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CHAPTER 1

INTRODUCTION AND PURPOSE

In the‘construction of multifloor reinforced concrete flat
slab buildings, the freshly cast slab is usually supported on
shores. Shores and reshores are in turn supported on
previously cast slabs. The construction loads, transferred by
the shores and reshores to these recently cast-partially cured
supporting slabs, may appreciably exceed the design loads
under service condition or even the strength capacities of
these slabs. Such construction loads on the slabs, shores,and

reshores depend on the construction schedule and must be

calculated.

Fig. 1-1 shows an example of a typical construction cycle
which consists of two alternative operations. These operations

which control the loads supported on the slabs are :

1. Operation B : Casting of a new slab ,
2. Operation A : Stripping the lowest levels of shores, and

it may involve placing reshores.

A simplified method to determine the distribution of
construction loads for any system of shoring was developed by
Grundy and Kabaila (1963)1, and extended by Agarwal and
Gardner (1974)2, and finally présented as a design method by

Gardner (1979)3.

I




Gardner (1979)3 calculated the construction loads on slabs
and shores for a two shores'plus two reshores system as shown
in Fig. 1-1. It is assumed that all slabs have equal stiffness

and that both shores and reshores are infinitely stiff.

In operations 1B through 2B (see Fig. 1-1), the 1loads are
carried by the formwork and transferred to a rigid subgrade
leaving no loads on the slabs, the loads can be simply calcu-
lated by statics. By removing the shores under the first slab
in Operation 3A, the load of 2D will be transformed to the
upper two slabs which deflect to take the load. The load on
the reshores 1is zero after installing the reshores. After
casting the third slab in Operation 3B, its weight will be
transmitted to grade by the shoring system. Operations 4A and
4B are similar to Operations 3a and 3B. In Operation 5A the
lowest level of shores is removed transferring its load of
1.5D to the upper two slabs which deflect to take the loads
while the removal of the lowest reshores level allows the

lower two slabs to rebound and take only their own weight of

1.0D.

For a typical construction schedule rising at a rate of one
floor per week and using a two 1levels of shores plus two
levels of reshores system, operation 5B involves casting slab
# 5, shores or reshores are in position under slab # 2 (21
days old), 3 (14 days ), 4 (7 days), and 5 ( 0 days). The load

of five slabs plus shores and reshores weight will: W be
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distributed between the lowest four floors (as shown in Fig.

1-1)

In operation 6A, 5 days later, the shores under slab # 4 will

be stripped and replaced by the reshores of slab # 2, the
loads will be distributed between slabs # 5 (5 days old), 4

(12 days), 3 (19 days), 2 (26 days).

By equilibrium the distribution of loads on the shoring

system can be calculated.

Some of the calculations shown in Fig. 1-1 are summarized in
Table 1-1 showing the imposed load ratios at different ages
for each slab. It can be noticed that the imposed load ratio
varies with age for the same slab, for example the fourth slab
carries loads of -75D, 1.0D, 1.5D, and a maximum of 1.75D at

ages of 1A, 1B, 2A, and 2B cycles after casting respectively.

To meet the requirement of any building design code the loads
determined in Table 1-1 must be factored to be converted into
design ultimate loads. The following assumptions are suggested

by Agarwal and Gardner (1974)2 :

1. It is proposed to use a construction load factor of 1.4
which is the Dead Load Factor according to ACI 318-83
copk (4) ,

2. The formwork and reshores are each assumed to be 10% of

the slab weight.
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3. The errors in the theory, by assuming an invariant

modulus of elasticity,'are approximately 10%.

4. A factored construction live load D/N, where N is the
total number of supports which is equal to shores plus
reshores, is also included to allow for a construction

live load of 2400 N/SQM (50 PSF) after Hurd (1977)°.

So,

U construction = 1.1 x 1.1 x 1.4 x IR x D + D/N

cee.l~-1a
(a) (b) (c) (d)

Where :

U = ultimate load

D = dead load

(a)
(o)
(c)
(d)

= error in theory
= weight of formwork

= load factor, and ’

= calculated load ratio.

In equation 1-la, the unfactored constr

assumed to be equal to

'D/1.7!

;Where

(2)

uction 1live load is

Live Load Factor is

equal to 1.7 according to ACI 318-83 Code.
Equation 1~la can be generalized in the following form :

U construction = (1.1 x FW x FD X LR + FL X CIR /N ) x D
(a) '
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Where :

FW = 1 + the ratio of formwork weight to
the dead load ,

FD Dead Load Factor

= 1.4 , according to ACI Code

= 1.25, according to CSA Code(6),
FL = Live Load Factor

= 1.7 , according to ACI Code

= 1.5 , according to CSA Code ,

CLR = construction live load / dead load

Table 1-2 summarizes the design ultimate construction loads
calculated for the two-shore plus two-reshore system by apply-
ing the ACI and CSA load factors. Table 1-2A summarizes the
maximum values of design ultimate construction load and the

numbers of slabs carrying them.

The strength capacity of any concrete slab depends on the
design ultimate strength, age, curing temperature, and the
critical mode of behavior of the slab : flexural, bond, or
shear, all of which must be considered in the design of any

construction cycle.

Table 1-3 shows the design ultimate load capacities for slabs
designed for various live load-dead load ratios in terms of
multiples of dead load and calculated for ACI and CSA codes by

using equation 1-2 :




U design = FD x D + FL ¥ L

=D x ( FD + FL x LLR )

where :
L = design live load , and

LIR = live load-dead load ratio .

The limiting criterion of flat slab failure is considered, in
this method, to be the punching shear strength. The relation-
ship between the shear strength and the compressive strength

for the same member is :
Vot = constant x ( fct)P .......... 1-3

where :

Vet = shear strength at age t,

for compressive strength at age t, and

P

Constant to be determined. Further discussion
regarding the value of 'P' is explained in

chapter 2.

Using the data of Gardner and Sau (1984)7'8 for type 10
(Ordinary Portland Cement)and type 30 (High Early Strength
Portland Cement) cements, which are listed in Table 1-4, the
available ultimate 1load capacity can be predicted at any age

as:
( U available )y = U design x ( foy / £oog )T ven... 1-4

where :

(U available)t = ultimate load capacity available at




age t,

U design = calculated by using equation 1-2,

fot = concrete compressive strength at
age t, and,

foog = concrete compressive strength at

28-day age.

If the value of ( U available )t is larger than the critical
value of (U construction), the specific shoring system is

adequate, otherwise it is not safe.

From Fig. 1-1 it can be easily observed that the maximum
unfactored load experienced by the shores is equal to no. of
shores times the dead load and by the reshores is equal to the

dead load.

The aim of this paper is to write a computer program on a
micro-computer to analyze shore - reshore construction

scheduling. Necessary background studies on the following

areas are required :

1. Investigate and determine a relationship between concrete

shear stféngth and compressive strength.

2. Develop a numerical method to determine the maturity of

concrete at any age based on the available experimental

results.




CHAPTER 2

SHEAR STRENGTH CAPACITY OF REINFORCED CONCRETE MEMBERS

The effects of construction loads on concrete structures in
which the upper floors are shored from the lower floors are
limited by three criteria. Those are the flexural strength,

deflection, and shear and bond strengths.

Grundy and Kabaila (1963)l concluded that +the flexural
strength may not be the critical factor. Deflection should be
limited, as for stresses under working loads with reductions
appropriate to the age of the concrete. Shear and bond
strengths are critical and the structure should be designed
for maximum construction loads derived by elastic considera-

tion, as far as shear and bond are concerned.

If deflection is the governing criterion, the development 6f
the modulus of elasticity with age should be the governing
criterion, but the determination of long-term deflection of
reinforced concrete members, due to high early-age loads, is

not a well researched or easily calculated criterion.

Equation 2-1 is used in the ACI 318-83 to predict the nominal

shear strength provided by concrete in beams.

Ve = (1.9 SQR f.' + 2500 P, V, d/M,)b, d

but not greater than 3.5 SQR (fc')bw d




where :

Ve = nominal shear strength provided by concrete ,
c'= specified compressive strength of concrete ,
w = Web reinforcement ratio ,

Vu = factored shear force at section

14

d = beam depth to centroid of reinforcing steel ,
M, = factored moment at section , and

b, = web width.

Zsutty (1968)9 plotted equation 2-1 and test results from
different references, as shown in Fig 2-1, and concluded that
equation 2-1 shows a poor correlation with test results and
does not give a good prediction for some low values of the
cracking shear strength occurring for low values of (Py Vy
d/M,,/SQR fc') . He had applied the combined technique of

dimensional and statistical regression analysis on the same

data and derived the following empirical formula for beams

with a/d above 2.5 :
Ve =k ( £.' P, d/a (%333 2-2

where a = M/ Vya

The above formula is remarkably different from the ACT

formula ( equation 2-1 ).

A similar formula for beams was developed by Placas, and

Regan (1971)10 as :




Ve = 8 (100 Ag £.' /b, 4 )0-333

but not greater than 12 (f£,')0-333 2-3
where A, = reinforcing steel area.

From the above mentioned three equations, it can be concluded
that the relationship between the shear strength and the

compressive strength is as follows:

A. Cube root relationship : v. = constant X (fc)o'333,

c
and B. Square root relationship : Vo = constant x (fc)o'5

The cube root relationship was also used by Batchelor and
Kwun (1981)11 » and by Mphonde and Frantz (1984)12. It was
adopted by Regan (1981)13 for calculation of punching shear in

flat slab design.

More experimental studies were done by Van der Berg (1962)14,
and Hanson (1958)15 which concluded that as the concrete
compressive strength increases, the shear strength increases

at a slower rate than the (SQR f.) proposed by the ACI Code.

Gardner and Poon (1976)16 repeated experimental studies on
concrete cylinders and they concluded that the bond and
tensile strengths are proportional to the 0.8 power of the
cylinder compressive strength at the appropriate age. As shear
strength is governed by the tensile strength, Gardner (1979)3
assumed that the shear strength is also proportional to the

0.8 power of the cylinder compressive strength.

C. 0.8 power relationship : Ve = constant x (fc)o'8

10




11

Table 2-1. shows the relation of various concrete member
strengths to compressive strength and it can be concluded that -
the three relationships a, B, and C are the governing crite-

rion for any value of flexural steel ratio.

Gardner (1979)3 used the 0.8-power relationship as the
governing criterion. In this paper, it will be up to the
computer program user to choose one of the followings values :

A. The 0.333 power relationship, least conservative.
b. The 0.5 poﬁer relationship .
C. The 0.8 power relationship .

d. The 1.0 power relationship, most conservative.




CHAPTER 3
THE MATURITY OF CONCRETE

Concrete strength develops with age as a result of the chemi-
cal reaction between water and cement. Such development
depends on how much of the cement has reacted with water,

which is called the degree of hydration. The degree of hydra-

tion depends on three factors :

l. Age.
2. Curing regime.

3. Temperature history.

In fast construction schedules, those three factors are
impertant to achieve the schedule and maintain its safety.
This is most critical during winter construction, which
involves a low rate of hydration and a slow strength develop-
ment due to the low temperature, leaving the contractor witﬂ a

long stripping schedule or using expensive artificial heating.

Klieger (1958)17 studied the influence of temperature during
mixing, placing, and curing on the development of concrete
compressive strength. His results, for ASTM type I and TII
cement concretes, are summarized in Table 3-1 and shown in

Figs. 3-1 to 3-4.

A recent study on concrete compressive strength development

has been done by Gardner and Sau (1984)7'8. Their results, for

12




CSA types 10 and 30 cement concretes, are summarized in Table

1-4 and shown in Figs. 3-5 to 3-14.

From Figs. 3-15 to 3-24, a significant difference between the
two sets. of experimental results can be observed. Gardner and
Sau (1984)7 concluded that the quality of cement had been
improved over the period of 25 years between 1958 to 1984. The
chemical composition and the average strength of CSA type 10
portland cement is roughly equal to the appropriate averages
of‘the chemical composition and the compressive strength of

ASTM type I and type III cements used by Klieger in his study.

The maturity method has been proposed to fill the need for a
numerical method combining the effects of temperature and time

on the concrete strength development.

The word ' Maturity ' was used for the first time by Saul
(1951)19, to define the combined effects of age and temper-
ature above some datum. The datum, for ordinary temperature
curing, was suggested to be -10.5 degree Celsius (13 degree
Fahrenheit) recognizing that the hardened concrete can
continue to gain strength at temperatures below the freezing

point of water. Saul stated

' Concrete of the same mix at the same maturity (in tempera-
ture-time) has approximately the same strength whatever combi-

nation of temperature and time go to make up that maturity. !

So maturity can be expressed in a mathematical equation as :.

13
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M = ~j’(T-To) at 3-1

where :

maturity,

M
T = temperature of the concrete,
To= the datum temperature, and
t

= age of concrete.

A differential equation to describe the development of con-
Crete strength relative to the limiting strength at infinite

age, was proposed by Bernhardt (1956)20 :
d(8/8y) /dt = Xy (1~ s/sp)2 . 3-2

where

S compressive strength, MPa,

Su limiting compressive strength at infinite age,

MPa,

K¢ = value of the rate constant at a specific
temperature, 1/day, and

t = agé, days.
Integrating equation 3-2 gives :
1/ (1-8/8y) =K. t + C
where C is a constant

The constant C can be evaluated by applying the boundary con-

dition of S = 0 at t = t, and obtain the following :

S/8y = Kg (t-ty) / (1 + Ke (t-tg) ) e 3-4
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where t, = age when strength development is assumed to

begin (days).

Equation 3-4 is plotted in Fig. 3-25. It represents a hyper-
bolic curve with a slope equal to 'Ky' at age of 'to' and is

asymptotic to unity at infinite age.

It is important to point out that equation 3-4 is valid only
for isothermal conditions when concrete temperature is con-

stant, and that 'Ke!' is a function of the curing temperature.

A similar hyperbolic curve, but without the 'ty' term, was
proposed by Goral(1956)22 and adopted by the American Concrete
Institute, Committee 209 (23). The committee recommended two

equations to predict concrete compressive strength at any age:
S=1t/ (a+Bt) s,
and, § = t / (a/B + t) s,

where :

a and B = constants,

a/B = age of concrete in days when one half of
'Sy' is reached,
Syg = 28-day compressive strength, in MPa.

Committee 209 gave recommended values of the constants a, B,

and a/B. Those values are listed in Table 3-2 and, valid only

for a curing temperature of (23+1.7) degree Celsius and rela-

tive humidities above 95%.
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Copeland and Kantro (1964)25.assumed that at early ages there
is no effect of hydration on the particle reaction which means
that at early ages the W/C ratio has no effect on the rate
constant“'Kt' value . XKnudsen (1980)24 confirmed this assump-

tion for a W/C ratio as low as 0.4.

Geiker and Knudsen (1982)26, based on results of testing
cement paste, concluded that 't,' increases with the increase
in W/C ratio. However cCarino (1981)27, based on mortar test-

ing, concluded that 'ty' is independent of the w/C.

Carino (1984)21 demonstrated the application of the maturity’

method to analyze experimental results of the compressive
strength of mortar and concrete blocks using a linear regres-

sion analysis to evaluate the parameters 's,’', 'Ke', and tot.

Initially Carino evaluated the limiting strength 'Sy's by
using the approach of Knudsen (1980)24, assuming that 't' is
approximately equal to (t-ty) at the later ages. Hénce, equa-

tion 3-4 can be reordered as
1/8 = 1/8y + (1/(Ke S)) (1/t) 3-7

The relationship between 1/8 and 1/t is a straight line as

shown in Fig. 3-26.

Table 3-3 summarizes the calculated results of 'S,' by apply-
ing equation 3-7 on Gardner and Sau's data and the one-year

strength experimental results, in section A of Table 3-3, it
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can be observed that 'S,' calculated results are generally
lower than the one-year expefimental results, keeping in mind
that data at earlier ages can not be used due to the
approximation in equation 3-7. In section B the 'Sy' calcu-
lated afé generally higher than the One-year experimental
results, these results are based on regression analysis of
three points data (90, 180, and 360 days only) and are not

very dependable. However the differences are negligible,

By substituting the recommended values of a/B (Table 3-2) in
equation 3-6, it is clear that the ACI Committee 209 use the

approximation 'Sy' equal to the one-year strength.

Having assumed the values of 'Sy' equal to one-year strength

equation 3-4 can be written as :
S/ (Sy=8) = ~Kg to + ke t 3-8

Fig. 3-27 shows a straight line relationship between S/(54-8)
and t . The results of applying equation 3-8 on Gardner and
Sau's, and Kliegér's experimental data are summarized in Table
3-4. They show a serious imperfections, 't,' values are too
large or negatiﬁe in most of the cases. That is probably due
to insufficient data at the very early ages and the wide range

of ages, from 3 days to 1 year.

In order to improve the results, all the data were plotted
and strengths for ages of 0.5, 1.0, 1.5, 2.0, 2.5,and 3.0 days
were interpolated from the plotted curves. Adding to them the

available experimental data up to 14 days and the (0,0)

17



origin, better results were found for 'Ki' and 'ty'. Once
again,. much better results' can be obtained by applying
equation 3-8 on the 0-7 days region, which is the most criti-
cal region for the construction schedule design. The final
results of 'Ke' and 't ' are summarized in Table 3-5. Figs. 3-
28 to 3-40 show plots of experimental and calculated curves.
It can be observed that the appropriate curves are mostly
close enough in the 0-7 days region. However 'to' is still

negative for some of the cases but very close to zero, this

was improved by inserting the origin of (0,0) with the data.

From the results of 'ty' in Table 3-5, it is quite clear that
these results do not agree with carino2? conclusion on mortar
and Geiker and Knudsen conclusion on cement paste. Although,
'ty' values change with the W/C ratio, but they are still very

close in most of the cases.

In Figs 3-41 to 3-43, another interesting aspect can be
found, that the curves recommended by ACI Committee for 22
degree Celsius are very close to the calculated onés by using
equation 3-4 and using Klieger's, and Gardner and Sau's

experimental results.

As was mentioned before, equation 3-4 is valid only for
isothermal conditions. For variable temperature condition, the
Arrhenius equation was proposed by Carino?l to relate 'K¢' and

the curing temperature as follows :

KkT) = B exp(-E/ (R Ty)) e 3-9
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where :
K(T) = function representing the variation of the

rate constant with temperature, 1l/days,

B = constant, 1/days,

E = apparent activation energy , KJ/mol,

R = gas constant = 8.3144 J/(k.mol), and

Tk = absolute temperature of cement mortar, or
concrete, K (K= C + 273).

Equation 3-9 can be rewritten, by taking the naturail loga-

rithm of its both sides, as :
in K(T) = 1n B - (E/R) (1/Ty) .. 3-10

If this equation is valid, then there should be a linear
relationship between 1n K(T) and the reciprocal of the abso-

lute temperature.

Figs. 3-~44 tc 3-47 show Klieger's, and Gardner and Sau's
results which are not consistent with equation 3-10 and show a

better smooth curve fit.

Carinol®8

plotted Klieger's results of one-year compressive
strength of concrete versus the curing temperature in degree
Celsius using type I cemént concrete, and his results, working
on mortar made by using type III cement and found the
straight line relationship as shown in Fig. 3-48. The results
used were for concrete and mortar cured at temperatures aboye

the freezing point of water. Once again, Klieger's results,.

plotted in Figs. 3-49 and 3-50 show a better smooth curve fit
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rather than a straight line fit. Results of type I cement
concrete can be fitted by two straight lines, with the first
line between -3.9 and 10, and the second 1line between 10 and
50 degree Celsius, as shown in Fig 3-51. However, this is not

the case for type IIT results as shown in Fig. 3-52.

Conclusion and Recommendations :

The objective of this chapter was to find equations to
represent the development of concrete compressive strength

which requires the foellowings :

1. Evaluating the values of 'Syt -

2. Evaluating 't ', ‘and 'K ' values.

3. Develop a numerical relationship between 'Ki' and concrete
curing temperature.

4. Develop a numerical relationship between 'Sy' and concrete
curing temperature.

The first requirement was fulfilled by assuming 'S,' is equal

to the one-year strength.

The second requirement was also satisfied and reasonable
values of 'K¢' and 'ty' were found. However, some values of
'ty,! were negative but higher than -2.0 days and in most of
the cases not less than -1.0 day. In order to avoid this
error, it is recommended to measure the compressive strength
of concrete at a very early ages like 0.5, 0.75, 1.0, 1.5, 2.0

days, etc, using a sufficient number of cylinders at each age.

20
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Generally, the calculated curves were close to the experimen-

tal ones and can be used in the computer program.

The third and fourth requirements were not fulfilled . The
experimental results were not consistent with the proposed
method. The disadvantage in Klieger's test is that he cast and
cured the concrete cylinders up to 28 days at the same temper-
ature (except for the case of -3.9 Oc-temperature) , after
that he cured all the samples at the room temperature of 22.8
Oc. Gardner and Sau did not take enough variety of curing
temperatures, so it is not possible to draw a conclusion from

their results.

In the computer program, the W/C ratio is assumed to be equal
to 0.55 which is a conservative case as shown in Figs 3-5 to

3-14. The following equations were used :
A. For type 10 cement concrete :
1. For a curing temperature of 16 degree Celsius and above:

S =33 x .182 (t +.694) / ( 1 + .182 (t+.694) )

2. For a curing temperature of zero degree Celsius and

below:
§ =25 x .106 (t -.610) / ( 1 + .106 (t-.610) )

3. For a curing temperature betwsen zero and 16 degree
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Celsius, values of S can be determined by linear
interpolation of the above two equations and by

applying equation 3-4 once again.

B. For type 30 cement concrete :

l. For a curing temperature of 22 degree Celsius and above:
S =53 x .357 (t +.182) / ( 1 + .357 (t+.182) )

2. For a curing temperature of zero degree Celsius and

below :
S = 42 x .305 (t -.720) / (1 + .305 (t-.720) )

3. For a curing temperature between zero and 22 degree
Celsius, values of S can be determined by linear
interpolation of the above two equations and by

applying equation 3-4 once again.

Where S is the compressive strength of concrete, in MPa, at

any age 't', in days.

Plots of the above described equations are shown in Figs. 3-

53 and 3-54.

The interpolation gives approximate results of S. The
computer program can be modified later when more experimental

data become updated.

B =vns




CHAPTER 4

SHORE - RESHORE CONSTRUCTION SCHEDUL ING ANALYSIS COMPUTER

PROGRAM

The program 1is written Ffor IBM-Personal Computer in Basic
language. The main flow chart 1is shown in Fig. 4-1, The
program is listed in Appendix 1.

It 1s based on comparing the slab’s available ultimate load
capacity with the factored applied 1load and considering the
shear strength as the control criterion (For more details

refer to chapters 1 and 2).

In order to use this program, 1t 1s important to define the
terms used in the program.
In fFig. 4-2 the procedures for casting slab # S 1s shown
and the following criteria can be observed
1. Cycle A : 1s the operation of stripping the shores.
2. Cycle B : 1is the operation of casting a slab.
3. Time of stripping is the period between casting s slab
and stripping the forms.
4. Time of casting 1is the period between casting two
successive slabs .
5. Cycle # % is the age of a slab 1in cycles after castaing.
In our example
Time of stripping = 33 - 28 = 5 days

Tlﬁe of casting = 35 - 28 = 7 days

a3
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For slab # 3

Cycle 2 A : 1s the cperatloﬁ of preparing for castaing
slab # 5 (33 days after starting the
constructian),

Cycle é B : 1s the operation of casting slab # 5§ (35

days after starting the constructian).

The program gives three alternative methods of analysis as
shown below

1. If the time of casting, the time aof stripping, and the
type of shoring system are known, method # 1 can be used
to determine 1f the cycle 1s safe or not. This msthod is
significant to a contractor having a fixed scheduls and
wanting to check i1t’s safety.

2. If only the type of shoring system 1s krown. methaod # 2
can be used to determine times of stripping snd casting.
The computer will give a note if this shoring system is
Not possible st all.

3. If only times of -stripping and casting are known. method
# 3 can he used with entering the possible maximum
number of shﬁfes and reshores can be used. the computer

will give all the passible solutions.

Program Operating Manual

The following input data are required to analyses your proh-

lem




R e T B LA AR EY 04 SRR AT ARV AL T s T b v,

e5

j
1. TYPE OF CEMENT TQ BE USED. : ‘

ENTER 10 FOR TYPE 10 .0OR
ENTER 30 FOR TYPE 30

2. CURING TEMPERATURE IN DEGREE CELSIUS =

3. DRESIGN COBE USED . !
ENTER CSA OR ACl

4. LOADS IN KPa |
LIVE LOAD - |
DERD LOAD - j
CONSTRUCTION LIUVE LOAD,
(SUGGESTED UALUE = 2.4) =

5. INPUT RATIO OF FORMWORK WEIGHT TO DEAD LOAD: f
SUGGESTED UALUES . i
FOR w0OO AND ALUMINIUM FQRMS - .1

FOR STEEL FORHS - .a
RATIO =

6. TOTAL NUMBER OF FLOORS =~

7. THIS PROGRAM 1S BASED ON THE FOLLOWING RELATIONSHIP

SHEAR STRENGTH = CONSTANT*(CONPRESS IUE STRENGTH) " P

THE SUGGESTED UALUES fOR P ARE : :

ACCORDING TO 2ZSUTTY S
ACCORDING TO ACI & CSA CODES : P = .5
ACCORDING TO GARONER AND POON P - .8
MOST CONSERUATIUE P

W

CHOOSE P UALUE . P =

8. SPECIFIED DESIGN COMPRESSIVE STRENGTH OF CONCRETE,
AT 28 DAYS WITH A CURING TEMP. OF 22 C ,
IN MPA

ENTER SPECIFIED CONSTRUCTION COMPRESSIUE STRENGTH OF CONCRETE.
AT 28 DAYS FOR O C CURING TEMPERATURE, IN HPa.
OR PRESS <RETURN> TO TAKE THE GIVEN EXPERIMENTAL VALUE -

Item 1,3,4,6, and 8 should be the same as the building design
specificatians. tem 5, and 7 can be chosen from the given

suggestians. It is recommended to use 'P=.8°' in item # 7.

The best way to explain the procedure is to analyze an exam—

ple as follows :

1. To start the program ask faor SHORE ( LOAD"SHORE").

2. Press F2 (RUN).
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3. Turn on the < Caps Lock > .

4. The followings will appear on the screen

CATA INPUT

TYPE OF CEHENT TO0 BE USED:
ENTER 10 FOR TYPE 10 ,0OR
ENTER 30 FOR TYPE 30

5. Start i1nput you data as in the following example :

0ATA INPUT

TYPE OF CEMENT TO BE USED:
ENTER 10 FQOR TYPE 10 ,OR

ENTER 30 FOGR TYPE 30 :10
CURING TEMPERATURE IN DEGREE CELSIUS = S

DESIGN CODE USED
ENTER CSA OR ACl : ACI

LOAROS IN KPa :
LIVE LORD - 8
OERD LOARD = S
CONSTRUCTION LIVE LORD,
(SUGGESTED VALUE = 2.4 = 2.4

INPUT RATIO OF FORMWORK WEIGHT TO DEAD LOAD:

SUGGESTED UVALUES :
FOR wWOOD AND ALUMINIURM FORMS =~ .1

FOR STEEL FORMS - .2
RATIO -~ .1

TOTAL NUMBER OF FLOORS = 10
THIS PROGRAM 1S BASED ON THE FOLLOWING RELATIONSHIP

SHEAR STRENGTH = CONSTANT*(COMPRESSIUE STRENGTH)P

THE SUGGESTED UALUES FOR P ARE

1. ACCORODING TO ZSUTTY p - .333
2. .ACCORDING TO AaCl & CSA CODES p=-.S
3. ACCORDING TO GARDNER AND POON P - .8
4. HOST CONSERUVATIUVE P=1.0
CHOOSE P VALUE , P ~ .8
SPECIFIED DESIGN COMPRESSIVE STRENGTH OF CONCRETE,
AT 28 DAYS WITH A CURING TEHMP. OF 22 C ,
IN MPA - as

The caomputer will display the following information and con-

tinue to input the data :

THE 28 DAYS-EXPERIMENTAL COMPRESSIVE STRENGTK FOR TYPE 10 ,AT
S C CURING TEMPERATURE. ACCORDING TO GARDNER AND SAU EXPERIMENTAL
RESULTS - 21.4S tPA

| Reten
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FOR CONSTRUCTION PURPOSE. THE MIX STRENGTH SHOULD BE DESIGNED SO THAT 90 % OF
THE TEST RESULTS ARE ABOVE THE SPECIFIED DESIGN COMPRESSIVE STRENGTH.

ENTER- SPECIFIED CONSTRUCTION COMPRESSIVE STRENGTH OF CONCRETE.

AT 28 DAYS FOR S C CURING TEMPERATURE, IN tiPa.
OR PRESS <RETURN> TO TAKE THE GIUEN EXPERIMENTAL UALUE -

DO YOU wANT YOUR QUTPUT TO BE PRINTED ON A& KARD COPY 7
ENTER YES OR NO : YES

If uou do not want to print your output on a hard copy enter
"NO"” or press <Return> and the computer will automatically
take it as ”"NO".

After that the computer will display :-

CHOOSE METHOD OF ANALYSIS

METHOD & 1. INPUT TYPE OF SHORING SYSTEM,CASTING TIME,AND STRIPPING
TINE TO FIND OUT IF THE CYCLE IS SAFE OR NOT.

METHOD & 2. INPUT TYPE OF SHORING SYSTEM TO FIND OUT TIME OF
CASTING ,AND TIME OF STRIPPING.

METHOD # 3. INPUT TIME OF CASTING AND .TIRE OF STRIPPING TO FIND QUT
TYPE OF SHORING SYSTEM.

ENTER 1 TO 3 : 2

METHOD # 2 - DATA INPUT

NO. OF SHORES -2
NO. OF RESHORES =~ @2

After entering the nos. of shores and reshores, the computer
will display the results and ask for another try.

TIiNME OF STRIPPING.- 4.78 DARYS
TINE OF CASTING - 7.48 nAyYs

“ee**+ END OF METHOD # 2 =eeess

D0 YOU wANT TO CHANGE YOUR DATA AND TRY AGAIN 7
ENTER YES QR NO

Entering ”"NO” ends the program and entering “YES” or Just

pressing <Return> gives the following aptions :



YOU HAVE THE FOLLOWING OPTIONS

1. CHANGE ALL THE DATA.

2. CHANGE METHOD OF ANALYSIS.

3. SEE THE MAIN DATA AND CHANGE WHAT
1S REQUIRED.

4. SEE ALL THE DATA AND CHANGE WHRT

IS REQUIRED.

ENTER 1 TQ 4

If ”"1” is entered it will start inputting the data all over
again. Entering "2” gives the following :

CHOOSE METHOD OF ANALYSIS

METHOD # 1., INPUT TYPE OF SHORING SYSTEM,CASTING TIME,AND STRIPPING
TINE TO FIND QUT IF THE CYCLE IS SAFE QR NOT.

METHOD # 2. INPUT '‘TYPE OF SHORING SYSTEM TO FIND QUT TIME OF
CASTING ,AND TIME OF STRIPPING.

METHOD # 3. INPUT TIME OF CASTING AND ,TIME OF STRIPPING TO FIND OUuT
TYPE OF SHORING SYSTEM.

ENTER 1 TO 3

Entering ”3” will show the main data and ask for corrections

as follows

INPUT DATAR TO BE CHANGED
1. TYPE OF CERENT TO BE USED : TYPE 10
2. CURING TEMPERATURE IN DEGREE CELSIUS = S

3. SPECIFIED DESIGN COMPRESSIVE STRENGTH OF CONCRETE. AT 28 DARYS
WITH A CURING TEMPERATURE OF 22 C = 25 nPa

4. DESIGN CODE USED : ACI

S. LORNDS IN KPa : :
LIVE LOAD -~ 8 DEAD LOAD = S CONSTRUCTION LIVE LOAD - 2.4

6. FORMWORK WEIGHT = .1 OF DEAD LOAD.

7. TOTAL NUMBER QF FLOORS = 10

8. SHEAR STRENGTH = CONSTANT®(COMPRESSIUE STRENGTH)" .68

S. SPECIFIED CONSTRUCTION COMPRESSIVE STRENGTH OF CONCRETE,

AT 28 DAYS FOR S C CURING TERPERATURE - 21.45 nPa

ENTER 1 TO S OR PRESS < RETURN >IF NO CHANGES ARE REQUIRED =
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Then enter no. of item tao be changed and finally press

RETURN > if No more changes are required and continue

DO YOU wANT YOUR QUTPUT TO BE PRINTED ON A HARD COPY 7
ENTER YES QR NO :

CHOOSE METHOD OF ANALYSIS

METHOD # 1. INPUT TYPE OF SHORING SYSTEM,CASTING TINE,AND STRIPPING
TINE TO FIND OUT IF THE CYCLE 1S SAFE OR NOT.

METHOD # 2. INPUT TYPE OF SHORING SYSTEM Tb FIND OUT TIME QF
CASTING ,AND TIME OF STRIPPING.

METHOD # 3. INPUT TIME OF CASTING AND ,TIME OF STRIPPING TO FIND OUT
TYPE OF SHORING SYSTEH.

ENTER 1 TO 3 : 1
METHOD # 1 - DATa INPUT

NO. OF SHORES - e
NO. OF RESHKORES =~ &

TIME OF STRIPPING IN DAYS = S
TIME OF CASTING IN DAYS -7

After entering the above data the output will be displayed

THE CHOSEN CYCLE 1S NOT SAFE.

(ULTINATE LOAD CAPACITY REQUIRED FOR SLAB # 4 = 3.17 TINES THE DEAD LOAD)
> CULTIMATE LOAD CAPACITY AVAILABLE = 3.11 TIMES THE DEAD LOAD)

THIS HAPPENS AT CYCLE & 2 B

ON SLAB # 4

SLAB BEING CAST IS # 6

PRESS FS (CONT) TO-CONTIUE RUNNING THE PROGRAM.

Press FS to continue :

OTHER ALTERNATIVES ARE AUARILABLE :

® USE TYPE 30 CEMENT CONCRETE.

® USE A NON-UNIFORt1 CONSTRUCTION CYCLE.

©® CHANGE THE SHORE-RESHORE SCHEDULE EITHER COMPLETELY OR FOR ONE OR MORE
CYCLES ONLY.

® USE SUPERPLASTICIZERS TQO INCREASE STRENGTH.

® INCREASE THE STRENGTH CAPACITY OF THE SLAB USING COLUMN CAPITALS, DROP

PANELS, ETC.
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® INCREASE THE 28 DAY SPECIFIED CONCRETE STRENGTH TO GIUE SUFFICIENT NEEDED

STRENGTH.
—THE LAST TWO ALTERNART UES ARE ADDRESSED TO THE ENGINEER ONLY-

PRESS FS (CONT) TO CONTIUE RUNNING THE PROGRAM.



INPUT DATA
1. TYPE OF CERMENT TO BE USED : TYPE 10
©. CURING TEMPERATURE IN DEGREE CELSIUS = S
3. SPECIFIED DESIGN COMPRESSIVE STRENGTH OF CONCRETE. AT 28 DAYS
WITH A CURING TEMPERATURE OF 22 C - 2% nfPa
4. DESIGN CODE USED : ACI
" S5. LORDS IN KPa :
LIVE LOAD ~ B8 DEAD LOAD = S CONSTRUCTION LIVE LOAD - 2.4
6. FORMWORK WEIGHT =~ .1 OF DERD LOAD.
7. TOTAL NUMBER OF FLOORS = 10
B. SHEAR STRENGTH = CONSTANT~(COMPRESSIVE 3TRENGTH) - .8
S. SPECIFIED CONSTRUCTION COMPRESSIVE STRENGTH OF CONCRETE,
AT 28 DAYS FOR S C CURING TEMPERATURE = &21.45 nfPa
1C0. METHOO OF ANALYSIS # = 1
11. TIME OF STRIPPING = S DAYS, TINE OF CASTING = 7 DAYS
1@. 2 LEVEL(S) OF SHORES, 2 LEVEL(S) OF RESHORES
13. PRINT OQUT ON A HARD COPY : YES
11. TO ESCAPE.

ENTER 1 TO 14 OR PRESS < RETURN > TO CONTINUE =

Make the required correction and cantinue,

IN

6.
7.
8.
S.

10.
11.
12.

13.
14,

PUT DATA

TYPE OF CEMENT TO BE USED : TYPE 10

CURING TEMPERATURE IN DEGREE CELSIUS = S

SPECIFIED DESIGN COMPRESSIUVE STRENGTH OF CONCRETE, AT 28 DRYS

WITH A CURING TEMPERATURE OF 22 C - @5 HPa

DESIGN CODE USED : ACI

LOADS IN KPa :

LIVE LOARD - 8 DEAD LOARD = S CONSTRUCTION LIVE LOAD =~ 2.4
FORMWORK" WEIGHT = .1 OF DEAD LOAD.
foraL NUMBER OF FLOORS = 10

SHEAR STRENGTH = CONSTANT®C(CONMPRESSIVE STRENGTIH)- .8
SPECIFIED CONSTRUCTION COMPRESSIVE STRENGTH OF CONCRETE,

AT @8 DAYS FOR S C CURING TEHMPERATURE - 21.45 fPa

HETHOD OF ANALYSIS # = 1

TIME OF STRIPPING = S DAYS, TIME OF CASTING - 7.S DAYS
2 LEUVEL(S) OF SHORES, 2 LEVEL(S) OF RESHORES

PRINT OUT ON. & HARD COPY : YES
TO ESCAPE.

ENTER 1 TO 14 OR PRESS < RETURN > TO CONTINUE =

LIST 2RUN 3L0RO" Y4SAVE"™ SCONT 6, "LPT1 7TRON BTROFFSKEY OSCREEN

13.
14,

PRINT QUT ON A HARD COPY : NO
TO ESCAPE