 3141
b4 4R 23.5  7.069 3324
1200206 =0 5.8  7.187 807 6.02
01 16.8  7.187 2338 6.07
T2 26,1 7.137 3353 6.06
PRI 27.4  7.187 3312 6.07 Poor
2 28 26.4  7.187 3673 5.98
46 24 .4 7.187 4230 6.06
e T 31.6  7.187 4397 6.08
R 3.3 7.187 4494 6.06
Bl als sl A5 7.187 1183 6.05
2 1.7 7.187 1628 6.05
#3 2 17.8  7.187 2477 6.10 Fair
24 2 24,6 7.187 3423 6.08 0
55 24 284 7.069 4018 6.00 Good
s 24 23.3  7.069 4004 5.95
47 24 23,3 7.187 3938 6.06
14..9-.25 -1 24 2.9 70170 3075 5.86 3.135  129.8
s7 24 2607 7.7 3750 5.91 3.136  128.8
#3 24 dhutl 1120 3652 5.89 3.132  129.0 Poor
44 24 Jph T.ien 3216 5.89 3.137  129.2 to
25 4y 7.4 7,120 3348 5.39 3.145  129.6 Fair
46 4R 24,0 7.120 3483 5.90 3.140  129.2
47 43 24,7 7,120 3371 5.39 3.138  129.3
IR 26,3 7120 3694 5.89 3,141  129.4 N
L
1°..8-.25 &1 24 .30 L 4390 5.23 3.148  130.9 fj
#2724 32,0 7120 A607 5.30 3.127  130.8 .
£5 24 Wk 7120 SR 5,36 3.148  130.4 -
s 4R Jae 7L 1y, 5,74 3.119  129.6 Good ]
sn 40 P I Pl 3974 5.84 3.125  129.9 -
SA AR IO SR 1541 5.83 3,130 130.7 q
a7 AR e 5.87 3.134  129.6 o
IR AT 515 3,113 129.4 N
")
R P TP R 4§ 5.41 3.120 130.3 Poor '-:'.‘
#)  74 Alew Tor RS 5.81 3.106 129.7 (many :;1
23 24 2o iien 5.24 3,112 129.3 vaids) Kl
1y LRI Sy 5.1 3,117 130.2 SD8)
* Nomindl 3-inck idmet o b e e ey _'_
LA .‘:_.
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TABLE 2 (continued)

aN_g_c

Z2 O W >
1]

h

Trial Mix No. Designations:

= Part Aggregate by Weight
Part Water by Weight

= Part Gypsum Cement by Weight

Chronological Sequence Number

25

MIX AGE AT MAX AREA* MAX ACTUAL WE IGHT UNIT WORK -
NO. TESTING LQAD 9 COMPRESSIYE LEﬁGTH (1bs) WE IGH ABILITY
(hr.) (kips) (in€) STGTH (psi) (in.) (1b/ft”)  RATING
17-.4-.20 41 24 27.7 7.120 3469 5.91 3.129 128.5
#2 24 23.1 7.187 3214 5.89 3.137 128.0
#3 24 19.8 7.187 2755 5.95 3.131 126.5 Fair
44 24 24,2 7.120 3399 5.95 3.127 127.5 to
#5 48 28.7 7.187 3993 5.95 3.128 126.4 Good
#6 48 24.8 7,187 3451 5.89 3.121 127.4
#7 48 26.5 7.187 3677 5.84 3.126 128.7
13..7-.25 #1 24 28.7 7.120 4031 5.84 3.131 130.1 Good
42 24 26.8 7.120 3764 5.8A 3.142 130.1 (many
#3 438 30.5 7.120 4284 5.80 3.109 130.0 air
#4 438 29.1 7.120 4087 5.87 3.128 129.3 voids)
#5 48 27.7  7.120 3890 5.86 3.124 129.4
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chosen over Ultracal® 30 for its longer set time and smaller degree of

$

y

K

' expansion.

S Eight mixes were tried. Each design was based on the results of i,'
- S
. N

E the previous design. Batches were prepared, and three-inch by six-inch Q};

s e
cylinders were poured as described in Appendix A. Cylinders were broken iig

in uniaxial compression on the University of Florida's Tinius Olsen
testing machine, model 400,000 1b, Super "L." Tests were run in
accordance with the Standard Test Method for Compressive Strength of
Cylindrical Concrete Specimens, ASTM Designation: C39-81.

The results of the compressive tests, along with the workability

ratings for the trial mixes, are tabulated in Table 2. The workability

3
;.
.
E
b

rating was given as a qualitative measure of the base at which the
microconcrete was mixed, placed, and vibrated. Mix No. 15-.8-.25 was

chosen for further testing due to its relatively high compressive

strength, good workability characteristics and relatively high
corcentration of aggregate (compared to Mix No. 18-.7-.25).
The next step was to determine the modulus of elasticity of the

microconcrete in compression loading. It is critical in the development

of a true model that the scaling factor for the modulus of elasticity,
SEc’ equals unity.

Four 3-inch by 6-inch cylindrical specimens were prepared. Forty-
eight hours after pouring, the cylinders were sealed with shellac to
prevent further drying, thus holding constant the material properties.
The cylinders were then instrumented with SR-4 strain gages. Strain was

measured at 1 kip load increments. One test cylinder was thrown out due

to failure of the strain gage connection. The other three tests yielded

useful data. The load-strain curves are plotted in Figure 10. The Efﬁ
' N

.__'.\..‘
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secant moduli at 0.5f'c were 3,000,000 psi, 3,600,000 psi, and 3,100,000
psi, corresponding to ultimate compressive strengths of 4300 psi, 4400
psi and 4100 psi, respectively.

The modulus of elasticity of concrete varies with density and
strength. ACI predicts the modulus of elasticity with the following
equation:

Ec = ml‘s 33/F¢

where, Ec = modulus of elasticity

w = density of concrete

f'c

strength in compression
For comparison, values of the modulii of normal weight concrete

(145 1b/ft3) for typical compressive strengths are:

f'c (psi) Ec_(psi)
3000 3,150,000
3500 3,400, 000
4000 3,640,000
4500 3,860,000
5000 4,070,000

The modulii of the microconcrete (E.=3,300,000 psi for f'c=4085 psi) are
close to these values.

Using the density of the microconcrete (130 1b/ft3), the ACl
equation predicts the results of the stress-strain tests. The density
of the microconcrete is within ten percent of the density of the
prototype concrete.

Next, the tensile strength of the microconcrete was determined by
the split-cylinder test. Testing was performed in accordance with the
AS™ Standard Test Method for Splitting Tensile Strength of Cylindrical
Concrete Specimens, Desiqnation: C496-71. In this test, a cast cylinder

is placed on its side so that the compression load P is anplied

28

P T L. PN . P T N S " S te T R R
............ .t e e TR e et T e e T RN DRI A
.............................. et e e - Ut s ~ o . P, b)




T T 1
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FIGURE 10, COMPRESSION LOAD VERSUS STRAIN FOR MICROCONCRETE
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uniformly along the length of the cylinder in the direction of the e

e

diameter. The cylinder splits in half when the tensile strength is -

AP g gt s s )

K.

reached. Basad on the theory of elasticity for a homogeneous material DD
S

in a biaxial state of stress, the tensile stress equation follows: e
2P gié
Stress (fct) " w(diameterT{Tength] ¥
=
The ACI Code (Reference 5) states that the tensile strength of T
concrete is a more variable property than compressive strength, ranging by

from ten to fifteen percent of it. The ACI Code provides the followinag

relationshins between the compressive and tensile strengths for various

;
£:s

types of concretes.

normal weight concrete fcy = 6.7/f'¢c

sand-1ightweight concrete fct = 5.7Vf¢ 2;5

o

all-lightweight concrete fcy = 5/f'c )

i

As in the compression tests, 3-inch by 6-inch microconcrete E‘

cylinders were tested. Cylinders were coated with shellac after curing

for 48 hours. The 1oad was anplied with the Tinius 0Olsen testing ol

machine. The results of the eight split tensile tests are shown in
Table 3. As is the case with normal concrete, variation in the tensile
strength was noted. The individual results were not excessively greater
than or less than the expected tensile strenath of the protoytpe
concrete, although the average tensile strength of 327 psf was slightly

less than the value by the ACI Code.

Tests were also performed on the microconcrete to determine tho
modulus of rupture, f.,or the tensile strength in flexure. In prototype L
concrete, the modulus of rupture aqgives higher values for tensile

strengtn than the split cylinder test.  The ACI Code states that Y
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TABLE 3. RESULTS OF MICROCONCRETE TENSILE TESTS FOR MIX 1°-.8-.25

¥ |

MAX TMUM ::15:

AGE AT LENGTH DIAMETER MAX  TENSILE VOLUME WFIGHT  UNIT ol

TESTING  (in) (in)  LOAD STRENGTH* (ft°)  (1b)  WEIGH N

(hr) (kips) (osi) (1b/ft?) 3

¥

15-.8.-25 41 48 5.85  3.005 7.75 281 ]

#2 48 5.81  3.007 9.45 344 »

43 48 5.84 3,003 6.80 247

#4  48%* 5.84  3.005 12.41 450 .0240 3.121 130.2 s

#5 48+ 5.78 3,010 11.32 414 .0238 3,100 130.2 B )

#6 48** 5.82  3.006 8.99 327 .0239  3.123 130.6

47 48> 5.79 3.010 7.24 264 .0238 3,116 130.7
#8  48** 5.91  3.010 8.06 288 .0243 3,162 129.9

* foy = 2P/ (dia)(length)
** chellaced at 48 hours; broken 4 days after coating

31
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generally an average value for the modulus of rupture may be taken
as 7.5/f'c.

The rupture testing was performed on 3- by 3- by 9-inch rectangular
shaped beams. As with the microconcrete cylinders, the beams were one-
half the size of the test specimens usually used for the prototype
tests. Again, they were air cured for 48 hours, at which time they were
coated with shellac to prevent further curing. The beams were simply
supported, and the third-point loading method was employed to give the
beams pure bending zones. The load was applied with the Tinius 0Olsen
testing machine, Tests were run in accordance with the Standard Test
Method for Flexural Strength of Concrete (using Simple Beam with Third-
Point Loading) AST™ Designation: C78-84,

The results of six tests were (see Table 4):

TARLE 4, RESULTS OF MICROCONCRETE RUPTURE MODULUS TESTS

BEAM P f

L d .
2 (in)  (in)  (inm)  (1b)  (psi)
1 9 3.1 3 1927 622
2 9 3 3 1794 598
3 9 3.1 3 1993 643
4 9 3.1 3 1917 618
5 9 3,05 3 1717 563
6 9 3.05 3 1724 565
uhere, f,. = PL/bd?
P = Load at failure
L = Length
h = width
d = depth
32
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The average value of the tests was twenty percent higher than the

value predicted by the ACI code prototype concrete.
Additional compression tests were performed on “ix No. 1-.8-.25 in
conjuction with other tests (i.e., load deflection tests on reinforced

beams). Ultimately, a total of 37 compression tests were run. The

B

average compression strength was 4085 psi. Individual results are shown 0
in Table 5 and show (A) sealing was able to control strength, i.e., no y
4

effect on strength due to curing time, (B) excellent reproducibility in F
achieving equal densities when formina specimens, and (C) a standard :f:
deviation of 406 in strength among specimens. ;i
o

SaTy

Summary of properties of final Mix No. 19-.8-.25
Compressive Strenoth = 4085 psi
Tensile Strength = 327 psi
Modulus of Elasticity = 3.3x10° psj
Modulus of Rupture = 601 psi

Unit Weight: 130 pcf

Workability Rating: Good

........
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Cal
: TABLE 5. RESULTS OF ADDITIONAL COMPRESSION TESTS PERFORMED ON MIX 1°-.8-.25
: CIL COT  TESTED  ACT.  ACT WetGHT  UNIT - maxiwum  SAXTM
% SIZE TIME  AFTER  LENGTH AREA [y V0 wT,  Loap  COMPRESSI
: (in)  (hrs) COAT (in) (1'n2) (pcf) (KIPS) (ps1)
3 (days)
: 6 24 9 5.88  7.12  3.096  127.8 24.83 3500
6 48 8 5,92 7.12  3.138  128.6  24.00 3400
2x4 24 9 4.04  3.16  .956  129.4 13.16 4150
2x4 24 9 4,07 3.17 949 127.1 13.10 4150
6 48 8 5.84  7.11 3,127  130.1 28.45 4000
_ 3x6 48 8 5.85  7.12  3.138  130.2  27.97 3950
5 3x6 48 8 5,78 7.12 3.148  132.2  30.40 4250
3x6 48 8 5.88  7.12  3.175  131.0 32.04 4500
2x4 48 8 3.98 3.16  .973  133.6 13.49 4250
; 2x4 48 8 3.99 3,16 .968  132.7 14.72 4650
3x6 48 1 5.85  7.12  3.158  131.0 26.37 3700
5 3x6 48 1 5.82  7.12  3.108  129.6 28,96 4050
3 36 48 1 5.85  7.11 3,105  129.0 29.20 4100
. 6 48 1 5.89  7.10  3.137  129.6 28.87 4050
: 3x6 48 1 5.81  7.11  3.132  131.0  30.50 4300
: 36 48 1 587 7.12 3.162  130.7  29.80 4200
- 36 48 1 5.85  7.12  3.144  130.4 31.71 4450
' 36 48 1 5,85 7.13  3.146  130.3 31,05 4350
< 3x6 48 1 5.89  7.10  3.151  130.2 25.79 3600
: W6 48 1 5.89  7.11 3,153  130.8 31,63 4450
36 48 1 5.86  7.10  1.137  130.3 35.41 5000
6 48 3 5.83  7.13 3,146  130.8 29.68 2163
- 36 48 7 5.83  7.12  3.106  129.3  30.49 4300
: W6 48 7 5.86  7.12 3,120 129.2 31.39 4400
’ 36 48 7 5.81  7.12 3,107 129.3  29.10 4100
3x6 48 4 5.88  7.14 3,136 129.1  27.20 3390 NG
- 3x6 48 4 5.83  7.14  3.109  129.1 27.21 3810 o
3 W6 48 4 5.82  7.14 3,127 130.0 24.3 3400 3
: 36 48 ? 5,81 7.10 3,119 130.6  25.2 3550 N
= 6 48 2 5.80  7.11 3,113 130.4  26.2 3680 ¢
36 48 2 5,80 7.10 3,120 130.9 23.4 3300
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SECTION V

DEVELOPMENT OF MINIATURIZED REINFORCEMENT

The following properties and characteristics were considered in the

development of the miniaturized reinforcements:
1. Yield strength |
2. Modulus of Elasticity
3. Bond development

Black-annealed steel wire was chosen as the model reinforcement for
several reasons. Since the material is steel, 1like the bprototype
reinforcement, it was expected to exhibit similar properties. Annealed
steel wire was chosen because of its low yield strenath (40 to 60 ksi)
compared to nonannealed, cold rolled steel wire (80 to 100 ksi) which
would have required the development of a tedious annealing procedure.

Black annealed steel wire is available in hardware stores where it
is sold for use as tie and packaging wire. It is routinely manufactured
in an assortment of diameters. The manufacturing process involves a
cold rolling process of extruding it from bulk steel and an annealing
process to lower its yield strength.

The miniaturized reinforcement was developed to model the steel
reinforcement of the prototype structure. The prototype reinforcement
consists of deformed bars of ASTM A615 billet steel of Grade 60, having
a minfmum specified yield stress of 60,000 psi. The Modulus of
Elasticity of this type of steel is 29,000,000 psi. The deformations

are in the form of protrusions, which serve to inhibit the longitudinal

movemnent of the bar relative to the concrete.
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Table 6 1lists the AST™ designation A615-82 reinforcing bars by

their bar designation numbers. The bar numbers are based on the number

| of eighths of an inch included in the nominal diameter of the bars.
Included in Table 6 are some characteristics of the bars such as nominal
weights, nominal dimensions, deformation requirements, and deformation-
dimension ratios.
The prototype reinforcing bars are listed again in Table 7, along
i with their respective diameters and areas. Also listed are these
resnective diameters and areas reduced by the 1/60 and 1/90 model scale
factors.

The miniaturized reinforcement was purchased 1locally and is

distributed by the Anchor Wire Corporation of Goodlettsville,
Tennessee. The three smallest diameter wires available were American
Standard Wire Gauge sizes 28, 24, and 22 with corresponding diameters of O

!!gi
.0162, .0230, and .0286 inch. The wire diameters are close to the 1/6C s

and the 1/90 scale diameters of the MNo. 8 and larger prototype

reinforcement bars prevalent in the prototype structure. The 22- and T
24-gauge wires are packaged in 117-foot length rolls; the 28-gauge is :E’ﬁ
available in 100-foot length spools. fE;;i
The first step in determining the suitability of the material was ;ééé

=

to determine its yield strength and modulus of elasticity, in tension.
The best method found to perform the tensile testing was to hang a

length of the wire from a rigid support and apply weights incrementally

| to the opposite end. The deformation was measured using a Gaertner M912

!

‘ Horizontal-Vertical Cathetometer, accurate to .00l cm, N
-\ ‘

| To perform the test, a sighting target line was marked as close as 23&5

possible to the lower end of the wire. The Cathetometer telescope was

YV
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TABLE 7. STANDARD UNITED STATES REINFORCING BARS;
FULL SCALE, 1/AN SCALE, AND 1/90 SCALF

STANDARD 11.S. SCALEN NIMENSTONS
REINFARCING RAR SCALE. = 170 . SCALE = 1/90
BAR  DIAMETER  AREA  DNIAMETER  AREA NIAMETER  AREA
NO. (in) (in”) (in)  (in?x107%) (in)  (in%x107%
2 0.250 0.05 .0042 .1364 .0028 L061
3 0.375 0.1 L0062 .302 .0047 .136
4 0.500 0.20 .0083 .545 .0056 282
5  0.625 n.31 .0104 .852 .0069 .379
6 0.750 0.44 L0125 1.227 .0083 545 -
7 0.875 0.0 0146 1.670 .0097 747 }f?
8 1.000 0.79 .0167 2.182 .0111 .970 iii
9 1.178 1.00 L0182 2.776 0125 1.234 ffi
10 1.270 1.27 0217 3.519 0141 1,568 4
11 1.410 1.56 0735 4,337 .0157 1.938 =
145 1.693 2,25 .0287 6.753 .0188 2.779 o
<0
185 2.257 4.00 .0376 11.110 .N?51 4,940 e
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leveled and sighted on the target 1line. Loads were applied at
approximately one pound increments. At each increment, after the
deformation due to the loading stabilized, the targetline was again
sighted and the change in length measured. A sketch depicting the test
is shown in Figure 11.

The trick to successful tensile testing of wire is to develop good
connections for the ends so that the wire ultimately breaks between the
connections, not at a connection. The connections serve as the 1link
between the upper support and wire, and wire and loadina pail. The best
connection was made up of two 3 x 1 1/2 x 1/8 inch plates held together
by two bolts (Figure 12). The wire was inserted one to two inches
between the plates which were then clamped together by tightening the
bolts. Of utmost importance was that the wire be inserted straight
between the plates, so that equal pressure was distributed over the
wire's cross-section. Using the deformer, slight deformations were
etched into the wire in order to decrease the cross-sectional area just
enough to cause stress concentration at the deformation points. This
served to divert breakage away from the connections. Still occasional
tests resulted in failure at the connections. These tests were
considered invalid and were not recorded.

The overall length of the wire was measured and recorded after 75
percent of the ultimate load was applied. At this point, straightness
of the wire was insured. Generally, seven to nine inch lengths were
tested.

The initial tensile tests were performed by simply loading to

failure, but the resulting stress-strain curves were characterized by
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sporatic, large increases in strain and much lower than expected modulii
of elasticities. It was surmised that some curvature and bending due to
packaging and handiing might exist in the wire, and that initial
deformations might be due to straightening as well as elastic
deformation.

Preloading the wire to a stress near the yield point solved the
problem. Figure 13 is the plot of tensile stress versus strain., The
first portion of the curve, data points represented by triangles, is the
result of initial loading. Initial loading was terminated at a stress
of 45,000 psi. At this stress the deformation is just entering the
plastic zone.

The second portion of the curve, represented by astericks, is the
result of incremental unloading. As expected, the slope of the unload
curve is much greater and more consistent than the slope of the preload
curve. This is because deformation due to unloading is strictly elastic
since all sinuosity is removed by the initial load.

The final portion of the curve, represented by circles, shows the
path of the stress versus strain curve as the wire is reloaded to
failure. As shown, the reload curve follows the path of the unload
curve, exhibiting a modulus of elasticity of 29,000,000 psi, which
corresponds to that for the prototype reinforcement.

The wire could not be unloaded to zero stress due to the 1load
imposed by the connection and weight hanger. The dashed line (Figure i
13) is a projection of the unload and reload curves. The intersection !53
of the dashed line and the abscissa defines the strain corresponding to éii
zero stress. The yield point, defined as the stress at the point iij

intersected by a line drawn at 0.2 percent offset from that strain, with
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a slope equivalent to the modulus of elasticity, and the path of the
stress versus strain curve, is 51,000 psi.

A total of 24 tensile tests were performed with excellent
duplication of results. The wire tested was found to vary less than ¢
three percent in diameter. However, it is recommended that the diameter
of the wire being used as miniaturized reinforcement be checked
periodically and that tensile tests be performed in conjunction with
model testing.

The bond development between the miniaturized reinforcement and the
microconcrete was insured by inwardly deforming the bars following the
technique developed at Cornell, A deforming machine, made up of two
pairs of perpendicularly mounted knurling wheels, was built. Features
of the machine include: 1) pin mounted easy to change knurling wheels
and 2) adjustable clearances between the two knurling wheels in each
pair. The wire was hand pulled through the machine.

Several deformation-dimension ratios for prototype reinforcing bars
are shown in Table 6. Based on the. ratio of deformation to bar
diameter, the spacing of the deformations on the miniaturized
reinforcement was targeted for 70 percent of the diameter. The actual
value was subject to available knurl size. The minimum depth of the
deformation on the miniaturized reinforcement was set at five percent of
the diameter. This dimension was based on the ratio of the minimum
heights of the deformations to the diameter of the prototype bars.

Table 8 lists the miniaturized reinforcement by bar number (gauge
size) and its corresponding weights, dimensions, and deformation
specifications. The last column 1ists the knurling wheel used to deform

each bar.

43

....................................




b Bl A AT SR i B §

e e g

ML vl

T

L i gte o

.

Lot ot

AN SN AN

.

T

Loy 2y B ave

~

Al Sl e

LY A0 S Rl

» 0
AR

L L A
b. l- P

Jej8uwely = yIg
UOL1RWI0Y3(] = 430
bidy = (M
butoeds = Jyds
JO13widadd = [¥i4d
Ko
mc. = W@“@—u—”wc uo t@wcm '3
¢8-ST9Y TWLSY JO SIudwWa(nbay W TUtn
(etg),® = buideds xep uu pasey «

US L 0ueu* 0290° glu0®  G¢u°® EPTU0® 000 B680O® e-Sx%S.m 98¢0° <-ch.§ ¢
Ug 1A' FTA(N ¢59U° S100° uel” ST10U° 1910°  ¢elu® q-Squﬁ.v uEeu”® q-c:;.E ve¢
08 LL PACIN 6490° 1100°  #10°  Tsouu” wETI0T 604U° ,.0TXCIY0"¢  ¢ylU™ | _ULXS"y 8¢

(Ub) _°wId  (ub) *430 °yId (ut) a3sn (ut) (ui)*430 (ui) .
HL33L DNIOVES 40 ONIDVAS L 436 40 coves 40 tiw cawes 0P (gdd) (b a/al o
TIONY TVOLOV VL0V TWNLOV  LHOI3H  THANX  xxNIK  *XVk 43d ELL) I 1Hul3m - dvy

SNULLYOT193dS NUILVYWY0430 UNY “SNOISNIWIU SLHYTIIM  SINIWIDYOANIIY USZTUNLVINIW 8 378V1

L PO T A .

44

- « " -
T N S o

e ™S




SECTION VI
MICROCONCRETE-MINIATURIZED RE INFORCEMENT INTERACTION

After designing the microconcrete and miniaturized reinforcement
modelling materials, the suitability of the interaction of the materials

was determined. To do this, a simple miniaturized reinforced concrete

structure was built and subjected to loading. The load-deflection

“

LI 4 S G R Vo, E iy e ™
L L TR A s
- '. ‘l A ’ '.:u"- St ..r . e
o Tu ’» . - R . 1
. ORI YLt

e e St

results were compared with the predicted results generated by the Non-
linear Structural Analysis Program (NONSAPC) and, additionally, those
predicted for a similar prototype using flexural strength computations. L

The structure chosen was a simply supported beam with one row of
steel placed in the tension zone. The beam was subjected to third point

loading in order to develop a pure bending zone. The length and height

of the beam, 7.3 inches and one inch respectively, correspond to the
dimensions of the 1/60 scale model of the burster slab for the single
bay model (7.3 x 7.3 x 1 inch). The width of the beam, .645 inches, was
set to achieve a desirable height to width ratio of approximately 1.5.
The quantity of reinforcement placed in the beam was determined by
the amount necessary to insure ductility. The range in which ductility
ijs insured is defined by a minimum value determined by Equation 10.3 of
the ACI code, and a maximum value determined by Equation 10.2.7 of the

same (Reference 5).

The beam, including its dimensions, and location and quantity of
reinforcement is shown in Fiqure 14. Also shown are the locations of

the applied load and the supports. ;=\%
|
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To perform the beam test, special loading and support blocks were
fabricated so that knife-edged contacts were made at the supports and at
the location of the applied load. The 1load was applied using a
compression converter adapted to the Department's Vishay Instruments BT-
1000 testing machine. Displacement of the centerpoint at the bottom of
the beam was measured using the Cathetometer. Load was applied slowly
and displacements were measured at approximately 25 pound increments.

The results of two such tests are plotted in Figure 15. In these
two tests fracture occurred through the center of the beam, insuring
that the displacements measured were indeed, the maximum deflections.
Also, no local crushing was observed at the contact points of 1load
application or support. Local crushing at the knife edges, which
occurred during several other tests, adversely affects the accuracy of
the results.

The plots of the data show some discontinuity between points.
However, the data, interpreted as a whole using a best fit curve,
accurately represents the overall results of the beam load test.
Individual readings were susceptible to slight inaccuracies due to
insufficiencies of both equipment and the operator in dealing with
measurements of such small magnitude. Total vertical displacement was
approximately .006 inches. The Cathetometer accuracy was limited to
.0004 inches by its graduation, or seven percent of the total
displacement. Obviously, human error in the Cathetometer's telescope
adjustments between readings is inherent to expnerimentation at this
scale,

The results of the NONSAPC analysis (performed by Doug Yovaish) are

a1so shown in Figure 15. This analysis was based on a bean of similar
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dimensions and loading conditions as the microconcrete test beam. The
following parameters were used as input for into the program:

: Ec = 3.3 x 10° psi

: Eet = 29 x 100 pei

fé = 4000 psi

f} (steel) = 51,000 psi
: Composite v = .3
g Coeff. of thermal expansion = 6 x 10% in/in/°F
g Only the portion of the beam to the left of the centerline (see
z Figure 16) was modelled since the beam and loading were symmetric about
f the centerline.
g The beam was divided into elements as shown on the second page of
g Fiqure 16. Seventy-two nodes were generated giving the model 192 degree
i of freedom. Nodes having restrained displacements are depicted by
3 roller and pin connections in the figure. The load (1/4 of the vertical
. load plotted on the abscissa of Fiqure 15) was applied at two nodes,

numbers 17 and 63. The reinforcement is modelled as a single bar of
equal cross-sectional area. Vertical displacement was measured as the
amount of downward movement at either node 28 or 64.

Good correlation exists between the actual tests and the NONSAPC
model. The difference between the actual heam and the comouter model is
that the actual beam has an infinite number of deqrees of freedom, while
the computer model has 192.

The expected failure load, P, was computed using flexural strength
analysis as suggested by Wang and Salmon (Reference 15). The load is

determined from the following three equations:

I T I SRR SR S}
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A f
- S
D 2= gty
- a
2) M, = AS fy(d - ’Z)
_6M
3) *T

where, A; = area of steel
fy = yield strength of steel
fé = compressive strength of concrete
b = width of beam
M, = nominal flexural strength based on ultimate strength

d = depth of beam

P = load
A f -3 . 2
a =3 Y - (2.49288 x 10 )(;1,000 1b/in%) _ 5.677 x 10-2 in.
-85 c b .85(4085 1b/in“)(.645 in)

2

2 n2)(51,000 16/inf)(1 - iﬁ]l?-i-l—”—-) in

(2.49288 x 10

\ _ a
M, = Asfy(d - 2—)

1l

123.5 in-1b

6M .
_7'n _ 6(123.5 in-1b) _
P - T—‘ 3 1n - 247.0 ]bS.

The model beams consistently broke at loads just over 300 pounds.
This value is sufficiently close to the predicted value. The error is
of the same magnitude, and alledgedly due to the same cause, as the
error associated with the modulus of rupture of the microconcrete {sen
Section IV).

Several qualitative results are also gained from this phase of

testing. The microconcrete was workable at the small volume, flowing
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smoothly into the form when vibrated. Visual inspection of the beam's
cross-section after breaking revealed no seqregation of particles nor
excessive air voids.

The miniaturized reinforcement, which spanned 7.3 inches between
end supports, adequately retained its position of placement during
casting. Bond was developed between the miniaturized reinforcement and
the microconcrete, No excessive voids were noticed in this area, and in
no test was reinforcement pullout the mode of failure.

Plexiglass proved to be an excellent formwork material. After

twelve beams were poured, the forms were still functioning satisfac-

torily with no distortion in shape and no leakage of concrete at the

joints.




SECTION VII

DEVELOPMENT OF STRUCTURAL MODELS

A. Background

In order to fit a model of the entire prototvoe structure into a
two-foot diameter centrifuge bucket, it would have to be scaled down to
1/150 of its original size. However, it is not physically possible to
build the model at such a small scale. For instance, the 2' 1 1/2"
thick interior wall of the prototype structure would be reduced to .17
inch thick in the model, making the placement of the miniaturized
reinforcement too difficult.

In order to construct models at a feasible working size, and to

accommodate the size of the centrifuge bucket, components of the Y

(] T

prototype structure should be modelled. The following models are -

recommended:

c. .l lI "s e« °
.!. B T
. v .

1. Single bay structure with burster slab at 1/90 scale,

2. Double bay structure with burster slab at 1/90 scale,

’
ala’ e L2 4 L

3. Single bay structure with burster slab at 1/60 scale.

B. Sinale Bay with Burster Slab - 1/90 Scale Model

PR T ]
, D VTt
! ' : '
DU TR, (3 oo ettt
e le vl : Lo ¢

The sinale bay model consists of a box structure and senarate

¢
fa

2

o

4
..

hurster slab, The dimensions, except for lenqth, are scaled from the

-‘- ]

prototype. To develop symmetry, both walls of the model are scaled fram {:]

-¥

the exterior walls of the prototype. The length of the model is equal *;

to its width in order to be consistent with the other two models. The R
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burster slab is of the same width and length dimensions as the roof slab
of the bay.

The thickness of the burster slab is scaled directly from the
prototype. The burster slab is cast separately from the box structure,

since the two are separated in the prototype by a layer of soil.

C. Double Bay with Burster Slab - 1/90 Scale Model

The double bay model consists of a double box structure and a

separate burster slab. The dimensions, except for length, are scaled
from the prototype. The exterior walls of the model are scaled from the
exterior walls of the prototype. Likewise, the interior wall of the
model is scaled from one of the two identical interior walls of the
prototype. The 1length of the model is equal to its width. This
dimension was set based on geometry to maximize the size of the model to
fit the circular centrifuge bucket.

The burster slab is of the same width and length dimensions as the
roof slab. The thickness of the burster slab is scaled directly from
the prototype. Again, the burster slab is cast separately from the box

structure.

D. Single Bay with Burster Slab - 1/60 Scale Model

This model was designed to serve as a model of the 1/90 scale

single bay model. The two models are identical except for the

difference in size.

TR TR T T TR T R W .. e e

£. General
The prototype structure, excluding the burster slab, is heavily

reinforced with steel. Figure 17 shows the locations of the major

reinforcing bars in the floor slab, ceiling slah, exterior walls and

55
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;S interior walls of the three-bay portion of the prototype. The burster
ES slab, also shown in Figure 17, contains only temperature steel.
. Three considerations were made in the steel design of the models:
Eé 1. The overall area of steel was modelled. The yield stress of X
tf the miniaturized reinforcement, 51,000 psi, was less than the |
K

.
P_.
}_.

yield stress of the prototype reinforcement, 60,000 psi. .{3
Therefore, the scale factor, SOST = 1.17647 was applied to the ]
already geometrically vreduced area of the miniaturized
reinforcement.

2. The locations of the miniaturized reinforcing bars relative to
the dimensions of the model were to be identical to the

locations of the prototype reinforcing bars relative to the

dimensions of the prototype.

3. The size of each miniaturized reinforcing bar (choice of 22-,
24-, or 28-gauge) was chosen to be as close as possible to the
size determined from the qeometric and stress scale factor
reduction.

Table 9 of this section 1is a summary of the quantity of

reinforcement of hoth the prototype and the model.

Detailed structural drawings for the proposed models are shown in
the following figures:
Figure 18 - 1/90 Scale Single Bay
Figure 19 - 1/90 Scale Double Bay

Figure 20 - 1/60 Scale Single Bay
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Detailed structural drawings of the corresponding burster slabs are

e

< .

shown in Figure 21.

56

RSN TNt Tt T U e s e e e e T e e T e L e e LT e

MR LA a® ety "o .l L St . TR - LT
et W T, et PSP P B R " S e . o e e L T e, - - A K
AL I WL DALY l"‘%_“’A..F{-’J‘LA‘!, AV W PRI PRRPIIRPUR. S S L N FREPETPP S T SRS S RPN, et e tle t'a Catat’s tal




M hve e Ot il ey o S b RAn haie i JAss B SR d v UL da ) g i El!.‘.‘\.
T p B o L%

T
O S Tt R T e s, R L R LSl S,

'.

\

\

.

N Y

*\ }

]

: X
, .

' ” " ) "
eEe &1 =
1 -0" i @ 6" 0.C.
Y-direction

J— #10@12" O.C. +10 8 @6" O.C.

Front View (Z-direction) Top View (Y-direction)

:l Steel Detail (Interior Wall)

#5@ 6"0.C. S
-direction

X :
*8 @ 11_0!: o'c. *8,3 @ 6 O.C-—T' r 2" c|°a' .-;::i:'j:

— . "
— o : 4 RS&)

o [ [ e

Front View (Z-direction) L 3" clear l;f_x'::.;
Side View (X-direction) T

Steel Detail (Floor Slab)

TIGGRE 17, PROTGTYPE STRUGTURAL DFTAILS




rs"clear - min. from code

*8's @ 1-0" O.C.

= Meets minimum steel requirements

X and Z -direction

Wit AN I SRRRIRAE [N

Steel Detail (Burster Slab)

LH

.‘ ',.‘7' L T
o Ve 8 7 P R R
w1 MR S A ]

- 3'-0“7 .'_
ole 14’_41 :x
2 clear 2"clear :: :: 2 clear R
ole olo 1::‘
{7#10’s @ 12°0.C. oo olet-410's @ 3
°* °°fT  g"0.C.
ole [ )
Front View (Z-direction) Top View (Y-direction)
Steel Detail (Exterior Wall)
‘
= +10’s @ 12" 0.C. +10’s @ 6"0.C.
= rz"clear A
t —e A —fS:oo:oo:A
'.. T 3r-°u ® [ N ) ® O 3'-0”
: S $- 33ttt
Front View (Z-direction) Side-View (X-direction)

SO ] W

Steel Detail (Roof Slab)

FIGURE 17. (CONTINULD)

A..'I - \..'-..‘. *




TABLE 9, SUMMARY OF STEEL REINFORCEMENT QUANTITIES

SIMILITUDE
PROTOT YPE MODEL REQUIREMENT -
AREA OF AREA OF AMOUNT_USED . 100
REINFORGEMENT  REINFORGEMENT ~ “SIMILITUDE
(in®) (in%) REQUIREMENT

STRUCTURE

1/90 Scale Single Bay:

Roof Slab 261.62 3.867x1072
Floor Slab 162,74 2.406x1072
Exterior Wall 264.16 3.908x107%

TOTAL 688.52 10.181x1072

Burster Slab 33.18 4.819x10™3

1790 Scale Double Bay:
Roof Slab 469.90 6.385x102

Floor Slab 292.30 4.27x1072
Interior Wall 243.84 3.567x1072

Exterior Wall 431.80 6.349x1072
TOTAL  1437.84 21.071x1072

Burster Slab 58.46 8.491x1073

1/60 Scalte Single Bay:
Roof Slab 261.62 8.550x10™7
Floor Slab 162.74 5.320x1072
Exterior Wall 264.16 8.633x1072
TOTAL 648.52 22.502v102

Burster Slah 33.18 1.088x10™%
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FIGURE 20. STRUCTURAL DETAILS - 1/60 SCALE SINGLE BAY MODEL

68

e e EFC . i e RICIRC I A B T O S N T 2 LV A T S
T e AN e e e R i e G S T SR LN A S S R T T . B A A R R RBROAEIA
ATAEARTRL UL AR, YV UV T U IO, P T | .‘\_.‘.l\ YN TR TS YT WYY W TR YA TR T UV ST POV DTG VLS WA W SIS N O v

.....................




ind - 8jeds

Y,

WY TR,

L+ OPIS - ejeq

(Q3NNHILNOD)  “02 3YNUI4

4

M 4

\§°.

.L480°

-ooo :n- @
eBneb-pZ €1

JHL10°

obneb-pg 22

W20’

L

59

.O.O :O F - @
ebneb-p2Z 1L 2

>
g

—
\\NO. L IOOO

., 020
oBneb-pZ 22

neyeq Aeg ojbuis 09,

W a0 e IR e et AT Pttt




V60 Single Bay Detail

X

Dimension Indicates Distance from Edges to Center
Points of reinforcement in inside Rows

553"

—

047"

047" o
clearance

cleara

4 Rows

53 22-gauge

@ .075" 0.C. 4"

.t
B

-
.I " ~ *
¢ v 0

A

o0

i'l"v’
0

&
A "‘

4"

T

S
..\
L\
-y
-}
Sen
1

Detail - Side #2
Scale ~ Ful

FIGURE 20. (CONTINUED)

70

T et AT et e e e e T T e e T T T e e e e e T T e e vt et et ettt Tt et et
5 TS TR E SR AT RSN AT I ORI, i T TR S TINER OISO IS IS TR G G R Sl A ST, ST DN G K




T Yoy m———we e

[

S

“r
. - »
A A A

-
.

Yeo Single Bay Detail

<
™

P

| 3N A A 4 .,
o

) ¥

~ N

.047" Clearance

N
"o'.'.?:i: .&L&ll‘.ﬂ

"

AL
P 2

r
)

-

vor
.

" .‘.—'.. o
. LIPS

Dimension Indicates Distance
4.4" from Edges to Center of
Reinforcement in Inside
Rows

4"

Detail - Side #¥3
Scale-Full

FIGURE 20. (CONTINUED)



mt il Ml W S A

¥
.
1
¥
’
’
v
.
+
t
'
.
.
.
.
s
.
*
v
’
‘
®
‘.
1
t
0
t
'
'
,
D
r

Detail - Burster Slab (1¢,Single Bay)

.04 15~

.0415"-

B

0615

X

.0615

2.67"
3‘: ] [ [] ® o [] [J [ ] ® o @
12 28-gauge @ .23"0.C: 67"
—L @ [ ] @ [ ] ® O [J [ [ J [ K )
L. e
07" 07"
Detail - Burster Slab (J§, Single Bay)
4" |
™
—-} [] [ ] ® [ ] ® ® [ ] [ ] [ ] [ ] ® [)
13 22~-gauge@.320.C.
e o o o6 o o O o o o o )

el
L

Detail - Burster Slab ()4, Double Bay)

4.87"

7

AR

04153
.L ® ® ®

21 28-gauge@ .23" O.C.

.04155___4 o

.135"

SNt 20,

Scale - Full

ST W TAILY -
72

tOSTEP SLANS

LTI




A

IR
BADR

SECTION VIII

CONCLUS ION AND RECOMMENDATION

A, Conclusion

Following the modelling procedures established in this report,
models of the entire prototype structure, or 1its components, will
simulate the prototype in response to static, and hopefully dynamic,
loading.

Additionally, based on the results of the reinforced beam test, the
physical model's response to static loading approximates that predicted
by the NONSAPC computer analysis.

The microconcrete and miniaturized reinforcement recommended in
this report will develop the following scale factors in relation to the

nrototype structure, resulting in the development of a true model:

QUANTITY D IMENS ION SCALE FACTOR

Concrete Stress FL=2 Soc=1

Concrete Modulus FL=2 SEC=1

Reinforcement Stress FL=2 So,=1.176 (based
on yield stress)

Reinforcement Modulus FL=? Sgp=t

Poisson's Ratio $,°1 (Assumed)

Density FL=3 !
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.
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The geometric scale factors follow:

QUANTITY SCALE FACTOR
Linear Dimension Sz=n

Area of Reinforcement Sp =nZSor
r
where n = number of gravities induced by the centrifuge.

B. Recommendation

It is recommended that the three component models specified in this
report be tested in a centrifugal environment, in conjuction with
computer analyses. If the computer analyses successfully predict the
centrifugal model events, then centrifugal modelling of the entire

prototype structure may not be required.
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APPERNDIY A
I MODELLING MATERTIALS AND PROCEDURES

A, MATCRIALS
1. MICROCONCRETE
2. MINIATURE REINFORCEMENT
3. FORMWORK

B. MODEL CONSTRUCTION

C. PREPARATION OF TEST CYLINDERS
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APPENDIX A -

‘o

MODELL IMG MATEQIALS AND PROCEDURES o

A

T[>

)
Y

A. MATERIALS

v

’

o

The three major components of a model are the microconcrete, the

Ly

miniaturized reinforcement, and the formwork. The following is a

description of the materials and procedures necessary for the

r T4

-
'3

preparation of each component, and procedures for the construction of

o~

the models. Included are notes which may he helpful in following the
procedures,
The equipment snecified is that used and recommended by the author.

Equipment of eaual capability may be substituted in future endeavors.

1. Microconcrete

Materials: Ultracal® 60
Edgar sand
Water

Equipment: Mixer (Heavy-duty, table-mounted, rotary type used by
professional bakers)
#30, #50, #100, #200 mesh soil sieves and shaking machin2
Drying oven
Electronic weight scale (Accuracy = 0.1 g)

Procedure:
“o 1) Dry the Edgar sand in the drying oven.
- 2) UYse soil sieves and the shaking machine to searegate the sand
- grains by particle size, Sieves with large surface areas are
o handy as large quantities of sand are needed. 18" x 30" sieves
Q} are capabhle of processing 10 pounds of sand at a time,
'!0’
K. 3) Keep the sand retained on the #50, #100, and #700 mesh sieves,
e leaving it seqregated according to particle size. DNiscard the
o sand retained on the 430 mesh sieve,
- |
o '
’ o {
A 78 ‘
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4) \eigh the quantities of gypsum, sand, and water needed for the
hatch of microconcrete.

The ratio of gypsum(G):sand(S):water(W) is 1:.8:.25 by weiqght.

ks

.
I The ratio of particle sizes of the sand as used as micro- N
a aggregate is as follows: o)
. o
§ Sieve # Percent sand by weight ;i
i 30 :
3 20
- 50
g 70 .
100 b
10 -
200

The optimum size of one batch is 15 pounds total weight. This
is enough mix to cast a model and three 3"x6" cylinders. An
example of determining mix nroportions for a 15 pound batch

follows:
Ratio F:S:N: -
1:.8:.25 B
Mix 15 pounds total weigaht .
Gyosum oo (15#) = 7.3174 = 3319.0 g
Sand (Total) =00 (15#) = 5.85364 .
(Retained on #50 sieve) .20(5.8536%) = 1.1707# = 531.0 a ;;3

1

(Retained on #100 sieve) .70(5.8536#) = 4,0975% = 1858.6 g

{Retained on #200 sieve) .10(5.3536=)

.53544 = 265.5 q

Water 25 (154) = 1.8293# = 829.7 g

5) Place the sand and gypsum in the mixing bowl. Do not add the
water at this time. Mix the sand and gqypsum until well blended,
2 to 3 minutes.

) With the mixer off, make a conical depression in the sand and !Eﬂ
gypsum mixture, Poor the water into the depression, allowing it S
to soak in for one minute. el

7) Turn the mixer on, mixing until homogeneous (no dry sand and
aypsum visible), 1 to 1 1/2 minutes,
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8) Turn mixer off. The microconcrete is ready for placement. It
must be placed within 7 to 10 minutes after mixing, as the set
time is rapid.

Motes:

a. Sieving the sand is a large consumer of time. It is best to
process 50 pounds or more at a time, and store it for future
use. The sand should be stored in air tight containers prior to
use to avoid any increase in water content.

h. Avoid contact between skin and gypsum. Gypsum's affinity to
water will cause water to be drawn out of the skin. Gypsum is
however, non-toxic, non-allergenic, and non-dermatitic.

2. Microreinforcement

Materials: 28-, 24-, 22-gauge black-annealed wire (manufactured by
Anchor Wire corn., Goodlettsville, Tenn.)

Equipment: Micrometer
Deforming machine
Thickness gauge
Loading pail and weights
Wire end connections

Table A-1. Details for each miniaturized reinforcing bar to be used as
reference in the following procedure.

Knurl Knurl
Rar Dia. (teeth Spacing  Preload
Mo. (in.) per in.) (in.) (1b.)
28  .0162 30 .014 9.3
24,0230 R0 Q20 18.7
22  .0286 50 .025 28.9
Procedure:
M 1) Place knurls in the deforming machine and set the spacing using

the thickness gauge (refer to Table A-1).

. 2) Using the micrometer, check the diameter of the wire in several
)

g nlaces to insure that the dimension is as specified in Table A-1
F (£3%).
- 3) Deform a length of wire by pulling it through the deforming

i— machine.
e

4) Attach the end connections shown in Figure 12. Hanq the wire by
one end and attach the loading pail to the other end, Add
weights until the preload specified in Table A-1 is reached,

e 1
.
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5)

Notes:

3.

a.

Remove the weiahts, loading pail, and lower end connection. The
miniaturized reinforcement is prenared,

A vice grip attached to the nulling end of the wire helps in the
deforming nrocess. Guide the wire by hand into the back of the
deformer.

Deform and preload the longest length of wire possible. This
length is usually determined by the maximum height above the
floor from which the wire may be hung. After removal of the
load and lower end connection, leave the wire hanging to prevent
kinking caused by handling in the period prior to placing. Cut
off lenaths of the hanging wire as it (the miniaturized
reinforcement) is ready to be placed in the model formwork.

Formwork

Material: Plexiqlass

Plexiqglass is an ideal wmaterial for the construction of model

formwork. Its main advantages include:

The

1)

3)

4)

5)

Availability. Plexiqlass is commercially available in a wide
range of thicknesses. It is manufactured to a high degree of
thickness invariability and has asperity free surfaces.

Material transparency. Simnlifies placing of the miniaturized
reinforcement and allows observation of the microconcrete as it
is noured into the forms,

Machineability. Plexiglass is very easy to machine, and low
tolerances are easily obtained, The material resnonds well to
cutting, drillina, qluina, and tapping for screw connections.

Durability. During the reinforced heam test, 13 beams were cast
in one plexiglass form with no degradation of dimensional
accuracy.

Inadherency to microconcrete. The extreme smoothness of the
plexiglass allnws the microconcrete to be cast in and removed
from a "“dry" form, without the need of a lubricant. A
lubricant, which occupies volume, could be detrimental to the
dimensional accuracy required for modelling at the small scales
required for the GILCM project.

miniaturized reinforcement is supnorted a* its ends hHy the

formwork, This is accomplished by fittina it through small holes in the

......................
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formwork and attaching a crimp to the free ends exposed outside of the

forms. An individual hole is drilled for each support and is located e

.
'm-
1

g
s
. E

relative to the desired olacement position of the miniaturized

reinforcement. The total number of hnles required is equal to two times .

T
v,

'
R

the number of miniaturized reinforcing bars. The crimps are those sald :ﬂ}
for tying off wire fishing leaders, and are basically metal sleaves FES
which are mashed to the wire with pliers. ;5:1::3
B. MODEL CONSTRUCTINN o]
i-;4

Components: Microconcrete gl
Miniaturized reinforcement "]

Formwork )

L

Additional Materials: Acetone
Crimps
Shellac

Equipment: Needlenose pliers
Mason's trowel
Vibrating table
Paintbrush, 1 inch wide
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Procedure:

« ‘o’ e
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1) CLEAN UNASSEMBLEN FNPMWORK. Remove any foreign substance from
formwork before assemblina. Wash in soanv water with soft cloth
or sponge. Do not scrape or use wire brush, as plexiglass
scratches easily.

2) ASSEMBLE FORMWORK. Check inside dimensions and corract for
error by adjustina screw tightnesses.

3) PLACE MINIATURIZED REINFORCMENT IN FORMS.

2. Cut the deformed and preloaded miniaturized reinforcement to
bar lenacths equal to the length of span plus 2 inches. The
additional 2 inches accounts for form thickness and overhang
on which the crimps are to be fastened,

hb. Slide the microreinforceing bar through the holes in the
formwork at both ends, spanning the length of the form,
This is difficult to do by hand because of the limited
amount of working space. Use needlenose pliers, or even a
tweezer or surgical clamp if necessary, to arip and auide
the bar,
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c. Using a pair of needlenose pliers, mash a crimp to both ends
of the bar which are extending outside the formwork. The
. crimp must be snug against the outside of the formwork in
order to hold the bar in place. Care must be taken not to
place the reinforcement in tension.
. d. Repeat steps b and ¢ until all bars are placed.

1) PLACE MICROCOMCRETE. Place the prepared microconcrete in the

form, The consistency of the microconcrete is stiff after

y mixing. It should be pushed down into the forms and then

X vibrated. lhen vibrated, the microconcrete liauifies and flows

. nicely. Discontinue vibratina when the forms are full and the

air is removed. Smooth the top of the microconcrete with the
trowel, screeding off excess.

Microconcrete cylinders for compression testing should be cast

in conjunction with the casting of each model. Follow the

procedures outlined below for the preparation of test cylinders.

. 5) REMOVE FORMWORK. The formwork should be removed 1 to 3 hours

. after casting. The initial curing process releases heat. Do
g not remove the formwork wuntil the majority of the heat
dissipates.

The crimps must be removed before the forms may be
disassembled. The best way to accomplish this is tn use the
pliers to mash them back to approximately their original shane
at which they may be slipped off the ends of the bars. Cutting

- off the excess bar simplifies the disassembling process.

6) CURE AND SEAL MODEL. Allow the model to cure at room
temperature for 48 hours.
After 48 hours have elapsed, coat the model with two
- applications of shellac. The second application should follow
v the first by 15 minutes.
Sealing the model in this manner prevents further curing and
holds the model properties constant for a minimum of 4 days.

a .. PREPARATION DF TEST CYLINDERS

Materials: 3" diameter hy 5" lona cylindrical concrete molds
Microconcrete
Sulfur capnina compound

Equipment: 1/2" diameter by 1' long tamp
Vibrating table

Procedure:

1) A test cylinder should he cast usina three equal layers, 25
[~ tamps per layer, and vibration of 15 seconds duration per -
layer. The last layer should be screeded flush with the ton of o
the cylinder.

’ 2) PRemove the cylinder from the mold 2 to 4 hours after casting. N
4 -.‘:\
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3) Allow the cylinder to cure at room temperature for 48 hours.

4) Cfoat the cylinder with two apnlications of shellac. The second

! : e LTRIRR

application should follow the first by 15 minutes. Sealing the - i
test cylinder prevents further curing and holds the properties S
constant for a minimum of 4 days. o

- R

5) Cylinders to he used in compression testing should be canped ?:2

using a sulfur capping compound,
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