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ABSTRACT

In multistory reinforced concrete building construction, the

. freshly placed floor is supported by shores whlch are supported themselves on

. Several preV1ously cast floors. The construction loads in these suppor-

tlng floors may appreciably exceed the design service loads. Such loads
depend on the sequence of erection and cannot be easily determlned

In this report, some methods for determining these erection
loads are presented with a few simplifying assumptions. Laboratory
experiments were tundertaken to determine the variation of the modulus of
elasticity and crushlng strength of concrete cyllnders with age. The
variation of flexural strength and stiffness of medel reinforced concrete
beams with age was also 1nvest1gated._ The shorlng loads 1n a typlcal flat

slab type bulldzng were measured and the results are discussed.
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" Chapter 1
INTRODUCTION

Traditicnally englneerlng education and deSLgn practices have
concentrated upon the problems of the detailed design of the f;nlshed
structure to support the specified loads due to occupancy, self weight
and earthquake or ?ind load. However the design of temporary members"_“
(formwork, scaffold, and Props etc.) to resist the construction loads has
usually been considered less important and left to the contractor to deal
with on site. This philosophy is.illogical as a Sufcéy of failures would
reveal that as many failures occur during the short ccnstructional period
as during the coﬁplete service life of the complete structures.’ Consider-
ing the construction of reinforced concrete buildings the problem is more
complex than for a steel framed building. The usual practice for a con-

crete frame or flat slab building is to use formwork which is suppormed

on the lower parts of the building. Two problems arise, firstly the

formwork needs to be strong enough to support the wet concrete and stiff

enough to give the required form. Secondly the formwork 'is supported on

other parts of newly completed reinforced concrete structure which will

- not have obtained their full design strength. The problem is further

aggravated by the fact that the construction loads may even be greater
than the occupancy lecad of the building,

Quality, safety, and economy are the three basic objectives in
formwork. The design manual "Formwork of Concrete"(la) states that form-

work costs may range from 35 to 60 percent of the cost of the concrete

.structure. Since formwork is an appreciable proportion of the cost of the

concrete building, its re-use is desirable as scon as possible. If the
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| construction period can be reduced due to the use of the smaller buil-

ding cycle a lot of advantage can be obfained. - In some cases, extra
profits can be earned by being able>to use the structure earlier. For
the contractors, how to get more space to let other building operatlons
proceed freely is a problem in site. Stripping the formwork earlier is
the method to meet‘the special requirements above. Against this, how-
ever; there is a risk that damage to the floors may result if the forms
are removed too soon. .

Consider the construction sequence of a typical multi-stofy flat
slab type reinforced conérete building. The formwork}for the lowest floor
is supported on'érade and the floor slab cast. The formwork fdp the second
floor is placed upen fhe first floor and the.seccnd flocr cast. These loads

are transmitted directly to grade as the first floor is still on formwork.

However for the third floor, the first floor is reshored and the first floor

- formwork is used far the third floor. Similarly the fourth floor formwork

is a reuse of the second floor farmwork. Naturally a point comes when
the two form supported floors are supported on two (or more) reshored floors,
all of which are partially supported upon the lowest £loor of the sequence.
Thus the constructional load of the freshly completed floor is supported
by the lower floors in the system. Naturally the lcad is distributed
between these floors as éome functi?n of their stiffnesses, whiéh are a
function of age. Unfortugately the strength of the floors is also a func-
tioﬁ.of age and rate qf gain in strength is slower than the gain.of elasti-
city, |

The problem then is to defive a ?eshoring system and const;uction

sequence such that the loads on ahy slab are less than some desired functicd
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of the " deﬁign" load of that slab taking into account the age of the slab.
A complete design of the optimum shoring system for a typical.
reinforced concrete building would involve the following considerations:

1. Knowledge of the rate of gain of strength and stiffneés with age
of the concrete members.

2. Accurate aﬁalysis of the loads on the. members of the partially
_completeé building. It must be noted that the behaviour of the
structure during construction is completely different from the
completed structure because the top floor (one being cast) does
not restrain the éolumms: thus the moments in‘the newest slab are
increaseﬁ. Furthermore the distribution of moments in the slabs
due to the concentrated loads from the shores will be different
from the assumed design distribution. The flexibility of the
shores must also be considered in calculating the distribut ion of
load between the floors.

3. A knowledge of the economic advantages of a decrease in construc-
tion time, with its higher intrinsic cost (use of h;gh early
strength concrete, more levels of shoring, closer shores etc.),
against the profitability of being able to use the structure
earlier.

%. Knowing the load redistribution during the reshoring operation
when the reshores are tightened up. This factor can never be
estimated reliably, so any design must allow some margin of safe-
ty as over tightening of the reshores increases the load on the

lovest floor.

This project involved measuring the load distribution on the




formwork and reshores of a typical flat slab building (the office tower
of The Engineering Building, University of Ottawé), and trying to relate
the load on the floors to the load capacity of the floors. In addition
laboratory experiments were undertaken to determine the variation of fhe
modulus of elasticity and crushing strength of concrete cylinders with

age and the flexural strength and stiffness of model reinforced concrete

beams with age.




Chapter 2
- HISTORICAL REVIEW
(1)

Nielsen in 1952 presented a detailed analysis of the inter-
action between formwork and slab floor under.loads applied to the system
by placing fresh slabs and by removing props from beneath the lowest

sleb in the system; The method employed in the construction of multi-

story building is illustrated in Fig. 2-1l.. After laying the founda-

tions, the formwork is erected for the walls and floor slabs of the first
story.’ Then the walls are cast, and a few days later when the concrete _
of ‘the walls has hardened the first floor slab is cast (Stage No.1). The
numbers of days.éiven in the following are reckoned from this day. The
erection of the formwork for the next story is sﬁarted a few da&s latef,
and under normal condition, the second floorvslab can be cast 6 to 7T

days after the first floor sleb (Stage No.2). The third floor slab

~is cast a week after that (Stage No.3). Then the first formwork in

ground floor is removed (e.g. after 15 days) for further use (stage No. L).

The fourth floor slab is cast after about 21 days (Stage No. 5),|and S0

on.

: the load distribution in tﬁé formvwork and the moment in a floor slab

during cons€ruction to bé‘determined. This method assumed:-

1. That the shrinkage and creep of the concreée in the slabs
may be disrégarded for anaiysié, and that the slabs behave
elasticaily.

2. That the props supporting the slabs and formwork may be‘lv

regarded as a continuous uniform elsstic support.

Nielsen's method was derived from the theor§m65>elasticity éﬁ;biés'

e vy 2 e e




3. That the slabs are supported from a completely rigid
foundation.
L, That the modulus of elasticity of the concrete E,, vhich

is increased with time, is taken into sccount.

STAGE 1 O DAY STAGE 5 21 DAYS
CASTING OF SLAB 1 , CASTING OF SLAB 4
E 0 DAY 0 ‘DAY
7 DAYS
STAGE 2 7 DAYS 14
CASTING OF SLAB 2 21
.0 DAY L1
7 DAYS STAGE 6 - 22 'DpAYS
L REMOVED OF FORMWORK "2
1 DAY
STAGE 3 14 pavs _
CASTING OF SLAB 3 8 DAYS
1 DAY 15 »
2
7 DAYS 1 22
14 DAYS
» -~ STAGE 7 28 DAYS
CASTING OF SLAB 5
STAGE 4 15 pars O DAY
REMOVED OF FORMWORK 1 7 DAYS
1 DAY 14 -
8 DAYS 21
15 DAYS 2 28 .
L 1
FIG. 2-1 RATE OF CONSTRUCTION FOR 7-DAY CYCLE,

THREE LEVELS OF SHORES (m-= 3), AND
N=1 DAY. (REF. NO.1)
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The snalysis is confined to a rectangular slab subjected to

“take that arﬁitréfﬁubouhdafy"ééﬁditi§ﬁ§;:\?héiéhéfaéiggi%{iﬁiiﬁnéﬁigﬁg“;ﬁgw
the characteristic values of this slab are assumed to be known.
The derivation of ﬁhis method of calculati;n is based on the
assumptions described above and the rate of construction is shown in
Fig. 2-1. The fi%st seven stages corresponding to this rate of con-
struction are dealt with and the derivation for the additional load.

acting on the formwork and the additional moments applied to the floor

slabs in each Stage are shown in thé'féllo#ing:'

Stage No.l

The first floor slsb is cast. Since shrinkage and creep are tof
be disregarded, the concrete of the slab will harden without being sub-
-jécted to any moments at all. The load acting on the formwork is uniform-

.1y distributed, and can be written
p(O) (x,y) = q' .........(2—1)

Stage No.2
The second floor slab is cast a week later. The dead load of
this slab will be carried by the first floor sleb and the formwork of ‘the
second floor. This formwork is assumed to rest on a perfectly rigia
support. | v
In the first place, the load distribution p(T) (x,y) in the

lower formwork which is caused by the additional load due to the upper

floor slab has to be calculated. If the characteristic functions of a

. slab under any arbitrary boundary conditions are normalised in such a




. ab
i manner that é [wﬁ dx dy = 1 , then the influence function can be written
0
as follows
KE,Y,85m) = ) =<1 W Gey)W, (,n) TN

M n = 1,230
Then the deformatlon due to a uniformly distributed q per unit

area is

Y \ 1 ab
W {xs¥) = q égK‘(x,y,E,q),dEdn =.q Zj;wn(x,_y) g é W (£,n) dgan +..(2-3)

’By:intfoduqing the notation:

Apem ZZWn(E,n) dédn . ...(2-b)

- Simplifying

= q' An -5 ). =
Wq.(x,y) qZTan(x,y) cese(2-5) n 1’3v75“““

The characteristic functions of an even order are antlsymmetrlc.

_In that case, A, becomes equal to zero for these runctlons.; Con— e
sequently, every second characteristic function in the expression fof
W x,y) will vanish. |

The additional deformation W(T)(g,n) of the lower floor slab

gives rise to the resction kW(T)(E,n) in the elastic support. Then

. |
W (x,y) = wg”(x,y) ~x [ KD ey,e,mu D e, agan «eee(2-6)

o~——0o'

This is an inhomogeneous linear integral equation having a
symmetrical nucleus.

Iﬁagine-now W(7)(x,y) and W(T)(g,n) be expanded into a series




which are built up by means of the characteristic functions of the slab

W(T)(x,yj - i:cg7) W (x,y)

)
n
and

W Me,n) = 7 el W (g,n)

"~ respectively.
After insertion of these expressions, the sign of summation

can be deleted, The coefficients of even order vanish, and we get

o,
(1) X “n
Cn =
L (7)
Vol-»' 1+__B__. n=l,3,50---¢
k

The additional roment on the slab can be determined from the
deformation

' A
\'1(7)(x’y) = —1(}._2—-—%)\ TV W (x,¥)
1+ -8

k n=1,35....

Then the additional load acting on the formwork is

p(q)(x,y) q'
. A
n

k.w(T)(x,b’) = q’[ M W (x,y)

n
1+ X

p(T)(x’y)

n=1,3,5...

Stage No.3
The third floor slab is cast 14 days after the first floor slab
was cast. The load due to the newly placed concrete is uniformly distri-

© buted over the second floor slab (7-day). The second floor slab is de-

formed, and a part of the load is transmitted through the formwork to the
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first floor slab (1lh-day). Consider the effect of the additional load

only. Then the deformation of the floor slab No.2 is

. ab
W (x,y) = W;T)(x,y) - xf | K(T)(x,y,z,n)[w(7)(s,n) - o aean
0

(@)

. )
Where k[w(?’(g,n) - w(lh)(g,n)] denotes the upward load p(7)(£,n) per

unit area of the formwork at the point x=£, y=n.

The deformation of the floor slab No.l is written

ab

w(lh)(x,y) = é (g K(lh)(x,y,i,n)[p(ﬂ(&,n) -k w(llt)(g’n)] aEdn

By analogy with the above the assumed functions per deflection

o

are .
(1) =¥ (7
W (x,v) —[ (M Wn(x,y)
(1k) _Y (1)
W x,y) =) epn W (x,y)
These expressions are inserted in the equations for W(7) and
w(ll‘) and
ol 0] . e
T n 1) _ «a
°n tb—— |-, Tk Ay
k
and L (1k) .
RCOI P S B¢
n K n

Taxen together, these equations yield

()
evln |2
n
(N = k
n (1) (1k)
1+ )‘n 2+ )\n -1

k k




ql
_}:—An 0000-(2-15b)

i | (1)
! c -
NEDIS

n = N&2)
1+ n

k

n
k

2 +

Hence the additional deformation is also given, and the addit-

ional moments can be determined.” The additional load on the formwork is

P(O)(X,Y) q .....(’2-16&) .

¢

k [W(7)(x,y) - W(lu)(x,y)]

47
1+ k An

P(7)(x,y)

| ca q : esss(2-16D)
e m q X A(7) ‘)\(llf) ; Wn(x,y)
1+ —= {2 + 2 l -1
k k
P vy =k 1
. A ‘
. n _ |
* q’{ A(7) ’ )‘(ll}) wn(x’Y) -...(?-160)
| 1+ 2 ] [ 2+ -2 ]- 1
k k
| n= 153’5;-.--0.
Stage No.u4

One day after the third floor slab was placed ‘the formwork |
below first floor slab is removed. Since the upward reaction caused
by this formwork has disappeared, the system is submitted to a downﬁard
additional load of the sﬁme character as the total upward reaction due

to the first form in Stage No. 3. The inﬁ:ease”in the modulus of |




12

elasticity of the concrete duriﬁg the preceding day is negleéted.

In accordance with the previous calculations, the additional

load is
n
P(l )(x,y)l= q'E:Bn Wo(x,y)

where

, 1 1

B = A 1.+ + ”

n =t @ RE2 A1)

1+ — 1+ -2 2 + -1
k k k

Since this additional load is directed downwards, the formwork
can be considered to be subjected to tensile stresses.

For the floor slab No.2, the deformation is

a.b
W y) = x j f K6y em (W e - 477 (e,m) ] dean
00 : )

-and the deformation of the floor slab No.l is

ab

w(lu)(x’y) = I f}((lu)(xs}’sgan) [P(lu)(gﬂ'l) -
00

kW gm0 e,m) | agan

If use is made of the assumed functions

WPy = T el w oy

w(lu)(an) = Z Cx(jlu) wn(x3Y)

we get

(1) A§7) (7)
cn = 1l + cn
k




13

A(lu)
c§l4) 1+ .0 E Bn+c(7) f.i.(2-20b)

k

Taken'together, these equations yield

-q' .
3(7) ‘ : k n ‘ 00000(2-21&)
n A7) L(14)
14+ 2|1+ 2 -1
X k|
. A(7)}
. <8 [ 1+ =2
() _ k ceeeo(2-21D)
n R L (18) :
14 2 |14+ 2 -1
k k

The additional load on the formwork is

p(o)(x,y) =0 ' ceeveo(2-228)

9(7)(x,y) =k [w(7)(x,y) —.W(l“)(x,y)]

(7)
= q I:

~
-

W_(x,y) ceeses(2-22b)

]
fun

k
( (14)
_B__
k

n = 1,3,5.....

Stage No.5
At 21 days the fourth floor slab is cast. By using the ‘above

. method of analysis




o=

)

14
- ab o
WPy - % [ [ K Pyaem [#m - 1 (g0 ] aean.
00 )
. .-‘-........(2-23&)

ab .
W e [ [ yem [17@m - 3 e mw?D em | agan
00

ceeserenasa(2-230)

K

W0y =k ([ K 0ey,8,0) (¥ ¢e,m) - #%¢gn ] azan

o —v

o

cesssescses(2-23¢)

Hence the assumed functions are:-

. w(7)(x’y) = Z cr(l7) wn(x’y) 'qotv0|00(2“2ha)

W) e y) = ¥ e wn(X;y) veesenses(2-2LD)
W(zl)(x,y) :z c1(12.l) Wn(x’y) .......a.(2—2hc) |

By substituting these functioms, the following system of equations

is' obtained

™ | ) (1 g
<, 1+_10 -c ) o _cEl_ An ~------(27253)
X .
(1) A(.l'l') ‘ . ( E
C 2 + n = ¢ )+ c 21) 01-000.00(2-25.0)
n ‘ k n -n
( (21) |
21) A .
cr(l l + : c(lu) oo.....-...(2-25c)
. k n ‘

Finally, this system of equations yields




: q
|2 ' k% eeve(2-262)
! n : A(7) : 'A(21) A(l#) ) 1(21) |
1+_E_”1+ n 24+ B >- 1}- 1+ 1
k k k : X
ETO N B N ] (21 (2-26b)
n n esecseevoes -
' k
,(21) o, (1)
CI(;’) = 1+ n 2 + n 1 61521) toon-o-o(2~26¢)
k k

From the additional deformation given, and additional moments
- can be determined.

‘The additional load on the farmwork is

p(o)(x,y) q' cencasel(2-2Ta) '

k [w(7)(x,y) - W(lu)(x,y)]
- (21)) x(1)
14+ 2 14 2] -1
k X :

=q'[
A(7) A(21) 1(1“) A(21)
1+ 2 {1+ 2 2+ 8 -1-j1+ 1

k k k k
0--0...,-(2"‘2%)

p(7)(x,y)

A
n-

p M xy) = x {W(l“)(x,y) - )

(21
2 A
'E: ' k - W_(x,y)
=q s
) NETV VAN TS eI S
1+ 2 M+ 2 _Jl2+ 2 |- a|-l1+_ D
k I ko kK

......(2-—27c)

Wn(x,y)
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» étage No,6
One day after the fourth floor slab was ‘cast, the formwork below
second floor slab is removed. Similarlyji;fgﬁagejﬂé}vﬁA we can say that the
System is subjected a downward additioﬁal load equal to the quard reaction
caused by form No.2 in the Stage No. 5. The increase in the modulus of
elasticity during the preceding day is neglecfed.
In accoﬁdance with the previous calculations, the additional

load is

\P(lu)(x,y) = q'E:B: H_(%,5) R --1.79)

gNeTS) NG}
14+ -2 A - 2 _ B
where B - A + k + k .
n= 4 7 ) NQ) (18
1+ 2 }24-“ ]-1 1+—“—”1+'“ -1
K k k k
1(21)
] B A : :
+ k n - eeee(2-28b)
K& 21 (1) LD
1+—‘.‘—”<l+ n )(2+“ )-1- 142
k k k [/ - k

The following calculations are siﬁilar to those made in the
Stage No.4, and the results can be written directly.

By using the assumed functions

W (y) = chgv) WoGry)  eeeeeees(2-298)

) w(lu)(x,y) = ch(llu‘) wn(x’y) ....;----(2-’291’)
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< g
- (7) ! k n .-.-...(2-—30&)
we find e, " = }\(7) A(ll&)
1+ 2 Jf1+ 2 -1
k k
, A
+ B+ |1t 2 | ,
c(lu) - =’ n k '.l.....(2-30b)
n, = () I
1+ 1+ -1
k]

From thé.~at.iditional deformation given, and additional moments

 can be determined. The additional load on the fomvc'_rk_ j.s

p(o)('x‘,y) =0 cessssss(2=31a)
n
A
S |
(7) . k : .
.[1 + 2 1+ B -
k k
n=1,3,5,e00c..
Stage No.7

Twenty-eight ‘days after the beginning of comstruction, the fifth
Iflqo; slab is cast. This stage is completely analogous to Stage NO. 5. '
Consquently, the expression for p(‘“) (x,y) and w(®)(x »y) can

generally be written in the form

p(m_)(x,y) = q) Cx(l‘“) wn(x;y) ereseess(2-32)
and - - H(“)(:é,y) = —%ZDI(IQ’)Wn(x,y) ’...'.....(.2-33)

n - 1,3,5...-.-;.

i
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mEs s . (w) (w) . A(w)
Where the coefficients of expansion Cn and Dn contain _n. and
) : k

An only. ‘

This method is consistent and accurate but the large quantity
of méthematics involved renders it undesirable in practice.

Grundy and Kabaila(?) developed a simplified method in 1963
which enabled the léads imposed on formwork members and on individual
slabs in a sysfemﬁto be determined quite easily. In a typical multistory
construction cycle there are two alternating operations which control
the loads being applied to the slabs. These are s - |

(1) Placing a fresh slab, usually rising at'the rate of one

fléor per week, and

(2) Rembyinéjyheviovééf level of shores, vhen the youngest

floor has the age of 5 days (N=5).

" For example, in the single-bay multistory building fraﬁe, zero
time will be taken at the pouring of tﬁe footings. The first floor, second
floor and third floor are poured at the time of 7 days, 14 days, and 21
days respectively (operation 1). As there are only three levgls of shores
to be used, the lowest level of shores (on the ground floor) would be
removed to tﬁe third floor at the time of ée'days (operation 2). When
the props are removed the théée floors undergo the same deflection, and
therefore the total weighf.of the three floors will be distributed between
them in proportion to their relative stiffnesses. In a set of identical
floors the relative stiffness of each will be approximately unity, and-
therefore each floor at this stage will carry its own weight. |

The flexural stiffness of an uncracked section was assumed to

be directly proportion to the modulus of elasticity Eé'in this analysis.

-




Typical developments of E and concrete crushlng strength f' in terms of
their 28-day values are: shown in Fig. 2-2. Grundy and Kaballa(z) have
shown that the load ratios obtained baeed on constant E_ and'veriable E,
are not greatly different, so the error introduced by the assumption
that the relative stiffness of the floors are about equal is not greaf.
Until the ground shores are removed all the -loads are transmit-
?ed through the sﬁores to the rigid foundation, as indicated by the con~
dition at 21 days in Fig. 2-4. The numbers in fig, 2-4 are the load ratios
(a factor by which the self weight plus formwork must'be multiplied)

carried by the slabs or shores at different stages. At 26 days the shore

force (3.0) is dlstrlbuted equally between slabs at levels 1, 2, and 3.

At 28 days the weight of the slab at level 4 (1.0) is distpibuted equally
Between slabs at levels 1, 2, and 3. At 33 days the shore force at level

1 (0.33) is distributed equally between slabs at levels 2, 3, and 4, and

‘SO on.

The analysis above is based'on theffolloﬁiég.eeeqpptiooee;

1l.Three levels of shores to be used.

2.The stiffness of slabs is equal.

3.The props supporfing the slabs and formwork may be regardeo
as a continuohsigniform elestic support.,

4.The initial slabs are supported from a completely rigid
foundation.

S;The shrinkage and creep of the cancrete in the slabs is dis-
regarded for anaiyeis and that the slabs behave eléstical;y.

G,Props are infinitely rigid. '

Repeating the analysis using two levels of shores; the construc-

.
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tion sequences and the load ratios carried by the floors and props are shown
in Fig. 2-3.
From the analysis presented above it will be found that the maximum

loads are always carried by the last slab cast before the shores at ground

~ level are removed.{AFor example in Fig. 2-4, load ratio 2.36 is carried

by the third floor,. in Fig. 2-3 load ratio 2.25 is carried by second floor.

1.0

0.5

PROPORTION OF
2 8-DAY VAWUE

o)
o] 7 14 21 28

AGE ( DAYS)
FIG. 2-2  DEVELOPMENT OF E. & f.
WITH AGE. ( REF. NO. 2)

Table 2-1 shows the analysié resuits for different number of
levels shored. It is evident that when increasing the number of levels
shored there is no reduct;on in the maximum converged load ratios on the
slabs, The maximum lcad ratio actually increases with an increasing num-
ber of levels shored. The increasing load ratio may be balanced by the
increasing concrete strength due to the increase of age on the slab which
carries the maximum load. ' :

(4)

Blakey and Beresford have suggested a stepwise construction

method in double bays multi-story building frame as shown in Fig. 2-5.
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No. of Levels Shored 2 .3 4 5
Max. Load Ratio 2.25 | 2.35 | 2.45 | 2.50

No. 2 3] 4 -

Slab Supporting

Max. Load Ratio . |\ o (Days) 14 21 28 35
. Max. Converged Load Ratio 2.0 2.0 2.0 2.0
First Slab Support- No. 4. 5 6 7
ing Max. Converged =~ ;
Load Ratio Age (Days) | 14 21 28 35

Table 2-1 Analysis Results for different No. of Lévels Shored.

Assumed Ec = Constant, N = 5 days.

 The progress in this case is stepwise instead of uniformly vertical. the

maxiﬁum load ratio carried by a floor is 2.25 , this time on floor aged
28 days '(49 days minus 21 days). In this sequence the prop load ratios
ﬁever rise above 2.0 ,

During the time of construction, there is no problem for the
props to carry heavy loading because a greater "density" of pﬁops.can
be uéed. But if a high lcad ratio is carried by a slab and the.self
weight of the slab is a high proportion of the total load that the slab
is going to carry in service, it will happen that the constructioh loads
are critical in all aspect#'of the slab design. Far example(2),
normal office construction - shows that for a 10-inch thick riat:slab.
designed for a loading of 200 lbs/sq.ft., including 120 1lbs/sq.ft. dead
load of the slab, the maximum load sustained under cénstructioﬁ is 306
lbs/sq.ft. at 21 days, efféctively an overload of 60 per cent.(see Taﬂle

2-2)




[N

I Construction Load lbs. per sq. ft. Service Load 1lbs. per sq. ft.
it | edmn | e [Peim
10-in. Slab 120 120 10-in. Slab 120
| Formwork - 10 10 Finishes 15
Subtotal 130 130 Partitions 15
Load Ratio | 2.06 2.35 Live Load . 50
Total (at 21 days) 268 4 306  |Total (after 28 days)| 200

Table 2-2 Construction and Service Loads for Flat Plate Building
Shored at Three Levels. (Ref. No.2) ‘

In order to control the construction Loads, some effecfs of
lbading on floors have been considered: |
(a) Construction cycle.
(b) Creep
(c) Prop spacing.
(d) Reshore tightening.
(e) Prop rigidity.

(f) Use of light weight concrete.

Construction Cycle

~Let N represents the time between placing of a fresh slab and the
removal of props froﬁ above the lowest slab in the system. Values of N
used in construction cycles is usually from 1 day to 6 days. The choice
of N is based upon the time requirement to remove and reinstall formwork
at a higher level. Both tﬁe stiffness of a slab and its strength increase

with age; however the stiffness increases faster than the strength. Thus
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initially the load on the slab increases faster than the load capacity of
the slab if the construction cycle time is reduced. Thus the advantage
of using more levels of shores is to allow the slabs to gain as much

strength as possible. Generally the props are left at the lowest level

-as.long as possible after placing a fresh slab.

Creep Deflection

With very early loadings creep deformation may be expected to
influence the loaa ratios. Nielsen(l) has suggested that this factor
may be ignored because upper slabs, loaded at a fairly young age and which
therefore may be expected to show high creep, are under.fairly small
stresses, whereas the more highly stressed lgwer slabs will show lower
creep because they are older. It is expected that the high creep and
low stress will give a deformation roughly equal to that from a high
Stress and low creep. Blakey and Beresford(q) did not completel&'agree
with this point, because at the time of removal of the first set of props
from the foundation, the assumed load.distribution between the floors are
equal, according to the analysis given, therefore it should follow that
the upper one should creep moré because it is younger. Measurements on
actual buildingsbare needed to clarify this point.
Prop Spacing |

The spacing of the pvobs must produce.sufficient strength to carry
all dead load and live construction loads with a factor of safety at
least equal to that used in the design of the permanent structure. As
the analysis in Fig. 2-3, Fig. 2-4, and Fig. 2-5 the' maximum load ratio
for props is 3.0, so that the spacing must be designed to carry a load'three

times the self weight of the slab plus formwork, and should be located in
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the same position on each floor so that they will be continuous in their
support from floor to floor. Care should be used in locating the reshores,

so that the loads do not cause excessive punching shear or reversed bending

stress in the slab;

Reshore Tightening

During the'reshoring ooeration in site, the reshores are tightened
up, the degree of tlghtenlng affects the loads in props and thus in the
slabs. It is probable that generally the props are not completely tightened,
as it seems hard to control the degree of tighéening in ‘site. Some of
them may be over tightened which will increase the load‘on the lowest floor.
The difference betiieen the analysis results and site condition is hard to
estimate reliably. The use of a greater density of pfops would help to
reduce the error. Actﬁal site investigations should be made to find out
typical over tigbting effects.

Prop Rigidty

The analysis of Grundy and Kabaila(g)

assumed that the props

are infinitely rigid. Actually in practice the props are notArigiﬂ;

and this will reduce tho loads on the slabs beneath and will iﬁcrease

the load by a corresponding amount on the slabs above. Thus the‘load
ratio distribution may be different and adjustment to tho calculated values

which based on this assumption is needed.

Use of Light Weight Concrete

For a multistory building construction, the construction loéd,’
is always above the total design load when the dead load/live load ratio
for a floor is high. An overload of 60 per cent above the design load is

shown in the prev1ous example (see Table 2-2). Thls overload of the slab




q

under construction can be reduced by using light weight concrete. A
similar slab constructed in light weight concrete would carry a reduced
overload of 40 per cent, for the dead load has been reduced. Table 2-3

shows the comparison of the weight of light weight coricrete and the

regular concrete,

Slab Thickness | Slab Thickness | Wt. per sq.ft. |Wt. per sq. ft.

in. ft. 150 pef Concrete | 110 pef Concrete
3 0.25 37.5 27.5

4 0.33 49.5 36.3

5 0.42 63.0 46.2

6 0.50 75.0 » 5.0

7 0.58 87.0 63.8

8 0.67 100,5 73.7

9 0.75 '112.5 82.5
10 0.83 124.5 91.3
11 0.92 138.0 101.2
12 1.00 150.0 110.0

Table 2-3 Weight of Light Weight Concret

(Ref, No. 12)

Beresford(T) presented in 1964 that the different characteristies
of concrete produced the different rate of gainiﬁg modulus of elasticity
Ec' Generally E, is not developed exactly the same as the typical case

shown in Fig. 2-2. The water-cement ratio, mix p?pportion and the

‘type of cement will affect the rate of development of Ec. Fig, 2-6

e and Regular Concrete.
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LOAD RATIOS ~ PLACING OPERATION IN CONVERGED SOLUTION (N=5)
o 0 0
0.66 062 0.42
1.34 132 1.26
2.00 206 232 ===
(MAX. 2.36) (MAX. 2.35) © (MAX. 2.44)
E2s Eag
E
IDEAL NORMAL SLOW MATURING
0 14 28 0 14 28 0 14 28
TIME (DAYS) TIME (DAYS) TIME (DAYS)
CASE 1 CASE 2. CASE 3
FIG. 2-6 COMPARISON OF CONVERGED SOLUTION

( N =5 DAYS) WITH VARIATION OF
MODULUS OF ELASTICITY FOR CONCRETE
WITH TIME. (REF. NO.7)




‘shows the maximum load ratio and the converged solution with variation

"~ would be commonly used, and for thlrd case, a concrete selected as

' first case would probably be of sufficient accuracy in most cases.

‘strength at 28 days is usug;;x used asuiﬁemdésignbcochg?e strength.

Code of .Canada. (16)
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of modulus of elastlclty'for different types of concrete. The first
case represents a theoretlcally perfect concrete whlch attalns full

stiffness shortly after placing, for the second case, ‘a normal concrete as

partlcularly slow in gaining stlffness. The result indicates that there

is little difference in the maximum load ratios in the flrst two cases,

and thus the benefits to be gained from high early strength concrete

will be due mainly to its improved ability to resist the stresses imposed

at the early age. The third case indicates that a significant increase

in the locad ratio én the lowest floor may occur if the concrete is very

slow in maturing. The converged solution is affeétéd‘more than the

maximum value obtained during the analysis, although this value also increases.
However the céncrete was considered to have extreme behaviéur, and would

be unlikely to apply except in abnormal conditions. Analysis for the -

An integral part of this problem, the relation between flexural

strength and f! was studied by Blakey and Beresford *), Crushing-

A typical curve,.Fig. 2-2 shgws the development of crushing strength of
concrete in terms of their és days strength wifh time. That means the
concrete strength at>the'age less than 28 days must be less than the désign
strength., The flexural strengxh of reinforced concrete members shall

be calculated by the formula in 4.5. 4B,9.(1) of the National Bulldlng

M, =9 [bd £1q (1-0.590)] iiiriinienaai(2-1)
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where Mu - Ultimate design resiéting moment.
¢ - = Strength variability adjustment factor for flexure use 0.9.
b = Width of the member.
d = Effective depth of the member.
qQ =P fy/fé‘
fy = Yield étress of steel,
AS = Area of steel bar.
fé = Crushing strength of Concrete.
p = Reinforcement ratio = As/bd, for 4,5.4B.9,(2) of
National Building Code of Canada.(ls)
.-(0.85)(0.85) fé 87.000 ’
P g 0.75[ — F (87’500”:)’)] ceeee s (2-2)

rewrite Eq. (2-1) and Eq. (2-2), assumed fy = 40,000 psi.

pf

——-1;,-1’-— S 00372 tevrrrevinnnanesa(2-3)
c
and Mu P fxv
—deZ:O.gpfy(l-O.sg fé ) e, (2-8)

Fig. 2-7 shows the variation of flexural strength of reinforced
concrete members for different levels of tensile reinforcement, with
concrete crushing strength. At any level the change in strength of the.
member for a large change in concrete strength is no more than about ten
per cent, so even if the concrete has not reached its design strength at.

the early age this will not imply any serious encroachment on the factor
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of safety again;t flexural failure:

Taylor(ll) presented a method to reduce the load ratio in slabs
by employing.a special technique into the formwork stripping program.
This technique is slackening and tightening the shores by rotatiﬁg the

threaded collar on the middle part of the props. The operations are

shown in Fig. 2-8 and describes in Table 2-4.

Time (Days) Operations

21 Pour level 3.
27 Remove lowest shoring and place for level uislab.
28 Pour level 4.
34 Réﬁove lowest shoring and piace for level 5 slab.

Slackening the shores under ievel 4 (by ratating
the threaded collar on the props), then under
level 3. Tighteniﬁg the props which had been
slacken. ‘ |

35 ‘ Pour level 5.

Repeat procedures at 34 and 35 days for upper levels.

Table 2-4 Operations of Slackening and Tightening in The
: Reshoring Program. (Ref. No.ll)

Using the assumptions adopted by Grundy and Kabailacz)-;nd .

the operations above, the maximum load ratio is l.4% at a concrete age

of 21 days a§ shown in Fig. 2-8 giving a construction load of 187 lbs. per
sq. ft. which has been reduced about 38% for the slab of Table 2-2.

When the shores slackened each slab took their own weight, and no load

from the upper slab would transfer to the lower slabs throught the shores.

After the shores were tightened up and a new slab was poured to the top,
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5
4 F 0 1.0 — 1.19
\,:
3t 0 1.0 1.19 10 ===y 137,
\¢’
r'\\
27 0 1.0 1.37 1.0 [ 2 1.44
- o) 1.0 1.44 1.0
TIME (DAYS) 21 - 27 28 34 35
FIG. 2-8 SLAB LOAD RATIOS FOR TAYLOR'S SHORING METHOD

ASSUMING A 7-DAY CYCLE, THREE LEVELS OF SHORES
{m=z=3 )' N=6 DAYS AND VARIABLE E.. (REF. NO.11)

the load ratios distributed on the supporting floors are practically the
same as at 28 days (1. 19 1.37, l.44), The load ratios calculated above
are not as severe as for the method presented by Grundy aﬁd Kabaila(Q),

but for standard mix concrete may still exceed allowable design stresses

for concrete at that age. In order to avoid the concrete overstress,

Taylor(ll) suggested that:
(1) Using a concrete that will attain sufficient strength‘to
carry the shoring loads without overstress. (such as using
the high early strength cement in the concrete mix)
(ii) Using a greater number of levels of shoring, then the maximum

load is applied to a older floor with higher strength.
(1ii) Increasing the time cycle, so the concrete has more time to

gain higher strength to support the construction load.




34

Chépter 3
' SITE INVESTIGATION
The object of thls investigaticn was to determlne the typlcal

loads in shores during construction. The measurement were carrled out

- at block A of The Engineering Bu11d1ng “of UhlverSIty of Ottawa from v

27th Feb. 1970 to l3th Mar. 1970 Thls is a flat slab type bulldlng
of the type commonly used for offices and appartments. The temperature
durlng this period was approxlmately 5 F below. Because of the cold
weather the construction rate was approximately 14 days per floor. The
thickness of the flat slab is 8" and has a maximum panei length of
twenty feet. The details of the design of block A is shown in Appendix
E. TFig. 3-2 shows the shape and dimensions of the shoring unit used
to Suﬁport the slab in construcfion. The shoring plan on the Tth floor is’
shown in Fig. 3-1. | .

The first part of this measurement was to determine the loads
.in the shoring unit when a fresh slab was cast. The shaded shorihg unit
in Fig. 3-1 placed between the Tth floor and the 8th floor, wés instrumented.
Six posts of this shoring unit were named A, B, C,kD, E, and F; Since
the post might be bent under. loading, in order to minimize the error in
measuring, two Electrical Resistance Foil Type Strain Gages wired in
series were affixed on the iower part of each named post, as shown in
the detail of Fig. 3-2, By recording the initiallreading from the indi-
cator before casting and comparing it with the reading after the upper

floor was completed, the loading at each named post was measured énd are

listed in Table 3-1, The tneoretlcal loadlng carrled by the post was

’calculated from the unlt welght actlng over the dotted area shown in




-the lower part of each shore. The measured results are shown in Table 3-2.
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Fig. 3-1. Since the slab of ‘the" 8th flo‘oz;'.is 8" th-ick_,wi_,th an aéﬁféximaﬁed'
dead weight of 100 1lbs. per sq. ft., The expected loading for each named

post can be determined and shown in Teble 3-1.

Post ﬁxpected Loed Measured Load
A 1750 1bs. 9%0 1bs.
B 2400 1bs. 663 1vs.
c 2190 1bs. "hooo  1bs.
D 2190 1lbs. 2750 1bs.
E 2Loo 1bs. 5200 1bs-
“OF 2350 1bs. 1715 Ivs.

Table 3-1 ‘Exvected and Measured Loadings at One Shoring
Unit between The Tth Floor and The 8th Floor
of The Engineering Building of University of
Ottawa. ‘

The second pa.ft of this investigati.(.)n was to determine the
loads in the shorings between a number of floérs below the ‘:_t‘reshly
Placed floor. Fig. 3-3 shows the arrangement of shores and their |
num‘pers. Shores No. 1 and No. 2, No.3 and No. 4 were numbers of the
shoring unit on the 8th floor and the Tth floor respectively. Whereas NO. 5
and No.6 were the only two props set up by the author on the 6th floor.

Again two electrical resistance strain gages wired in series were put on

The expected load ratio carried by the posts between the floors can be

obtained by the method which considered the change of ET with ages as °

(2}

presented by Grundy and .Kabaila is shown in Takle 3-2. Both measured

and celculated load ratios on floors and post are shown in Fig. 3-b.
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Posts |- ‘ . Measured Calculated
on | Tost | Toad Average Load Retio | Load Ratio

8th 1 | 2780 1bs :

Freor > | 2170 Tng | 2475 1bs 1.0 1.0
Tth 3 710 1bs

e X 729 1bg | 720 1vs 0.29 0.69
6th 5 | 146 1bs -

Floor & | 109" 1bs 127.5 1bs 0.05 0.345

Table 3-2 Measured Results for Three Levels of Shores

Comparison of the Computed values and the measured values in

Teble 3-1 and Tablg 3-2 show no agreement at all. The reasons for

causing these differences can be explained as follows:

1. Since the shores do not provide a continuous elastic support
the load distribution will differ from that calculated.

2. The ;eliability of the strain gages may have been reduced due
to working under Qery-cold'conditions; This could be due to
the properties of the adhe;ive changing, etc.

3. The'analysis of Grundy and Kabaila(e) assumed that the proﬁs
are rigid. Natgrally in practice the props are not rigid and

this will cause a transfer of loed to the upper floors.




Chapter L
TESTING PROCEDURE AND RESULTS
'To éupp;émenirfhgﬂfigid.iﬁ#ééﬁigation it was.decided to
investigate in the leboratory the rate of gain of cyiinder streﬁgth and
modulus of elasticity and the rate of gain of flexural strength and -

stiffness of model feinforced concrete beams with age.

Cylinder Tests

The object of this investigation was to determine experimental-
ly, the variation in the compressive strength fé and the modulus of
elasticity E, of concrete &t different ages. Two groups of 6"x12"

cylinders were madeé with different strengths 1n thls test. They were

- designed to carry compressive stresses of 3600 psi. and 6000 psi. respec-

tively. The cement used in this test was "high early strength Portland
Cement". The sand had an average fineness modulus.2.5, and the maximum
size of coarse aggregate was 3/8". The mixing proportion per cu.ft. by

weight is listed in Table bL-1.

Dry Weight (1bs)

Groups 3600 psi. | Group 6000 psi.
Cement . 2k.6 35.4
Sand 1 bas 48.9
Stone(3/8")|  65.0 M0
Water 1é.6 - 1k.2

N

Table 4-1 Mixing Proportion per cu. ft. of Concrete.

The cylinders were cast in Sono molds end compacted by tamping.

Thirty 6"x12" cylinders were cast at the same time to form a group.
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Twenty-four hours after the casting, the specimens were removed from
the modes and cured under the water tank at a temperature of about TOF.
The tests were carried out at the concreté laboratory of the‘m

University of Ottawa. Each group of cylinders was divided into six

“batches (each batch containing ﬁve cylinders) and tested at ages of

1 day, b days, T days 1k days, 21 deys, and 28 days respectively. At
the time of test:.ng, five cylinders were taken out from the water tank
and were allowed to dry for.an hour. The end faces of the cylinders
were capped with standard-sulpher compound.

The modulus of elasticity is the ratio of stress to strain

but unlike most méfals, concrete has no true "straight line" portion

- of its stress-strain curve. Since there is no true straight-line portion,

there can be no true proportional 1limit and the modulus will be different
at any selected stress point. ' Three methods of expressing and caicuia—

ting the modulus of elasticity have been proposed. These are known as

""chord modulus", "secant modulus", and "tangent modulus". Different

values of modulus of elasticity may be determind from one test if
different methods of calculation has been used. Each modulus -of elasti-
city value may be represented by the slope of the appropriate line shovm
in Fig, L-1,

In this test secént modulus was used. In order to determine the
stress-strain curve, a dial gage frame was clamped on the cylinder as
shown in Fig. 4-2 and Fig. L-3. Telgt.sf:ﬁere..c:arried out 1n a Forney Com-
pression Testing Machine having a capacity of 300 kips. shown in Fig,
4-4, The movement of the. gage frame is measured by c_lial gages and the‘
strain is calculated by dividing the total measured hovement by the gége

lengths. As the ‘strains at various loadings are obtained the stress-
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_ FIG. 4-1 TYPICAL STRESS-STRAIN CURVE
) FOR CONCRETE. ( REF. NO.12 )

strain curve can be eetablished. Fig. U-5 shows a typical stress-strain
curve for concrete cylinders.

Table 4-2 contains results of the compressive strength f! and
modulus of elasticity Ec of the 3600 psi. specimens and the 6000 psi.
specimens at the different ages. The calculation of E in this test
was the mean of the slopes which calculated ﬁ'cm every measurement point
(up to about h07 of ultlmate stress) in the stress-strain curve. Calcula- -
tions are shown in Appendix A. From ACI Building Code 318-51¢15) 1102(a)
we can calculate the modulus of elasticity Ec, for concrete by using the
formula:

= 33 wlsf_.........(h-l)
where w 15 the unit weight of the concrete.. The average unit weight

of the cylinders was 150.5 1bs. per cu. ft. which has been substituted

~into Eq. 4-1 and the results a.re shown the Table. 1&-2. Calculat:\.ons
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are shown in Appendix A. Fig. 4-6 and Fig. 4-T show the measured Ee
and the Ec which calculated by Equation 4-1. Frem Fig. 4T no

significant differences is found between measured Ec and computed E,.

o E
. o] [+
Group (]Aj.ges) Proportion of Proportion of | Calculated
ay psi. [28-day Value psi. [28-dsy Value by
- % : s wle5 33 I
1 [2336.28 42,5 3,842,000 77.9 2,970,000
b [3610.6d  69.5 4,460,000 90.0 . | 3,690,000
3600 T {4329.20 - 78.9 4,537,000 91.5 4,040,000
Pl so.ul 86,5 4,7b5,000 [  95.5 4,230,000
21 [5168.14 9Lk 4,882,000 ' 98.5 h,kod,ooo
28  |5k9T.3Y '100.0 | 4,951,000 100.0 4,550,000
2 |4b81, k1 59.1 L 475,000 83.2 4,110,000
b [5253.10 69.4 4,877,000 90.7 4,450,000
6000 7 |6ko7.08 8k4.5 5,001,000 | 93.0 h,910,ooo
PSie| 14 l6605.93  87.0 5,288,000 98.2 5,000,000
21 [7327.43  96.6 5,332,000 .99.1 5,250,000
28 [7592.92] 100.0 - | 5,372,000] 100.0 5,350,000

" Table k-2  Compressive Strength f(': and Modulus of Elasticity Ec of

Group 3600 psi. and Group 6000 psi. Cylinders in Different

Ages

Fig. 4-8 and Fig. 4-9 represent graphically the results of

compressive strength f(': and modulus of elasticity Ec in terms of 28-

. day value. From Fig. 4-8 and Fig. 4-9 it can be seen that the modulus

h of elasticity of concrete E, increases with age es well as the crushing

-

|




© by.weight were:

L

strength fé, although at a different rate and Ec develops more rapidly
and is there after more constant than fé.
Fig. 4-10 and Fig. 4-11 show that the development of fé and

Ec for the 6000 psi. specimens is faster than that for the 3600 psi.

specimens.,

Medel Beam Tests

The object of this investigation was to find out.how age affects
the stiffness (EI) and ultimate strength of simple suppérted beams.

Two specimen forms were made of steel, each form being able
to cast 10 beams.. This was advantageous because it was thus possible
to cast twenty beams at the same time. These steel forms are shown in
Fig. 4-13. The vertical sides of the steel forms were bolted solidly to
the basg. To prevent adhesion between the inside surface of the forms
and the specimens, the inside surface of the forms were coafed with
mould oil. |

The cement used in this test was ordinary Portland Cement,

PP

the sand had an average fineness modulus 2.5 and no coarse aggregate

was used in this cement sand mortar.

The mix proportions per cubie foot

Dry Weight
Cement - 48,4 1bs,
Sand 77.4 1bs.

" Water © 22,0 1bs.




The reinforcement used in this test was 1/8" diameter Cold
Rolled Mild Steel SAE 1020 which has the stress-strain curve shown in

Fig. k=14, the strength characteristic' from the tension tests are listed

in Table L4-3.
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L I T I T pe £+

’f. by Modulus .of Elasti-

" No. ksz. k:%?. city E x 106 psi.
1 86.0 90.0 29.0
2 85.8 | 89.5 29.1.
3 86.5 | 88.7 29.0-
d k4 85.4 | 86.5 29.5
5 86.0 | 89.0 29.1
Avérage 86.0 SB;Th 29.1

Table L-3 Yield Stress, Ultimate Stress and
Modulus of Elasticity of 1/8" dia-
meter Cold Rolled Mild Steel SAE 1020

For anchorage, two aluminum plates ﬁere placed at the ends
of the beam's mould, the steel bar with threaded enﬁs were fixed éo
these two plates with‘nutslés shown in Fig. 4-12. After the reinforce-
ments and end plates had been set-up, twenty beams and twenty 2" cubes
were cast with cement sand moftar. ?ﬁen@y-fbu:_@oui;vlater_the.ﬁéémé‘gpd.
cubes were removed from the molds and cured in water,ff, 

In order to know the rate of gain- of flexural strength and
stiffness of.théibéams, the éﬁenﬁj:béamg and aésoéiétéd_}@;nty cﬁbéﬁ vere
divided into four groups (each group had fivg beam; and five cubes) and

were tested at the ages of T days, 14 days, 21 days and 28 days respec-

-
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tively. At tﬁe time of testing.five beams and five cubes wére teken
out from the water tank and were allowed to dry for an hour‘hefore
testing.v A thin layer of Plaster of Paris brushed over the surface of
the beams so that hair cracks could be seén easily during the tést..

The beams were simply supported over a span of 2' - 9" ang
loaded by two symmeérical point loads which acting separately at one-
third of the span‘from both end supports. To prevent crushing the
conérete, bearing plates were pﬁt on the beams at the supports and loading
points. Load was applied by the loading head of the machine through the
loading beam. Fig, L-15 and Fig. b-16 show the set—up.while the beams
wvere testing. A gketch of the test set-up is given in Fig. h-le The
time»frcm the beginning of the test to failuré of a specimen was approximate-
lyrtﬁirty minutés. The required measurements of this test were the
applied loads, the corresponding deflections at the center of sﬁén, ulti~
mate loads of the reinforced beams and the location and extent of cracks.

The five cubes which were cast at the same time with the beams,..
vere tested to determine the ultimate compressive strength by placing in
the ﬁesting machine and tested to failure.

Fig. 4-18 to Fig. h~21 shov the location and extend of the
cracks of the failed beams. Fig. 4-22 to Fig. L- 25 show the relations
between loading P and the Eentral deflection of beams at different apges.

Table L-k represents the results of compressive strength fé,
stiffness EI, and ultimate load Pu of the beams. All the results above
are average of five readings from the tests at the same age. The calcula-

tions of stiffness of the beams are shown in Appendix B. The ratios of

-z%-of the beams are almost unity as.shown in Table k-L.
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" The test results of Pu’ fé and stiffness EI are plotted in

terms of their 28-day values as shown in Fig. 4-26. It can be seen that .
the ultimate load Pu of the beams increases wjth ages-as well as the
stiffness EI of the beams, and they almost have the same rate of deveiop-
ment. |

| In order to study the reliability of the reeults, the theoreti-
cal values of ultimate load P, and stiffness EI of the beams at different
ages are calculated and shown in Table 4-5. The calculations of the
thecretical ultimate load P, are based on the text written by Winter(lu)
(see Appendix C) . P was calculated assumlng that the beam failed either
by flexure or shear and both results are presented in Table 4-5. The
calculations in@icated that most beams should have failed in shear and
thié is confirmed by observation of the crack pattern. (see Fig. 4-18 to
Fig. 4-21)
| The moment of inertia of the cracked and uncracked section of

the beams were evaluated and are shown in Appendix D. The values of .

"stiffness EI of the beams, calculsted eéeﬁmiﬁéheither that the section
was uncracked or a cracked section, are shown in Table L-5. Comparison
of the test results shows n05great difference between the EI calculated

on the basls of a cracked sectlon and the measured EI.

SHSIEREIr i N
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Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

The elementary analysis presented in this report provides a

basis for determlnlng the loads which might be applied to concrete floors

durlng construction, by props from floors sbove. This constructlon load

can exceed the design load in the multistory flat sleb building construc-

tion, if the dead load of a floor is about half the total design loads.

(1)

The principal conclusions from this experimental study are:

The cylinder test results show that the modulus of elasticity .

At % Svumar S

(2)

(3)

(k)
(5)

(6)

Ec variqg as the square root of the compression strength fé,

as suggested by the ACI Building Code (1§63),‘

The failure of model beams were well predicted by the standard
prediction formulae which can be used for thé analysis of con-
struction load carrying capacities. '
Ultimate load Pu of the beams increases with age as well as the
stiffness EI of the beams, and has élmost the same rate of
development.

P
The ratios of ﬁ% at different age of beams are equal.

Increasing the number of proped floors or the time fetween

placing of fresh slabs to allow the concrete a longer time to

attain strength may not be considered eccnamlcal. Thg:@gygiqpmgq@ _

of strength may not be great enough to campensate for the dis-

advantages.

Investigating the methods of control the of construction lodds_t#o_j

methods can be recommended; (a) reduce the dead load/live load
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ratio., and (b) employ the technique of slackening and tightening

the shores during the time of construction.

For future research, estimating the calculated load ratios
must be on the basis of further experimental measurements in the rield.
The most important’ points are: the examination of prop forces and slsb

deflections during the building of typical structures.

gt




(1)

(2)

(3)

(%)

(5)

(6)

(7)

(8) .

(9)
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0.29 0.69
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FIG. 3-4 LOAD RATIOS IN SHORES AND.
FLOORS AFTER THE ROOF WAS
POURED.,
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GENERAL VIEW OF SIMPLY

4-15

FIG

SUPPORTED BEAM®

TEST ARRANGEMENT FOR
SIMPLY SUPPORTED BEAM

FIG. 4-16
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FIG. 4-18 FAILURE MODE OF SIMPLY
. SUPPORTED .  BEAMS (AT 7 DAYS)

FIG. 4-19 FAILURE MODE OF SIMPLY .
SUPPORTED BEAMS (AT 14 DAYS)
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FIG. 4-20 FAILURE MODE OF SIMPLY
- SUPPORTED BEAMS (AT 21 DAYS)

FIG. 4-21 FAILURE MODE OF SIMPLY .
SUPPORTED BEAMS (AT 28 DAYS)
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COUNCRETE CYLINDER COMPRESSIUN TEST RESULTS
GROUP 3600 .  1DAYS .
, P - ~ STRESS L R MEAN STRAIN
1000.00 35.40 .80 .60 <70 T8
2000.00 70.80 1.00  2.00 1.50 16.667
3000.00 106.19 1.50 3.50 2.50 27.7738
4000.00 141,59 2,00  5.00  3.50 38.88Y
5000.00 176.99 "2.50 7 6.50 4.50 50.000
1000.00 35.40 « 50 1.00 S W75 8.333
2000.00 7C¢.80 1.10 1.70 1.40 15.550
3000.00 106.19 1.60 2.60 2.10 234333
4000 .00 141.59 230 3.70 3.00 33.333
_5000.00 176.99  3.20  4.50 3.85 42,7738
6000.0U 212.39 4,40 5060 5.00 55.5506
7000.00 | 247.79 5.50 6.50 6:00 6646067
8000.00 263.19 5.60 7.50 6455 T2.776
1000.0C 35,40 1.00 e 40 .70 7.778
2000.00 70.60 1.80 1.40 1.60 17776
~3000.00 106.19 3.00  2.00 2.50 27.77¢8
4000.00 141.59 4,40 1 2.40 3.40 37.778
5000.00 176.99 ® 5,60 3.00 4.30 47.770
6000.00 212.39 7.00 4.00 5.50 61.111
7000.00 . 247.79 8.00 4 .80 640 71.111
B000.00U -~ - 283.19 9.00 5.60 7.40 82.222
100000 35,40 .98 "L 50 T4 < B.222
T2000.00 70.80 2,00 7 1.10 1.55 17.222
3000.00 106.19 "3.00 2.00 2.50 27778
4000400 141.59 4,00 3.00 3.50 28.88Y9
5000.00 17699 5.00 4,00 4 .50 S 50.000
6000.00 212.39 6.00 5,00 5.50 “6lwlll
7000.00 247479 7.00 6.00 6.50 72.222
T 8000.00 T 283.19 8.00 T 7.00 7.50 834333 .
2000.00 70.80 2.50 1.00 1.75 19.444
4000.0U 141.59 5.00 2.10 3.55 39,444
5000.00 176.99 5.80 2.80 4 .30 47.778
6000.00 212.39 6.50 3.50 5.00 55,556
7000.00 247.79 7.80 4.00 5.90 654556
"8000.00 "283.19 9,207 T 44507 6485 76.111
FC = 2336.2831
MOUDULUS OF ELASTICITY = E = 3.8619
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Th

CONCRETE CYLINDER COMPRESSION TEST RESULTS

GROUP "'3600 7
p © T STRESS N
1000.00 © 35.40 o 43
3000.00 106.19 1.10
4000.00 141459 1.30
5000.00 176.99 1.60
7000 .0U 247479 2.40
8000.0U 283.19 3.10
1000000 353.98 2.90 1
1000.00 35.40 <40
2000.00 70.80 +50
"4000.00  I41.59 7 1.00
6000.00 " 212439 1.80
8000.00 283419 2.50 1
10000.00 353.98 3.20 1
" 1000.00 35.40 1.00
2000.00 70.80 1.60
2000.00 106,19 2.40
4000 .00 141.5%9 3.00
5000.00  176.99 3.90
6000.00 - < 212.39 5.00
7000.0U 247.79 6.00
B00O0 .00 283.19 6.90
. 9000.00  318.58  7.90
-10000.00 353%.98 8.90
1000.0U 35,40 .00
2000 .00 70.80 « 40
3000.0U 106.19 .50
4000 .00 141.59 <80
T5000.00 7 T 176.99 0 T T .80
6000 .00 212.39 .80
7000.00 247.79 .90
8000.00 283,19 «90 1
1000.00 35 .40 .60
2000.00 70.80 ©1.25
“3000.00 7 106.19 77 T T1.90
4000.00 141,59 2.60
5000.00 176.99 3.75
6000 .00 212.39 4 .50
7000.00 247.79 5.30
8000.00 283,19 6.20
FC =

MODULUS OF ELASTICITY =

R
.90
290

4,00

5.20
7.10
B.12
0.70
1.10
2.60

5210

7.50
0.00
3.90

'20
« 85
1.60
2.00
2.50
3.10
3.90
4.20
5.00
5.80
1.50
2.60
4.00
5.20
6,80
8.20
G.80
1.50

.80
1.65

2.5¢ 7

3.10
3.75
4440
5,10

280

E

AOAYST T

MEAN

.67
2.00
2 .65
3.40
4..75
5.61
6 .80

.75
1.55
3.05
4 J65
6.25
855

« 60
1.23
2.00
2.50
3.20
4 .05
495
5.55
6.45
735

.15
1.50
2625
3.00
3.80
4 .50
5.35
6420

.70
1.45
2.20
2.85
3.75
[1' 045
5.20
6 .00

3610.6195
444603

STRAIN
7.389
22.222

29.444 '

37.77%
52.778
62+333
15556

84333
17.222
33.88Y
51.667
69444
95.000

66067
12.611

22.222

27776
35-55(‘}
454000

- 55.0600

61l.667
T1l.667
81.667

Be335

L 16.667
252000

33.333

42.222

50.000
59.444
68.889

' 7.778

16.111
24,444
31.667
41.667
49,444
57.778

66.667




CONCRETE CYLINDER COMPRESSION TEST RESULTS

180000.00

FC

MODULUS OF ELASTICITY

= [ =

4329.2035

4, 53 71"

.mhﬂwwm;m~www§8093p.§6QQMNWWM,MW“?DAY$.NMMWM_LW»-

- CSTRESS L R MEAN STRAIN
5000.00 176 .99 3.00 2.00 2.50 27.778
10000.00 353.98 5480 6.10 54095 664111
20000.00 707.96 13.00 15.30  14.15 157.222
25000.00  BB4.96  16.80 20.00 18.40 204 444
30000.00  1061.95 7 20.00 T24.00 T 22.00 244 4 b4y
35000.00 1238.94 24.00 28.00 26.00 L 286.88Y
40000.00 1415.93 28.00 32,70 30.35 337.222
50000.00 1769.91 36.50 42,00 39.25 436,111
60000.00 2123.89 47.00 51.00 49.00 544 o444
~5000.00 176499 1.00 3.80 2 .40 26.667
10000.00 77i353.95 T1.10 7 T e.90 5,50 61e111
15000.00 520.97 1.90 16.50 9.20 102.222
20000.00 707 .96 2.50 22.80 12.65 140.556
30000.00 1061.95 4.00 33.00 18.50 205.5%6
35000.00 1238494 5.00 40.00 22.50 250.000
40000400 1415.93 9.00 45,20 2710 301.111
50000.00 1769.91 14.50 54,00 34.25 380.556
60000.00 2123.89 22430 63.00 42 .65 473,889
5000.0U 176 .99 4.50 2.00 3.25 36,111
10000.00 & 353.98 820 6.00 710 768.889
15000.00 530.97 12.50 9,00 10. 74 119,444
20000.00 T07.96 15.50 11.50 13.50 150. 000
25000.0U B84 .96 20,00 15.00 17.50 194.444
“35000.0U 1236 .94 28 .00 22..00 25 .00 271775
40000.00 1415.93 31.50  '25.00 28.25 313.684
50000.0u 1769.91 40 .00 32.00 36 .00 400.000
60000.00 2123.89 50.00 40.00 45,00 500.000 .

5000400 176.99 2.70 2.50 2.60 28.889
10000400 353.98 7 T 64707 6.50 7 6.60 734533
20000.00 707496 12.00 14.00 13.00 144 . 444
25000.00 L B84.96 21.30 17.20 19.25% 213.86y
30000.00 1061.95 26.00 20.00 23 .00 255.556
35000.00 1238.94 31.50 24.00 27.75 308.333
40000.00 1415.93 36450 27.50 32 .00 355,556
C50000.00 0 1769.91 46.00 34,50 40425 447,222
60000.00 2123.89 58 .00 43.00 50.50 561.111
20000.00 707.96 12.20 19.00 15.60 1734333
25000.00 884,96 14.80 22.50 18.65 2074222
30000.00 1061.95 18450 27.00 22.75 252.778
35000.00 1238.94 22.50 31.50 27.00 300.000
40000.00 1415.93 26.50 36.00 31.25 247.222
45000 .00 1592.92 31.00 40.50 35475 3970222
50000.00 1769.91 325.00 46.00 40.50 450.000
60000.00U 2123.89 43480 54450 49,15 5464111
70000.00 2477.88 53%.00 64.00 58.50 650.000
2831.86 63 .50 74 .00 68475 763.889
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CL')_NCRE']E CYLINDER COMPRESSIUN TEST RESULTS

TGRUUP 36007 TTTLADAYS T T T
P " STRESS L TR MEAN STRATWN
10000.00 352.98 5.50 6,50 6. 00 66.667
15000.00 530.97 8400 11.00 9.50 105.556
20000400 707 .96 11.00 15.20 13.10 145.550
© 30000.00 1061.95 16.00 22.00 19.00 " 211.111
40000 .0U 1415.93 21.50 29.50 25.50 2834333
50000 .00 1769.91 28.50 38.00 33.25 369.444
60000 .00 2123.89 34,76 45.80 40425 441,222
70000 .00 2477488 472.00 54,50  48.25 5364111
80000 .00 2831.86 49,50 . 63.00 56425 625.000
C 5000400 . 176499 "1.00 3.00 2.00 22.222
10000.00 353.98 2.00 6450 4.25 47.222
15000.0U 530.97 6.00 11.00 8450 94 444
20000.00 707 .96 9.00 15.00 12.00 133.333
30000 .0V 1061.95 14.00 21.50 17.75 197.222
40000.00 1415.93 18.50 29.00 232.75 263.889
50000 .00 1769.91- 7 25,00 37.00 31.00 344444
60000.0U 2123.89 30.00 44,00 37.00 411.111
70000.00 . 2477.88 - 37.00 53.50  45.25 502.77&
8000000 - “2831.86 45.00. 62.00 53,50 594 444
5000 .00 176.99 2.50 4,00 3.25 -364111
10000.0uU 353,98 4,00 9.00 6450 72,222
T15000.00 550.97 6.00 14.00 10.00 1114111
20000.00 TOT .96 $.00 18.00 13.50 150.000
30000.00 1661.95 13.00 27.50 20.25 225.000
40000.00 1415.93 18 .00 35,80 26.90 298. 889
50000.00 1769.91 24.00 45,00 34.50 383.333
60000 .0U 2123.869 30420 54,50  42.35 470.5506
h " 80000.00 Z831.86 740,20 77 72.00 T 56.10 6234333
5000.00 176 .99 4,00 4,00 4.00 44,444
10000 .00 353.98 7450 7.00 7.25 80.556
15000.00 530.97 11.00 11.00 11.00 122.222
20000 .00 707.96 16.00 15.00 15.50 172.222
30000.00 1061.95 23.00  23.00 23.00 2554556
e “40000.00  1415.93 7 31450 7 31.50 T 31.50°7 T 350.000
60000 .00 2123.89 48 .00 45,00 46450 5166667
70000 .00 2477488 . 57.00 ~ 56.00 5650 627.778
80000.00 2831.86 68 .00 65.00 66.50 738.889
5000.00 176499 2.50 5.00 3.75 41.667
10000.0u 353.98 4.50 10.50 7.50 B3.333
” ©°15000.00 “530.97 7 TJ007 15.000 11.00 122.222
20000 .0V 707.96 9.00 20.00 14.50 161.111
30000.00 1061.95 13.50 2%.50 21 .50 238.889
40000.00 1415.93 19.50 39.50 29.50 327.776
50000.00 1769.91 26.00 49,50 37.75 4194444
. 60000 .00 2123.89 32.50 58,00 45.25 502.778
e "70000.00 2477.88 “40.00 ° 68.00 " 54.00 500.000
o 80000.00V 2831.86 47.50 $0.00 63.75 706333
FC = 4750.4425
MODULUS OF ELASTICITY = E = 4.7445




- CUNCRETE CYLINQERHCDMPR

P.

5000.00 .

10000.00
15000.00
20000.00

T 30000000

40000.0u
50000.0u
6000G. 00
70000.0u
80000 .0U

C5000.u0 7

10000.0uU
15000.00
20000.00
30000.0u
40000.00
50000.0U
60000.0uU
7006000
80000.00

5000.00
10000.00

15000.0u

20000, 00
30000.0u
40000.0U
50000 .00
60000.0uU
70000 .0uU
80000.00

5000.00
10000.0U
15600400
20000.0u
30000 .0U
40000.00
50000.00
60000.00
70000.00

 80000.00

5000.00
10000.0v
15000.0u
20000.00
30000.00
40000.00
50000.00
60000.00
70000.00
80000.00

T7

GROUP 3600 . 21DAYS
STRESS L R -
176499 T T2.80 7 3,10

353,98 5.60 5.90
530497 7 8.00 9.50
T07.96 11.50 12.00
C1061.95 7777 17.00 777 20, 50
1415.93 24450 29.00
1769.91 30.00  37.50°
2123.89 35,50 46.00
2477.88 42,00 - 54,20
2831.86 48.50 63.00
176,99 7T T g T 2.00

" 353,98 8.50 3.50
530,97 12450 6.00
707 .96 16.00 9.00
1061.95 23.00 16.00
1415,93 29.00 22.50
C1769.91 36400 31.00
2123.89 42.00 39.00
2477 .88 49,00 48,00
2831 .56 56.00 57.50
176499 2.00 4,00
353,94 3.50 .00
C530.97 T 6400 13.00
T07 496 9.50 16.50
1061.95 16.00 © 23.00
1415.93 23.50 29.50
1769.91 30.00 36450
2123.89 38.50 42,00
247788 47,00 50.00
2831.86 56 .00 56.00
176.99 4,00 Z2.00
353.98 7.00 5.50
520.97 10.00 9.00
707.96 13.00 13.00
1061.95 16.00 20.80

- 1415%.93 24.00 29.00
T 1769.91 30.00 37.00
2123.89 37.00 46,00
24717.88 44,00 54.00
2831.86 52.00 63.00
176.99 T3.600 T 1.00
35309H 10080 [I-()O
530.97 14440 8.00
707.96 18.00 11.00
1061.95 24450 17.00
1415093 32-50 24-00

" 1769.91 " 40.00  30.00
2123.89 50.00 35,00
2477.88 58.00 42,00
2831.86 70.00 48.00

FC =

- HODULUS OF ELASTICITY = E =

ESSION TEST RESULTS

MEAN
2 .80
5.75
8.75
12625
18.75
26.75
33.75
40. 75
48.10
55.75

2095

6400
9.25
12.50
19.50
25.75
33450
40.50
48,50
56.75
3.00
5.75
9.50
132,00
19.50
26.50
33.25
4Q0.25
48,50
57.00
200
625
9.50
12.00
19.40
26.50
33.50
41050
49 .OO
57.50
2.30
7.40
11.20
14,50
20.75
28.25
35.00
42.50
50.00
59.00

5168.1416
4.8823

STRALIN
31.111
63.889
97 222
136.111

2084333

2G9T7.222
375.000
452.778
534,444
61l9.444
32.77¢
66667
102.774
138.8688v
2164667
2864111
372.22¢
45G.000
538.8869
630.550
"33.333
63.88Y
105,556
144,444
2[16.6()7
294,444
369,444
441,222
528.48y
633,333
33.33%
69.44¢4
105.556
144,444
T 2154556
294 444
372.22¢
461.111
544,444
638.389
© 25.55¢6
B2.222
124 .444
161.111
230.556
313.889
388.839
472222
555,556
655.55¢6




CUNCKETE CYLINDGER COMPRESSION TEST RESULTS

P
5000.00
10000.00
15000 .00
20000.00
30000.00
40000.0U
5000000
60000.00
70000.00

©80000.0U

5000.0U
10000.00
15000.00
20000.00
30000.00

"40000.00

500G0.00
60000.00
T00C60.00
80000.00

5000.00

© 10000.00
~15000.0U

20000.00
300060.00
40000.00
500060.00

~60000.00

70000.00
80000.00

5000.0V
10000.00
15000.0U

'20000.00

30000.00

" 40000.00

50000.0U
60000.00
70000.00

'80000.00

- 5000.00
10000.00
15000.00

-20000.00

30000.00

" 40000.00

50000.00
60000.00
7000000
80000.00

S EC

78

“MEAN
2.70
6.00
940

12.50

18.50

25.50

33,00

40.00

47.50

55,00
285
6H.05
9-60

13.25

20425

27.25

35.50

42,50

50.50

59.00
2.70
5.70
9.10

11.80

18.85

24,70

31.50

38.50

45 .70
532.00
235
5.70
10.00
13.35
20440
27.50
35.50
43,50
50.50
56.50
2.60
6.05
10.00
13.50
20.00

27.25

35.25
42.00
50450
58.75

5497.3451

GROUP 73600777 TTTTTT2ZBDAYST
STRESS s R

176.99 3.20 2.20
352.98 ©6.00 6.00
530.97 8.80 10.00
T07.9¢6 "11.00 " 14.00
1061.95 16.00 21.00
1415.93 22.00 29.00
1769.91 28,00  38.00
2123.89 34.00 46.00
2671788 41.00 54,00
2831.86 48,00 62.00
176499 2.00 3.70
353.98 4.50 T.60
530.97 7.00 12.20
T07.96 9.00 17.506
1061.95 13.50  27.00
1’&15093 18.00 36-50
1769.491 24.00 47400
- Z21232.89 29.00 H$6.00
24717 .88 35400 66.00
2831 .85 41.00 77.00
176.99 1.50 3460
'353.98 5.00 6.40
530.97 6.20 12,00
107 .96 7.10 16.50
1061.95 11.70 26.00
1415.93 16.20 33.20
1769-91 21.60 41 .40
2123.89 28.00  4%.00
24717« 86 34.40 57.00
2831.86 40.00 66.00
176.99 2.50 2.20
353.98 5000 6.40
520.97 &5.50 11.50
"707.96 11.20 15.50
1061.65 17.00 23.80
1415.93 22.00 32.00
1769.91 30.00 41400
2123.89 38.00  49.00
2471788 44,00 57.00
2831.86 T 49,00 T 64.00°
176.99 2.00 3.20
353.98 4.00 8.10
530.97 6.00 14.00
707.56 - 8.00 19.00
1061.95 13.00 27.00
1415.93 77 19.00 35.50
1769.91 26.50 44 .00
2122.89 32.50 51.50
24717488 40450 60.50
2831.86 48.50 69.00
F ELASTICITY = E =

FO

DULUS O

449509

STRAIN
30.000
66667
104 444
138.889

205,556,

263,333
3664667
L4k bt
527.778
611.111
31,667
67.222
100.667
147,222
225,000
302.778
394 444
472.222
561.111
655.556
. 30.000
634333
101.111
131,111

209444

27h bbb

350,000 -
427,776

507.778
588.889
26.111
63.333
111.111

T 148.335

226.667
305.556
394 444
483,333
561.111
627.778

- 28.889

67.222
111.111
150.000
222,222
302.778
391,667
466.667
561.111
652,778
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CUNCRETE CYLINDER COMPRESSIUN TEST RESULTS

p

5000.00

10000.00
20000.00
25000.00

"30000.0U

35000.00
40000.00
50000.00

©60000.0U

70000.00

" 5000.0U

1000000
15000.00
20000.00
30000.00
35000.00
40000.0U
50000 .00
60000 .00
70000.00

5000 .0u
10000.00
2C000.00
25000.00
30000.00
35000 .00
40000 .00
50000.0U
60000 .00
70000.00U

" 5000.00

10000.¢0
15000.0U
20000.00

- 25000.00

35000400
40000.00
50000.00
60000.00
T0000.00

20000.00

25000.00
30000.00
35000.0u
40000.00
45000.00
50000.00
60000.0v
70000.00
80000.00

STRESS
176,99

353.9¢8

707.56
884 .96
1061.95
1238.94
1415.93
1769.91
2123.89
2477.48

116,99 7
. 353.98

520.97

T07.96
1061.95
1238.94
1415.93
1769.91
¢123.89

22477.86
T 176499

353.98
T707.96
884.96
1061.95
1238.9¢4
1415.93
1769.91
2122489
247T7.88
176.99
353.98
520.97

107.96

854.96
1238 .94
1415.93
1769.91
2123.89

2477 .88

707.96
884.96
1061.95
1238 .94
1415.93
1592.92
1769.91
2123.89
2477.88
2831.86

CROUP 6000 .

L

‘Z.SOLH'

6.70
12.00
21.60

T 26.00°

31.20
36450
46.00
58.50

51.00
1.20°

1.20
1.90
2.50
4.00
5.00

9.30

14.50
22460
532.00
2.00
5.80

13,607

16.80
20.20
24.00
28 .00
36.00

T 47,00

53.50
4450
8.00

12.50

15.50

" 20.00

29.00
31.50
40.00
50.00
52.00

"12.20

l14.80
18.00
22.50
26450
30.00
35.00
43.00
53.00
64450

MODULUS OF ELASTICITY = E

ZDAYS -
R MEAN
2.40 2.60
6.50 6460
14.00 13.00
17.50 19.55%
20,00 T 23.00
24.30 27.75
27.00 31.75
34.00 40,00
43,00 50.75
64.00 57.50
T3.70 0 2.45
9.90 He55
16.00 8.95
22.50 12.50
33.00 18.50
40400 22.50
45,20 27.25
54.00 344,25
63.00 42 .80
67.00 60.00
Z2.00 2.50
6.10 5.95
15,20 14.45
20.00 THL 40
24.00 22.10
28.00 26.00
32.70 30.35
42.00 39.00
"51.00 49.00
64.00 58.75
2.00 3.25
5.00 7.00
$.00 10.75
11.50 13.50
15.00 17.50
22.10 25.55
25.00 28.25
32.00 36.00
40.00 45,00
66.00 59.00
16.00 15.60
22.50 18.65
27.50 22.75
31.50 27.00
36.00 31.25
41.50 35.75
46,00 40.50
54.50 48.75
64.00 58450
74.00 69.25

1"

4481.4159

44746

STRAIN

28.889

73.333
1444444
217.222

255.556
"308.333

352,778
bbb 444
563,859

635,889

27.222
61667

99 444
138.889
205.556
250.000
302.77x
380.556
475.5506
666667
27778
66,111
160.556
204 444
245,556
288 .889

3372222

433,333
544 .444
652-776
36.111
TT.77¢
11G.444
150.06G0
194~444

283.889

313.889
400.000
500.000
655.556
173.333
207.227
252.778
300.000
347.222
397.222
450.000
541.667
650,000
769,444




CUNCRETE CYLINDER COMPRESSION TEST ﬁESULTS

P

5000.00
10000.00
15000.0U
20000.00
25000.00
3000C.0U
35000.0u
40000.00
45000.00

“50000.00

10000.00
15000.00
20000.00
25000.00
35000.0U
40000.C0
45000.00
50000.00

5000.00
10000.G0U
15000.00
20000.00
25000.00
30000.00
35000.00
40000.00
45000.00

'50000.00

10000.00
15000.00
20000.00
25000.00
30000.0U

35000.00

40000.00
45000.00
50000.00

5000.00
15000.00
20000.00
25000.00
30000.00
35000.00
40000.00
50000.00
60000.00

FC
MODULUS GF ELASTICITY = E

STRESS

176.99

353.948
530.97

707.96°

884.96
10661.95
1238.94
1415.93
1592.92

-1769.91

353.98
530.97
10796
884.96
1238494

1415.93

1592.92

1769.91 -
< 176.99

353.98
530.97

707.96

8§84.96
1061.95
1258.94
1415.63
1592.92
1769.51

353.98

530.97

107.96

884.96
1061.95

1238.94

1415.93
1592.92
1769.91
176.99
530.97
707.96
B884.96
1061.95
1228.94
1415.93
1769.91
2123.89

“GROUP T 6000 T

L
2.60

5.20

8 .00
11.40
14.60
17.60
21.20
24.30
28 .00

T 32.20

2.00
3.30
5‘50
7.30
10.50

"12.50

144060
16.50

2.00 -

5.00

'11.00

14.00
17.00
19.00
23.50
27.00

T30.50

6.50
9.20
12.00
14.00
16.80

19.00

21.00

'24000

27.00
3.50
11.20

16.10°

19.20
23.20
27.30
31.70
40.00

"48.20

80

R
2.50
6.70

11.00
15.00
20.70
24.80
29,80
33.90
39.20

44,50

11.00
16.00
21.50
26.50
36.00
41,50
1070 }.O
52.20
3.50
8.00
12.00
17.00
21.00
25.00
29.00
324,00
37.50
42.50
6.20
10,00
14.00
18.00
21.00
25.00
30.00
"33.20
38.00
2.50
6.50

11.00
13.50
" 15.50
18.00
23.20
28.40

g.00

LDAYS T

MEAN
255
5.95
9.50
13.20
17.65
21.20
25.50
29.10
33 .60
38.35
6 .50
9.65
13.50
16.90
23425
27.00
30.85
34.35
2.75
6.50
9.90
14400
17.50
21.00
24 .00
28.75
32.25
36450
6435
9.60
13.00
16.00
18.90
22400
25.50
28060
32.50
3.00
8 .85
12.55
15.10
18.35
21 40
24485
31.60
38.30

5253.0973
4.8772

- STRATIN
28333
66.111

105.556

146.667

196.111

235.556

283.333

323.333

373.345

4264111
12222

107.222

150.000

187.776

258.3353

300.000

342.7TTH

381l.6067
30.550
T2.222

110.000

155.556

194,444

233.335

266,667

319.444

35843533

405.556
T0.556

106.667

144,444

177778

210.000

244 b4

283243323

317.778

361.111
334333
98.3323

139.444

167.778

203.84y

237.778

276.111

351.111

425.5506




o o 81 _ _
CONCRETE CYLINDER CUMPRESSION TEST RESULTS
GROUP 6000 TDAYS
P "'STRESS L R MEAN STRAIN
5000.00 176.99 7 2,00 3.20 2.60 28.889
10000.00 353.98 4.00 7.00 5.50 61.111
15000.00 520.97 6.00 11.20 8.60 95.556
20000.0u 70796 9.00 14.30 11.65 129.444
- 30000.00  "1061.95 TU13L,50 T 26.00 19.75 2194444
40000.00 1415.93 18.50 34.20 26.35 292.778
50000.00 1769.91 24.00 ' 44,00 34.00 377778
60000.00 2123.89 29.00 53.20 41.10 4564667
T0G00.00 2477.88 35.00 62.10 48 .55 539444
80000.0U  2831.86 41,00  70.20  55.60 617.778
'10000.G0 ~ '353.98 TU2450 7 7TTT7.00 0 4475 52.774
15000.00  530.97 4450 12.50 8.50 94 o 444
20006.00 707.96 6.50 16.50 11.50 127.778
30000.0v 1061.95 10.50 25.50 18.00 200.000
40000.00 1415.93 14.50 25.00 24475 275.000
50000.0V 1769.91 19.00 44,50 31.75 352.774
60000.00  2123.89 S 24.00 0 B3.50 38.7% 430.556
T0000.0U 2477 .88 27.50 62.50 45..00 500.000
80000.0U 2831.86 35,00 74 .00 54 .50 605.556
10000.00 . 353,98 3.00 8.50 5.75 63.8869
15000.00 - 530.97 5450 12.00 8.75 97.222
20000.00 T07.96 9.50 14.50 12.00 133.333
30000.0U " 1061.95 " 16.00 20.80  18.40 2044444
40000.00 1415.93 24,00  27.00 25.50 263,333
500C0.0u 1769.91 34.00 31.00 32.50 361111
60000.0U 2123.69 41,50 39.00 40.25 447,222
70000.0vV 24717.88 50.50 43,50 47 .00 522.222
80000.00 2631.86 61.50 49.50 55,50 616,667
5000.00  176.99 T2.50 3.90 3.20 35.556
10000.00 353.98 3.00 10.00 650 72,222
15000.0U 520.97 4,00 14450 9.25 102.778
20000.vU T07.96 6.20 21.00 13.60 151.111
30000.00 1061.95 11.50 29.50 20.50 227.778
40000.00 141%.93 16.00 38.80 27.40 304444
50000.00 1769.91 21.50 48,00 34.75 T 3864111
60000.UU 2123489 26.80 57.00 41.90 465,556
70000.00 2477.88 32.80 68.00 50.40 560.000
80000 .0V 2831 .80 38450 78.00 58.25 647,222
5000.00 176.99 3.00 2.00 2.50 27.778
10000.0U 353.98 6.50 5.50 6.00 664667
15000.00 530.97 10.00 8.50 9.25 102.778
20000.00 707.96 13.00 12.00 12.50 138.889
30000.00 1061.95 20.50 19.00 19.75 219.444
40000.00 1415,93 29.00 27.50 28.25 313.889
50000.0U 1769.91 37.50 35.50 36450 405,556
60000.00 2123.89 45.00 42.50 43,75 486,111
70000.00 2477.88 54 .00 50.50 52.25 580.550
80000.060 2831 .86 62.40 58.50 60.45 671667
FC = 6407.0796
MODULUS GF ELASTICITY = E = 5.0008




[
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CONCRETE CYLINDER COMPRESSION TEST ﬁESULTS

p

5000.00
10000.00
15000.00
20000.00
30000.00
40000.00
50000.00
60000.00
70000.00

"80000.00

5000.00
10000.00
15000.0G0
20000.00
20000.00
46000.00
50000.0v
60000.00
70000.00
80000.00

5000.00
10000.00
15000.00
20000.00
30000.00
40000.00
50060400

""60000.C0

TC¢000.00
80000.00

5000.00
10000.00
15000 .00

©'20000.00
'30000.00

40000.00
50000.00
60000.00
70000.0U

" 80000.00

5000.00
10000.00
15000.00
20000.0U
30000 .00

" 40000.00

50000.00
60000.00
7T0000.00
80000.00

TGROUPTT6000 T T

STRESS
176.99

353.98

520.97
707.96
1061.95
1415.93
1769.91
2123.89
2477 .68
2631.86
"176.99
. 353.98

530497
707.96
1061.95
1415.93
1769.91
2123.89
‘2477 .88
2531.86

176.99

353.98°

520.97
707.96
1061.95
1415.93
1769.91
2123.89
24717.88
2831.86
176.99
353.98
530.97

"107.967

1061.95
1415.93
1769.91
2123.89
2477488
2831.86
176.99
353.98
520.97
707.96
1061.95

1415.93

1769.91
2123.89
2477.88
2831.86

FC =
MOUULUS OF ELASTICITY

L
4410
7.20

11.00
14440
21.50
29.20
37.10
45.00
53.00

C64.00

3.00
5.00
750
10.00
16.00
22.00
29.50
36.50
43.00
50.00
3.50

TT.00

10.00
12.00
17.00
22.00
27.00

T 32.00

37.00
432.00

4400
12.00
16.00

"21.50

31.00
41.00
50.00
58.00
68.00

" 82.00

4.00
7.00
10.00
13.50
19.50

T 27.00

35.50
43.50
52.50
61.00

TTT14DAYS

R
3.60
6.00
9.00
11.20
16.50
22.50
29.20

34,50

42.00
51.00
1.50
2.50
4,00
6.50
10.50
15.00
21,00
28.00
34,50
42..00
1.50
4,00
7.00
10.00
16.50
25.00
34,00
42.00
51.00
61.00
1.50
3.00
7.00
11.00
17.00
22.00
28.00
34,00

S 40.00

3.00
6.50
10.00

43000
. 19.50
26.00

52.00
37.50
44 .00
50.00

= EF =

MEAN
2.85
6.60
10.00
12.80
19.00
25.85
33.15
39.75
4750
57.50
2425
3.75
5.75
8.25
13.25
18.50
25425
32.25
38475
46400
2.50
5.50
8.50
11.00
16.75
23.50
30.50
37.00
44,00
52.00
2715
7.50
10.50
14.25
21.00
29,00
36.00
43.00
51.00
61.00
3.50
6.75
10.00
13.25
19.50
26.50
33.75
40.50
48 .25
55.50

6615.9292
5.2876

STRATIN
42,778
734333

111.111

142.222
211.111
287.222
3684333
44).667
S52T.718
638.8869
25.000
41 .667
63.889
91.667
147.222

1205.556

280550
358.333
430.5506
511.111
27778
61.111
Qb 444
122.222
186.111
Z61.111

338.88Y

411.111
488 .88Y
57T7T.77198

30.5506

83.233
116.667
158.233
233.333
322.222
400.000
477.778
566.6067
677.775%

38.889

75.000
111.111
147.222
2166067
294 444
375.000
450.000
536.111
6l6.667




~ CONCRETE CYLINDER COMPRESSIUM TEST RESULTS

P
5000.00

10000.00
15000.00
20000.00

30000.00

40000.00
50000.00
60000.00
T0000.0U
80000.00

T 5000.00 7

10000.04
15000.0uU
20000.00
30000.0U
40000.00

- 50000.0vV

60000.0u
700600.00
80000.00

5000.00
10000.00

7 15000.00°
2000G.00

30000.00
40000.00
50000.00
60000.00

~ 70000.00

80000.00

5000.00
10000.00
15000.00
20000.0u

©30000.00

40000.00

"50000.C0

60000.0u
70000.00

80000.00

5000.00
10000.0v0
15000.00
2000040V
30000.00
40000.00
50000.00
60000.00
70000.00
80000.0v

STRESS
176.99
353.98
530.97
107.96

1415.93
1769.91
2123.89
2477« 88
2831.86

. 353.98
530,97
©707.96
1061.95
1415.93
1769.91
2123.89
2477.88
2831.86
©176.99
353.9§
530,97
107.96
1061.95
1415.93
1766.91
212%.69
1 24717.68
2831.86
176.99
353.98
530.57
707.96
1061.95
L 1415.93
1 1769.91
2123.89
24717.88
176.99
353.98
530,97
707.96
1061.95
1415.93
1769.91
2123.89
2477.88
2831.86

FC =
MODULUS GF ELASTICITY

1061.9%

176.99 7

L

83

v GROUP 6000 - .

S 2.00
5.00

8410

9.00

11.70 7

15.20
19.20
22.50
2()050
21.00

6.00
2.50
13.00
17.20
24.00

39.50
48.20
5830

3.20

Ta20
11.00
15.00
22450
30.00
39.00
49.00

68 .00
3.50
9.00

12.00

16.50

'23.00

30.50
38.50
45.50
54.50
63.50

2.00

5040

8.10
12.00
17.00
22450
30.00
344,50
42.00
45.00

PP

31.00-

"58.00

2IDAYS ',
R MEARN
1 2.50 2.25
6.00 5.50
9.20 865
14.40 11.70

23.00 17.35
30.50 22.85
40.00 29.60
49,50 36.00
57.00 4) .75
67.20 49,10
2.00 2.00
6.00 6.00
$.50 9.50
13.00 13.00
18.00 17 .60
22.50 23,25
29480 30.40
34,00 36,75
42,00 45.10
48050 53-40
2.00 2460
4,50 5.85
8.00 9.50
11.00 13.00
16.50 19.50
22.50 26.25
28.00 33.50
33.50 41.25
40,00 49.00
45,50 56,75
1.00 2.25
3.00 6.00
6.00 9.00
9.00 12.75
15.00 19.00
22.00 26.25
25.00 33.75
35,50 40.50
43,00 48 .75
50.50 57,00
2.50 2.25
6.10 5.75
8.30 8420
12.20 12.10
19.00 18.00
23.50 23,00
30.60 3030
37.00 35,75
45,00 43 .50
55.00 50400

7327.433%6

= E = 5.3316

STRAIN
25.000
61.111
96.111

130.000"

192.778

.253.889

328.8489
400.000
463 .589
545.5%06
22.222
66,667
105.556
144-444
195.556
258.333
337.776
408333
501.111
593,333
28.889
- 65.000
105.558
144 444
216.667
291.667
372.222

458.333 -

544,444
630.550

25.000

66,667
100.000
141.667
211.111
291.667
375.000
450,000
541667
633.333

25.000

63.889

91,111
134,444
200.000
255.556
336.6067
397.222
483,333
555.556
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CONCRETE CYLINDER COMPRESSION TEST RESULTS

)
5000.00
1000Q.0U

15000.00
©20000.00

30000.00
40000.00
50000.00
60000.00
70000.0U0

" 80000.00

5000.0V
10000.00
15G00.0uU
20000.00
36000.00

- 40000.00

50000.00
60000.G0
70000.00
80000.00

5000.0U
10000.00
15000.00
20000.00
30000.0U
40000.00
50000.00

~60000.00

70000.00
80000.00

5000.00
10000.00

15000.0U

20000.00

30000.00

40000.00
50000.00
60000.00
70000.00

~80000.G0

.5000.00
10000.00
15000.00
20000.00
30000.00

""40000.00

50000.00
60000.00
70000.00
80000.00

.MGRDUPMh6OOQMMMWNWWMZBDAYSNHWNMWW,NM”WW e e

STRESS "7 L R
176.99 2440 2.00
353.98 5.40 5.50
530.97 9.00 10.00
707.96 11.00 13.00
1061.95 16.00 20.00
1415.93 22.00 26.00
1769.91 28.00 33.50
2123.89 34.00 40.00
2471788 40 .50 47.50
2831.86 " 47.00° 55.00
"176.99 2.30 2.10
353.98 6.70 5.00
540.97 11.00 7.50
TO07 .96 14.50 11.00
1061.95 22.50 14.80
1415.93 - '30.50 7 19.00
1769.91 40.00 23.50
2123.89 48 .00 28450
R 4TT B8 56450 33.00
2831.86 66.00 38.00
176.99 2.80 2.50
353.98 T 6420 5.20
530,97 9.20 . 8.20
707.96 12.20 11.00
1061.95 18450 1650
1415.93 26.00 22.20
1769.91 34450 28.50
T 2123.89 42,00 33.80
24717488 50.00 39,00
2831.86 58.50 46,00
176.99 1.00 4.00
353.58 3.00 7.00
530497 7.00 11.00
“907.96° 7104007 13.00
1061.95 18.00 19.00
1415093 26000 240‘50
1769.91 34.00 29.50
2123.89 43.00 35.00
24717.88 52.50 40.00
" 7831.86 7 62.00 45.00
176.99 3.20 1.50
353.98 8.10 2.70
530,97 12.00 5.00
T0T7.96 15.00 8.00
1061.95 22.00 14.00
1415.93 29.50 20.00
1769.91 36.00 25.00
2123.89 44 .00 31.00
247788 50 .00 40.00
2831.86 62.00 44,00

FC =

MODULUS OF ELASTICITY

= E
[~

n

“11.50
18.50
25.25
bl .75
39.00
46425
"53.50

"MEAN

2.20
5.45
9.50

12.00
1800
24.00
30,75
37.00
44 400
51,00

2.20
5.85
Q.25

12.75
18.65
24475
31475
38.25
44 .75
52.00

2465
5.70
8,70

11-()0
17.50
244,10
31.50
27.90
44 .50
52.25

2.50
5.00
9.00

2435
5.40
8.50

11.50
18.00
24.75
30.50
37.50
45.00
53.00

7592.9203

5.3700

STRAIN
24444
60.556
105.556
133.333
200.000
266.667
341l.6067
411,111
488.889
566,667
240’4‘44
65.000
102.778
141.6067

- 207.22¢

275.000
352.778
4725.000
497222
577.776
29444
63.333
96.667
128.889
194 .444
267.778
350.000
421.111
494 o 444
580.556
27.778
55,5506
100.000

C127.778

205.556
2804550
352.778
433.333
513.889
594 404
26.111
60.000
94,444
127.778
200.000
275.000
338.889
416.667
500.000
588.889
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APPENDIX B

Calculations of Stiffness of Beams : -

center

T days
14 days
21 days

R

28 days

EI

5%%3 (312 - ha?)

B (32 - u(1/3)?)

PL

e (312 - 412 8)

53PL>  23(33)3 p

BLBET = @horr = 1»

1,275 =

37.5
0.0308

25

0.013855
25

ET = 1,275 553-

50
0.0333

EI = 1,275

El = 1,275

EI = 1,275

P
275 5T

= 1,550,000
= 1,680,000
= 1,810,000

1,915,000

un




R ey T

Ultimate Load Pu :

{a) Flexural Fail: -

T days

86

APPENDIX C

" P " P "
11 11 1M
;
33" ! ' — i
1 M 0
» 13 ! 11.338
! P 2 ! ,-g‘q?
i O P SN I
T "
LTI ‘i L
e | or' | 1 I

As‘=3x0.

a =13 - 0,

D= A/bd =

0075 Pb = [

01225 = 0.0368 sa.in.

1 - 1/16 = 1.338"

_0.0%68 -
1.5(1.338) °~ 0.01835

o [0'85 1% _8r.000 ]
LT, B7,000+%

0.85

¢

4,688.8 psi. , f, = 86,000 psi.

0.85(0.85)k,688.8 87,000
86,000 * 87,ooo+86,ooo] 0.75




14 deys

87

(0.0393 x 0.502) 0.75

]

0.0148<0.01835 not 0.X.
A = 0.0148(1.5)(1.333) = 0.0297 sq.in.
C=T |

0.85 fé‘ébvf hg £y

3,960 ab = 0.0297 x 86,000 = 2,550

= TEE) ~ i = O
c = O—c‘)l-‘%g = 0,50k
e =‘;Z = §§?§6%%%66 = 0.00296
e, = 2:00296(0:50) . 5,00212<0.003 0.K.

M =T3%=2,550(1.086) = 2,770

-
| el =1
av}
1

= 2,770

jav]
1]

251 1b,

fé = 5,620 psi. , fy.= 86,000 psi.

5,620 8,700
0.75 P, = (0.724 % 8,600 * 7300 ) 0.75

%
1

C=T
A = 0.0178(1.5)(1.338) = 0.0357A

0.85 £l ab = A fy = 0.0375(86,000) = 3,070

- %ﬁ%%%'s 0.1428
c = -————gg;s = 0.50k

= o
gy = 0.00296

0.00296(0.50L) -
€ = 3,598 - 0.52) * 0.00182=0.003

0.0178<0.01835 not 0.K.

0.X.




21 days

28 days

88

M, = 11P = TZ = 3,070(1.124) = 3,450

P = 314 1b.

fé = 6,163.1 psi., , f, = 86,000 psi.

0.75 Pb = (0.0519 x 0.502) 0.75 = 0.0195$ 0.01835

0.K.

NERT
a = 7,850 0.ko?

Cm 0.’47’4
0.00296 » 0.h7h

€ T.338 - 057 = 0.00162<0.003 0.K.

11P = 3,160 (1.137) = 3,590

P = 326 1b.

£l = 6,721.8 psi. , f& = 86,000 psi.
0.75 P, = 0.0213>0.01835 ' 0.K.
a = 0,369
c = 0.434

€

c 0.00103<0.003 0.X.

L, = 1P =3,160(1.154) = 3,650

P = 332 10,

(b) Shear Fail : -

T days

v = _XQI = 1-9J f!
cr : bd (o4

1.9 f?§ bd
1.9 (1.5) (1.338) f?ﬁ

3.81 f?g
V=P = 3.81[1,688.8

P_ = 261 1b.
u

cr

L

1"




1k days

21 days

28 deys

[}

89

3.81/5,620
286 1b.

3.81 J6,163.1
299 1b

3.81 [6,721.8

313 1b.
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APPENDIX D

Calculation of Moments of Inertia:

(a) Uncracked Section:-

1
w12 —JI
1>

©
= (]
Y "

_g@ . /(ﬁ% ‘//_,@5

o
/
1" .
3-3 ¢ Ay = 0.0369 sq. in
T days

%s 20,100,000 .,
" = E_ = 73,9k0,000 = 7"

15§ () (1:5 =) 3 5 4 0.236(1.3% - 3)

. ; - 0.805"

3
T 1.5(1.5)

5 + (1.5)(1.5)(0.055)° + 0.236(0.533)°

- 0.14961 in®

1k days

‘E, = 57,500[5,620 = 4,310,000 psi
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- 29,100,000
= 1,310,000 =

As(n-l) = 0.211 sq. in.

7o 2913 "
y = 2.’461 - 0-8
)
T = 0.422 + 0.0056 + 0.0611 = 0.4887 in"
21 days

EC = 57,50016,163 = 4,500,000 psi

N = 6.146

As(n—l) = 0.201 sq. in,

¥ = %fgg% = 0.799"
I =‘o.h22 + 0.005L4 + 0.0605 = 0.4879 inh

28 days

B, = 57,500 6,721.8 = 4,700,000 psi

n=6.2
A (n-1) = 0.191 sq. in.

.gﬁi = 0-796 ."

| o

Y =

o

I =0.b22+ 0.00475 + 0.056 = 0.48275 inh

(b) Cracked Section:-
T days

B, = 3,940,000 psi , n=T.k

As(n-l) = 0.236 sq. in.

— — 2 _—
L5y L. il;iég-:-Xl— 1.5 +0.236 (1.338 - )
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. }_’- = 0. 74"
3
T . 1:5(1.338)°

12

(1.5)(1.338)(0.071)% + 0.236(0.598)2

0.299 + 0,0101 + 0.0843 = 0.393L ."LnLt

1k days -
E, = %,310,000 psi.
n= 6.75

As(n—l) = 0.211 sq. in.

- 1.623

"
Y =2 511 = 0.735

-4 = 0.299 + 0.00872 + 0.0768 = 0.38i52 inh

21 days

Ec = 4,500,000 psi. -
n = 6.146
As(r!—l) = 0.201 sqg. in.

— 1.608 1"
y = 2‘201 = 0-729

)
I = 0.299 + 0.00723 + 0.0745 = 0.3805 in"

28 days

E, = 4,700,000 psi.

n = 6.2
As(n~1) = 0.191 sq. in.

= 1,596
7 o L

=220 1
= %.701 = 0.728

0.299 + 0.00699 + 0.071 = 0.3770 in’

-
]
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APPENDIX E




NOTE TO USERS

Oversize maps and charts are microfilmed in sections in the
‘ ~ following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
OVERLAPS '

This reproduction is the best copy available.




U U UV U= Y



.f:i\
Do Ao

(e ERL sy

5 N%ﬂ”
}( ta 4/' O g

e
“,@4‘#\“

e
S “‘}tﬁ?f S
33 NU% RS £
R
AR AR Dty

(it

e

SPARETO-tyes
% S

SR 1

Sy

el

ERY
ity
('{;"2&

L R kY
Al St M N s e o ea e g N
e BT E e TR
A G i | L SR ETTA RS by | FA Y R,

4 ™ b SATH A’W»A'Fx .
O [~ ed e
E RO Gy Yo i A



e LAY A i 7 S e oSt 4

S T i SR R R R AT P |

R SN N R i A S ry3t ml ,%&‘}@: fg’:ﬂi\‘jj it

f.ﬁ??\:,i;r;rm%* . A R AT ‘
o R

i o

A
o8

N
i
B

R

et T o b i
SRR

WS,

e

Ly



3 LR o

b

AT
ﬂ( S “,}.

St
i

Ta

7 ,,ﬂ',r},ll preos st




O I
;%ﬁ;\:v. )

L
e

-

A
i
%

G

K¢

P




